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FIBER-RENFORCED PLASTIC AND 
PRODUCTION METHOD THEREFOR 

TECHNICAL FIELD 

0001. The present invention relates to a fiber-reinforced 
plastic and a method for producing the same. 
0002 The present application claims priority based on 
Japanese Patent Application No. 2014-026641, filed in 
Japan on Feb. 14, 2014, the disclosure of which is incorpo 
rated herein by reference. 

BACKGROUND ART 

0003. In various fields related to aircraft members, auto 
motive members, wind power generating windmill mem 
bers, sports goods and the like, structural materials that have 
been shaped by stamping molding sheet-like fiber-reinforced 
plastics are widely used. Such a fiber-reinforced plastic is 
formed by, for example, laminating plural sheets of a 
prepreg Substrate that is obtained by impregnating reinforc 
ing fibers with a thermoplastic resin, and integrating the 
laminate. 
0004 An example of the prepreg substrate is a product 
obtained by unidirectionally arranging continuous reinforc 
ing fibers with a long fiber length in parallel, impregnating 
the arranged fibers with a thermoplastic resin, and forming 
the resultant into a sheet form. When a fiber-reinforced 
plastic formed from a prepreg Substrate using Such continu 
ous long reinforcing fibers is used, a structural material 
having excellent mechanical properties can be produced. 
However, in this fiber-reinforced plastic, since continuous 
reinforcing fibers are used, fluidity at the time of shaping is 
low, and it is difficult to shape the fiber-reinforcing plastic 
into a complicated shape Such as a three-dimensional shape. 
Therefore, in a case in which the fiber-reinforced plastic is 
used, the shape of the structural material thus produced is 
limited mainly to those shapes close to a planar shape. 
0005 Regarding the method for increasing fluidity at the 
time of shaping, for example, a method of cutting out plural 
prepreg pieces from a tape-like prepreg Substrate having a 
narrow width into a constant length, dispersing the prepreg 
pieces in a planar form, integrating the prepreg pieces by 
press molding, and thus obtaining a sheet-like fiber-rein 
forced plastic, has been disclosed (Patent Document 1). 
0006. However, in this method, since the prepreg pieces 
are dispersed by causing prepreg pieces to fly by means of 
air or by spreading prepreg pieces in a liquid fluid and 
settling the prepreg pieces, it is very difficult to disperse the 
prepreg pieces uniformly Such that the fiber axis directions 
of the reinforcing fibers are in completely random direc 
tions. Therefore, a fiber-reinforced plastic is obtained, in 
which mechanical properties Such as strength vary depend 
ing on the position or direction even within the same sheet. 
In regard to structural materials, there is a high demand for 
materials in which there is less variation in the mechanical 
properties Such as strength, and the mechanical properties 
are isotropic, or anisotropies thereof are under control. 
However, in this method, it is difficult to obtain a fiber 
reinforced plastic in which mechanical properties are satis 
factorily isotropic, or anisotropies thereofare under control, 
and there is less variation in the mechanical properties. 
0007. In addition, satisfactory heat resistance is also 
required from fiber-reinforced plastics. Generally, the heat 
resistance of a fiber-reinforced plastic is greatly affected by 
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the heat resistance of the matrix resin used in the fiber 
reinforced plastic. Typically, mechanical properties of a 
simple resin Substance tend to deteriorate at a temperature 
higher than or equal to the glass transition temperature of the 
resin. Similarly, in the case of a fiber-reinforced plastic, 
mechanical properties tend to deteriorate at a temperature 
higher than or equal to the glass transition temperature of the 
matrix resin. In order to Suppress this deterioration of 
mechanical properties to a minimum level, it is necessary to 
uniformly disperse reinforcing fibers in the matrix resin in 
the fiber-reinforced plastic. However, according to the 
method described above, in the process for integrating 
deposited prepreg pieces by heating, only molten matrix 
resin flows into the gaps between the deposited prepreg 
pieces. Therefore, in the fiber-reinforced plastic thus 
obtained, locally resin-rich portions are generated. Due to 
the effect of these resin-rich portions, a fiber-reinforced 
plastic obtainable by this method has a problem of inferior 
heat resistance. 

0008 Methods in which plural sheets of a prepreg sub 
strate obtained by impregnating reinforcing fibers that are 
unidirectionally arranged in parallel with a thermoplastic 
resin and forming slits therein such that the slits intersect the 
fiber axes, are laminated and integrated to obtain a fiber 
reinforced plastic, have also been disclosed (Patent Docu 
ments 2 to 6). In a fiber-reinforced plastic obtainable by this 
method, since slits are formed in the prepreg Substrate and 
split the reinforcing fibers, satisfactory fluidity may be 
obtained at the time of shaping. Furthermore, when plural 
sheets of a prepreg substrate are laminated such that the fiber 
axial directions of the reinforcing fibers are not biased in a 
particular direction, for example, such that the fiber axial 
directions are shifted by 45° each when viewed in a planar 
view, a fiber-reinforced plastic having mechanical properties 
that are satisfactorily isotropic and have less variation can be 
obtained. Furthermore, anisotropy can be controlled by 
aligning the fiber axial directions in an arbitrary direction 
and laminating the plural sheets of prepreg Substrate. 
0009. However, a fiber-reinforced plastic obtainable by 
this method has a problem that in a case in which stress 
occurs in a direction that follows the slit shape, these slit 
parts serve as the starting points of breakage, and mechani 
cal properties deteriorate. Furthermore, since substantially 
only the resin exists in these slit parts, at a temperature 
higher than or equal to the glass transition temperature of the 
matrix resin, the fiber-reinforced plastic has a problem of 
inferior heat resistance, similarly to the method disclosed in 
Patent Document 1. 

0010 Furthermore, in this method, in a case in which a 
band-shaped fiber-reinforced plastic having satisfactorily 
isotropic mechanical properties is continuously produced, it 
is necessary to separately produce band-shaped prepreg 
substrates having fiber axial directions of the reinforcing 
fibers that are different from each other when viewed in a 
planar view (for example, 0°, 45°, 90°, and -45 with 
respect to the length direction), and to laminate those 
prepreg Substrates. Therefore, the production process 
becomes complicated, with difficulty in control, and the 
production cost increases. Furthermore, even in a case in 
which sheets of a fiber-reinforced plastic are produced, the 
sheets need to be laminated while the respective prepreg 
substrate sheets are frequently rotated at predetermined 
angles of rotation (0°, 45°, 90°, and -45) so that the fiber 
axial directions of the reinforcing fibers are not biased when 
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viewed in a planar view. Therefore, similarly in this case, the 
lamination operation becomes complicated, with difficulty 
in control, and the production cost increases. 
0011 Patent Document 7 discloses a method for produc 
ing a fiber-reinforced plastic by dispersing reinforcing fibers 
by a papermaking process. In a fiber-reinforced plastic 
obtainable by this method, since the reinforcing fibers are 
almost uniformly dispersed, the fiber-reinforced plastic has 
excellent isotropic mechanical properties with less variation, 
and also has satisfactory heat resistance. 
0012 However, in a fiber-reinforced plastic obtainable by 

this method, since the reinforcing fibers are three-dimen 
sionally entangled, fluidity at the time of shaping is very 
poor. Furthermore, the production process is also very 
complicated, and is markedly disadvantageous in terms of 
cost. In addition, in a case in which it is attempted to produce 
a fiber-reinforced plastic having a high percentage content of 
reinforcing fibers by this method, it is necessary to perform 
papermaking in a state in which the reinforcing fibers are 
more densely incorporated. However, when it is intended to 
impregnate reinforcing fibers that are Subjected to paper 
making at a high density as Such with a matrix resin, since 
reinforcing fibers that are oriented in the thickness direction 
(direction of impregnation) in particular, among the rein 
forcing fibers that are three-dimensionally entangled, cope 
with the stress of the pressing force at the time of impreg 
nation, pressure is not transferred to the resin, and it is very 
difficult to achieve impregnation. Furthermore, even in a 
case in which the fiber length of the reinforcing fibers is 
long, since three-dimensional entanglement becomes strong, 
similarly impregnation becomes difficult. 
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SUMMARY OF THE INVENTION 

Problem to be Solved by the Invention 
0020. It is an object of the present invention to provide a 
fiber-reinforced plastic which exhibits controllable isotropy 
or anisotropy in the mechanical properties, has excellent 
mechanical characteristics with less variation, excellent heat 
resistance, and satisfactory fluidity at the time of shaping. 
Furthermore, it is another object of the invention to provide 
a method for producing a fiber-reinforced plastic, by which 
the fiber-reinforced plastic can be produced conveniently at 
low cost. 

Means for Solving Problem 
0021. The inventors of the present invention conducted a 
thorough investigation in order to solve the problems 
described above, and as a result, the inventors found that the 
present invention can be solved by the following items (1) 
to (15), thus solving the present invention. 
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0022 (1) A method for producing a fiber-reinforced plas 
tic, the method including the following Steps (i) to (iii): 
0023 (i) a step of obtaining material (A) including a 
prepreg Substrate in which reinforcing fibers that are unidi 
rectionally arranged in parallel are impregnated with a 
matrix resin, and slits are formed so as to intersect the fiber 
aXes; 
0024 (ii) a step of pressing material (A) using a pressing 
apparatus that applies pressure approximately uniformly in 
a direction orthogonal to the travel direction of the material 
(A), while causing the material (A) to travel in one direction, 
with the angles 0 formed by the fiber axial directions of the 
reinforcing fibers of the prepreg substrate with respect to the 
above-mentioned orthogonal direction being adjusted to 
-20° to 20°, in a state in which the material (A) is heated to 
a temperature T that is higher than or equal to the melting 
point of the matrix resin, or is higher than or equal to the 
glass transition temperature if the matrix resin does not have 
a melting point; and 
0025 (iii) a step of cooling the material (A) that has been 
pressed by the pressing apparatus, and thereby obtaining a 
fiber-reinforced plastic. 
0026 (2) The method for producing a fiber-reinforced 
plastic according to (1), wherein Step (ii) described above is 
the following Step (i-1): 
0027 (i-1) a step of pressing the material (A) in a state 
of being heated to the temperature T, while causing the 
material (A) to travel in one direction, using a pressing 
apparatus which includes at least a pair of press rolls, with 
the shaft line direction of the rolls forming the orthogonal 
direction described above. 
0028 (3) The method for producing a fiber-reinforced 
plastic according to (2), wherein heating rolls are used as the 
press rolls in the Step (ii-1). 
0029 (4) The method for producing a fiber-reinforced 
plastic according to any one of (1) to (3), wherein the angles 
0 are adjusted to -5° to 5°. 
0030 (5) The method for producing a fiber-reinforced 
plastic according to any one of (1) to (4), wherein the 
thickness of the prepreg laminate is 0.25 mm to 6.0 mm. 
0031 (6) The method for producing a fiber-reinforced 
plastic according to any one of (1) to (5), wherein the matrix 
resin is a thermoplastic resin. 
0032 (7) The method for producing a fiber-reinforced 
plastic according to any one of (1) to (5), wherein the matrix 
resin includes at least one selected from the group consisting 
of a polyolefin resin, a modified polypropylene resin, a 
polyamide resin, and a polycarbonate resin. 
0033 (8) The method for producing a fiber-reinforced 
plastic according to any one of (1) to (7) wherein the length 
L of the reinforcing fibers cut by the slits in the prepreg 
substrate is 1 mm to 100 mm. 
0034 (9) The method for producing a fiber-reinforced 
plastic according to any one of (2) to (8), wherein in the Step 
(ii-1), a double belt-type heat press machine by which the 
material (A) is interposed between at least one pair of belts 
and is heated while the material (A) is caused to travel so as 
to pass through between at least one pair of press rolls, and 
the material (A) is pressed by the at least one pair of press 
rolls, is used. 
0035 (10) A fiber-reinforced plastic including carbon 
fibers and a matrix resin, in which the fiber length of the 
carbon fibers is 1 mm to 100 mm, the degree of orientation 
pf of the carbon fibers in a direction orthogonally intersect 
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ing the thickness direction is 0.001 to 0.8, and the eccen 
tricity coefficient ec of the orientation profile of the carbon 
fibers in a plane orthogonally intersecting the thickness 
direction is 1x10 to 9x10. 
0036 (11) The fiber-reinforced plastic according to (10), 
wherein the dispersion parameter dp of the carbon fibers in 
a cross-section in the thickness direction is 100 to 80. 
0037 (12) The fiber-reinforced plastic according to (10) 
or (11), wherein the matrix resin is formed from a thermo 
plastic resin. 
0038 (13) The fiber-reinforced plastic according to any 
one of (10) to (12), wherein the fiber volume percentage 
content of the carbon fibers is 5% to 70% by volume. 
0039 (14) The fiber-reinforced plastic according to any 
one of (10) to (13), wherein the fiber length of the carbon 
fibers is 10 mm to 50 mm. 
0040 (15) The fiber-reinforced plastic according to any 
one of (10) to (14), wherein the thickness of the carbon 
fiber-reinforced plastic is 0.25 mm to 6.0 mm. 

