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‘invention relates to a molding materiatl WhICh can be easily

_produced and allows a reinforcing fiber bundle to be well
“dispersed in the molded product obtained by molding such as

 injection molding and also to a production process thereof, a

resih composition with good flowability, and molded products
ghtained from them.
Background Art

Fiber reinforced composite materials obtained by using a

"~ continuous reinforcing fiber bundle or relatively long

discontinuous reinforcing fibers as reinforcing fibers and a

thermoplastic resin as a matrix are publicly known. The
composite materials have such féatures as high toughness, easy
recyclability and short molding cycle because of the
applicabiltity of such molding methods as injection molding and
stamping, but have not been used so widely.

The reasons are as described below. It is well known that
the impregnation of a molten resin into s fiber bundle is more
difficult when the melt viscosity of the resin is higher. A
thermoplastic resin excellent in mechanical properties

generally has a high molecular weight and a very high melt

known t hat



the inpregnation of. a nolten resin into s fiber bundle is nore difficult
when the melt viscosity of. the resinis higher. A thernoplastic resin
excetl'ent in mechanical” propertles general ly has a high nol ecul ar wei ght
anﬁ a very high nelt viscosity. A fiber reinforced conposite
natelral wi th such a high nolecular thernoplastic resin as the matrix has
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‘viscosity) to allow easy impregnation as the matrix greatly

gfowers the mechanical properties of the composite material,
*and hence cannot be a solution of the problem.
As a method for impregnating a continuous fiber bundle
~with a highly viscous thermoplastic resin, for example,
“pultrusion in which a fiber bundle is immersed, opened and
‘rubbed in a molten resin, with a pressure applied to the resin
‘for mechanical impregnation is generally adopted. In such a
‘method, for impregnation with a resin with a high viscosity,
say, exceeding 500 poises, the fiber bundle must be taken up
‘at a very low speed of 10 m/min or less. Several such
‘mechanical impregnation methods are known, but they cannot
fundamentally solve the problem of impfegnation and do not

allow a take-up speed of higher than tens of meters per

minute.

| Other proposed impregnation methods include the following.

A solution in which a thermoplastic resin is diluted by a

solvent, to be lowered in viscosity is impregnated into a

continuous fiber bundle, and the solvent is removed in the
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‘On the other hand, methods for improving the problem of

impregnability by modifying the surfaces of fibers are also
‘proposed. It is intended to improve the wettability between
fibers and a thermoplastic resin at the time of resin
impregnation by modifying the surfaces of fibers by a sizing
agent or coupling agent, etc.

As one of these methods, Japanese Patent Laid-Open (Kokai)
No. 61-236832 discloses that a composite material with

improved mechanical properties can be obtained by letting a

second thermoplastic polymer exist between a standard
thermoplastic polymer and fibers, for improving their
‘wettability. However, this gazette does not state the
specific amount of the second thermoplasﬁic polymer existing
between the standard polymer and the fibers, and does not
clarify the effect of promoting impregnation, though it is
stated that the mechanical properties can be improved when a
thermoplastic polymer with low wettability is impregnated.
Furthermore, even though the melt vjiscosity of the second

thermoplastic polymer is referred to, specific ranges of



ipregnation by nodifying the surfaces of fibers by a sizing agent or
coupling agent, etc. As one of these nethods, Japanese Patent

kﬁld Open (Kokai)) No. 61-236832 discloses that a conposite material with
i<¥pr oved mechani cal properties can be obtained by letting a second
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stated at all whether the method is intended to improve the

“dispersibility of reinforcing fibers in the molded product.

It is also attempted to achieve molding, the impregnation
of a thermoplastic resin into a reinforcing fiber bundle and -
the dispersion of fibers simultaneously in the step of molding
into a final product form, for raising the productivity of a
thermoplastic composite material in the entire process ranging
from the material preparation to molding. When a
thermoplastic molding material is molded, usually a relatively
‘high temperature and pressure are applied. For example, in

the case of injection molding, the molding material is heated

in a cylinder in the plasticization step, and kneaded and
.pressurized by a screw. Also in press molding, a high
temperature and pressure are also applied similarly. This
provides a relatively favorable condition for impregnating a
fiber bundie with a thermoplastic resin, and the idea of
supplying a reinforcing fiber bundie and a high molecular
thermoplastic resin destined to be a matrix, into molding
machines respectively, for achieving impregnation, fiber

dispersion and molding simultaneously exists since a long time



i.nproved. Moreover,, though this nethod can inprove the wettability

:Qgpmeen the.fiber bundle and the matrix, it is not stated at all whether
-ﬁ@e method is intended to inprove the dispersibility of reinforcing fibers
i3 the nol ded product. It is also attenpted to achieve nolding, the
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" fiber dispersion, a molding machine with a special screw form

extremely high in the effect of kneading must be used. So, a
general purpose injection moiding machine cannot be used, and
furthermore, since the material is powerfully kneaded, the
desirable long fibers are broken into short fibers by high
shearing force, and the molded product cannot manifest the
intended high mechanical properties. As described above,
there has been no long fibér reinforced thermoplastic
composition material which is very excellent in the

productivity of material production and molding and which has

high mechanical properties.

It is publicly known to modify a thermoplastic resin using
any additive. The use of an aromatic modified terpene resin
as an additive is stated in Japanese Patent Laid-Open (Kokai)
Nos. 2-199164 and 7-11066. In these techniques, it is
infended to improve the adhesiveness or paintability of
polyphenylene ether or polyolefin resin which is poor in

adhesiveness or paintability. In the case of a polyamide



4 ago, for. exanple, as direct injection nolding. According to
this method, since it is not necessary to produce a nolded material |ike
pellets in which fibers are inpregnated with a resin, it can be

cgnsi dered that the productivity can be greatly inproved. However,
actual l'y, for exaane in the case of direct injection nolding,
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becomes often insufficient. It has not been practiced to use

a resin similar in structure to an aromatic modified terpene )
resin as an additive to improve the flowability during moldiné
without greatly impairing the physical properties peCUIiaf to
a polyamide.

An object of the present invention is to provide a fiber
reinforced thermoplastic resin molding material, which allows
easy impregnation of a low molecular (low viscous)
thermoplastic resin (high productivity) and allows high
mechanical properties to be achieved when a high molecular
thermoplastic resin is used as the matrix, and which allows a
high viscous matrix to be impregnated into fibers when the
material is plasticized for molding and aliows fibers to be
well dispersed in the molded product, and also to provide a
production process thereof. Other objects of the present
invention are to provide a resin composition with good
fiowability, and molded products obtained from the moiding
material and the resin composition.

Disclosure of the Invention
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fA] A continuous reinforcing fiber bundle

[B] A thermoplastic polymer or oligomer with a weight average
molecular weight of 200 to 50,000 and with a melt viscosity .
‘fower than that of the component [C]

[C] A thermoplastic resin with a weight average molecular

‘weight of 10,000 or more

The process for producing the molding material of the

present invention is constituted as follows.

A process for producing said molding material, comprising
the steps of impregnating the component [A] with the component
[B] heated and molten to have a viscosity of 100 poises or
less, to form a composite; arranging the component [C] molten
to have a viscosity of 500 poises or more  in contact with
said composite; and cooling the entire material to room
temperature.

The polyamide based resin composition of the present
invention is constituted as fo||dwa

A polyamide based resin composition consisting of the

following components [D] and [E], with the component [D]



gasy inpregnation af a | ow nol ecul ar (Iow viscous) t hernopl astic resin

(hlgh productivity) and allows high mechani cal properties to be

achi eved when a hi gh nol ecul ar thernoplastic resin is used as the
natrix, and which allows a hi gh viscous matrix to be inpregnated.into
fi*bers when the material is plasticized for nolding and allows fibers
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[E] A polyamide resin

The molded product of the present invention is obtained by
moiding said molding material or said polyamide based resin
composition.

The pellets to be injection-molded of the present
invention comprise said molding material or said polyamide

" based resin composition.

The molded product of the present invention as another
version is obtained by injection-moiding said pellets to be
injection-molded.

Brief Description of the Drawings

Fig. 1 is an illustration showing a section of the
composite in the molding material of the present invention, as
an example.

Fig. 2 is an iIIust}ation showing a section of the molding
material of the present invention, as an example.

Fig. 3 is an illustration showing a section of the molding
material of the present invention, as another example.

Fig‘ 4 is an illustration showing a section of the molding

material of the present invention, as a further other example.



LAl A continuous reinforcing fiber bundle [B] A thernoplastic polynmer or
ofi goner with a weight average nolecular weight of 200 to 50,000 and with

a nmelt viscosity | ower than that of the conponent [(] [ C
A thernoplastic resin with a weight average nol ecul ar wei ght of
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Fig. 7 is an illustration showing a section of the moiding
material of the present invention, as a still further other
‘example.

In the drawings, 1 denotes a single filament of the
component [A]; 2, the component [B]; 3, the composite
consisting of the components [A] and [B]; and 4, the component
[cl]

Most Preferred Embodiments of the Invention

The present invention is described below in more detail.

The molding material of the present invention consists of
at least the following three components. Component [A] is a
continuous reinforcing fiber bundie, to provide high
mechanical properties to a molded product as a reinforcing
material of a composite material. Component [C] is a-matrix
resin with a relatively high viscosity and high physical
properties such as toughness. The component [C] is
impregnated into the component [A] after molding, to be bonded
to the reinforcing material, acting to hold it strongly.

Component [B] is a thermoplastic polymer or oligomer with a



weight in total of the resin conposition. [D] An oligomer obtained by

condensi ng phenol or a phenol derivative (precursor a) and an aliphatic
hydrocarbon with two double bonds (precursor b) [E] A polyanide resin
The nol ded product of the present invention is obtained by nolding said
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‘impregnation and dispersion aid.

The components [A]l and [B] form a composite. The style of
the composite is as shown in Fig. 1, and the clearances
between the respective single filaments of the continuous
fiber bundle (component [A]) are filled with the cbmponent

é; L [B]. That is, the component [A] is dispersed like islands in

.. the sea of the component [B]. Concretely, the component [B]
is thermally molten and impregnated into the component [A], to
form the composite.

Figs. 2 to 7 typically show the forms of sections of tHe
molding materials of the present invention as examples. The
form of the section of each molding material is not limited to
those illustrated here, as far as the component [C] is
arranged to contact the composite consisting of the components
[A] and [B]. It is preferable that, as shown in Figs. 2 to 3,
the component [C] is arranged to cover the surrounding of the
composite, or that as shown in Figs. 6 and 7, the composite
and the component [C] are arranged in layers. When a
plurality of composite strands are covered with the component

[C] as shown in Fig. 4, it is desirable that the number of
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material of the present invention, as a further other exanple.

Fi'g. 5 is an illustration showing a section of the molding material of the
present invention, as a still further other exanple. Fig. 6 is an
i4)ustration. showing a section of the molding material of the present

i ivention, as a still further other exanple. Fig. 7 is an

Il lustrati | cilo ding material of the present
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impregnated into the component [A] is acceptable.

%ff The molding material is required to be continuous with
almost the same sectional form kept in the longitudinal

direction. Depending on the molding method, such a continuous

molding material can also be cut at a certain length.