Effect of the Invention 

0041. The fiber-reinforced plastic of the present invention 
exhibits controllable isotropy or anisotropy in the mechani 
cal properties, has excellent mechanical characteristics with 
less variation, has excellent heat resistance, and also has 
satisfactory fluidity at the time of shaping. 
0042. According to the method for producing a fiber 
reinforced plastic of the present invention, a fiber-reinforced 
plastic which exhibits controllable isotropy or anisotropy in 
the mechanical characteristics, has excellent mechanical 
characteristics with less variation, has excellent heat resis 
tance, and has satisfactory fluidity at the time of shaping, can 
be produced conveniently at low cost. 

BRIEF DESCRIPTION OF DRAWINGS 

0043 FIG. 1 is a perspective view diagram illustrating 
the operation of pressing material (A) with a pair of press 
rolls. 
0044 FIG. 2 is a schematic diagram illustrating an 
example of a double belt-type heat press machine. 
0045 FIG. 3 is a schematic diagram illustrating a process 
for a method for measuring the degree of orientation pf. 
0046 FIG. 4 is a schematic diagram explaining the 
processing carried out using an image processing software 
program for calculation of the dispersion parameter dp. 

MODE(S) FOR CARRYING OUT THE 
INVENTION 

0047 According to the present specification, the angle 0 
formed by the fiber axial direction of a reinforcing fiber of 
the prepreg substrate with respect to the travel direction of 
the material (A), is the angle formed by a direction orthogo 
nal to the travel direction of the material (A) when the 
relevant material (A) is pressed while being caused to travel 
in Step (ii), as well as the fiber axial direction of a reinforc 
ing fiber of the prepreg substrate in the relevant material (A). 
In regard to the angle 0, an angle resulting from counter 
clockwise rotation when the material (A) is viewed from the 
above is considered to have a positive value, and an angle 
resulting from clockwise rotation is considered to have a 
negative value. 
0.048. In a case in which a pressing apparatus equipped 
with at least a pair of press rolls, the shaft line direction of 

Jul. 6, 2017 

rolls being coincident with a direction orthogonal to the 
travel direction of the material (A), is used as the pressing 
apparatus in Step (ii), the angle 0 is coincident with the angle 
formed by the shaft line direction of the press rolls and the 
fiber axial direction of reinforcing fibers of the prepreg 
substrate in the material (A). 
0049 <Method for Producing Fiber-Reinforced Plastic 
0050. The method for producing a fiber-reinforced plastic 
of the present invention is a method including the following 
Steps (i) to (iii): 
0051 (i) a step of obtaining material (A) including a 
prepreg Substrate in which reinforcing fibers that are unidi 
rectionally arranged in parallel are impregnated with a 
matrix resin, and slits are formed so as to intersect the fiber 
aXes; 
0.052 (ii) a step of pressing the material (A) using a 
pressing apparatus that approximately uniformly presses the 
material (A) in a direction orthogonal to the travel direction 
of the material (A), while causing the material (A) to travel 
in one direction, with the angles 0 formed by the fiber axial 
directions of the reinforcing fibers of the prepreg substrate 
with respect to the orthogonal direction being adjusted to 
-20° to 20°, in a state in which the material (A) is heated to 
a temperature T that is higher than or equal to the melting 
point of the matrix resin, or is higher than or equal to the 
glass transition temperature if the matrix resin does not have 
a melting point; and 
0053 (iii) a step of cooling the material (A) that has been 
pressed by the pressing apparatus, and thereby obtaining a 
fiber-reinforced plastic. 
0054 Step (i) 
0055. In Step (i), material (A) that includes a prepreg 
substrate is obtained. Material (A) may be a single layer 
material formed from one sheet of a prepreg Substrate only, 
or may be a prepreglaminate obtained by laminating two or 
more sheets of a prepreg Substrate. 
0056 (Prepreg Substrate) 
0057 The prepreg substrate used in Step (i) is a product 
in which reinforcing fibers that are unidirectionally arranged 
in parallel are impregnated with a matrix resin. 
0058. The reinforcing fibers are not particularly limited, 
and for example, inorganic fibers, organic fibers, metal 
fibers, or reinforcing fibers having a hybrid configuration of 
combining the foregoing fibers can be used. 
0059 Examples of the inorganic fibers include carbon 
fibers, graphite fibers, silicon carbide fibers, alumina fibers, 
tungsten carbide fibers, boron fibers, and glass fibers. 
Examples of the organic fibers include aramid fibers, high 
density polyethylene fibers, other general nylon fibers, and 
polyester fibers. Examples of the metal fibers include fibers 
of stainless steel and iron, and carbon fibers coated with 
metals may also be used. Among these, when mechanical 
properties such as strength of the structural material as a 
final molded product are considered, carbon fibers are pre 
ferred. 
0060. The carbon fibers are not particularly limited, and 
examples thereof include polyacrylonitrile (PAN)-based car 
bon fibers and PICH-based carbon fibers. 
0061 Preferred carbon fibers are carbon fibers having a 
strand tensile strength of from 1.0 GPa to 9.0 GPa as 
measured according to JIS R7601 (1986) and a strand tensile 
modulus of from 150 GPa to 1,000 GPa. 
0062 More preferred carbon fibers are carbon fibers 
having a strand tensile strength of from 1.5 GPa to 9.0 GPa 



US 2017/O 1901 23 A1 

as measured according to JIS R7601 (1986) and a strand 
tensile modulus of from 200 GPa to 1,000 GPa. 
0063. The average fiber diameter of the reinforcing fibers 

is preferably 1 um to 50 lum, and more preferably 5 um to 
20 um. 
0064. The matrix resin may be a thermoplastic resin, or 
may be a thermosetting resin. Regarding the matrix resin, 
one kind may be used alone, or two or more kinds may be 
used in combination. 

0065. The matrix resin is preferably a thermoplastic 
resin. Since thermoplastic resins generally having higher 
toughness values than thermosetting resins, when a prepreg 
Substrate impregnated with a thermoplastic resin as the 
matrix resin is used, a structural material having excellent 
strength, particularly excellent impact resistance, is easily 
obtained. Furthermore, in regard to thermoplastic resins, 
since the shape is determined by cooling Solidification 
without being accompanied by a chemical reaction, in the 
case of using the relevant prepreg Substrate, molding can be 
achieved in a short time period, and excellent productivity is 
obtained. 

0066. The thermoplastic resin is not particularly limited, 
and examples thereof include a polyamide resin (nylon 6 
(melting point: 220° C.), nylon 66 (melting point: 260° C.), 
nylon 12 (melting point: 175° C.), nylon MXD6 (melting 
point: 237° C.), or the like), a polyolefin resin (low density 
polyethylene (melting point: 95°C. to 130°C.), high density 
polyethylene (melting point: 120° C. to 140° C.), polypro 
pylene (melting point: 168° C.), or the like), a modified 
polyolefin resin (modified polypropylene resin (melting 
point: 160° C. to 165° C.), or the like), a polyester resin 
(polyethylene terephthalate, polybutylene terephthalate, or 
the like), a polycarbonate resin (glass transition temperature: 
145° C.), a polyamideimide resin, a polyphenylene oxide 
resin, a polysulfone resin, a polyether Sulfone resin, a 
polyether ether ketone resin, a polyetherimide resin, a poly 
styrene resin, an ABS resin, a polyphenylene Sulfide resin, a 
liquid crystal polyester resin, a copolymer of acrylonitrile 
and styrene, and a copolymer of nylon 6 and nylon 66. 
0067 Examples of the modified polyolefin resin include 
resins obtained by modifying polyolefin resins with acids 
Such as maleic acid. 

0068. The thermoplastic resins may be used singly or in 
combination of two or more kinds thereof. 

0069. It is preferable that the thermoplastic resin includes 
at least one selected from the group consisting of a poly 
olefin resin, a modified polypropylene resin, a polyamide 
resin, and a polycarbonate resin, from the viewpoint of the 
balance between adhesiveness of the reinforcing fibers, 
impregnability into the reinforcing fibers, and the raw mate 
rial cost of the thermoplastic resin. 
0070 The thermosetting resin is not particularly limited, 
and examples thereof include an epoxy resin, a phenolic 
resin, an unsaturated polyester resin, a urethane-based resin, 
a ureal resin, a melamine resin, and an imide-based resin. 
0071. The thermosetting resins may be used singly or in 
combination of two or more kinds thereof. 

0072 The thermosetting resin is preferably an epoxy 
resin, a phenolic resin, an unsaturated polyester resin, or an 
imide-based resin from the viewpoint of the manifestability 
of mechanical characteristics of the fiber-reinforced plastic 
after the thermosetting resin is cured, and the thermosetting 
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resin is more preferably an epoxy resin or an unsaturated 
polyester resin from the viewpoint of the ease of production 
of the prepreg Substrate. 
0073. In the prepreg substrate, additives such as a flame 
retardant, a weather resistance improving agent, an antioxi 
dant, a thermal stabilizer, an ultraviolet absorber, a plasti 
cizer, a lubricating agent, a colorant, a compatibilizer, and an 
electroconductive filler may be included according to the 
required characteristics of the intended structural material. 
0074. Furthermore, in the prepreg substrate used in Step 

(i), slits are formed so as to intersect the fiberaxes. Thereby, 
the relevant prepreg Substrate is in a state in which rein 
forcing fibers having a long fiber length, which are unidi 
rectionally arranged in parallel, are split by the slits. 
0075 Generally, as the reinforcing fibers are longer, a 
structural material having Superior mechanical properties is 
obtained, however, since fluidity is decreased particularly at 
the time of stamping molding, it becomes difficult to obtain 
a structural material having a complicated three-dimensional 
shape. In the present invention, since the reinforcing fibers 
are cut and shortened by inserting slits into the prepreg 
Substrate, the reinforcing fibers and the matrix resin may 
easily flow even at the time of stamping molding. Therefore, 
it is also easy to obtain a structural material having a 
complicated three-dimensional shape such as a rib or a boss. 
0076 Furthermore, when a sheet-like fiber-reinforced 
plastic is formed by dispersing prepreg pieces cut out from 
a prepreg Substrate, which are generally called random 
materials, and integrating the prepreg pieces, variation 
occurs in the mechanical properties, and therefore, compo 
nent design is not feasible. In this regard, since a fiber 
reinforced plastic is obtained using a slit-inserted prepreg 
Substrate in the present invention, satisfactory mechanical 
properties are obtained as compared to the case of using 
random materials, and variation thereof can also be made 
Smaller. 

0077. The shape of the slits formed in the prepreg sub 
strate is not particularly limited, and for example, the slit 
shape may be a straight line shape, a curved line shape, or 
a broken line shape. 
0078. The angle of the slits formed in the prepreg sub 
strate with respect to the fiber axis of a reinforcing fiber is 
also not particularly limited. 
(0079. The length L of the reinforcing fibers that have 
been cut by slits in the prepreg substrate are preferably 1 mm 
to 100 mm, more preferably 3 mm to 70 mm, even more 
preferably 5 mm to 50 mm, particularly preferably 10 mm 
to 50 mm, and most preferably 10 mm to 35 mm. When the 
length L of the reinforcing fibers is more than or equal to the 
lower limit, a fiber-reinforced plastic having sufficient 
mechanical properties may be easily obtained. When the 
length L of the reinforcing fibers is less than or equal to the 
upper limit, since the reinforcing fibers and the matrix resin 
become easily flowable at the time of molding, it is easy to 
shape the fiber-reinforced plastic thus obtained into a struc 
tural material having a complicated three-dimensional shape 
Such as a rib. 