The molding material of the present invention can be

formed into a final molded product by mixing the components
[A]. [B] and [C] by such a method as injection molding or
press molding. In view of the handling convenience of the
molding material, it is important that the respective
components are not separated and keep any form as described
above till molding is effected. Since the component [B] has a
[ow molecular weight, it often is a solid retatively fragile
and liable to be crushed at room temperature or a liquid. So,
it is desirable that the component [C] with a high molecular
weight is arranged to protect the composite, so that the
component [B] is not crushed or scattered by shock or
abrasion, etc. during the transport'or handling of the

material.

For this purpose, it is preferable that, as shown in Figs.

[



material of a conposite material. Conponent [C] is a matrix resin with a
relatlvely hi gh viscosity and high physical properties such as toughness.
The conponent [C] is inpregnated into the conponent [A] after nolding, to
bg bonded to the reinforcing material, acting to hold it strongly.
Conponent [B] is a thernoplastic polyner or oligonmer with a
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form since the component [C] with a hlgh molecular weight

surrounds the component [B] likely tﬂ be crushed or is
arranged on the surface likely to be abraded.

The respectlve components of the molding material of the
present invention are further described below.

The component [B] is a thermoplastic polymer or oligomer
with a weight average molecular weight of 200 to 50,000 and
with a melt viscosity lower than that of the component [C],
and is impregnated into the component [A], to form the
composite. When the thermoplastic resin with a high viscosity
as the matrix is impregnated into the fiber bundle, the
component [B] acts as an impregnation and dispersion aid to
help the impregnation and the dispersion of the fibers into
the matrix. The reinforcing fiberlbundle (component [A]) is
impregnated with the component [B] with a low viscosity. So,
for example in the step of molding into the final form by
injection molding or press molding, etc., when the molding
material is heated, pressurized and kneaded, the component [B]
helps the matrix (the component {C]) to be impregnated into

the fiber bundle (component [A]) and improves the
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is thermally nplten and inpregnated into the conponent [A], to formthe
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in Fig. de5|ra | et
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|n a ate ere the conponent
that the fiber bundle has a surface area far larger than it

looks to have. Impregnating a fiber bundle with a melt with a
certain viscosity is to press the melt into the slight
clearances between single filaments, for wetting all the wide‘
.surface area of the fibers while expelling the air existing in
the clearances between single filaments out of the texture,
The difficulty (the time taken for impregnation) can be simply
considered to be proportional to the viscosity of the melt.
In the present invention, the fiber bundle is wetted
beforehand by the material (component [B]) with a smaller melt
viscosity than the matérial (component [C]) to be finally
impregnated, and has it packed in the clearances betﬁeen
single filaments, i.e., is impregnated with it. So, even if
the melt (component [C]) to be finally impregnated has a
viscosity high to some extent, impregnation is far easy. The
reason is that the impregnation can be achieved by simply
replacing or mixing the material impregnated beforehand in the
fibers and the material to be impregnated, without the trouble
of expelling the air out of the texture. |f the chemical

affihity of the component [B] to the reinforcing fiber bundle



i npregnat ed int.o the conponent [A] is acceptable. The nol di ng

material is required to be continuous with alnost the sane sectional form
kept in the longitudinal direction. Depending on the nolding nethod, such
asgontinuous - nol ding material can also be cut at a certain |ength.

The nol ding material of the present invention can be forned into a final
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a:solid relativel e crushed at room tenperature or
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wei ght is arranged’to protect th component [B] is
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fﬁat’ as S 41" i $9asticized for molding can be highly obtained.

) The component [B] is different in concept from thé
couplfng agent or sizing agent generally used for surface
treatment of reinforcing fibers. That is, the amount of -the
coupling agent or sizing agent used for treatment is usually
as small as about 0.05 to 10 wt% and it is intended to be
applied only to the surfaces of fibers. Therefore, the
coupling agent or sizing agent is not impregnated into the
fiber bundle beforehand. The component [A] can be subjected
to any publicly known surface treatment or can be coated with
a coupling agent or sizing agent to achieve the intended
effect as achieved conventionally. However, since the fiber
bundle is impregnated with the component [B] which is a
thermoplastic polymer or oligomer, the amount of the sizing

,.agent, etc. used for treatment can be a required minimum.
When the molding material is produced, the component [B]
is impregnated into the component [A] beforehand. The
component [B] can be easily impregnated into the continuous
fiber bundle (component [A]), and in the process to

continuously impregnate the fiber bundle, the fiber buyndie can



2.to 5, the conponent [C] covers the surrounding of the conposite

consi st
7, the c

ng of the conponents [A] and [B], or that, as shown in Figs.
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as diluting the thermoplastic polymer or oligomer for lowering
its viscosity for impreénation and then removing the solvént,‘
or producing an emulsion or dispersion for impregnation and
then removing the medium. |f the impregnation apparatus is
optimized, it is sufficiently possible'that the fiber bundle
runs at a speed of tens of meters per minute when the
thermoplastic polymer or oligomer(component [B]) is molten and
impregnated, to provide a large advantage that when the
molding material is produced, the resin impregnability
determines the productivity.

If the weight average molecular weight of the component

[B] is smalter than 200, it is easily volatilized when heated,
to cause such defects as voids in the molded product, and to
greatly lower the physical properties of the matrix resin
after completion of molding. On the contrary, if the weight
average molecular weight is larger than 50, 000, the melt
viscosity becomes high, to make the impregnation into the

fiber bundle difficult, for lowering the productivity of the

[X]

is



hel ps the matrix (the conponent [C]) to be inpregnated into the fiber
bundl e (conponent [A]) and inproves the 12
di spersibility of the reinforcing fibers in the matrix. The nmechani sm
is as described below. The diameter of the single filaments constituting
the reinforcing fiber bundle is as very small as 7 to 10 [err]min the

case of gaiReN.T LOREFys)aNch 0L eed A |4 esmaan ithd b igage of gl ass

fibers. ans hat t he as a surface area far |arger

than it bggggetﬂoh%¥ﬁla ”?E?Qﬁﬁtbpg fFidfso @ Wiitsh s@omalgt wWith a

certain Ji ress into t e slight clearances between
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| ypregnati-o consi proportional to the viscosity
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than the na&?%%?ng P 8H8?E [E%RLL§5t%% ﬂémglp@ser as the detector is
used. As for the relation of melt viscosities, it is only
required that the melt viscosity of the component [B] is
smaller than that of the component [C] at the temperature of
molding.

It is desirable that the melt viscosity of the component

[B] is 100 poises or less. More desirable is 20 poises or
less. |If the melt viscosity is higher than 100 poises, the
impregnation into the component [A] becomes difficult to lower
the productivity of the molding material. It is desirable
that the melt viscosity of the component [C] is 500 poises or
more. The melt viscosity refers to the viscosity at the Vicat
softening temperature of the sample + 30°C or the melting point
+ 30°C. If the material is crystalline and has a clear melting
point, the melting point + 30°C should be adopted, and in th?
other cases, the softening temperature + 30°C should be
adopted. The melt viscosity-is measured using a capillary
rheometer according to JIS K 7199. The shear rate for
measurement is 103 s_l. The Vicat softening temperature is

measured according to JI1S K 7206, and the melting point is



i npregnated, and has it packed in the clearances between single filanents,
I .’e., 1s inpregnated with it. So, even if the nelt (conponent .[C]) to
be finally inpregnated has a viscosity high to sone extent, |npregnat|on
is far easy. The reason is that the i npregnation can be achleved by sinply
{ﬁplac;ng 0{ n1ang the material inpregnated beforehand in the fibers and

e material to be negpa thout the trouble of expelling the air
out of tﬁéaféxfﬂrécc d ﬂg iﬁ R§§; affinity of the conpoﬁent [%] to the
rei nforcing f
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aid. ore concretely, if the components [B] and [C] have
chemical affinity and desirably are compatible, the effect is
"large. |f both have moderate chemical affinity and reactivity
even in a non-compatible combination, the component [Bl is -
micro-dispersed into the component [C], to manifest a
practically sufficient effect as an impregnation and
dispersion aid. Whether the components [B] and [C] have
chemical affinity and tend to be compatible with each other
can be judged to some extent, using the solubility parameter.
The solubility parameter is described in detail in Saburo
Akiyama, Takashi Inoue and Toshio Nishi, "Polymer Blends”
(CHMC). Sevéral methods are known for deciding the solubility
parameter of a polymer, and for comparison, the same method is
required to be used. Specifically, it is desirable to use the
Hoy's method easy in calculation (see the above book). If the
so!qbility parameter values of the two liquids are closer, the
combination can be said to be more compatible with each other.
From this point of view, if the solubility parameter of the

component [B] is &1 and the solubility parameter of the

component [C] is 32, then it is preferable that the absolute



coupling agent or sizing agent used for treatnment is usually as small as
about 0.05 to 10 wt% and it is intended to be applied only to the
surfaces of fibers. Therefore, the coupling agent or sizing agent is not
ifpregnated into the fiber bundle beforehand. The conponent [A] can be
subjected to any publicly known surface treatnment or can be coated with a

coupl i ngvggF@t o?r tRbZH NYf APEMNE e LIPe BEY BV & N liuntiandgd paefamederas achi eved
conventlona However, since the fiber bundle is inpregnated with the

conponent;, @Lsmﬁrsqh—fazeﬁ i § Nef PPY AStH £n PRIs/MEr or ol i gomer, the amount of
t he. S|Z|ng agent, etc. used tor treatnent can be a required m ni num

When t he nDIdl g t
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into the conponen conmponent can be easily
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process cont 1 nuous npr'egnate the fiber bun the fiber bundle can
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resistance may decline greatly. From this point of view, when
the component [B] content in the molding material is 10 wtk,
it is preferable that the lzod impact value of the molded
product obtained by molding the molding material accounts for.
60% or more of the lzod impact valde of the moided product

~excluding the component [B] from the components of the molding
material. More preferable is 75% or more. The lzod impact
value is measured according to JIS K 7110. |

The component [B] can contain a flame retardant,
weathering improver, antioxidant, thermal stabilizer,
ultraviolet light absorber, plasticizer, lubricant, colorant,
compatibility improver, conductive filler, etc., to suit the
required properties of the molded product to be obtained.

[t is desirable that the component [A]l is perfectly
impregnated with the component [B]. Theoretically, if the
fibers (component [A]) are arranged to form a hexagon in the
closest packing and the clearances between the fibers are
packed with the component [B], then the amount of the

component [B] .is smallest. |f the fibers are assumed to be a

complete circle in section and equal in diameter, the

18



process, it is not-necessary to use a conplicated apparatus for greatly
opening the fibers or rubbing the fibers against bars so nuch as to damage
the fibers, or to apply a high pressure to the thernoplastic polyner or
ol.igomer. It is not necessary either to adopt a method with | ow
productivity such as diluting the thernoplastic polymer or oligoner for

| over i ngvo'lhﬁeY'r$60§theﬁProf PR €00 § e AN Ahen o rgr/t e xsol vent,  or
produci ng ?n enul sion or dispersion for inpregnation and then renoving the

medi um 25 fie i mpregna i PN @OPRY af iUkt iy | tORlol miczed.| Tyt aich i swkf ithiient Iy
possi bl e that the fiber bundle runs at a speed of tens of neters per
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and inpregnated, to provide a |arge advantage that when the nolding
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f 1

productivity e wei ght average nol ecul ar wei ght of the conponent
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such defécts as voids in the nolded product, and to greatly Iomer t he
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t'he cont f ary, | average nol ecul ar weight is larger than
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fiber Rl for lowering t productivity of
prevent the mechanical properties of the molded composite
material from declining, it is preferable that the volumetric-
content of the component [A] in the composite is 40% or more.
If the volumetric content exceeds 95% the clearances between
single filaments contain more portions not packed with the
component [B], to sharply lower the impregnation promoting
effect as a result. So, it is preferable that the volumetric
content of the component [A] is 95% or less. A more
preferable volumetric content range is 80 to 95%.

As described before, it is desirable that the component

[A] is perfectly impregnated with the component [B], but
actually it is difficult. So, the composite consisting of the
components [A] and [B] contain some voids. Especially when
the Eomponent [A] content is large, more voids exist, and even
if some voids exist, the present invention can manifest the
geffect of promoting the impregnation and fiber dispersion.
However, if the void volume exceeds 40% the effect of

promoting the impregnation and fiber dispersion is remarkably
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15 nol ding material. A nore desirable range of the weight average
nol ecul ar wei ght of the conponent [B] is 200 to 14,000, and a further nore
desirable range is 200 to 1,000. To neasure the weight average nol ecul ar
wei ght, the gel perneation chromatography (GPC) is used, and a | ow angle

| i"ght scattering photoneter (LALLS) using a | aser as the detector is
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component [B] is described below.
The surfaces of the reinforcing fibers as the component

[A] are usually treated, considering the adhesiveness to the
matrix resin, etc., and furthermore, usually coated with a
highly polar coupling agent and sizing agent. For this
reason, considering the affinity with the surfaces of the
fibers, it is desirable that the thermoplastic polymer or
gligomer as the component [Bl has polar groups. The polar
groups include, for example, amino groups, hydroxyl groups,
carboxy! groups, etc., and can be selected, consfdering the
affinity with the functional groups, etc. on the fiber
surfaces. |f the polarity of the matrix resin as the
component [C] is low as in the case of a polyolefin, etc., it
is desirable that the component [B] has portions of an
aliphatic hydrocarbon with low pofarity, as well as the polar
groups. Since the component [Bl is arranged beforehand in the
interfaces between the fibers and the matrix, the component
[B] with both high polar portions and low polar portions like
this also functions like a surfactant, and especially

contributes to improving the fiber dispersibility at the time
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+ 300C. If the material is crystalline and has a clear nelting point, the
mel ting point + 30[err]C should be adopted, and in the other cases, t he
softening tenperature + 30[err] C should be adopted. The nelt viscosity is
measured using a capillary rheonmeter according to JIS K 7199. The shear
rate for measurement is 10[err] s[err]. The Vicat softening tenperature
S neaqueﬂﬂigiﬁPding to JIS K 7206, and the nelting point is

16 ed according to DSC. The conponent [B] is m xed and

diffused in t §aﬁ§gg?gfggrggggr&nafﬂé?%%ﬂﬁﬁqugﬂqq@d%qtg@gguqhe If the
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? :- component [B] is properly set, the component [B] has high

affinity with the surfgces of both the fibers and the matrix

(the component [C]).

A compound especially excellent as the component [B] is én
oligomer obtained by adding phenol or a phenol derivative
(precursor a) and an aliphatic hydrocarbon with two double
bonds (precursor b). The addition reaction can be effected in
the presence of a strong acid or Lewis acid. Furthermore, the
component [B] can be obtained by letting the precursor a and a
compound capable of producing the precursor b in the reaction
system react with each other under the same conditions.

It is preferable that the phenol derivative used as the
precursor a has one to three substituent groups selected from
alkyl groups (particularly those with 1 to 9 carbon atoms),
halogen atoms (particularly chrorine and bromine) and hydroxyl
groups, on the benzene nuclieus of phenol. Such phenol
derivatives include, for example, cresol, xylenol,
ethylphenol, butylpheno!l, t-butyiphenol, nonylphenol, 3,4, 5-
trimethylphenol, chlorophenol, bromophenol, chlorocresol,

hydrogquinone, resorcinol, orcinol, etc.
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di spersion aid. Wether the conponents [B] and [C] have chem cal affinity
and tend to be conpatible with each other can be judged to sone extent,
using the solubility paraneter. The solubility parameter is described in
detail in Saburo Akiyama, Takashi |noue and Toshio N shi, "Polynmer

Bl ends” (CMO). Several nethods are known for deciding the solubility

par amet er of 2,00b YL, ¢ 30: 181 | FOUPAYd ARMe 141E SRR (HRAAEGri & afgquired to

be used. Speci S desirable to use the Hoy's nethod easy in

calculatbﬂgn$3§§gﬁh%nggyg bfﬁé)orgﬂ%fgw%oﬁﬁﬁdﬂﬁéiéﬂh A y¥Riger svahyes of

t he tmoblqu| re-closer, o I nation can be said to be nore
conpat i | ach other. Fromthis point of view, if the solubility
paraneteP$3$%#E8? gbnponent [B] is [err]l and the solubility paraneter of

the componeny (Cl g, LehE) B, (o LR | foi % Y Srrlad pidhal fthe ralgsol ute

17 eren ween the solubility paraneter

tonendShB b b | B PR AR e sl AR RS St
LBL 'S not S“k%%%kﬁn%% without any cyclic structure which can be used
as the precursor b include butadiene, isoprene, pentadiene,
hexadiene, etc. Compounds with one or more cyclic structure
which can be used as the precursor b include monocyclic
compounds such as cyclohexadiene, vinylcyclohexene,
cycloheptadiene, cyclooctadiene and monocyclic monoterpene
represented by molecular formula C10H16 (dipentene, limonene,
terpinolene, terpinene, phellandrene), dicyclic compounds such
as'2,5-norbornadiene, tetrahydroindene and dicyclic
sesquiterpene represented by molecular formula C15H24
(cadinene, selinene, caryophyllene, etc.), tricyclic compounds
such as dicyclopentadiene, etc.

The compounds which can produce the precursor b in the
reaction system include pinene and camphene which can produce
dipentene by isomerization.

As the precursor b, a compouﬁd with 6 to 15 carbon atoms
is preferable, and a compound with one or more cyclic
structure is also preferable. A compound with one or more

cyclic structure is moderately restrained in molecular motion

and becomes relatively rigid. If the component [B] with such
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an inpregnation and di spersion aid, especially the inpact resistance my
décline greatly. Fromthis point of view, when the conponent [B] content
in the nolding material is 10 ww% it is preferable that the Izod inpact
val ue of the nolded product obtained by nolding the nolding naterial
accounts for 60%or nore of the |Izod inpact val ue of the nol ded product
excluding the nept frol c e fypt lo3indd e nFRITRN I al
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g monoterpene ahnd pheno! is shown in formula [1] as an %Qampl&
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A plurality of compounds can be used as the precursor b or
as compounds producing the precursor b in the reaction system.

A composition especially excellent as the component [B] in
the molding material of the present invention is such that a
product with one molecule of the precursor b added to two
molecules of the precursor a (hereinafter called "2 : 1
addition product” ) accounfs for 40 wt¥ or more in the
component [B]. Since one molecule of a low polar aliphatic
hydrocarbon is added to two molecules of high poler phenol or
phenol derivative, the composition as a whole is relatively
high in polarity and is excellent in the affinity with a
highly polar polyamide with amido groups, etc. It is only

required that the 2 : 1 addition product is contained as a
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volunetric content of the conponent [A] is 90.7% ([err]/(2 x 3[err]))

It is technically difficult to actually achieve this volunetric content

wi thout formi ng any voids. However, even when a certain quantity of voids

exi st or when the volunetric content is as high as to form non-inpregnated
portions in calculation, the present invention has an effect of pronoting

the i ti. d fi,b i i on. i i i
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The reinforcing fibers used as the component [A] are not
especially limited. Fibers with ﬁ high strength and elastic
modulus such as carbon fibers, glass fibers, polyaramid
‘fibers, alumina fibers, silicon carbide fibers or boron fibers
can be used. Two or more kinds of them can also be used as a
mixture. Among them, carbon fibers are preferable since they
are excellent in the effect of improving mechanical
properties.

More preferable carbon fibers are 0.05 to 0.4 in the
surface chemical function (0/C) obtained as a ratio of the
number of oxygen atoms (0) to the number of carbon atoms on
the fiber surfaces measured by the X-ray photoelectron
spectroscopy. An 0/C ratio of smaller than 0.05 means that

the number of functional groups contributing to the adhesion
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I f sonme voids exist, the present invention can manifest the effect of
pronmoting the inpregnation and fiber dispersion. However, if the void

vol une exceeds 40% the effect of promoting the inpregnation and fiber

di spersion is renarkably : 19

decreased. So, it is preferable that the void volune is 0 to 40% A nore
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ghOUps’ fibers are oxidized more than required, and that the crystal
structure of carbon is destroyed to form a fragile layer on
the surface of each fiber. Also in this case, as in the.case
of too low 0/C, destruction is liable to occur near the ‘
surface layers of the fibers, and the molded product cannot be
éxpected to have high mechanical properties. If the 0/C ratio
is kept in the above range, preferable effects can be provided
not only for the adhesion at the interfaces between the fibers
‘and the matrix but also for the affinity for impregnation with
the éomponent [B] and the dispersibility of fibers at the time
of molding.

The surface chemical function (0/C) is obtained according
to the following procedure by the X-ray photoelectron
spectroscopy. At first, the carbon fibers (bundle), from
which the sizing agent, etc. are removed by a solvent, are cut
and spread on a sample holder made of copper, and at a
photoelectron escape angle of 90°, with MgKa1. 2 used as the
X-ray source, the sample chamber is internally kept at 1 x 10

Torr. For correction of the peak due to electrificatioﬁ at

the time of measurement, the kinetic energy (K.E.) of the main
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car boxyl groups, etc., and can be selected, considering the affinity with
the functional groups, etc. on the fiber surfaces. If the polarity of the
matrix resin as the conponent [C] is low as in the case of a polyolefin,
etc., it is.desirable that the conponent [B] has portions of an aliphatic
hydrocarbon with I ow polarity, as well as the polar groups. Since the

TRl W LD ST
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ngﬁe[Lgfﬁﬁ%ggg%gﬁg9? e?gg?%,&?]apg§ {§(¥1rf¥JJ'yFBﬁJMb%nst%? 3fbhaces of
from the ratio of the 01S peak area to the C1S peak area using
the sensitivity correction value peculiar to the instrument.