0080. The fiber volume percentage content (Vf) in the 
prepreg substrate is preferably 5% to 70% by volume, more 
preferably 10% to 60% by volume, and even more prefer 
ably 15% to 50% by volume. When the Vf is more than or 
equal to the lower limit, a structural material having Sufi 
cient mechanical properties may be easily obtained. When 
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the Vf is less than or equal to the upper limit, satisfactory 
fluidity may be easily obtained at the time of shaping. 
0081. Meanwhile, the Vf value of a prepreg substrate 
means the proportion of the volume of reinforcing fibers 
with respect to the total volume of reinforcing fibers, a 
matrix resin, and other components such as additives, 
excluding voids (gas), in the prepreg Substrate. Since the Vf 
value measured according to JIS K7075 is a value that varies 
depending on the existing amount of Voids in the prepreg 
Substrate, in the present invention, a fiber Volume percentage 
content that does not depend on the existing amount of voids 
is employed. 
0082. The thickness of the prepreg substrate is preferably 
50 um to 500 um. When the thickness of the prepreg 
Substrate is more than or equal to the lower limit, handling 
of the prepreg substrate is facilitated. Furthermore, in the 
case of obtaining material (A) having a desired thickness by 
laminating two or more sheets of a prepreg Substrate, since 
the number of laminated sheets of the prepreg substrate 
becoming too large can be prevented, productivity is 
increased. When the thickness of the prepreg substrate is less 
than or equal to the upper limit, voids (pores) inside the 
prepreg Substrate that are generated at the time of production 
of the prepreg Substrate, can be suppressed, and a fiber 
reinforced plastic having Sufficient mechanical properties 
may be easily obtained. 
0083. According to the present invention, the effect of the 
thickness of the prepreg Substrate on the strength of the 
structural material that is finally obtainable is small. 
0084. The method for producing a prepreg substrate is 
not particularly limited, and any known method can be 
employed. Regarding the prepreg Substrate, any commer 
cially available prepreg Substrate may be used. 
0085 Regarding the method for forming slits in the 
prepreg Substrate, for example, methods of using a laser 
marker, a cutting plotter, a punching die, and the like may be 
used. A method of using a laser marker is preferable from the 
viewpoint that even slits having complicated shapes such as 
a curve line shape and a ZigZag line shape can be processed 
at high speed. A method of using a cutting plotter is 
preferable from the viewpoint that processing is easily 
achieved even with a large-sized prepreg Substrate having a 
length of 2 m or more. A method of using a punching die is 
preferable from the viewpoint that processing can be 
achieved at high speed. 
I0086. In a case in which the material (A) is constituted 
from a prepreg laminate, in regard to the prepreg laminate, 
it is preferable to form a resin layer by laminating a resin 
sheet between the prepreg substrate sheets to be laminated. 
Thereby, fluidity is increased in Step (ii), the isotropy or 
anisotropy of mechanical properties is controlled, and a 
fiber-reinforced plastic having less variation in the mechani 
cal properties can be easily obtained. 
0087. The resin that is used in the resin layer described 
above is not particularly limited, and for example, the same 
resin as the matrix resin used in the prepreg Substrate may 
be used. It is preferable that the matrix resin used in the resin 
layer is a resin that is identical with the matrix resin used in 
the prepreg substrate. Meanwhile, it is still acceptable if the 
resin used in the resin layer is a resin that is different from 
the matrix resin used in the prepreg Substrate. 
I0088 (Modes of Lamination) 
0089. In a case in which the material (A) is constituted 
from a prepreg laminate, the mode in which prepreg Sub 
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strate sheets are laminated in Step (i) is desirably a mode in 
which the conditions for the angle 0 in Step (ii) are satisfied 
in 66% or more of the prepreg substrate sheets with respect 
to the number of laminated sheets of the prepreg substrate in 
the prepreg laminate to be formed. That is, lamination may 
be performed by shifting the fiber axial directions of the 
reinforcing fibers of the prepreg Substrate in a particular 
range such that the conditions for the angle 0 in Step (ii) are 
satisfied in 66% or more of the various prepreg substrate 
sheets with respect to the number of laminated sheets. In a 
case in which the prepreg laminate includes prepreg Sub 
strate sheets that do not satisfy the above-described condi 
tions for the angle 0 at a proportion of less than 34% relative 
to the number of laminated sheets, the fiber axial directions 
of the reinforcing fibers in the prepreg Substrate are not 
particularly limited. In regard to the prepreg laminate, it is 
preferable that the conditions for the angle 0 are satisfied in 
all of the prepreg Substrate sheets. 
0090 Specifically, for example, a mode in which two or 
more sheets of a prepreg Substrate are aligned such that the 
fiber axes of the reinforcing fibers of the various prepreg 
Substrate sheets are arranged in the same direction, and then 
the prepreg Substrate sheets are laminated, may be 
employed. Since the fiber axial directions of the reinforcing 
fibers of the various prepreg Substrate sheets are aligned in 
this mode, it is easy to control the angle relations between 
the travel direction of the material (A) and the fiber axial 
directions of the reinforcing fibers of the various prepreg 
substrate sheets such that the conditions for the angle 0 are 
satisfied in the various prepreg Substrate sheets in Step (ii). 
0091. Furthermore, as long as the conditions for the angle 
0 in Step (ii) are substantially satisfied in each of the prepreg 
Substrate sheets of the prepreglaminate, a mode in which the 
fiber axial directions of the reinforcing fibers in the various 
prepreg Substrate sheets that have been laminated are devi 
ated from one another, is still acceptable. That is, when 
prepreg Substrate sheets are laminated, strictly controlling 
the angles of the various prepreg Substrate sheets so as to 
completely align the fiber axial directions of the reinforcing 
fibers of the various prepreg Substrate sheets, is not neces 
sarily essential. 
0092. Furthermore, even in a case in which there are 
deviations in the fiber axial directions of the reinforcing 
fibers between the various prepreg substrate sheets thus 
laminated, the deviation in the fiber axial directions of the 
reinforcing fibers between the various prepreg substrate 
sheets that satisfy the conditions for the angle 0 of 66% or 
more with respect to the number of laminated sheets in the 
prepreg laminate thus formed, is 40° or less, and preferably 
10° or less. As the deviations in the fiber axial directions of 
the reinforcing fibers between the various prepreg substrate 
sheets that satisfy the conditions for the angle 0 are smaller, 
it becomes easier to control the angle relations between the 
travel direction of the material (A) and the fiber axial 
directions of the reinforcing fibers of the various prepreg 
Substrate sheets so as to satisfy the conditions for the angle 
0 in the various prepreg substrate sheets in Step (ii). 
0093. The number of laminations of the prepreg substrate 
in the prepreg laminate is preferably 2 to 16, and more 
preferably 4 to 12. When the number of laminations of the 
prepreg Substrate is more than or equal to the lower limit, a 
fiber-reinforced plastic having Sufficient mechanical prop 
erties may be easily obtained. When the number of lamina 
tions of the prepreg Substrate is less than or equal to the 
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upper limit, the laminating operation is facilitated, and 
excellent productivity is obtained. 
0094. The thickness of the material (A) is preferably 0.25 
mm to 6.0 mm, more preferably 0.4 mm to 6.0 mm, and even 
more preferably 0.6 mm to 4.0 mm. When the thickness of 
the material is more than or equal to the lower limit, a 
fiber-reinforced plastic having Sufficient mechanical prop 
erties may be easily obtained. When the thickness of the 
material (A) is less than or equal to the upper limit, the fiber 
axial directions of the reinforcing fibers in the material (A) 
are more easily randomized due to the pressing in Step (ii) 
as will be described below, and a fiber-reinforced plastic 
which exhibits easily controllable isotropy or anisotropy in 
the mechanical properties and has less variation in the 
mechanical properties, may be easily obtained. 
0.095 Step (ii) 
0096. In Step (ii), the material (A) is pressed using a 
pressing apparatus that can press the material (A) in the 
thickness direction Such that pressing is achieved approxi 
mately uniformly in a direction orthogonal to the travel 
direction of the material (A), while the material (A) is 
caused to travel in one direction, in a state in which the 
material (A) is heated to a temperature T that is higher than 
or equal to the melting point of the matrix resin, or is higher 
than or equal to the glass transition temperature if the matrix 
resin does not have a melting point. 
0097. In Step (ii), the angles 0 formed by the fiber axial 
directions of the reinforcing fibers of the prepreg substrate in 
the material (A) with respect to a direction orthogonal to the 
travel direction of the material (A), are adjusted to -20° to 
20° at the time of pressing by the pressing apparatus. When 
a prepreglaminate is used as the material (A), even in a case 
in which the fiber axial directions of the reinforcing fibers 
between various prepreg substrate sheets are shifted from 
one another, the conditions for the angle 0 described above 
should be satisfied in 66% or more of the prepreg substrate 
sheets with respect to the number of laminated sheets. 
0098. When the material (A) is pressed with a pressing 
apparatus as described above in a state in which the matrix 
resin is melted by heating the material (A) to the temperature 
T, the reinforcing fibers that have been cut by the slits flow 
together with the matrix resin, and the fiber axial directions 
of the reinforcing fibers change to various directions. 
Thereby, the fiber axial directions of the reinforcing fibers 
that have been aligned in an identical direction in the 
material (A) are randomized, and a fiber-reinforced plastic 
which exhibits easily controllable isotropy or anisotropy in 
the mechanical properties and has less variation in the 
mechanical properties, can be obtained. 
0099. The angles 0 are preferably -5° to 5°. When the 
angles 0 are in the range described above, the fiber axial 
directions of the reinforcing fibers in the material (A) may 
be randomized more easily by pressing with press rolls, and 
a fiber-reinforced plastic which exhibits controllable isot 
ropy or anisotropy in the mechanical properties and has less 
variation in the mechanical properties, may be easily 
obtained. 

0100 Temperature T is a temperature higher than or 
equal to the melting point of the matrix resin impregnated in 
the prepreg Substrate, or a temperature higher than or equal 
to the glass transition temperature of the matrix resin if the 
matrix resin does not have a melting point. In a case in which 
the material (A) includes two or more kinds of matrix resins, 
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the temperature T is to be based on the highest temperature 
among the melting points or glass transition temperatures of 
those matrix resins. 
0101 The temperature T may vary depending on the kind 
of the matrix resin; however, in the range in which the 
matrix resin melts, the temperature T is preferably 150° C. 
to 450° C., and more preferably 200° C. to 400° C. When the 
temperature T is in the range described above, the reinforc 
ing fibers and the matrix resin may be easily flowed, and a 
fiber-reinforced plastic which exhibits controllable isotropy 
or anisotropy in the mechanical properties and has less 
variation in the mechanical properties, may be easily 
obtained. 
0102. In Step (ii), the material (A) may be preheated 
before the material (A) is heated to the temperature T. In the 
case of performing preheating, the preheating temperature is 
preferably 150° C. to 400° C., and more preferably 200° C. 
to 380°C. In the stage of preheating, the matrix resin of the 
material (A) may be in a molten state, or may not be in a 
molten state. 
0103) The method for preheating the material (A) is not 
particularly limited, and examples include methods of using 
an IR heater, a hot air circulating oven, and the like. 
0104. The linear pressure employed at the time of press 
ing the material (A) is preferably 3 N/m to 100 N/m, and 
more preferably 5 N/m to 50 N/m. When the linear pressure 
is in the range described above, a fiber-reinforced plastic 
which exhibits controllable isotropy or anisotropy in the 
mechanical properties and has less variation in the mechani 
cal properties, may be easily obtained. 
0105. The time for pressing the material (A) is preferably 
0.1 minutes to 30 minutes, and more preferably 0.5 minutes 
to 10 minutes. The pressing time can be regulated by the 
travel speed of the material (A), and in the case of using a 
pressing apparatus having press rolls as will be described 
below, the pressing time can be regulated by the number of 
pairs of the press rolls used. 
0106 The travel speed of the material (A) in Step (ii) is 
preferably 0.1 m/min to 25 m/min, more preferably 0.2 
m/min to 20 m/min, and even more preferably 0.5 m/min to 
15 m/min. When the travel speed of the material (A) is more 
than or equal to the lower limit, productivity is increased. 
When the travel speed of the material (A) is less than or 
equal to the upper limit, a fiber-reinforced plastic which 
exhibits controllable isotropy or anisotropy in the mechani 
cal properties and has less variation in the mechanical 
properties, may be easily obtained. 
0107. When the linear pressure, the pressing time, and 
temperature T are controlled at the time of pressing the 
material (A) in Step (ii), the mechanical properties of the 
fiber-reinforced plastic thus obtainable can have excellent 
isotropy, and also, anisotropy of the mechanical properties 
can be controlled as desired. 
0.108 Regarding Step (ii), Step (i-1) in which material 
(A) is pressed in a state of being heated to temperature T 
while being caused to travel in one direction, by means of a 
pressing apparatus equipped with at least a pair of press rolls 
whose shaft line direction is a direction orthogonal to the 
travel direction of the material (A), is preferred. 
0109. In Step (i-1), as illustrated in FIG. 1, the shaft line 
direction of a pair of press rolls 10 is coincident with a 
direction orthogonal to the travel direction of the material 
(A). Material (A) 100 is pressed in a state of being heated to 
temperature T while being caused to travel in one direction, 
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using the pair of press rolls 10. At this time, pressing of the 
material (A) is performed such that the angles 0 formed by 
the directions Y of the fiber axes of reinforcing fibers 110 of 
the prepreg substrate in the material (A) 100 with respect to 
direction X that is orthogonal to the travel direction of the 
material (A), are in the range of -20° to 20°. 
0110. In regard to the pair of press rolls, the shaft line 
directions of upper press rolls and lower press rolls are 
coincident. 
0111 Regarding the method of heating the material (A) to 
temperature T in Step (i-1), a method of pressing the 
material (A) while heating using heated rolls as the press 
rolls. 
0112. When a state in which the material (A) is heated to 
the temperature T when pressed with press rolls can be 
secured by simply heating the material (A) before pressing, 
press rolls that do not have a heating function may be used. 
Furthermore, in a case in which the material (A) can be 
heated to the temperature T only by using heated rolls that 
are used as press rolls, preheating may not be performed. 
0113. In Step (i-1), only a pair of press rolls in a single 
row may be used, or two or more pairs of press rolls in two 
or more rows may also be used. In a case in which vertically 
pairing press rolls are provided in two or more rows in Step 
(i-1), the angles 0 are adjusted to -20° to 20° for all of the 
press rolls. 
0114. In Step (i-1), it is preferable to use a double 
belt-type heat press machine that interposes material (A) 
with at least a pair of belts, heats the material (A) while 
causing the material (A) to travel so as to pass through 
between at least a pair of press rolls, and presses the material 
(A) with at least the pair of press rolls. In this case, it is 
preferable to dispose release paper or release film between 
the material (A) and the belts, or to have the belt surfaces 
subjected in advance to a release treatment. The material for 
the belt is not particularly limited, and from the viewpoints 
of heat resistance and durability, belts made of metals are 
preferred. 
0115 Meanwhile, Step (ii-1) is not intended to be limited 
to the mode of carrying out the process using a double 
belt-type heat press machine. For example, a mode in which 
a band-shaped material (A) is pressed with a pair of press 
rolls while the material (A) is caused to travel without being 
interposed between a pair of belts, may also be employed. 
0116 Step (ii) is not limited to the mode of using a 
pressing apparatus equipped with at least a pair of press 
rolls. For example, a mode of performing pressing using a 
pressing apparatus that presses with a flat surface and a press 
roll; a pressing apparatus based on pressing plates that 
presses with a flat surface and a flat Surface, or a pressing 
apparatus equipped with plural spherical presses, may also 
be used. 
0117 Step (iii) 
0118. In Step (iii), a fiber-reinforced plastic is obtained by 
cooling the material (A) that has been pressed with a 
pressing apparatus in Step (ii). In a case in which the matrix 
resin is a thermoplastic resin, a fiber-reinforced plastic is 
obtained by lowering the temperature of the material (A) to 
a temperature below the melting point or the glass transition 
temperature of the thermoplastic resin and thereby solidify 
ing the material (A). 
0119. In the case of using a prepreg laminate as the 
material (A), the fiber-reinforced plastic thus obtainable is in 
the form of a sheet in which various prepreg substrate sheets 
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are adhered and integrated. Therefore, even in the case of 
using a prepreg laminate, the fiber-reinforced plastic thus 
obtainable can be easily handled. 
0.120. The method for cooling the material (A) is not 
particularly limited, and for example, a method of using 
warm water rolls may be used. A method of cooling by 
naturally cooling the material (A) may also be employed. 
I0121 The cooling time is preferably 0.5 minutes to 30 
minutes. 