The thermoplastic resin used as the component [C] has a
weight average molecular weight of 10,000 or more. |f the
weight average molecular weight is less than 10,000, the
mechanical properties of the finally obtained molded product
of the composite material decline. The component [C] is not
especially limited as far as it has a weight average molecular
weight of 10,000 or more. The compounds which can be used as
the component [C] include polyamides (nylon 6, nylon 66,
etc.), polyolefins (polyethylene, polypropylene, etc.),
polyesters (polyethylene terephthalate, polybutylene
terephthalate, etc.), polycarbonates, polyamidimides,
polyphenylene sulfide, polyphenylene oxide, polysulfones,
polyether sulfones, polyether ether ketones, polyether imides,
polystyrene, ABS, crystalline polyesters, acrylonitrile
styrene copolymer, etc. and their mixtures. Copolymers such
as nylon 6 nylon 66 copolymer can also be used. Furthermore,
to meet the required properties of the molded product, the

component [C] can contain a flame retardant, weathering
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(the conponent .[(C]): A compound especially excellent as the conponent
[B] is an oligoner obtained by addi ng phenol or a phenol derivative
(precursor a) and an aliphatic hydrocarbon with two double bonds
(precursor b). The addition reaction can be effected in the presence of a
strong acid or Lewis acid. Furthernore, the conponent [B] can be obtained
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- polyolefins and polycarbonates. Among them, nylon 6, nylon 66
and nylon 6 nylon 66 copolymer are excellent in affinity with
the oligomer (component [B]) obtained by condensation of
pheno! or a pheno! derivative and an aliphatic hydrocarbon
with two double bonds, and are excellent since the mechanical
properties do not decline even after mixing with it.

It is preferable that the molding material of the present
invention is cut at a tength of 1 to 50 mm when used. If the
moldipg material is discontinubus, it is higher in flowability
and very high in formability at the molding. If the length is
shorter, the moldability such as formability and flowability
increases, but if the cut length is less than | mm, the fiber
reinforcing effect sharply declines since the reinforcing
fibers are too short. If the cut length is longer than 50 mm,
the moldabi[ity declines greatly though the reinforcing effect
increases. A more desirable cut length range is 3 to 12 mm.

The molding material of the present invention can also be
used as a continuoué long material, depending on the forming
method. For example, it can be formed as a thermoplastic yarn

prepreg, and it can be wound around a mandre! while being
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Conmpounds especially preferable as the precursor a are phenol and cresol.

Two or nore conpounds can be used as the precursor a. The precursor
b is an aliphatic hydrocarbon with two double bonds, and nay have one or
more cyclic structure. Compounds wi t hout any cyclic structure which

can be used as the precursor b include butadiene, isoprene, pentadiene,

xS Firathl, SBIBBYRTR 4 [BLPNEo P T Br EHETET 1 T iR 4R o can be
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used as récursor I'ncl ude nonocyclic conpounds suc
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CaryophyPF@H@%ee?cﬁffdf(FEg&FF%?cgﬁggﬁ%%géggﬂ%H a§ '.cycpggeﬁﬁégféﬁe, etc.
The conpounds which.can.predu th ecu j r i system
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As the pregursor b, a conpoynd with 6 to 15 carbon atons is preferable,
and a coM8dUidswidfh 5A8USFefore cyclic structure is also preferable. A
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invention, the component [A] is impregnated with the component )
[B] heated to be molten to have a viscosity of 100 poises or -
less, for forming a composite, and then the component [C]
molten to have a viscosity of 500 poises or more is arranged
to contact the composite. Subsequently, the entire
composition is cooled to room temperature (about 15 to 25°C).
For example, the production process can comprise three steps:
a step of depositing the heated and molten component [B] onto
the continuous fiber bundle (component [A]) by a predetermined
amount per unit length (hereinaftér called the aid application
step), a step of adjusting the component [B] deposited on the
fiber bundie, to have a viscosity of 100 poises or less, for
impregnation deep inside the fiber bundle, to form a composite
(hereinafter called the aid impregnation step), and a step of
arranging the component [C] heated and molten to have a
viscosity of 500 poises or more, to contact the continuous

composite (hereinafter called the matrix arrangement step).

it is desirable that these three steps are carried out
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and becones relatively rigid. |If the conponent [B] with such

22 a structure is used, the nol ded product with the conponent [ B]
di spersed in the component [C] does not greatly decline in elastic

modul us. Conpounds especially preferable as the precursor b include
nonocycl i ¢ nonot er pene represented by nol ecular formula CL0H16 and
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arrangement step in off-line. It is more desirable that the
aid application step and the aid impregnation step can be
carried out simultaneously by one apparatus.

The aid application step can be carried out by using a
publicly known production method of applying an oil, sizing
agent or matrix resin to a fiber bundle. For example, on the
surface of a heated rotating roll, the molten component [B] is
forméd as a film with a certain thickness (coating), and a
fiber bundle (component [A]) is fed to run in contact with it,
for depositing the component [B] by a predetermined amount per
unit length of the fiber bundie. The coating of the roll
surface with the component [B] can be realized by applying the
concept of a publicly known coater such as reverse roll,
regular rotation roll, kiss roll, spray, curtain, extrusion,
etc. Devices for coating on a roll are described in detail in
"Introduction to Coaters and Operation Techniques” (Gijutsu
Sogo Center), etc.

|f these techniques are applied, the heated and moiten
component [B] can also be directly applied, not oﬁ the roll
surface, to a running fiber bundle using any of various

coaters. For example, while the component [B] is extruded by
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nol ecul es of the precursor a (hereinafter called "2 : 1 addition product”
) "accounts for 40 wt% or nore in the conponent [B]. Since one nol ecul e of
a low polar aliphatic hydrocarbon is added to two nol ecul es of high poler
phenol or phenol derivative, the conposition as a whole is relatively
hiigh in polarity and is excellent in the affinity wwth a highly polar
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[err]
by letting the fiber bundle run near the nozzle, coating can
be achievem

In the aid impregnation step, at the temperature at which
the component [B] is molten, the component [A]l with the
component [B] deposited is rubbed by bars, or is repetitively‘
spread and collected, or pressurized or vibrated, to
impregnate the component [B] deep inside the fiber bundle
(component [A]). For example, the fiber bundle is fed in
contact with the surfaces of a plurality of heated rolls or
bars, to be spread. In this case, unless the viscosity of the
molten component [B] is kept at 100 poises or less by
adjusting the temperature, the fiber bundie cannot be
impregnated with the component [B] at a high speed.

In the matrix arrangement step, the molten component [C]
with a viscosity of 500 poises or mo}e is arranged to contact
the composite. For example, an extruder and a coating die
used for electric wire covering can be ‘'used to arrange the
component [C] around the continuous composite as if covering.
As another method, the molten component [C] formed like a film
by an extruder and T die is arranged on one side or both sides

of the composite flattened by rolfs, etc., and they are
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The reinforcing fibers used as the conponent [A] are not especially
Ifmted. Fibers with a high strength and elastic nodulus such as carbon
fibers, glass fibers, polyaramd fibers, alumna fibers, silicon carbide.
fi bers or boron fibers can be used. Two or nore kinds of themcan also be
used as a mxture. Anong them carbon fibers are preferable since they

are excel he, e of; | nprovi ng nmechani cal properties. Mor e
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material is flat or a sheet, it can be slit slenderly and cut.
A sheet pelletizer for simultaneous sfitting and cutting can
also be used.

For producing the above mentioned thermoplastic yarn
prepreg, in succession to the matrix arrangement step, for
example, the arranged matrix resin (component [C]) can be
molten, and mixed with the component [B] using a heat roll
press, etc. for continuous impregnation-into the component
[A], and the entire composition can be flattened in section.

The polyamide based resin composition of the present.
invention is described below. The resin composition of the
present invention consists of at least the following two
components. The component [D] is an oligomer obtained by
condensation of phenol or a phenol derivative (precursor a)
and an aliphatic hydrocarbon with two double bonds (precursor
b), and the component [E] is a polyamide resin. The resin
composition can also contain reinforcing fibers.

fhe component [D] in this case carresponds to a preferable
embodiment of the component [B]. The component [D] has a

relatively low molecular weight and a very low viscosity. So,
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have hi gh nmechani cal properties. On the contrary, an O/C ratio of |arger
than 0.4 neans that the surfaces of carbon fibers are oxidized nore than
required, and that the crystal structure of carbon is destroyed to forma
fragile layer on the surface of each fiber. Also in this case, as in the
case of too low O/C, destruction is liable to occur near the surface

ayers ofyfd i bar sqdind (e nildagoReRIUEE] CaNR0habes eRPeriehto have

hi gh mechani cal properties. If t ratio” is kept 1 n the above range,
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mechanical properties of the resin greatly deciine compared to
those before addition. However, the resin composition of the'
present invention is very small in the decline of the
properties.
Against 100 parts by weight in total of the resin
composition of the present invention, the component [D] is
added by 0.5 to 40 parts by weight. [f the amount is smaller
than 0.5 part by weight, the effect of improving the
flowability is small, and if more larger than 40 parts by
weight, the mechanical properties of the resin composition
greatly decline. A more desirabie range is 5 to 15 parts by
weight.
Against 100 parts by weight of the resin composition,
reinforcing fibers can be added by 5 to 200 parts by weight.
Since the component [D] is contained, the flowability of the
resin composition is relatively good even if reinforcing

fibers are contained. | f the amount of reinforcing fibers is

smaller than 5 parts by weight, the fiber reinforcing effect
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peak of ClS is.set at 969 eV. The C1S peak area is obtained by drawi ng a
straight base line in a KE range of 958 to 972 eV, and the 01S peak area
is obtained by drawing a straight base line in a K E. range of 714 to 726
eV. The surface chemical function (0/C) is calculated as a ratio of
nunbers of atonms fromthe ratio of the 01S peak area to the C1S peak area
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carbon fibers, glass fibers, polyaramid fibers, alumina
fibers, silicon carbide fibers and boron fibers can be used.
Two or more kinds of them can also be used as a mixture.
Among them, carbon fibers are pfeferable since they are
excellent in the effect of improving mechanical properties.

It is more preferable that the surface chemical function
(0/C) as the ratio of the number of oxygen (0) atoms to the
number of carbon (C) atoms on the fiber surfaces measured by
the X-ray photoelectron spectroscopy is in a range of 0.05 to
0. 4.

The component [D] is described below. The component [D]
is an oligomer obtained by the condensation reaction between
pheno!l or a phenol derivative (precursor a) and an aliphatic
hydrocarbon with two double bonds.(precursor b).

It is preferable that the Qeight average molecular weight
of the component [D] is 200 or more, to prevent that the
molded product is easily volatilized to form such defects as
voids when heated or that fhe physical properties of the resin

composition decline. On the other hand, if the molecular
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pol ystyrene, ABS, crystalline polyesters, acrylonitrile styrene copol yner,
etc. and their m xtures. Copolyners such as nylon 6 nylon 66 copol yner can
al so be used. Furthernore, to nmeet the required properties of the nol ded
product, the. conponent [C] can contain a flame retardant, weathering

26 I mprover, antioxidant, thermal stabilizer, ultraviolet |ight
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low angle light scattering photometer (LALLS).

The polyamide resin as the component [E] is not especially
limited as far as it is a polymer with its main chain formed
by repeating an amido group, and aliphatic polyamides such as~
nylon 6, nylon 66, nylon 11, nﬁlon 610, nylon 612 and dimeric
acid based polyamides, aromatic polyamides such as nylon 6T,
etc. can be used. Any of their mixtures or a copglymer
consisting of a plurality of polyamides such as nylon 6 nylon
66 copolymer can also be used. Also a polymer with another
kind of a molecule connected to a polyamide by the addition
reaction or condensation reaction participated in by amido
groups or graft reaction to methylene groups, etc. can also be
used. Among polyamides, nylon 6, nylon 66 and nylon 6 nylon
65 copolymer are especially suitable since they have excellent
mechanical properties.

The resin composition of the present invention can contain
a flame retardant, weathering improver, antioxidant, thermal
stabilizer, ultraviolet light absorber, plasticizer,

lubricant, colorant, compatibility improver, conductive

filler, etc.

34



nol ding material is discontinuous, it is higher in flowability and very
high in formability at the nolding. If the length is shorter, the

nol dabi lity such as formability and flowability increases, but if the cut
length is Iess than 1 nm the fiber reinforcing effect sharply declines
since the reinforcing fibers are too short. If the cut length is |onger
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the component [D] can also be used. In this case, the
component [D] functions also as an aid for allowing the
reinforcing fibers to be easily impregnated with the componenf
[E] when the fiber reinforced resin composition is molded.

The molding material and resin composition described above
can be processed into products with a final form by ordinary
molding. The molding methods which can be used include press
molding, transfer molding, injection.molding, and their
combinations. The molded products which can be produced
include automobile parts such as cylinder head covers, bearing
retainers, intake manifolds and pedais, tools such as monkey
spanners, and small articles such as gears. Since the molding
material of the present invention is excellent in flowability,
molded products as thin as 0.5 to 2 mm can be easily obtained.
Products requiring such thin molding include parts of electric
and electronic apparatuses such as housings used for personal
computers and mobile phones and keyboard supports inside
personal computers. For the parts of electric and electronic

apparatuses, if conductive carbon fibers are used as the
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For producing the nolding material of the present invention, the conponent
[A] is inpregnated with the conponent [B] heated to be nolten to have a
viscosity of 100 poises or less, for form ng a conposite, and then the
conponent [C]- nolten to have a viscosity of 500 poises or nore is arranged
to contact the conposite. Subsequently, the entire conposition is cooled

to room temmerAtyng (3ReYl, 13t 952368 Fhble thOL EXEFPLEY (M. pyoduction
steps: 'a step of

process can conprise three epositing the heated and

nolten ¢ ] t e continuous fiber bundle (conmponent [A]) by a
predeter%gﬁﬁﬁq%gﬁgﬁﬁpqgegad%?t | ength (hereinafter called the aid
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fiber bundle, to have a"visco oi ses or _ | mpregnati on
Se Lol U5 e end e LRILESTOA-GATRED e\ PRLELLA g 0, L1
o0 oL o2 B WSDETRLY e oZBP RBL TR B [PLEL BRI
;Z deSir%ql?stm%%t%Q?SSr%QEE?i§E§p§nﬁrEnggﬁgbgd ?ﬁt according to the
present invention, the component [B] or [D] manifests a large
effect as a dispersion and impregnation aid. In this case, an
ordinary inline screw type injection molding machine can be ‘
used. Furthermore, even when the kneading effect by a screw
is weak because of the use of a screw shaped to have a low
compression ratio or because of setting a low back pressure
for material plasticization, the reinforcing fibers are well
dispersed into the matrix resin, to provide a molded product
containing fibers well impregnated with a resin,
"[Examples]
Example 1
On a roll heated at 130°C, a heated and molten liquid of a
terpene phenol oligomer (YPYOL addition product of monocyclic
monoterpene and phenol with a weight average molecular weight
of 460, produced by Yasuhara Chemical K.K.) was formed into a
fifm. A kiss coater was used to form the film with a certain
thickness on the roll. On the roll, a continuous carbon fiber

bundle ("Torayca” T700SC produced by Toray Industries, Inc.,

consisting of 12,000 carbon fibers with a single fiber
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continuously, but these three steps can al so be carried out

di‘'sconti nuously, that is, by once w nding the conposite around a bobbi n,

etc. after the aid inpregnation step, and subsequently feeding the

cenposite through the matrix arrangenent step in off-line. It is nore

desirable that the aid application step and the aid inpregnation step can

be _carri £, Al 1Rl ANGAUSI DY 690 1BBPIRAL YR tact witfNPral fl appYd cation
sing a “publ od of

step can be tcarried out by u i cl'y "known  pr oducti'on ne

2001 Y19 AL oo Bl b 20V B D" b DET AL 2
(5115 (CESAR Bldf W A gD BhgRecs, (porting), and o e
(1 corPonert Al due B ePrgdSar A5 I0HRY eRRE FEkA AR 10 L
real) 269 B0 ARELRITP S, SO0 SFEs 0%, PHRA ShYehLFLGRPEE, GEKD

' ) ' f ' | | d i bed in d il
R Nl L T R R LT LT e e LR L R
etc. st rlafi gtht}eslel nte(.aChDr'hq%esop%rr% t?%%l 'cgﬁjs eEl h?h Qeg} ngofenrd trrg)l bteen

impregnated deep inside the fiber bundle, to form a continuous
composite consisting of carbon fibers and terpene phenol '
oligomer. At this stage, the amount of the oligomer was 1§
wt¥ based on the weight of the entire composite. The specific
gravity of the carbon fibers was 1.80 and the specific gravity
of the terpene pheno! oligomer was 1.06. So, the volumetric
content of the carbon fibers in the entire composite was
76. 8% The melt viscosity of YPIOL at 130°C at a shear rate of
103 s-I measured by a capillary rheometer was about 10 poises.
The continuous composite was fed through a coating die for
. electric wire covering installed at the tip of a single screw
extruder with a diameter of 40 mm, and nylon 6 resin ("Amilan”
CM1017 produced by Toray Industries, Inc. with a weight
average molecular weight of 18, 600) molten at 240°C was
discharged into the die from an extruder, to be continuously
arranged to cover the surrounding of the composite. The melt
viscosity of nylon 6 at 240°C at a shear rate of 103 s_]

measured by a capillary rheometer was about 2000 poises.
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conponent [B] can al'so be directly applied, not on the roll surface, to a
running fiber bundl e using any of various coaters. For exanple, while the
conmponent [B] is extruded by 29 a
certain quantity per unit time froma nozzle, a fiber bundle - running at a
const ant speed can be brought into contact with the nozzle. It is not

necessarily regy f&ditbPatatePEaNeEEd iGed b | PRy gﬂngrg contact each
ot her perfectly, and s?ng ﬁb Fthanﬂfﬁebﬁﬂ%er Y elr%n near the

nozzle, Gpahi pY)oHap walae%@muev&%out room't@inbmtar APr@UNgE i on step, at

t he tenperature at whic he conponent I's nol'ten, the component [A]

wth Lhe o aQRRANSRLT il bASPSElAdcd S of LR Moaletitn Of the repetitively

d
spread and C ct ed, ressurlze rate npregnate the

componenty G %?er‘ﬂﬁ'\@'ﬁ B BE, AHEche cmerrpﬂraegt%@/a\la For exanpl e,

the fi ber bun I's fed he surface a plurality of

heated r pr ead. In this case, unless the viscosity
of the Oﬂa]kt%eﬁd'cs E%{)ﬁ"g%té(fg?ﬁl@ kept at 100 poi ses or |ess by

The pellets were used to obtain a molded sheet with
dimensions of 150 mm x 150 mm x 1 mm by an injection molding
machine with a mold clamping force of 100 tons. In this
molding, the cylinder temperature was set at 250 °C at a portion‘
close to the nozzie, and the mold temperature was 70 °C. The
molded product had a smooth surface, and there was no problem
with the dispersibility of fibers in the.moldeq product. A
section of the molded product was observed by a microscope,
and no voids were confirmed.
The composition of the molded product was carbon fibers :
terpene phenol oligomer : nylon 6 resin =35 : 6 : 59.
The notched lzod impact value ﬁf the molded product was 21
kgf cm/cm.
Comparative Example 1
The same continuous carbon fiber bundie as used in Example
1 was fed through a coating die for electric wire covering
installed at the tip of a single screw extruder with a
diameter of 40 mm, and nylon 6 resin ("Amilan” CM1017 produced
by Toray Industries, Inc.) moiten at 240 °C was discharged into

the die from an extruder, to be continuously arranged to coat
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adj usting the tenperature, the fiber bundle cannot be inpregnated with the
conponent [B] at a high speed. In the matrix arrangenent step, the
nol ten conponent [C] .with a viscosity of 500 poises or nore is arranged to
contact the .conposite. For exanple, an extruder and a coating die used
for electric wire covering can be used to arrange the conponent [C] around

the contiflousr GARPOR tFe ¥dmbdsideveri ng. As another nethod, the nolten
conmponent [C fornegﬁiiﬁe a ?§ﬁ%1 by an extruder and T die is arranged on

one side or boty s AftRg itetNA FRIMIS hel LAORNABePYoufndl 6 yaset C- . and they

are _ Integrated by rolls, etc.

The ol di gy tggtiith oy 18 OWAS CediYa D% §utatodh, Fhiekfurd o h by such an

apparatus as a pelletizer or strand cutter, use. The cutting step may

be cont i yqusl v, JERAROST 7 dREISL CAING cuiler, b hakeAR L ARGETRNT Step. Tf the

nmol ding naterial r"a sheet, 1t can be sl sl enderly and cut.

A sheet gl hRfdciebn il asd. HAREPHH Tbdr bDRANtaiedh i pgefan @l so be used.

was 30 m/min.

The pellets were used to obtain a molded sheet with
dimensions of 150 x 150 mm x 1 mm by an injection mofding
machine with a mold clahping force of 100 tons. The same
molding conditions as used in Example 1 were used. The
material was insufficient in flowability, and the molded
product was partially insufficiently shot at a portion apart
from the gate of the mold. On the surface of.the molded
product, an unopened and unimpregnated fiber bundle was
exposed, and a wale was formed in the portion. A section of
the molded product was observed by a microscope, and an
unopened and unimpregnated fiber bundle and voids were
observed.

The composition of the molded product was carbon fibers :
nylon 6 resin = 35 : 65.

The notched Izod impact value of the molded product was 25
kegf cm/cm.