Example of Embodiments 
0122. In the following description, an example of using a 
double belt-type heat press machine 1 illustrated in FIG. 2 
(hereinafter, simply referred to as heat press machine 1) will 
be explained as an example of an embodiment of carrying 
out Step (i-1) and Step (iii). Meanwhile, the embodiment of 
carrying out Step (ii) and Step (iii) is not limited to the 
embodiment of using the heat press machine 1. 
I0123. The heat press machine 1 has a pair of belts 12 that 
cause a band-shaped material (A) 100 to travel in one 
direction in a state of having the material (A) vertically 
interposed therebetween; a pair of IR heaters 14 that preheat 
the material (A): three pairs of press rolls 10 in three rows, 
which vertically interpose the preheated material (A) 100 
and press the material (A) 100; three pairs of warm water 
rolls 16 in three rows, which vertically interpose the pressed 
material (A) 100 and cool the material (A) 100; and a 
winding roll 18 that winds a fiber-reinforced plastic 120 that 
has been cooled and solidified, thus having various prepreg 
Substrate sheets integrated together. 
0.124. A pair of press rolls 10 press the material (A) 100 
while moving rotationally in the direction in which the 
material (A) 100 that passes through between the press rolls 
is sent to the downstream side. A pair of warm water rolls 
cool the material (A) 100 while moving rotationally in the 
direction in which the material (A) 100 that passes through 
the warm water rolls is sent to the downstream side. 
0.125. A pair of belts 12 are each mounted to rotate by 
means of a driving roll 20 provided on the upstream side of 
the IR heaters 14, and a driven roll 22 provided on the 
downstream side of the warm water rolls 16, and each belt 
is moved rotationally by the driving roll 20. The material (A) 
100 is caused to travel as the pair of belts 12 move 
rotationally in a state of having the material (A) 100 inter 
posed therebetween. 
I0126. In the mode of using this heat press machine 1, as 
Step (ii-1), a band-shaped material (A) 100 is continuously 
Supplied to the heat press machine 1 such that the angles 
formed by the fiber axial directions of the reinforcing fibers 
in the material (A) 100 with respect to the shaft line direction 
of the rolls are in the range of -20° to 20°. Specifically, a 
band-shaped material (A) 100 in which the fiber axial 
directions of the reinforcing fibers are at -20° to 20° with 
respect to a direction orthogonal to the travel direction, is 
continuously Supplied in the length direction to the heat 
press machine 1. In the heat press machine 1, since the shaft 
line direction of the pair of press rolls 10 is coincident with 
the direction orthogonal to the travel direction of the mate 
rial (A) 100 thus supplied, the angles are in the range of -20° 
to 20°. 

I0127. Inside the heat press machine 1, the material (A) 
100 is preheated by the IR heaters 14 while being caused to 
travel so as to pass through between the pair of press rolls 
10 in a state of being interposed between the pair of belts 12, 
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and the material (A) 100 is pressed in a state of being heated 
to temperature T by the press rolls 10. Thereby, the matrix 
resin and the reinforcing fibers in the material (A) 100 are 
fluidized, and the fiber axial directions of the reinforcing 
fibers are randomized. 
0128. In this example, it is preferable to perform pressing 
of the material (A) 100 simultaneously with heating to 
temperature T, using heated rolls as the press rolls 10. 
Meanwhile, in a case in which the material (A) 100 can be 
pressed by the press rolls 10 in a state of being heated to 
temperature T only by preheating with the IR heaters 14, the 
material (A) 100 may be simply pressed without being 
heated upon passing through between the press rolls 10. 
0129. Next, as Step (iii), the material (A) 100 that has 
been pressed by the press rolls 10 is caused to travel so as 
to pass through between the pair of warm water rolls 16 in 
a state of being interposed between the pair of belts 12, and 
is cooled by the warm water rolls 16. Thereby, a band 
shaped fiber-reinforced plastic 120 is obtained. 
0130. The fiber-reinforced plastic 120 thus obtained is 
detached from the pair of belts 12 on the downstream side 
of the driven rolls 22, and then is wound around a winding 
roll 18 via a guide roll 24. 
0131) A double belt-type heat press machine such as the 
heat press machine 1 is advantageous from the viewpoint 
that a series of processes including heating, pressing, and 
cooling of the material (A) can be carried out conveniently. 
(0132 (Operating Effect 
0133. In the production method of the present invention 
described above, when the angles 0 are controlled to a 
particular range, and the material (A) is pressed using a 
particular pressing apparatus in Step (ii), the reinforcing 
fibers are fluidized, and the fiber axial directions are ran 
domized. Thereby, a fiber-reinforced plastic which has 
excellent mechanical properties Such as strength, has the 
isotropy or anisotropy of the mechanical properties well 
controlled, has less variation, and also has excellent heat 
resistance, can be obtained. Therefore, when a fiber-rein 
forced plastic obtained by the production method of the 
present invention is shaped, a structural material which has 
excellent mechanical properties, has the isotropy or anisot 
ropy of the mechanical properties well-controlled, has less 
variation, and has excellent heat resistance, can be produced. 
0134. As such, according to the method of the present 
invention, a fiber-reinforced plastic which has excellent 
mechanical properties, has the isotropy or anisotropy of the 
mechanical properties well-controlled, has less variation, 
and also has excellent heat resistance, can be produced using 
a material (A) in which the fiber axial directions of the 
reinforcing fibers of the prepreg Substrate are biased in a 
particular range. Therefore, in a case in which aband-shaped 
fiber-reinforced plastic is continuously produced, it is not 
necessary to respectively produce prepreg Substrates having 
different fiber axial directions of the reinforcing fibers, and 
production is convenient and advantageous in view of cost. 
Also, in the case of producing sheets of a fiber-reinforced 
plastic, laminating the fiber-reinforced plastic sheets while 
various prepreg Substrate sheets are frequently rotated at 
predetermined angles of rotation so that the fiber axial 
directions of the reinforcing fibers are not biased, is not 
necessary. Therefore, even in the case of using a prepreg 
laminate, the lamination operation is convenient and easily 
controllable, and it is also advantageous in view of cost. 
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0.135 Furthermore, in the fiber-reinforced plastic obtain 
able by the production method of the present invention, 
since the reinforcing fibers are cut by the slits formed in the 
prepreg Substrate, the fiber-reinforced plastic has high flu 
idity at the time of shaping, and can be suitably used for the 
production of a structural material having a complicated 
shape Such as a three-dimensional shape. 
0.136 The production method of the present invention is 
not limited to the method of using the heat press machine 1 
as described above. For example, a method for producing 
sheets of fiber-reinforced plastic by supplying sheets of the 
material (A) to a double belt-type heat press machine may 
also be used. 
0.137 Furthermore, a method in which preheating of the 
material (A) is not performed in Step (i-1) may also be used. 
Also, a method of using a double belt-type heat press 
machine equipped with two or more pairs of belts may also 
be used. In a case in which a band-shaped fiber-reinforced 
plastic is produced continuously, or the like, a method of 
performing Step (i-1) and Step (iii) while causing the 
band-shaped material (A) to travel as received without being 
interposed between belts, may also be used. Furthermore, a 
method of separately using an apparatus exclusive for pre 
heating, an apparatus exclusive for pressing, and an appa 
ratus exclusive for cooling, may also be used. 
0.138 <Fiber-Reinforced Plastic 
0.139. A fiber-reinforced plastic that uses carbon fibers as 
reinforcing fibers (hereinafter, also referred to as carbon 
fiber-reinforced plastic), which is obtainable by the produc 
tion method of the present invention, is preferable from the 
viewpoint of having more satisfactory mechanical charac 
teristics, having much less variation, having more satisfac 
tory heat resistance, and also having more satisfactory 
fluidity at the time of shaping. 
0140. The carbon fiber-reinforced plastic of the present 
invention is a fiber-reinforced plastic including carbon fibers 
and a matrix resin, in which the fiber length of the carbon 
fibers is 1 mm to 100 mm, the degree of orientation pf of the 
carbon fibers in a direction that orthogonally intersects the 
thickness direction is 0.001 to 0.8, and the eccentricity 
coefficient ec of the orientation profile of the carbon fibers 
in a plane that orthogonally intersects the thickness direction 
is 1x10 to 9x10. The carbon fiber-reinforced plastic of 
the present invention is obtained by using the method for 
producing a fiber-reinforced plastic of the present invention 
described above, and using carbon fibers as the reinforcing 
fibers. 
0141 Fiber Length 
0142. The length of the carbon fibers is 1 mm to 100 mm, 
preferably 3 mm to 70 mm, more preferably 5 mm to 50 mm. 
even more preferably 10 mm to 50 mm, and particularly 
preferably 10 mm to 35 mm. When the fiber length of the 
carbon fibers is more than or equal to the lower limit, 
required mechanical characteristics may be easily obtained. 
When the fiber length of the carbon fibers is less than or 
equal to the upper limit, fluidity needed at the time of 
shaping may be easily obtained. 
0.143 Method for Measuring Fiber Length 
0144. The resin in a carbon fiber-reinforced plastic is 
burned off to take out carbon fibers only, and the fiber 
lengths of the carbon fibers are measured with a vernier 
caliper or the like. Measurement is made for randomly 
selected one hundred carbon fibers, and the fiber length is 
calculated as the mass average of the values. 
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(0145 Degree of Orientation pf 
0146 The state of orientation of carbon fibers in a 
direction orthogonally intersecting the thickness direction in 
the carbon fiber-reinforced plastic of the present invention is 
represented by the degree of orientation pf. When it is said 
that the pf is “Zero (0), it means that the carbon fibers are 
oriented in an idea state in a direction orthogonally inter 
secting the thickness direction of the carbon fiber-reinforced 
plastic. A larger value of pf indicates that the degree of 
disarrangement of the carbon fibers toward the outside of a 
plane that orthogonally intersects the thickness direction is 
higher. 
0147 The pf of the carbon fiber-reinforced plastic of the 
present invention is 0.001 to 0.8. Although fluidity at the 
time of shaping may vary depending on the fiber length of 
the carbon fibers, as the value of ph is larger, it is more 
difficult to obtain fluidity at the time of shaping due to 
entanglement of the carbon fibers or friction between the 
carbon fibers. That is, as the carbon fibers are disarranged 
toward the outside of a plane that orthogonally intersects the 
thickness direction, entanglement of the carbon fibers or 
friction between the carbon fibers is prone to occur, and it is 
difficult to obtain fluidity at the time of shaping. In a case in 
which the fiber length of the carbon fibers is 1 mm to 100 
mm, when the pf is 0.8 or less, sufficient fluidity is obtained 
at the time of shaping, and Sufficient mechanical properties 
are also obtained. The lower limit of the pf is not particularly 
restricted in view of the physical properties of the carbon 
fiber-reinforced plastic. However, it is difficult to adjust the 
pf to zero (0), and 0.001 or greater is a realistic value. The 
upper limit of the pf is preferably 0.5, more preferably 0.3, 
and even more preferably 0.15. 
0148 Method for Measuring pf 
0149. As illustrated in FIG. 3, a measurement sample 210 
having a width of 2 mm is cut out from a carbon fiber 
reinforced plastic 200 having a thickness of 2 mm, and 
measurement is performed as follows. 
0150. The width direction in the measurement sample 
210 is designated as X-direction, the thickness direction as 
y-direction, and the length direction as Z-direction. 
0151 (Actually Measured Integral Value in X-Direction) 
0152. A measurement sample 210 is irradiated with X-ra 
diation in the X-direction, and a one-dimensional orientation 
profile originating from diffraction of the 002 plane of 
graphite is obtained. The one-dimensional orientation profile 
originating from diffraction of the 002 plane of graphite is 
obtained by a method of inputting an image using a two 
dimensional detector, and then obtaining a profile in the 
circumferential direction with regard to the 002 diffraction 
part using an analytic software program. Furthermore, with 
a one-dimensional detector, a one-dimensional orientation 
profile originating from diffraction of the 002 plane of 
graphite may also be obtained by fixing the detector at the 
site of the 002 diffraction and rotating the sample 3600. 
0153. Next, the actually measured integral value SX in the 
x-direction is calculated by the following Expression (1) 
from the one-dimensional orientation profile thus obtained. 