Industrial Applicability
The molding material of the present.invention is easy to

produce, and when molded by injection molding, etc., the
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For produci ng the above nentioned thernoplastic yarn prepreg, in
succession to the matri x arrangenent step, for exanple, the arranged
matrix resin (conponent [C]) can be nolten, and m xed with the conponent
[B] using a heat roll press, etc. for continuous inpregnation into the
conponent [A], and the entire conposition can be flattened in section.
The pol yang icef dyasiecg rfeisier eoamadsi tiaanbef wehe piepensedi nveni¢ ano i ded
descri bed bel ow. The resin conposition of the present invention consists

of at | egstoduet.f olHuiowing owe, carpeoenan. déhpaseapeaeni ¢dlpdsi @il i goner
obtai ned by condensation of phenol or a phenol derivative (precursor a)

and an ald fphiatd ¢ tesdymoc amy@m tWwothh hia¢o efleelbll @n bondsw 4 PT ELLy.SOrMo toveand the
conponent [E] is a polyamde resin. The resin conposition can al so contain

reinforcifg ithems. molded PO daeMRORERh EWRLel Neh hiusLpsEy COIH aPonds to a
preferable enbodi nent of the conponent [B]. The conponent [D] has a

rel ativelgp 0w el ecul ar wei ght and a very | ow viscosity. So,

31 when it is added to the conponent [E], it makes the resin .
conposition highly flowable. Especially when the resin
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contains a filler such as reinforcing fibers or flame-retardant, etc.

and is very poor in flowability, the conponent [D] added can TThprove the

flowability at the tine of hot nelting, to inprove nak D
general, if a low nolecular material is added to a mﬂ’ﬂlm, }f en
that the nechanical properties of the resin greatly decFlne ﬂﬂpto
those before addition. However, the gegipsconposition of the present

invention is very small in the decline of the properties. Agai nst

100 partsg b{ m@qghhglmaggt %|ofc5@§r(§gﬁglaquRQQ|qunf@ﬂ|bh¢n§resent
i nvention, the conponent Is added by 0.5 to 40 parts by wei ght | f

the amu%mblﬁnﬁwy €A1, tb@]‘ ?n@ PEr.L WY iR tcom ybfhe‘hftf gel akrkfBEOVIiNg the

fl owabi | i s snal I, nore |arger than 40 parts by weight, the

h
desi rabi 60 EREBTEL Esf%&fﬁ"ﬁgéféé R I U T ey

w6|ght OfAihﬁ Egﬁkpnﬁgggo§ ﬁ9r0|ﬁ |(ﬁ&gg}ﬂﬁh'flbers can be added by 5 to

200 part e conponent i's contai ned, the

flomabllthg R hg?go f?kgogfgypfﬁé?QP' Iféﬂfg'VﬁH% QOQQ|§H?”aVEra

rei nf or ci ned unt of reinforcing flgers S

smal I er th?ecul??r&§|EMt“€¥9?60 thesd | ARy 4fd W HeA'tnG i8k0SGy Tower

than that of the component [C]

[C] A thermoplastic resin with a weight average molecular
weight of 10,000 or more.

2. A molding material, according to claim 1, wherein the
molding material is cut at a length of 1 to 50 mm.

3. A molding material, according to claim 1, wherein the
component [C]ais arranged to cover the surrounding of the
composite.

4. A molding material, according to claim 3, wherein the
molding material is cut at a length of T to 50 mm

5. A molding material, according to claim 1, wherein the
component [C] is arranged with the composite in layers.

6. A molding material, according to claim 5 wherein the
molding material is cut at a length of 1 to 50 mm.

7. A molding material, according to any one of claims 1
through 6, wherein the melt viscosity of the component [B] is
100 poises or less, and the melt viscosity of the component

[C] is 500 poises or more.
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32 is .small, and if larger than 200 parts by weight, floﬁéﬁ?lity

and nol dability are poor even if the conponent [D] is
desirabl e range of reinforcing fiber content is 10 thI mﬁﬂ MQM
The kind of reinforcing fibers is not especially limted.¢c erssw
hi gh strength and high el astic nodul us such as carbon fibers, glass

fibers, ol yaraied g hgiter i3 umaBRo G REr 3o 8411608 §A70jdnd ipers and

boron flbers can be us nor e nds of them can al so be used as a

mXture. VRO '8)eh o3 BORNGT B8C3 88 gmsrﬁblmlmpﬁfetmwc@re

excellent in the éffect of inproving nméchanical propert IS

mre pr el Wi s ?ag%mrjrﬁa??ﬁm ol e i1 cwp% )% B¢ 5310 of

t he nunber of oxy nunmber of carb atons on the

Fange i?rt&?eéé%t'éﬂ%qéf'“id o e S B £ S YR nN(oTED) SIS LR e
conponenqh%q13.%s an ol i goner obtained by the condensation reaction between

9. A molding materijal, according to ahy one of claims 1
through 6, wherein when the content of the component [B] in
the molding material is 10wt%, the tzod impact value of the
molded product obtained by molding the molding material
accounts for 60% or more of the lzod impact value of the
melded product obtained by excluding the component [B] from
the components of the molding material. |

10. A molding material, according to any one of claims 1
through 6, wherein the volumetric content of the component [A]
in the composite is 40 to 95%.

11. A molding material, according to any one of claims 1
through 6, wherein the void volume of the composite is 0 to
40%, |

12. A molding material, according to any one of claims 1
through 6, wherein the component [C] is a polyamide,
polyolefin, polycarbonate, or any of the mixtures and
copolymers comprising two or more of them.

13. A molding material, according to any one of e!aims 1
through 6, wherein the thermoplastic polymer or oligomer as

the component [B] is an oligomer obtained by adding phenol or
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phenol or a phenol derivative (precursor a) and an allphatlc idrocarbo

with two doubl e bonds (precursor b). It is preferabmumm “jmulﬁ t

average nol ecul ar wei ght of the conmponent [D] is 200 or
tchat the nolded product is easily volatilized to form sucfi défects as
voi ds when heated or that the physical properties of the resin conposition

decli ne. ath%m%\oernvhande i(hrebgr §®F egul @d an aliphatic hydrocarbon
33 weight is too large, the nelt viscosity becones high. To

effeCt'V@th'WRBOW%u%h@ bbawabi(brtyup§ok hg) resin conposition, it is
preferable that the nolecular weight is 1000 or |less. The weight average

mol ecul al4We'A9*ﬂ|% ligD nlghing teR$8 || Sa FEAPYT R t ACEOA [di NGB, t wyhiehr igelt hper meat i on
chr omat ography (GPC) using a |ow angle light scattering photoneter

(LALLS). grecursgbeprEyiﬂ‘g@lbﬁ§%ﬂca§%0h@c§ﬂWHH”%¥ﬁh[ﬁﬂtd g 5neta réspeci al |y
limted as far as it is a polymer with its main chain formed by repeating

an am do .q pan%”Qw%" b8y phyam des such as nylon 6, nylon 66, nylon
11, nonn 8%5 nyl on 659 ang g?nerlc aci d based pol yam des, aromatic

pol yam dqg sychoaging 92t8Fial, according to claim 14, wherein the
precursor b has one or more cyclic structure.
16. A molding material, according to claim 15, wherein the
precursor b is d}cyclopentadiene or monocyclic monoterpene
represented by molecular formula CioHys.
17. A molding material, according to claim 13, wherein a
composition with one molecule of the precursor b added to two
molecules of the precursor a accounts for 40 wtX or more in
the component [B].
18. A molding material, according to claim 13, wherein the
weight average molecular weight of the ﬁomponent [B] is 200 to
1000.
19. A molding material, according to any one of claims 1
through 6, wherein the component [C] is nylon 6, nylon 66 or
nylon 6 nylon 66 copolymer.
20. A molding material, according to any one of claims 1
through 6, wherein the thermopiastic polymer or oligomer as
the component [B] is an oligomer obtained by adding phenol or
a phenol derivative (precursor a) and an aliphatic hydrocarbon

with two double bonds (precursor b) and the component [C] is
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etc. can be used. Any of their mxtures or a copolymer consistin ~of a

plurality of polyam des such as nylon 6 nylon 66 copol
used. Also a polynmer with another kind of a nolecule c e "“ﬂ
r

pol yam de by the addition reaction or condensation reactan pa ﬁ?pdied
i-h by am do groups or graft reaction to nmethylene groups, etc. can al so be

used. Amﬂp ohyaﬂqigﬁe @%Pnnﬂ]o gpyio,py 66 W dipodynfe iyl on 66 copol yner

are espec Iy su si nce ave excellent mechanical properties.

T ar Gand 1 odonRl i AR | mstw?apre§@%rdm ntd QN 9N 2ONidiel e id fthame

r et ar dan nprover, antioxidant, thermnal stabilizer,

U|traVi0%?%ch¥999 ﬂb?grgﬁralPb??[l@'%ﬁqrocdﬁﬁﬁﬂ GANth 6CAoonaNtarbon

conpati birl'i'ty i nprover, conduc | er

2gpe0|alﬂ§ogﬁe3"gh ﬁﬁS%PHCQUPQFétﬁ@Wde the present invention is not

hg degree as far as the mxing ratiois in

sal d ra”ggslo @ﬁggiﬁgéhggeWﬁBh t?@c&?@Pﬁ§tf¥Q:nﬁ%ﬂ@qne@%%r%hﬁnﬁhe

honogene y kneadi hg o
precursor b has one or more cyclic structure.

23. A molding material, according to claim 22, wherein the
precursor b is dicyclopentadiene or monocyclic monoterpene
represented by molecular formula CioHis

24. A molding material, according to claim 20, wherein a
composition with one molecule of the precursor b added to two
molecules of the precursor a accounts for 40 wt%¥ or more in
the component [B].

25. A molding material, according to claim 20, wherein the
weight average molecular weight of the component [B] is 200 to
1000.

26. A molding material, according to any one of claims |
through 6, wherein the reinforcing fibers of the component [A]
are carbdn fibers.

27. A molding material, according to any one of claims 1|
through 6, wherein the reinforcing fibers of the component [A]
are carbon fibers of 0.05 to 0.4 in the surface chemical
function (0/C) as the ratio of the number of oxygen (0) atoms
to that of carbon (C) atoms of the fiber surfaces measured by

the X-ray photoelectron spectroscopy.
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separate type conposition in which the conponent [E] |s edin
contact with reinforcing fibers inpregnated with the ¢ '@Bﬁﬁ! IHH‘
al so be used. In this case, the conponent [D] functions: ﬂM’for
allowing the reinforcing fibers to be easily inpregnated mnth t he
component [E] when the fiber reinforced resin conposition is nolded.

The ol dbgg ﬂabﬁﬁb@ksaf‘grr&ﬁéd\;&ﬂ@%é'm ¢dagcmahed iaboyeateaniheany

processed I nto products wt final formby ordinary nolding. The nol ding

met hods w@bcp fCANa PRsUPedsi ped ugle &Hﬁ5$qs|mglmegﬁt@bgngﬁermapbghmg;ng

inj ection nolding, and their conbinations. The nol ded products which can

D hrocueRe, nPHEBHgﬁtfirl\f”@P{H SRR g 283y hiead®y BAAAn69YERStobear] ng

retalners e mani ds and tool s such as nonkey spanners, and

smal | hh?%egx P SFtyoot SIOOSMZFS dd1% rmle gsng t oMo @ c@ﬁlﬁb??t@" esent

I nventio | owa ity, nolded products as thin as 0.5 to 2

fm can bggfgﬁk ﬁgo?ﬁg'Pgﬂpongﬁpd [ Sid BB "% aSuch YRisRoSPki pg 5ol ude

parts or andde ectroni ¢ "apparatuses such as housi ngs used for
per sona r b viqar u f [ de
personal 8ggggté? EOEgT eé%§$ gﬁﬁ%legygﬁcqgndqn%egggéﬁﬁg IElgucl?)paratuses
L{ condughiYeeoaEep 1 PEE S, b HiRh AR 11

29. A process for producing the molding material stated in any )
one of claims 2, 4 or 6, comprising the steps of impregnating‘
the component [A] with the component [b] heated and molten to
have a viscosity of 100 poises or less, to form a composite;
arranging the component [C] molten to have a viscosity of 500
poises or more, to contact the composite; cooling the entire
material to room temperature; and cutting at a length of 1 to
50 mm.

30. A polyamide based resin composition, comprising at least
the following components [D] and [E], with the component [D]
contained by 0.5 to 40 parts by weight against 100 parts by
weight in total of the resin composition.

[D] An oligomer obtained by condensation of phenol or a phenol
derivative (precursor a) and an aliphatic hydrocarbon with two
double bonds (precursor b)

[E] A polyamide resin

31. A polyamide based resin compositioh, according to claim

30, wherein the precursor b is an aliphatic hydrocarbon with 6

45
This Sheet Has Been Replaced

IR

THIS SHEET HAS BEEN ’
REPLACED




reinforcing fibers,-it is desirable that they can shield electromgnetic

waves. The above nol ding material and resin conposi d
as pellets to be injection-nolded. In injection nolding,. ”mmmimrrm ai@g
material provided as pellets is plasticized, it is heated, pressurize nd
kheaded. So, according to the present invention, the conmporient [B] or [D

Tani fest $oa) kat genof! § £6hs 2nd W HPSHA UbANG ivBedgnation aid. In this

case, glnary I nl1ne screw type |nject|on nmol di ng machi ne can be

used. Fu@?hehnﬁfy?dlﬁgeﬂa\"@?r‘ﬁ hey &f fcqth, %12 FREPWini ghueak

because o € use oI a screw shape tO ave a low conpression ratio or

because Fe§§}%bpgbah59w6 €cgrpmfp§Lg fo%tq%%qu%l plasticization, the

reinforc ers are we di spers the matrix resin, to provide a

ol ded ngdugmo?ﬁPhgi 708 | gefécaifﬂd.dmoeqn%t%gye P%r%‘?ﬁ"ﬁ‘he

[ Exanpl e heat ed at heat ed and

ol ten | bgukleShr 2 L§LRE0E: PIERL o G4 dolfR9% 1 38nbingpppefibct of

nonocycl he  ah wei ght "average nol ecul ar wei ght

of 460, pLRPucedtPY YRSHORLA [P FAly i 1t dnas formed into a

34. A molding material, according to any one of claims 30
through 33, wherein a composition with one molecule of the
precursor b added to two molecules of the precursor a account§
for 40 wt% or more in the component [DI.

35. A molding material, according to any one of claims 30
‘through 33, wherein the weight average molecular Weight of the
component [D] is 200 to 1000.

36. A molding material, according to any one of claims 30
through 33, wherein the component [E] is nylon 6, nylon 66 or
nylon 6 nylon 66 copolymer. |

37. A fiber reinforced polyamide based resin composition,
comprising 100 parts by weight of the polyamide based resin
composition stated in any one of claims 30 through 33 and 5 to
200 parts by weight of reinforcing fibers.

38. A fiber reinforced polyamide based resin composition,
according to claim 37, wherein the reinforcing fibers are
carbon fibers.

39. A fiber reinforced polyamide based resin composition,

according to claim 38, wherein the reinforcing fibers are
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film A kiss coater-was used to formthe filmwith a cerfain thickness on
the roll. On the roll, a continuous carbon fiber bundl SC
produced by Toray Industries, Inc., consisting of 12, 0 ﬂ‘“ﬂ ﬂﬁ“ﬂﬁ“ﬂk[ ﬁ
with a single fiber

of 0.6 denier) were fed in contact wwth it, to have the terpene phenol

ol gorer SRR (9894, 31°B1 B! Ro2F0E] g PBEe Y fed SBHLAL ghe dirichgn i ber

bundl e. e carbon érs mnt were fe

alternatgh ﬁﬁggququQnggggygggary Sh@‘ihr c%ﬁUT% Feéﬁ 5%)|nn heated t o

180[ err] y rotat S and arranged on a straight |ine.
Thi s operati d the oligoner to be inpregnated deep inside the fiber
bundl e, @ef3?ﬁ$§%§§ntinuous conposite consi sting of carbon fibers and

R AR BT O P AL

wt % base e specific graV|ty of

ZP?98§£?°&éE'?GB% 433 bnfoofof bl PR fGeRIE! Ty o The terpene phend

41. A molded product, obtained by molding the polyamide based
resin composition stated in any one of claims 30 through 33.
42. Pellets to be injection-molded, comprising the molding
material stated in any one of claims 2, 4 and 6.

43. A molded product, obtained by injection-molding the
pellets to be injection-molded stated in claim 42.

44, Pellets to be injection-molded, comprising the polyamide
based resin composition stated in any one of claims 30 through
33.

45. A molded product, obtained by injection-molding the

pellets to be injection-molded stated in claim 44.
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content of the-carben fibers in the entire conposite was 76. 8% The
nmelt viscosity of YP9OL at 130[err]C at a shear rate of 10[err] s[err]
nmeasured by a capillary rheonmeter was about 10 poi ses. The conti nuous
conposite was fed through a coating die for electric wire covering
installed at the tip of a single screw extruder with a dianmeter of 40 mm
and nylon 6 resin ("Amlan" CMLO175psedyeed by Toray Industries, Inc. with
a wei ght average nol ecul ar wei ght of 18,600) nolten at 240[err]C was

di scharged i ntyg gt ?E‘r e‘%“e?u tf rl‘ﬂ%ﬁ'?l@ﬁb\"ﬁ’?'idﬁ% brﬁo FONG & MPUSH va | aﬂﬁ%rhgqq to
cover the surrounding of the conposite. The nmelt viscosity of nylon at

240[ err] G Aty atosfb%fd% t%n%f al%ﬁ%rh SER%D rc TRESHI B&r by Pd CAPd lbaery

rheomet er was about

The ol diyng Im?itl%rp'earlsecﬂbtl"?\' 'i‘ﬁ@ HXlGQ@tbPSdEE‘? &mpﬁéa v gw@fmy.'oqﬂ 6 was

cool ed to about m tenperature, and cut nm by a strand

cutter. qdqr UGHicon qf ptrlaﬁuc??gﬂmggoggg?r'tﬁ‘érg‘@F Cé)rﬁdrlhe pgjiel d e

carbon fi b hdl'e " ake-up spee ets Were

used to QQQQHHc%m%%quqoﬁhﬁ?ﬁhmkbgd flowability, and molded products
| obtained from them.

A molding material, comprising at least the following
components [A], [B] and [C], with the component [C] arranged
to contact a composite comprising the components [A] and [BI.
[A] A continuous reinforcing fiber bundle
[B] A thermoplastic polymer or oligomer with a weight average
molecular weight of 200 to 50,000 and a melt viscosity lower
than that of the component [C]

[C] A thermoplastic resin with a weight average molecular

weight of 10,000 or more.
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di mensi ons of 150 nm x 150 nmx 1 nm by an injection nolding mnachine with
a-nold clanping force of 100 tons. In this nolding, the cylinder
tenperature was set at 250 [err]C at a portion close to the
nozzle, and the nold tenperature was 70 [err]C. The nolded
prfoduct had a snooth surface, and there was no problem wth the
di spersibility of fibers in the nolded product. A section of the nol ded
product was observed by a mcroscope, and no voids were confirnmed.
The conposition of the nol ded product was carbon fibers terpene phenol
oligonmer : nylon 6 resin = 35 : 6 : . The notched | zod i npact
val ue of the nol ded product was 21 gﬂ é%ic@r Conparative Exanple 1
The sane continuous carbon fiber bundle as used in Exanple 1 was fed
through a coating die for electric wire covering installed at the tip of a
single screw extruder with a diameter of 40 nm andlnylon 6 resin
("Am | an" CMLO17 produced by Toray Industries, |Inc.) nolten ai 240
[err] C was discharged into 33§

N

e di.e QDD S corifi nuousl y
arranged to coat N \s\\s\e\j'\\\t‘g\; .;\q\ 3
GO
N\

Fig. 2
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The nol ding mat-erial in which the carbon fiber bundle was coated with
nyl on 6 was cool ed to about roomtenperature, and cut at a length of 7 mm
by a strand cutter, to nmake pellets to be injection-nolded. The carbon
f¥ber bundl e take-up speed was 30 m mn. The pellets were used to
obtain a nol ded sheet with dinensions of 150 x 150 mm x 1 nm by an
injection nolding nmachine with a nold clanping force of 100 tons. The
same nolding conditions as used in Exanple 1 were used. The naterial was
insufficient in flowability, and the nolded product was partially
insufficiently shot at a portion apart fromt gate of the nold. On the
surface of.the nolded product, an uno&%nbdgan uni npregnated fi ber bundle

was = exposed, and a wale was forned in the portion. A section of the
mol ded product was observed by a m croscope, and an unopened and '

uni npregnat ed fi ber bundl e and voi ds were observgg. " The conposition
of the nol ded product was carbon fibers nylon 6,resin = 35 : 65. The
notched | zod inpact value of the nolded product /was 25 3kgf cmfcm

| ndustrial Applicability The nol ding ma the present

invention is easy to
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produce, and when nol ded by injection nolding, etc., the

39 reinforcing fiber bundle can be well dispersed in the nol ded
pioduct. Furthernore, the polyam de based resin conposition of the present
i-haventi on has excellent flowability. Mreover, fromthem nolded products
with excellent quality can be obtained.

Fig. 5

3/4
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Ctainms 1. A nolding material, conprising at |east conponents [A], [B]
and [:C], with the conponent [C] arranged to contact a conposite conprising
t e conponents [A] and [B]; wherein the conponent [A] is dispersed |ike

i sl ands dn the sea of the conponent [B]; and wherein [A] is a continuous
reinforcing fiber bundle; [B] is a thernoplastic polynmer or oligonmer with
a wei ght average nolecular weight of 200 to 50,000 and a nelt viscosity

| oner than that of -+he conponent [C]; and

Fig. 7
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fC] s a thernDpIastic resin wwth a wei ght average nol ecul 3 f__mﬁlqht of 10,

000 or or . according to claim1,

ettt o TIN5 58 5 FEPLACEUEDY. S
accordlng to cIa|n11 wter @i ntt he «Conponent [C] is arranggd{to cover the .
surrounding of the conposite. 4. A myding material, ac ,o di} @ AYG 189%i Im
3, wherein the nolding material is cut at a length of 1 50 TMm 5. A
nol ding material, according to claim 1, wherein the cpnponent [ C] I'S
arranged with the conposite in layersg|afigs A nolding na
to claimb5, mherein the nmolding material 1s cut at a length of I to 50 mm

Tneror™ 4. IR e AGAYIHIN ool AR apnepof efbi ™2 1 throuah 6,

wherein the of the c [B] 1s 100 poises or |ess,

S”dA mledlrrﬁgct% if%a' ty[Ag E@g %g,rgltog@nt wik®d th Scﬁﬁ?Boﬁ)@h%e%cPr aFPﬁﬁged

one o clalns 1

wherein the abgolul§ YA Sditd MGnrldifG dAeCcomponents [A] and Bl wherein

[A] is a continuous reinforcing fiber bundle;

1<

[B] is a thermoplastic polymer or oligomer with a weight average

molecular weight of 200 to 50,000 and a melt viscosity fower than that of

the component [C]; and

[C] is a thermoplastic resin with a weight average molecular

weight of 10,000 or more.

2. A molding material, according to claim 1, wherein the
molding material is cut at a length of 1 to 50 mm.

3. A molding material, according to claim [, wherein the
component [C] is arranged to cover the surrounding of the
composite.