Mathematical Formula 1 

0154 Here, in Expression (1), I(ö) is the intensity obtain 
able at the azimuth angle 6 based on the Z-direction in a yZ 
plane in the one-dimensional orientation profile. 
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(O155 When the carbon fibers are perfectly oriented in the 
X-direction, the SX has the maximum value. As the carbon 
fibers have a gradient in the x-direction, the value of SX 
becomes smaller. Factors that make SX Smaller include the 
component in the thickness direction in the gradient with 
respect to the x-direction of the carbon fibers, and the 
component in a plane that orthogonally intersects the thick 
ness direction. That is, both the component in the yZ plane 
and the component in the XZ plane with respect to the 
X-direction of the carbon fibers are the factors causative of 
the decrease in SX. In regard to the pf, since the degree of 
disarrangement of carbon fibers toward the outside of a 
plane that orthogonally intersects the thickness direction is 
evaluated, the following operation is performed in order to 
eliminate the effect of the component within the XZ plane on 
the gradient of the carbon fibers. 
0156 
0157 Ameasurement sample 210 is irradiated with X-ra 
diation in the y-direction, and a one-dimensional orientation 
profile originating from diffraction of the 002 plane of 
graphite is obtained. Subsequently, I(p) is normalized by the 
following Expression (2), and the fiber proportion G(up) at 
the azimuth angle p is calculated. 

(Predicted Integral Value in X-Direction) 

Mathematical Formula 2 

2 

0158. Here, in Expression (2), I(cp) is the intensity obtain 
able at the azimuth angle (p based on the Z-direction in the 
XZ plane in the one-dimensional orientation profile. 
0159. Next, the predicted integral value F in the x-direc 
tion is calculated by the following Expression (3). 

Mathematical Formula 3 

W (3) F-2, IceAcede 
0160 Here, Va represents the fiber volume percentage 
content (Vf) of carbon fibers in the measurement sample 
210; Vb represents the fiber volume percentage content (Vt) 
of carbon fibers in a standard sample for correction that will 
be described below. A(p) represents the coefficient for 
intensity correction. 
0.161 The coefficient for intensity correction A(p) is 
determined as follows. 

0162. As a standard sample for correction, a UD material 
having a thickness of 2 mm is produced, in which carbon 
fibers are unidirectionally arranged in parallel such that the 
carbon fibers are perfectly oriented in the z-direction, and 
this is designated as a 0 material. Regarding the carbon 
fibers and the matrix resin used in the standard sample, the 
same kinds of carbon fibers and matrix resin as the mea 
surement sample 210 are used. Va., the fiber volume per 
centage content (Vf) of carbon fibers in the measurement 
sample 210, and Vb, the fiber percentage content (Vf) of 
carbon fibers in the standard sample, may be identical or 
may be different. 
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0163 Subsequently, as a new standard sample, a 15° 
material is produced in the same manner as in the 0° 
material, except that carbon fibers are unidirectionally 
arranged in parallel such that the azimuth angle is per 
fectly oriented in the direction of 15°. Similarly, a 30° 
material, a 45° material, a 60° material, a 75° material, and 
a 90° material are produced, in which carbon fibers are 
unidirectionally arranged in parallel such that the azimuth 
angle p is perfectly oriented in the directions of 30°, 45°, 
60°, 75°, and 90°, respectively. 
0164. Next, standard measurement samples each having 
a width of 2 mm are cut out from the various standard 
samples in the same manner as in the case of the measure 
ment sample 210. For each standard measurement sample, 
X-radiation is caused to enter the sample in the X-direction, 
and a one-dimensional orientation profile originating from 
diffraction of the 002 plane of graphite is obtained. In the 
one-dimensional orientation profile of the standard measure 
ment sample originating from the 90' material, the intensity 
has an almost constant value. From the one-dimensional 
orientation of each of the various standard measurement 
samples, the integral value S(qb) of the intensity I(cp.8) of the 
material of the azimuth angle p is calculated by the follow 
ing Expression (4). 

Mathematical Formula 4 

(0165. Here, I(p.8) represents the intensity obtainable at 
the azimuth angle 8 for the standard measurement sample of 
the azimuth angle (p. 
0166 The integral value S(qb) is in the relation: S(qb)=S 
(U-qp). A graph is produced by plotting (p on the horizontal 
axis and plotting S(cp) on the vertical axis, and a resultant 
obtained by performing normal distribution approximation 
at p in the range of 0° to 180° is designated as the intensity 
correction coefficient A(p) at the azimuth angle cp. 
0167 (Corrected Predicted Integral Intensity in X-Direc 
tion) 
0168 The predicted integral value F in the x-direction 
and the actually measured integral value SX do not neces 
sarily coincide. Thus, the integral value correction coeffi 
cient B(SX) is calculated using standard samples. 
0169 Standard measurement samples are cut out from 
various standard samples in the same manner as in the case 
of the calculation of the intensity correction coefficient A(cp). 
For each of the various standard measurement samples, the 
actually measured integral value SX(C) is calculated by the 
method for calculating the actually measured integral value 
in the X-direction as described above. Meanwhile, C. is 0°, 
15, 30°, 45°, 60°, 75°, or 90°. Furthermore, for each of the 
various standard measurement samples, the predicted inte 
gral value F(C.) in the x-direction is determined by the 
method for calculating the predicted integral value in the 
x-direction as described above. When a graph is produced by 
plotting SX(C) on the horizontal axis and plotting SX(C)/F(C) 
on the vertical axis, a high correlation is found. A resultant 
of performing linear approximation is designated as the 
integral correction coefficient B(SX). 
0170 The predicted integral value F in the x-direction is 
multiplied by the integral correction coefficient B(SX), and 
the product is designated as the corrected predicted integral 
intensity F" in the x-direction. 
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(0171 (Calculation of pf) 
0172. The pf is calculated by the following Expression 
(5). 

Mathematical Formula 5 

F' (5) 
P? = - 

(0173 Eccentricity Coefficient ec 
0.174 Dispersibility of the two-dimensional orientation 
of carbon fibers in a plane that orthogonally intersecting the 
thickness direction in the carbon fiber-reinforced plastic 
according to the present invention, can be represented by the 
eccentricity coefficient ec of the orientation profile of carbon 
fibers in the relevant plane. ec is the eccentricity coefficient 
from an approximate ellipse of the orientation profile. 
(0175. The ec of the carbon fiber-reinforced plastic of the 
present invention is 1x10 to 9x10. In a carbon fiber 
reinforced plastic in which the reinforcing fibers are ran 
domly oriented, a larger value of ec means larger variation 
in the mechanical properties. 
(0176). When the ec is 9x10 or less, variation in the 
mechanical properties can be suppressed. The ec of the 
carbon fiber-reinforced plastic of the present invention is 
preferably 8.5x10 or less, and more preferably 8x10 or 
less. 

0177. There are no particular limitations on the preferred 
lower limit of ec, in view of the mechanical properties of the 
carbon fiber-reinforced plastic. However, for example, as the 
fiber length of the carbon fibers becomes longer, the diffi 
culty in the production of a carbon fiber-reinforced plastic 
having a small value of ec increases. When the fiber length 
of the carbon fibers is lengthened, mechanical characteristics 
are enhanced, however, the value of ec tends to increase 
along with the enhancement. Thus, variation in the mechani 
cal properties increases. When the balance between the 
mechanical characteristics and the variation thereof is con 
sidered, a preferred lower limit, which is realistic from the 
viewpoint of production, of ec according to the fiber length 
of the carbon fiber is as follows. In a case in which the fiber 
length of the carbon fibers is 1 mm to 3 mm, the ec is 
preferably 1x10 or more. In a case in which the fiber 
length of the carbon fibers is more than 3 mm and 10 mm or 
less, the ec is preferably 1.5x10 or more. In a case in which 
the fiber length of the carbon fibers is more than 10 mm and 
35 mm or less, the ec is preferably 2x10 or more. In a case 
in which the fiber length of the carbon fibers is more than 35 
mm and 70 mm or less, the ec is preferably 3x10 or more. 
In a case in which the fiber length of the carbon fibers is 
more than 70 mm and 100 mm or less, the ec is preferably 
4x10 or more. 
(0178 Method for Measuring ec 
0179 The profile of intensity I(cp) at the azimuth angle (p, 
which is measured when the predicted integral value in the 
X-direction is determined upon measurement of the pf, is 
approximated as an ellipse Iacp) represented by the follow 
ing Expression (6). 

Mathematical Formula 6 
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0180 Here, in Expression (6), a represents the major axis 
of the ellipse; b represents the minor axis of the ellipse; and 
B represents the angle of rotation. 
0181. The numerical values of a, b, and B in a case in 
which Ia((p) approaches most closely to I(cp) may be calcu 
lated such that the eccentricity R from an ellipse, which is 
represented by the following Expression (7), has the mini 
mum value. Further, the minimum value of the eccentricity 
R in that case is designated as ec. 

Mathematical Formula 7 

1 

ife, 
(7) X (I(p) - Ia(e)) 

0182) Number of Measurement Sites 
0183 Dispersion Parameter dp 
0184 Three-dimensional dispersion of carbon fibers in 
the carbon fiber-reinforced plastic of the present invention is 
represented by the dispersion parameter dp of carbon fibers 
in a cross-section in the thickness direction of the carbon 
fiber-reinforced plastic. When it is said that dip is “100', it 
means that carbon fibers are dispersed in a matrix resin in an 
ideal state. As the value of dip is smaller, it is implied that the 
proportion of carbon fibers locally aggregated is high, and 
the proportion of resin-rich parts is high. 
0185. The dip of the carbon fiber-reinforced plastic of the 
present invention is preferably 80 to 100. 
0186. As the value of dip is smaller, and the dispersibility 
of carbon fibers is poorer, heat resistance becomes inferior. 
When dp is 80 or more, satisfactory heat resistance may be 
easily obtained. The dip of the carbon fiber-reinforced plastic 
of the present invention is preferably 84 or more, and more 
preferably 88 or more. The upper limit of dip of the carbon 
fiber-reinforced plastic of the present invention is theoreti 
cally 100. A preferred upper limit of dip that is realistic from 
the viewpoint of production is 98. 
0187 Fluidity at the time of shaping of the carbon 
fiber-reinforced plastic is generated by the flow of resin or 
slipping of a resin layer at the time of shaping. Therefore, as 
the path through which the resin in the carbon fiber-rein 
forced plastic can flow is wider, higher fluidity is obtained 
at the time of shaping. That is, as the value of dip is Smaller, 
fluidity at the time of shaping is higher. However, in regard 
to the carbon fiber-reinforced plastic of the present inven 
tion, since the pf is controlled to the range described above, 
even if the value of dip is high, high fluidity is exhibited. 
0188 Method for Measuring dp 
0189 dip can be measured by processing a photograph of 
a cross-section in the thickness direction of a sample speci 
men cut out from a carbon fiber-reinforced plastic, using an 
image editing software program. 
0190. Specifically, for example, a sample specimen is cut 
out from a carbon fiber-reinforced plastic, and a cross 
sectional photograph of the sample specimen is taken. For 
the process of taking the cross-sectional photograph, for 
example, an optical microscope can be used. From the 
viewpoint that the accuracy of evaluation based on dip 
becomes higher, the dot pitch for the resolution at the time 
of photograph taking is preferably /10 or less, and more 
preferably /20 or less, of the diameter of the carbon fibers. 
0191 Next, the photograph of cutting is processed as 
follows using an image editing software program. 
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0.192 In the photograph of cutting, a portion correspond 
ing to the extent of a rectangle having a size of 2 mm in the 
thickness direction in a cross-section of the sample specimen 
and 1.5 mm in a direction orthogonal to the thickness 
direction, is assigned as a processing object image. The 
processing object image is subjected to binarization into 
carbon fiber parts, and resin parts as well as void parts using 
the image editing software program. For example, a pro 
cessing object image in which carbon fiber parts are indi 
cated in white, resin parts are indicated in grey, and Void 
parts are indicated in black, is subjected to binarization by 
presenting the carbon fiber parts in black, and the resin parts 
as well as the Void parts in green. 
0193 In a cut surface of a carbon fiber-reinforced plastic 
having a radius of carbon fibers of r (Lm) and a fiber volume 
percentage content of Vf (vol%), the length of one edge, La, 
of a unit regular hexagon H obtainable when carbon fibers 
Chave been theoretically perfectly dispersed as illustrated in 
FIG. 4, can be determined by the following Expression (8). 

Mathematical Formula 8 

2it (8) 
wf X 

V27 
La = 

0194 In regard to the carbon fiber parts of the processing 
object image after binarization, it is assumed that the carbon 
fibers are theoretically perfectly dispersed as illustrated in 
FIG. 4. Then, the radius of the carbon fiber is lengthened by 
the portion of the length Le represented by the following 
Expression (9), and the carbon fiber parts that have been 
binarized by the image editing Software program are 
expanded such that the radius of the carbon fiber becomes 
La. Meanwhile, Le is a distance corresponding to a half of 
the distance at a site where the distance between outer wall 
Surfaces of adjoining carbon fibers is the largest, in a state in 
which carbon fibers are ideally dispersed. If the expansion 
treatment is carried out when carbon fibers are indeed 
ideally dispersed in the carbon fiber parts that have been 
binarized, the carbon fiber parts occupy the entire area of the 
processing object image. 
0.195. After the expansion treatment using the image 
editing software described above, dip is calculated by the 
following Expression (10). 

Mathematical Expression 9 

27t (9) 

V Vf - 1 cert V27 
dp = (S1/S2)x100 (10) 

0196. Here, in Expression (10), S1 represents the area of 
carbon fiber parts after the expansion treatment in the 
processing object image; and S2 represents the total area of 
the processing object image. 
0.197 The carbon fibers or matrix resin that constitute the 
carbon fiber-reinforced plastic of the present invention are as 
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explained in connection with the method for producing a 
fiber-reinforced plastic described above. 
0198 The fiber volume percentage content (Vf) of carbon 
fibers in the carbon fiber-reinforced plastic is preferably 5% 
to 70% by volume, more preferably 10% to 60% by volume, 
and even more preferably 15% to 50% by volume. When the 
Vf of the carbon fibers is less than or equal to the upper limit, 
a decrease in the interfacial strength caused by decreased 
toughness does not easily occur, and fluidity at the time of 
shaping is also not easily decreased. When the Vf of the 
carbon fibers is more than or equal to the lower limit, the 
mechanical characteristics needed for a fiber-reinforced 
plastic may be easily obtained. 
(0199 Meanwhile, the Vf value of a fiber-reinforced plas 
tic means the proportion of reinforcing fibers relative to the 
total volume of the reinforcing fibers, matrix resin, and other 
components such as additives, excluding voids (gas), in the 
fiber-reinforced plastic. Since the Vf value measured accord 
ing to JIS K7075 is a value that varies depending on the 
existing amount of Voids in the fiber-reinforced plastic, in 
the present invention, a fiber Volume percentage content that 
does not depend on the existing amount of Voids is 
employed. 
0200. The carbon fiber-reinforced plastic of the present 
invention may include other reinforcing fibers in addition to 
carbon fibers, and additives, to the extent that the purposes 
of the present invention are not impaired. 
0201 Examples of the other reinforcing fibers include 
glass fibers, organic fibers, and metal fibers. 
0202) Examples of the additives include a non-fibrous 

filler, a flame retardant, a pigment, a mold releasing agent, 
a plasticizer, and a Surfactant. 
0203 The thickness of the carbon fiber-reinforced plastic 
of the present invention is preferably 0.1 mm to 10.0 mm, 
and more preferably 0.25 mm to 6.0 mm. When the thick 
ness is less than or equal to the upper limit, the matrix resin 
does not easily Squeeze out at the time of pressing in Step 
(ii), and the thickness can be easily controlled. When the 
thickness is more than or equal to the lower limit, the carbon 
fiber-reinforced plastic is easily subjected to shear stress at 
the time of pressing in Step (ii), and carbon fibers are 
randomized so that it becomes easy to control isotropy or 
anisotropy of the mechanical characteristics. 
0204 Hereinafter, the present invention will be explained 
in detail by way of Examples, but the present invention is not 
intended to be limited by the following description. 
0205 Evaluation of Mechanical Properties 
0206. A bending test specimen having a length of 100 
mm and a width of 25 mm was cut out from a fiber 
reinforced plastic thus obtained, using a wet type cutter, and 
a three-point bending test was performed according to the 
test method defined in JIS K7074. At this time, a bending 
test specimen in which the longitudinal direction of the 
specimen was coincident with the MD direction (direction 
90° to the shaft line direction of rolls) at the time of 
producing the fiber-reinforced plastic, and a bending test 
specimen in which the longitudinal direction of the speci 
men was coincident with the TD direction (shaft line direc 
tion of rolls) were respectively produced, and then the test 
was performed. Regarding the testing machine, an Instron 
universal tester Model 4465 was used. Furthermore, the test 
was performed at room temperature (23 °C.) and at 80° C. 
The number of test specimens used for measurement was 
respectively set to n=6, the average value of those specimens 
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was calculated, and the average value was designated as 
flexural strength. A standard deviation was calculated from 
the measured values of flexural strength, and the standard 
deviation was divided by the average value to calculate the 
coefficient of variation (CV value, unit: %), which is an 
index of variation. 
0207. The flexural strength ratio O/O was calculated. 
Here, O represents the flexural strength measured at room 
temperature for a bending test specimen, in which the 
longitudinal direction coincided with the MD direction at the 
time of producing the fiber-reinforced plastic. O. represents 
the flexural strength measured at room temperature for a 
bending test specimen, in which the longitudinal direction 
coincided with the TD direction at the time of producing the 
fiber-reinforced plastic. 
0208. The flexural strength ratio O?o, was calculated. 
Here, ac represents the average value of the flexural 
strengths measured at 80° C. for a bending test specimen in 
which the longitudinal direction coincided with the MD 
direction at the time of producing the fiber-reinforced plas 
tic, and a bending test specimen in which the longitudinal 
direction coincided with the TD direction. O, represents the 
average value of the flexural strengths measured at room 
temperature for a bending test specimen in which the 
longitudinal direction coincided with the MD direction at the 
time of producing the fiber-reinforced plastic, and a bending 
test specimen in which the longitudinal direction coincided 
with the TD direction. 
0209. In regard to the evaluation of the flexural strength 
ratio O/O, a sample in which isotropy was obviously poor, 
and the flexural strength ratio O/O, was 5 or more, or 0.2 
or less, was rated as 'X'. 
0210 Evaluation of Fluidity 
0211 A plate-shaped material which measured 78 mm in 
width and 78 mm in length was cut out from a fiber 
reinforced plastic thus obtained. Plural sheets of the plate 
shaped material were stacked so as to obtain a thickness of 
about 4 mm, and the laminate was heated for 10 minutes at 
230°C. using a mini test press (manufactured by Toyo Seiki 
Seisaku-sho, Ltd., product name: MP-2FH), and then was 
pressed for 60 seconds under the conditions of 145° C. and 
5 MPa. The initial thickness h (mm) obtained before press 
molding and the final thickness h (mm) obtained after press 
molding were measured, and fluidity was evaluated based on 
the ratio ha?h obtained by dividing the initial thickness by 
the final thickness. 
0212. In regard to the evaluation of fluidity, a sample in 
which the ratio h/h was less than 1.1 was rated as “X”. 
Meanwhile, there is a situation that the plate-shaped material 
increases in thickness at the time of heating due to the 
residual stress of the reinforcing fibers in the plate-shaped 
material, which is referred to as spring-back. The case in 
which the plate-shaped material did not restore the original 
thickness even if the plate-shaped material was press molded 
after undergoing spring-back with heating for 10 minutes, 
was also rated as 'X'. 

0213 Evaluation of pf and ec 
0214. The values of pf and ec were respectively measured 
according to the measurement method for pf and the mea 
surement method for ec described above. An X-ray diffrac 
tion analysis was carried out using an X-ray diffraction 
apparatus (manufactured by Rigaku Co., Ltd., TTR-III) 
equipped with a fiber sample stage, by mounting a measure 
ment sample on the stage and using a Cutarget. Specifically, 
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while the measurement sample was irradiated with X-radia 
tion from the upper side, the measurement sample was 
rotated about the thickness direction as an axis, and dif 
fracted X-radiation was detected with a detector disposed at 
a diffraction angle 20–24.5°. As a standard sample, a sample 
having a Vf of 35% by volume was used. 
0215 Evaluation of dp 
0216 A sample specimen which measured 3 cm on each 
side was cut out from a carbon fiber-reinforced plastic, and 
was embedded in TECHNOVIT 4000 manufactured by 
Heraeus Kulzer GmbH. After being cured, TECHNOVIT 
4000 was polished so that a cross-section of the sample 
specimen was exposed, and TECHNOVIT 4000 was sub 
jected to a mirror Surface treatment. 
0217 Next, a cross-sectional photograph of the sample 
specimen was taken under the following conditions. 
0218 (Photographing Conditions) 
0219 Apparatus: Industrial optical microscope BX51M 
manufactured by Olympus Corporation. 
0220 Lens magnification: 500 times 
0221) Imaging dot pitch: 0.17 um 
0222. In the cross-sectional photograph thus obtained, an 
area corresponding to the range of 2 mm in the thickness 
direction in the cross-section of a sample specimen and 0.5 
mm in a direction orthogonal to the thickness direction, was 
designated as a processing object image. The value of dip 
was calculated by the method for measuring dip as described 
above, using software WIN-ROOF as an image editing 
Software program. Calculation of dip was performed at five 
sites in a cross-section of each sample specimen, and the 
average value was determined. 

Production Example 1: Production of Prepreg 
Substrate-1 

0223 Carbon fibers (PYROFIL TR50S manufactured by 
Mitsubishi Rayon Co., Ltd., carbon fiber diameter: 7 um) 
were arranged in parallel in one direction and in a planar 
form, and thus a fiber sheet having a basis weight of 72 g/m 
was obtained. Both surfaces of this fiber sheet were inter 
posed between films each formed from an acid-modified 
polypropylene resin (MODIC P958V manufactured by Mit 
subishi Chemical Corp., MFR50) and having a basis weight 
of 36 g/m. These were subjected to heating and pressing by 
passing them through between calender rolls several times, 
and the fiber sheet was impregnated with the resin. Thus, 
prepreg Substrate-1 having a fiber Volume percentage con 
tent (Vf) of 33% by volume and a thickness of 120 um was 
produced. 

Production Example 2: Production of Prepreg 
Substrate-2 

0224 Carbon fibers (PYROFIL TR50S manufactured by 
Mitsubishi Rayon Co., Ltd.) were arranged in parallel in one 
direction and in a planar form, and thus a fiber sheet having 
a basis weight of 37 g/m was obtained. Both surfaces of this 
fiber sheet were interposed between films each formed from 
an acid-modified polypropylene resin (MODIC P958V 
manufactured by Mitsubishi Chemical Corp., MFR50) and 
having a basis weight of 45 g/m. These were subjected to 
heating and pressing by passing them through between 
calender rolls several times, and the fiber sheet was impreg 
nated with the resin. Thus, prepreg Substrate-2 having a fiber 
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volume percentage content (Vf) of 17% by volume and a 
thickness of 120 um was produced. 

Production Example 3: Production of Prepreg 
Substrate-3 

0225 Carbon fibers (PYROFIL TR50S manufactured by 
Mitsubishi Rayon Co., Ltd.) were arranged in parallel in one 
direction and in a planar form, and thus a fiber sheet having 
a basis weight of 105 g/m was obtained. Both surfaces of 
this fiber sheet were interposed between films each formed 
from an acid-modified polypropylene resin (MODIC P958V 
manufactured by Mitsubishi Chemical Corp., MFR50) and 
having a basis weight of 27 g/m. These were subjected to 
heating and pressing by passing them through between 
calender rolls several times, and the fiber sheet was impreg 
nated with the resin. Thus, prepreg substrate-3 having a fiber 
volume percentage content (Vf) of 49% by volume and a 
thickness of 120 um was produced. 

Example 1 

0226 Rectangular-shaped prepreg Substrate sheets each 
having a size of 220 mm (0°-direction with respect to the 
fiber axis)x900 mm (90°-direction with respect to the fiber 
axis) were cut out from the prepreg Substrate-1 obtained in 
Production Example 1. An incision-inserted prepreg Sub 
strate was obtained by inserting slits having a depth that 
would cut the reinforcing fibers into the cut prepreg Sub 
strate, using a cutting plotter (L-2500 cutting plotter manu 
factured by Laserck Corp.), such that the absolute value of 
the angle formed by the fiber axes of the reinforcing fibers 
was 45°, and the fiber length L of the reinforcing fibers was 
25 mm. Eight sheets of the incision-inserted prepreg Sub 
strate were laminated such that the fiber axes of the rein 
forcing fibers were in the same direction, and thus a prepreg 
laminate was obtained. The thickness of the prepreg lami 
nate was 1.0 mm. 