4. A molding material, according to claim 3, wherein the
molding material is cut at a length of 1 to 50 mm.

5. A molding material, according to claim 1, wherein the
component [C] is arranged with the composite in layers.

6. A moiding material, according to claim 5 wherein the
molding material is cut at a length of 1 to 50 mm.

7. A molding material, according to any one of claims 1
through 6, wherein the melt viscosity of the component [B] is
100 poises or less, and the melt viscosity of the component

[C] is 500 poises or more.

IPOS
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bet ween the solubility paraneter 61 of the conmponent [B] and

sol ubility paraneter [y s gpent [C] is smalfer than}3 .
mol di ng mat®rial, aCCHMIHm HWHMWE of claims 1 through 6, eaeq rﬁ'&@gs
the content of the conporent- [B] #n *the nolding material is 1pw% _the
| zod inpact value of the nolded producfs obtai ned by nolding tphe nolding
material accounts for 60% or nore of ﬁhe | zod i npact val ue of"
product obtained by éexcludi ng the conponent LE] from the conponents of the
mol di ng matéri Al ProgsSATabl BT AU frhb&r |k MREELR &i Tyt & of Bhys (e bf i b1 1
t hrough 6, wherein the volunetric content of the conponent [A] in the
conposite P§e40ft6l1asgs 1113 Andoddi wempat BF 161 thactorrs Myl tid RR onld e
clains 1 through. 6, wherein the void volune of the conposite is O to
40% 12. Ahgocampgneatelfdl vihkchbhei pgnronaml bhe 2 lghiand mo kifrough 6,
wherein the conponent [C] is a polyam de, polyolefin, polycarbonate, or
any of thehnW£tarééSanaitMopbly&%rgobbm®r¢éih@stmotwerﬁﬂeﬁ(ﬁOMHﬂﬂﬁte;l3. A
nol ding material, according to any one of clains 1 through 6, wherein the
t her nopl astircapaliggether conpgoert bS] nhkt conporeate [B]v iiss o tol ioforbek0
obt ai ned by addi ng phenol or

poises of more, to contact the composite; and cooling the

entire material to room temperature.

29. A process for producing the molding material stated in any
one of claims 2, 4 or 6, comprising the steps of impregnating
the component [A] with the component [b] heated and molten to
have a viscosity of 100 poises or less, to form a composite;
arranging the component [C] molten to have a viscosity of 500
poises or more, to contact the composite; cooling the entire
material to room temperature; and cutting at a length of 1 to
50 mm. -

3J0. A polyamide based resin composition, comprising at least

components [D] and [E], with the component [D] contained by 0.5 to 40
parts by weight against 100 parts by weight in total of the resin
composition; wherein

[D] is an oligomer obtained by condensation of phenol or a pheno
derivative (precursor a) and an aliphatic hydrocarbon with two double
bonds (precursor b); and

[E] is a polyamide resin.

31. A polyamide based resin composition, according to claim

30, wherein the precursor b is an aliphatic hydrocarbon with 6

e
s S
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claim 13, whereln is an aliphatic hydrocarlom with 6
carbon atons and two oub 15 A nol ding material,| qccpfdAps
claim 14, wherein the precursor b has e or nore cyclic st cture. 16.

W th tvo doub 2“§”°' deﬁ"ﬁi 11 iﬁi P2 Aol i ng mat of | al| NERLNGEMERG SHEET

nol di ng naterlal according to cIa|n115 wherein the precufsor—b~T3
dicyclopentadiene or nonocyclic nonoterpene represented by|nol ecul ar

formula Clesrlblearbon dVomd &®4 i Noh MBy@rd @b | @aargding to claim 13,
wherein a conposition with one nol ecule of the precursor b added to two

nol ecul es @R, tha pPsigeHis®basedceotntsmbekitidh, coed ingotoecliaim 3he conponent
[B]. 18. A noldi ng material, according to claim 13, wherein the weight

aver age molgelb 29&1 r96r5hﬁsc9l'i@%'?%§re[ @cl!@s@@@tutr@ 1000. 19. A

nol di ng materia Ing to any one o | al s
33. A polyamide based resin composition, according to claim 32,

wherein the precursor b is dicyclopentadiene or monocyclic monoterpene
represented by molecular formula CioH1s.

34. A polyamide based resin composition, according to any one of
claims 30 through 33, wherein a composition with one molecule of the
precursor b added to two molecules of the precursor a accounts for
40 wt¥ or more in the component [D].

35. A polyamide based resin composition, according to any one of
cltaims 30 through 33, wherein the weight average molecular weight of the

component [D] is 200 to 1000.

36. A polyamide based resin composition, according to any one of
claims 30 through 33, wherein the component [E] is nylon 6, nylon 66 or

nylon 6 nylon 66 copolymer.

37. A fiber reinforced polyamide based resin composition,
comprising 100 parts by weight of the polyamide based resin
composition stated in any one of claims 30 through 33 and 3 to
200 parts by weight of reinforcing fibers.

38. A fiber reinforced polyamide based resin composition,
according to claim 37, wherein the reinforcing fibers are
carbon fibers.

39. A fiber reinforced polyamide based resin composition,

according to claim 38, wherein the reinforcing fibers are

Thls Sheet Has Been Repla
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thr gh 6,

66 copol ymer. mmmm": m& || accordl ng to any one
t hrough. 6, mhereln Cc polyner or oligoner as

[B] is an
(precursor
(precursor
nylon 6, n
accordi ng
with 6 to
mat eri al ,

cyclic str
the precu
represente

mhereln t he conponent Is nylon 6, nylon 66 or nvlon 6 nyl on

ol i gomer obt &i ned y *add i ng phenol or a phenol derfvatlve
a) and an aliphatic hydrocaiPon with two doubl e
b) and the conponent [C] is

ylon 66 or nylon 6 nylon 66 copolyner. 21. A nol ing naterlal,

to claim20, wherein the preegé§@§ b is an aliphatic_hydrocarbon

15 carbon atons and with two e bonds. 22. A nolding

accor gy ﬂgﬂgg] h@tﬁggﬂ,cm?ﬁgir{q LPgeadtr ecursor b has one or nore

ucture. erla

P e TOOSREET, 1, BB TR0 copin o

accor di ng tc%rﬁ;':@éu% %%mﬂ\hﬁhﬁ't'ﬁeacorﬁﬂgﬂgﬁté t@ﬁa%t[ﬁ]oﬂlﬂe?@nemél eomcpotn%%

precursor

b added t
[A] is dispersed like islands in the sea of the component [B]; and wherein

[A] is a continuous reinforcing fiber bundie;

according to claim 22, wherein

t

[B] is a thermoplastic polymer or oligomer with a weight average
-~ molecular weight of 200 to 50,000 and a metlt viscosity tower than that of

the component [C]; and

[C] is a thermoplastic resin with a weight average molecular

weight of 10,000 or more.

2. A molding material, according to claim 1, wherein the

molding material is cut at a length of 1 to 50 mm.

3. A molding material, according to claim 1, wherein the
‘e component [C] is arranged to cover the surrounding of the
i composite.

4. A molding material, according to claim 3, wherein the

molding material is cut at a length of 1 to 50 mm.

5. A molding material, according to claim 1, wherein the

component [C] is arranged with the composite in la

yers.

6. A molding material, according to claim 5, wherein the

molding material is cut at a length of [ to 50 mm.
7. A molding material, according to any one of cla

through 6, wherein the melt viscosity of the compo

ims 1

nent

[B] is

100 poises or less, and the melt viscosity of the component

[C] is 500 poises or more.
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mol ecul@s of the p ts for 40 % or nore in the conpqnent
[B]. 25. A noldi nazm Lﬁmm ding to claim20, wherein the %
aver age nol ecul ar cenponent [B] is 200 to 1000. 26. AFL

nol ding material, according to any one QE claims 1 through 6, wherein th€
rei nforcing flbers of the conmponent [A] “are carbon fibers. 27. A nolding
mat eri al , accordlng to any one of clains 1 through 6, wherein the

rei nfor ci ng¢Bi bér §Ter esie TeHnPHAGHE | et heqmd '@él“goﬁa“bé?& dtaedsit 2y 4
in the surface chem cal functlon 0/ C) as the ratlo of the nunber of
oxygen (0) &hén®f tod aiiat 'of 3cakboh (OMMticid ot hendtephed fslfreeating
nmeasured by the X-ray phaqtoel ectron spectrosco %

44 the component %A] with the coymwpongat R ;rgeéggdf@pdpm%auw1ng)the
nol ding material stated in any one of clainms 1, 3 and 5, conprising the
steps of i mprdgnat iviig Costd Ycarpbhibnro [¥gs Wit Heslie démponeént {810 hebted and

molten to have a viscosity of 100 poises or less, to forma conposite;
arranging the component C] molten to have a V(SCOSlty of 500

poises of more, fo contact the composite; and cooling the
entire material to room temperature.

29. A process for producing the mofding material stated in any
one of claims 2, 4 or 6, comprising the steps of impregnating
the component [A] with the component [b] heated and molten to
have a viscosity of 100 poises or less, to form a composite;
arranging the component [C] molten to have a viscosity of 500
poises or more, to contact the composite; cooling the entire
material to room temperature; and cutting at a fength of 1 to

50 mm,

30. A molded product, obtained by molding the molding material

stated in any one of claims 1 through §.

31. Pellets to be injection-molded, comprising the molding
material stated in any one of claims 2, 4 and 6.
32. A molded product, obtained by injection-molding the

pellets to be injection-molded stated in claim31.
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arrangi'ng thé conmponent [C] nolten to have a viscosity of 500 poises of
nore, to contact t.he conposite; and cooling the entire material to room
tenperature. 29. A process for ‘producing the nolding material stated in
any one of clains 2, 4 or 6, conprising the steps of inpregnating the
conponent [A] with the cohponent [b] heated and nolten to have a viscosity
of 100 poises or less, to forma conposite; arranging the conponent [(]
nolten to have a viscosity of 500 poises or nore, to contact the
conposite; cooling the entire material 4¢0 roomtenperature; and cutting
at a length of 1 to 50 mm 30. A nolded product, obtained by nolding the
nol ding material stated in any one of clainms 1 through 6. 31. Pellets to
be injection-nol de pS LB j ri t . ny one of
claims 2, 4 and . ﬁﬁo&giﬁ%?%%w gdA%J§?Lunf¥%g¥P§?%g§ g§bgﬁ?§c??§ﬂ$?ﬁglding t he
pellets to be injection-nolded stated in claim 31.

Abstract

The present invention provides a molding material which is
easy to produce and allows a reinforcing fiber bundle to be
well dispersed in the molded product obtained by injection
moiding, etc., a production process thereof, a polyamide based
resin composition with good flowability, and molded products
obtained from them.

A molding material, comprising at least the following
components [Al, [Bl and [C], with the component [C] arranged
to contact a composite comprising the components [A] and (B].
[A]l A continuous reinforcing fiber bundle
(B] A thermoplastic polymer or oligomer with a weight average

. molecular weight of 200 to 50,000 and a melt viscosity lower
than that of the component [C]
[cl A thermoplastic resin with a weight average molecular

.weight of 10,000 or more.
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