0227. As a pressing apparatus, a double belt-type heat 
press machine such as illustrated in FIG. 2, which included 
two rows of press rolls, the shaft direction of which was 
coincident with a direction orthogonal to the travel direction 
of the material (A), and the upper and lower belts were 
driven at a rate of 1.0 m/min, was used. Furthermore, the 
prepreg laminate was introduced into the double belt-type 
heat press machine such that the angle 0 formed by the fiber 
axial direction of the reinforcing fibers in each prepreg 
substrate-1 with respect to the orthogonal direction 
described above would be 0°. In the double belt-type heat 
press machine, the prepreglaminate was heated by two rows 
of press rolls under the conditions of a roll temperature of 
270° C. and a linear pressure of 10.7 N/m, and the prepreg 
laminate was pressed in a state in which the thermoplastic 
resin was melted. Subsequently, the prepreg laminate was 
passed through a 1.5-m long cooling section equipped with 
one row of warm water rolls under the conditions of a roll 
temperature of 30° C. and a linear pressure of 2.5 N/m, and 
the thermoplastic resin was solidified. Thus, a fiber-rein 
forced plastic was obtained. Meanwhile, the travel speed of 
the prepreg laminate was the same as the driving speed of 
the belt. 

0228. The results obtained by evaluating the mechanical 
properties of the fiber-reinforced plastic are presented in 
Table 1. The fiber-reinforced plastic had satisfactory 
mechanical properties, and also had less variation. Further 
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more, the flexural strength ratio O/O, was 0.5 or higher, and 
the fiber-reinforced plastic had satisfactory heat resistance. 
Furthermore, the ratio h/h was 1.5, and the fiber-rein 
forced plastic had satisfactory fluidity. 

Example 2 

0229. A fiber-reinforced plastic was obtained in the same 
manner as in Example 1, except that 16 sheets of the 
incision-inserted prepreg Substrate were laminated Such that 
the fiber axes of the reinforcing fibers were in the same 
direction, and thus a prepreg laminate having a thickness of 
1.9 mm was obtained. 
0230. The results obtained by evaluating the mechanical 
properties of the fiber-reinforced plastic are presented in 
Table 1. The fiber-reinforced plastic had satisfactory 
mechanical properties, and also had less variation. Further 
more, the flexural strength ratio O/O, was 0.5 or higher, and 
the fiber-reinforced plastic had satisfactory heat resistance. 

Example 3 

0231. A fiber-reinforced plastic was obtained in the same 
manner as in Example 1, except that the absolute value of the 
angle (p formed by the fiber axial direction of the reinforcing 
fibers and the direction of slits was set to 300. 
0232. The results obtained by evaluating the mechanical 
properties of the fiber-reinforced plastic are presented in 
Table 1. The fiber-reinforced plastic had satisfactory 
mechanical properties, and also had less variation. Further 
more, the flexural strength ratio O/O, was 0.5 or higher, and 
the fiber-reinforced plastic had satisfactory heat resistance. 

Example 4 

0233. A fiber-reinforced plastic was obtained in the same 
manner as in Example 1, except that the absolute value of the 
angle (p formed by the fiber axial direction of the reinforcing 
fibers and the direction of slits was set to 600. 
0234. The results obtained by evaluating the mechanical 
properties of the fiber-reinforced plastic are presented in 
Table 1. The fiber-reinforced plastic had satisfactory 
mechanical properties, and also had less variation. Further 
more, the flexural strength ratio O/O, was 0.5 or higher, and 
the fiber-reinforced plastic had satisfactory heat resistance. 

Example 5 

0235 A fiber-reinforced plastic was obtained in the same 
manner as in Example 1, except that the absolute value of the 
angle (p formed by the fiber axial direction of the reinforcing 
fibers and the direction of slits was set to 60°, 4 sheets of the 
incision-inserted prepreg Substrate were laminated Such that 
the fiber axes of the reinforcing fibers were in the same 
direction, and a prepreg laminate having a thickness of 0.5 
mm was obtained. 
0236. The results obtained by evaluating the mechanical 
properties of the fiber-reinforced plastic are presented in 
Table 1. The fiber-reinforced plastic had satisfactory 
mechanical properties, and also had less variation. 

Example 6 

0237 A fiber-reinforced plastic was obtained in the same 
manner as in Example 1, except that the absolute value of the 
angle (p formed by the fiber axial direction of the reinforcing 
fibers and the direction of slits was set to 60°, 16 sheets of 
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the incision-inserted prepreg Substrate were laminated Such 
that the fiber axes of the reinforcing fibers were in the same 
direction, and a prepreg laminate having a thickness of 1.9 
mm was obtained. 
0238. The results obtained by evaluating the mechanical 
properties of the fiber-reinforced plastic are presented in 
Table 1. The fiber-reinforced plastic had satisfactory 
mechanical properties, and also had less variation. Further 
more, the flexural strength ratio O/O, was 0.5 or higher, and 
the fiber-reinforced plastic had satisfactory heat resistance. 

Example 7 

0239 A fiber-reinforced plastic was obtained in the same 
manner as in Example 1, except that the absolute value of the 
angle 0 formed by the fiber axial direction of the reinforcing 
fibers and the direction of slits was set to 90°. 
0240. The results obtained by evaluating the mechanical 
properties of the fiber-reinforced plastic are presented in 
Table 1. The fiber-reinforced plastic had satisfactory 
mechanical properties, and also had less variation. Further 
more, the flexural strength ratio O/O, was 0.5 or higher, and 
the fiber-reinforced plastic had satisfactory heat resistance. 

Example 8 

0241. A fiber-reinforced plastic was obtained in the same 
manner as in Example 1, except that the fiber length L of the 
reinforcing fibers was adjusted to 12.5 mm. 
0242. The results obtained by evaluating the mechanical 
properties of the fiber-reinforced plastic are presented in 
Table 1. The fiber-reinforced plastic had satisfactory 
mechanical properties, and also had less variation. Further 
more, the flexural strength ratio O/O, was 0.5 or higher, and 
the fiber-reinforced plastic had satisfactory heat resistance. 

Example 9 

0243 A fiber-reinforced plastic was obtained in the same 
manner as in Example 1, except that the travel speed of the 
prepreg laminate was set to 0.5 m/min. The travel speed of 
the prepreg laminate was reduced to a half compared to 
Example 1, and this implies that the heating and pressing 
time was substantially doubled. 
0244. The results obtained by evaluating the mechanical 
properties of the fiber-reinforced plastic are presented in 
Table 2. The fiber-reinforced plastic had satisfactory 
mechanical properties, and also had less variation. Further 
more, the flexural strength ratio O/O, was 0.5 or higher, and 
the fiber-reinforced plastic had satisfactory heat resistance. 
In addition, the flexural strength ratio O/O, was 0.83, and 
the mechanical properties of the fiber-reinforced plastic 
became anisotropic. 

Example 10 
0245. A fiber-reinforced plastic was obtained in the same 
manner as in Example 1, except that the travel speed of the 
prepreg laminate was set to 2.0 m/min. The travel speed of 
the prepreg laminate was doubled compared to Example 1, 
and this implies that the heating and pressing time was 
substantially reduced to a half. 
0246 The results obtained by evaluating the mechanical 
properties of the fiber-reinforced plastic are presented in 
Table 2. The fiber-reinforced plastic had satisfactory 
mechanical properties, and also had less variation. Further 
more, the flexural strength ratio O/O, was 0.5 or higher, and 
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the fiber-reinforced plastic had satisfactory heat resistance. 
In addition, the flexural strength ratio O/O Was 0.37, and 
the fiber-reinforced plastic was a material having mechani 
cal properties that were specifically strong in one direction. 

Example 11 
0247. An incision-inserted prepreg substrate was 
obtained in the same manner as in Example 1, except that 
rectangular-shaped prepreg Substrate sheets each having a 
size of 220 mm (30°-direction with respect to the fiber 
axis)x900 mm (-75°-direction with respect to the fiber axis) 
were cut out from the prepreg substrate-1. Eight sheets of the 
incision-inserted prepreg Substrate were laminated Such that 
the fiber axes of the reinforcing fibers were in the same 
direction, and a prepreg laminate having a thickness of 1.0 
mm was obtained. 
0248. A fiber-reinforced plastic was obtained in the same 
manner as in Example 1, except that the prepreg laminate 
was introduced into a double belt-type heat press machine 
such that the angle 0 would be 15°. 
0249. The results obtained by evaluating the mechanical 
properties of the fiber-reinforced plastic are presented in 
Table 2. The fiber-reinforced plastic had satisfactory 
mechanical properties, and also had less variation. Further 
more, the flexural strength ratio O/O, was 0.5 or higher, and 
the fiber-reinforced plastic had satisfactory heat resistance. 

Example 121 
0250) A fiber-reinforced plastic was obtained in the same 
manner as in Example 1, except that 4 sheets of the 
incision-inserted prepreg Substrate were laminated Such that 
the fiber axes of the reinforcing fibers were in the same 
direction, and a prepreg laminate having a thickness of 0.5 
mm was obtained. The ratio h/h of the fiber-reinforced 
plastic was 1.5, and the fiber-reinforced plastic had satis 
factory fluidity. 
0251 Next, plate pieces each measuring 298 mm on each 
side were cut out from the fiber-reinforced plastic thus 
obtained, and 4 sheets of the plate pieces were laminated. 
The laminate was disposed inside a pillbox mold which 
measured 300 mm on each side and 15 mm in depth, the 
mold was heated to 200°C., and the laminate was heated and 
pressed for 2 minutes with a multistage press machine 
(compression molding machine manufactured by Shinto 
Metal Industries Corp., product name: SFA-50HHO) at a 
pressure of 0.1 MPa using board faces at 200° C. Subse 
quently, the laminate was cooled to room temperature at the 
same pressure, and thus a plate-shaped fiber-reinforced 
plastic having a thickness of 2 mm was obtained. For the 
fiber-reinforced plastic having a thickness of 2 mm thus 
obtained, pf, ec, and dip were measured. 
0252. The results obtained by evaluating the mechanical 
properties of the fiber-reinforced plastic having a thickness 
of 2 mm are presented in Table 3. The fiber-reinforced 
plastic had satisfactory mechanical properties, and also had 
less variation. Furthermore, the flexural strength ratio O/O, 
was 0.5 or higher, and the fiber-reinforced plastic had 
satisfactory heat resistance. Furthermore, the ratio ha?h was 
1.5, and the fiber-reinforced plastic had satisfactory fluidity. 

Example 13 
0253) A fiber-reinforced plastic plate having a thickness 
of 2 mm was obtained in the same manner as in Example 12, 
except that the prepreg Substrate-2 was used instead of the 
prepreg Substrate-1. 
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0254 The results obtained by evaluating the mechanical 
properties of the fiber-reinforced plastic having a thickness 
of 2 mm are presented in Table 3. The fiber-reinforced 
plastic had satisfactory mechanical properties, and also had 
less variation. Furthermore, the flexural strength ratio O/O, 
was 0.5 or higher, and the fiber-reinforced plastic had 
satisfactory heat resistance. Furthermore, the ratio ha?h was 
2.2, and the fiber-reinforced plastic had satisfactory fluidity. 

Comparative Example 1 

0255. A fiber-reinforced plastic was obtained in the same 
manner as in Example 1, except that slits were not inserted 
into the prepreg Substrate cut out from the prepreg Substrate 
1 

0256 The results obtained by evaluating the mechanical 
properties of the fiber-reinforced plastic are presented in 
Table 2. In the fiber-reinforced plastic, the mechanical 
properties obviously lacked isotropy and were not well 
controlled. The fiber-reinforced plastic also had low fluidity. 

Comparative Example 2 

0257 An incision-inserted prepreg substrate was 
obtained in the same manner as in Example 1, except that 
rectangular-shaped prepreg Substrate sheets each having a 
size of 220 mm (30°-direction with respect to the fiber 
axis)x900 mm (-60°-direction with respect to the fiber axis) 
were cut out from the prepreg substrate-1. Eight sheets of the 
incision-inserted prepreg Substrate were laminated such that 
the fiber axes of the reinforcing fibers were in the same 
direction, and a prepreg laminate having a thickness of 1.0 
mm was obtained. 

0258. A fiber-reinforced plastic was obtained in the same 
manner as in Example 1, except that the prepreg laminate 
was introduced into a double belt-type heat press machine 
such that the angle 0 would be 30°. 
0259. The results obtained by evaluating the mechanical 
properties of the fiber-reinforced plastic are presented in 
Table 2. In the fiber-reinforced plastic, the mechanical 
properties obviously lacked isotropy and were not well 
controlled. Also, the fiber-reinforced plastic had low fluidity. 

Comparative Example 3 

0260 An incision-inserted prepreg substrate was 
obtained in the same manner as in Example 1, except that 
rectangular-shaped prepreg Substrate sheets each having a 
size of 220 mm (45°-direction with respect to the fiber 
axis)x900 mm (-45°-direction with respect to the fiber axis) 
were cut out from the prepreg substrate-1. Eight sheets of the 
incision-inserted prepreg Substrate were laminated Such that 
the fiber axes of the reinforcing fibers were in the same 
direction, and a prepreg laminate having a thickness of 1.0 
mm was obtained. 

0261) A fiber-reinforced plastic was obtained in the same 
manner as in Example 1, except that the prepreg laminate 
was introduced into a double belt-type heat press machine 
such that the angle 0 would be 45°. 
0262 The results obtained by evaluating the mechanical 
properties of the fiber-reinforced plastic are presented in 
Table 2. In the fiber-reinforced plastic, the mechanical 
properties obviously lacked isotropy and were not well 
controlled. Also, the fiber-reinforced plastic had low fluidity. 
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Comparative Example 4 

0263. An incision-inserted prepreg substrate was 
obtained in the same manner as in Example 1, except that 
rectangular-shaped prepreg Substrate sheets each having a 
size of 220 mm (90°-direction with respect to the fiber 
axis)x900 mm (0°-direction with respect to the fiber axis) 
were cut out from the prepreg substrate-1. Eight sheets of the 
incision-inserted prepreg Substrate were laminated Such that 
the fiber axes of the reinforcing fibers were in the same 
direction, and a prepreg laminate having a thickness of 1.0 
mm was obtained. 
0264. A fiber-reinforced plastic was obtained in the same 
manner as in Example 1, except that the prepreg laminate 
was introduced into a double belt-type heat press machine 
such that the angle 0 would be 60°. 
0265. The results obtained by evaluating the mechanical 
properties of the fiber-reinforced plastic are presented in 
Table 2. In the fiber-reinforced plastic, the mechanical 
properties obviously lacked isotropy and were not well 
controlled. Also, the fiber-reinforced plastic had low fluidity. 

Comparative Example 5 

0266 Band-shaped slits having a width of 15.0 mm were 
inserted into the prepreg substrate-3 obtained in Production 
Example 3, and then the prepreg Substrate-3 was continu 
ously cut into a length of 25.0 mm using a guillotine type 
cutting machine. Thus, chopped strand prepreg sheets each 
having a fiber length of 25.0 mm was obtained. 244 g of the 
chopped strand prepreg sheets thus obtained were weighed, 
and the chopped strand prepreg sheets were freely dropped 
sheet by sheet from a place at a height of 30 cm into a pillbox 
mold measuring 300 mm on each side and 15 mm in depth 
so as to laminate the sheets such that the fiber orientation 
was random. 
0267. The pillbox mold in which the chopped strand 
prepreg sheets were laminated was heated to 200° C., and 
then the prepreg sheets were heated and pressed for 2 
minutes using a multistage press machine (compression 
molding machine manufactured by Shinto Metal Industries 
Corp., product name: SFA-50HHO) at a pressure of 0.1 MPa 
using board faces at 200° C. Subsequently, the laminate was 
cooled to room temperature at the same pressure, and thus 
a plate-shaped fiber-reinforced plastic having a thickness of 
2 mm was obtained. For the fiber-reinforced plastic having 
a thickness of 2 mm thus obtained, pf ec, and dip were 
measured. 
0268. The results obtained by evaluating the mechanical 
properties of the fiber-reinforced plastic are presented in 
Table 3. The fiber-reinforced plastic had large variation in 
the mechanical properties, and lacked heat resistance. 

Comparative Example 6 

0269. An incision-inserted prepreg substrate was 
obtained by cutting out prepreg Substrate sheets each mea 
Suring 300 mm on each side from the prepreg Substrate-1, 
and inserting linear-shaped slits at a constant interval, using 
a cutting plotter (L-2500 cutting plotter manufactured by 
Laserck Corp.). Slit processing was performed in a part that 
was on the inner side than the parts extending to 5 mm from 
the circumference in the prepreg substrate, such that the fiber 
length of the carbon fibers was 25.0 mm, the length of the 
slits was 20.0 mm, and the angle (p formed by the fiber axes 
of the reinforcing fibers and the slits was 30°. Sixteen sheets 
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of the incision-inserted prepreg Substrate were laminated 
such that the fiber directions of the various incision-inserted 
prepreg substrate sheets would be 0°/45°/90°/-45°/-45°/ 
90°/45of Oof Oof 450/900/450/.450/900/450/OO from the 
above. The laminate incision-inserted prepreg Substrate 
sheets were spot welded with an ultrasonic welding machine 
(manufactured by Emerson Japan, Ltd., product name: 
2000LPt), and thereby a pseudo-isotropic (IO/45/90/-45s2) 
prepreg laminate was produced. 
0270. The prepreglaminate was disposed inside a pillbox 
mold which measured 300 mm on each side and 15 mm in 
depth, the mold was heated to 200° C., and then the prepreg 
laminate was heated and pressed for 2 minutes using a 
multistage press machine (compression molding machine 
manufactured by Shinto Metal Industries, Ltd., product 
name: SFA-5OHHO) at a pressure of 0.2 MPa using board 
faces at 200° C. Subsequently, the laminate was cooled to 
room temperature at the same pressure, and thus a plate 
shaped fiber-reinforced plastic having a thickness of 2 mm 
was obtained. For the fiber-reinforced plastic having a 
thickness of 2 mm thus obtained, pf, ec, and dip were 
measured. 
0271 The results obtained by evaluating the mechanical 
properties of the fiber-reinforced plastic are presented in 
Table 3. The fiber-reinforced plastic had inferior heat resis 
tance. 

Comparative Example 7 

(0272 Carbon fibers (PYROFILTR 50S manufactured by 
Mitsubishi Rayon Co., Ltd.) were cut into 6 mm using a 
rotary cutter, and thereby chopped carbon fibers were 
obtained. Similarly, fibers formed from an acid-modified 
polypropylene resin (MODIC P958V manufactured by Mit 
subishi Chemical Corp., MFR 50) were cut into 3 mm, and 
chopped polypropylene fibers were obtained. 0.74 kg of the 
chopped polypropylene fibers was introduced into 110 kg of 
an aqueous solution of polyethylene oxide at a mass con 
centration of 0.12%, and the fibers were sufficiently stirred 
using a stirrer. Subsequently, 0.37 kg of the chopped carbon 
fibers was introduced therein, the mixture was stirred for 10 
seconds, and thus a dispersion liquid was obtained. The 
dispersion liquid thus obtained was flowed into a mesh 
frame which measured 100 cm on each side, and the aqueous 
solution of polyethylene oxide was filtered. Subsequently, 
moisture was completely eliminated in a dryer at 120° C. 
and thus a prepreg Substrate having a fiber Volume percent 
age content of 20% by Volume (fiber mass percentage 
content: 33% by mass) and a basis weight of 1.11 kg/m was 
obtained. The prepreg substrate thus obtained was cut out 
into sheets which measured 30 cm on each side, and two 
sheets thereof were Superposed to obtain a prepreglaminate. 
The prepreg laminate was disposed inside a pillbox mold 
which measured 300 mm on each side and 15 mm in depth, 
the mold was heated to 200° C., and then the prepreg 
laminate was heated and pressed for 2 minutes using a 
multistage press machine (compression molding machine 
manufactured by Shinto Metal Industries, Ltd., product 
name: SFA-5OHHO) at a pressure of 0.2 MPa using board 
faces at 200° C. Subsequently, the laminate was cooled to 
room temperature at the same pressure, and thus a plate 
shaped fiber-reinforced plastic having a thickness of 2 mm 
was obtained. For the fiber-reinforced plastic having a 
thickness of 2 mm thus obtained, pf, ec, and dip were 
measured. 
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0273. The results obtained by evaluating the mechanical 
properties of the fiber-reinforced plastic are presented in 
Table 3. The fiber-reinforced plastic had inferior fluidity. 

Comparative Example 8 
0274 Chopped carbon fibers and chopped polypropylene 
fibers were obtained in the same manner as in Comparative 
Example 7. 0.63 kg of the chopped polypropylene fibers was 
introduced into 115 kg of an aqueous solution of polyeth 
ylene oxide at a mass concentration of 0.12%, and the 
mixture was Sufficiently stirred using a stirrer. Subsequently, 
0.54 kg of the chopped carbon fibers was introduced therein, 
the mixture was stirred for 10 seconds, and a dispersion 
liquid was obtained. The dispersion liquid thus obtained was 
flowed into a mesh frame which measured 100 cm on each 
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side, and the aqueous solution of polyethylene oxide was 
filtered. Subsequently, moisture was completely eliminated 
in a dryer at 120° C., and thus a prepreg Substrate having a 
fiber volume percentage content of 30% by volume (fiber 
mass percentage content: 46% by mass) and a basis weight 
of 1.17 kg/m was obtained. The prepreg substrate thus 
obtained was cut out into sheets which measured 30 cm on 
each side, and two sheets thereof were superposed to obtain 
a prepreg laminate. A plate-shaped fiber-reinforced plastic 
having a thickness of 2 mm was obtained in the same 
manner as in Comparative Example 7, using the prepreg 
laminate. 

0275. The results obtained by evaluating the mechanical 
properties of the fiber-reinforced plastic are presented in 
Table 3. The fiber-reinforced plastic had inferior fluidity. 

TABLE 1. 

Example 

1 2 3 4 5 6 7 8 

Slit-inserted prepreg Angle p 45 45 30 60 60 60 90 45 

Fiber length L. mm 25 25 25 25 25 25 25 12.5 

Prepreg laminate Number of laminations sheets 8 16 8 8 4 16 8 8 
Thickness (mm) 1 1.9 1 1 O.S 1.9 1 1 

Pressing conditions Angle 0 O O O O O O O O 

Travel speed of laminate m/min 1 1 1 1 1 1 1 1 
Flexural strength Room temperature Average value MPa) 2S1 209 352 262 303 212 329 194 

(MD direction) CV value (9%) 4.2 8.2 2.2 6.5 8.4 9.9 7.3 3.4 
80° C. Average value MPa) 157 109 209 162 134 161 112 

CV value (9%) 8.3 9.9 1.8 3.6 6.5 7.8 3.1 

Flexural strength Room temperature Average value MPa) 393 349 450 402 449 371 339 322 

(TD direction) CV value (9%) 5.8 4.2 6.8 S.1 8.3 3.2 8.5 S.6 

80° C. Average value MPa) 2O7 188 214 254 2O1 194 179 

CV value (9%) 8.O 9.4 2.7 8.1 2.0 5.2 6.O 

Flexural strength ratio of or O.64 O.60 O.78 O.65 0.67 0.57 0.97 O.60 

Flexural strength ratio of or O.S8 O.S3 O.S3 O.63 O.S9 O.S3 0.57 

Fluidity times 1.5 

TABLE 2 

Slit-inserted prepreg Angle p 
Fiber length L. mm 

Prepreg laminate 
Thickness (mm) 

Pressing conditions Angle 0 
Travel speed of laminate m/min 

Average value MPa) 
CV value (9%) 
Average value MPa) 
CV value (9%) 
Average value MPa) 
CV value (9%) 
Average value MPa) 
CV value (9%) 

Flexural strength 
(MD direction) 

Room temperature 

80° C. 

Flexural strength 
(TD direction) 

Room temperature 

80° C. 

Flexural strength ratio o?o, 
Flexural strength ratio of ot 
Fluidity times 

Number of laminations sheets 

Example Comparative Example 

9 10 11 12 1 2 3 4 

45 45 45 45 No Slits 45 45 45 
25 25 25 25 25 25 25 
8 8 8 4 8 8 8 8 
1 1 1 O.S 1 1 1 1 
O O 15 O O 3O 45 60 
O.S 2 1 1 1 1 1 1 

380 152 199 
3.3 8.0 10.2 

226 101 124 
21.6 6.1 11.1 

457 413 360 
O.9 O.8 9.8 

261 236 188 
7.9 6.9 8.0 
O.83 0.37 O.S.S X X X X 
O.S8 O.62 O.S7 

1.50 X. — — — 
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TABLE 3 

Example 

12 13 

Fiber volume percentage content (Vf) vol%) 35 17 
Fiber length L. mm 25 25 
Degree of orientation pf O.O3 
Eccentricity coefficient ec (x10) 6.2 
Dispersion parameter dp 94 
Flexural strength (MD Average value MPa) 295 235 
direction, room temperature) CV value 96 4.8 9.8 
Flexural strength (MD Average value MPa) 172 135 
direction, 80° C.) CV value (9%) 6.9 9.5 
Flexural strength (TD Average value MPa) 413 286 
direction, room temperature) CV value 96 6.2 9.6 
Flexural strength (TD Average value MPa) 257 173 
direction, 80° C.) CV value (9%) 4.2 4.5 
Flexural strength ratio of or O.71 O.82 
Flexural strength ratio of or O.60 O.S9 
Fluidity times 1.5 2.2 

INDUSTRIAL APPLICABILITY 

0276. The fiber-reinforced plastic obtainable by the pro 
duction method of the present invention has excellent shape 
ability into complicated three-dimensional shapes such as a 
rib and a boss, and can be molded in a short time period. 
Furthermore, regarding this fiber-reinforced plastic, a com 
ponent part shaped therefrom has excellent mechanical 
properties that can be applied to structural materials, has less 
variation, and exhibits controllable isotropy or anisotropy. 
Therefore, the fiber-reinforced plastic is suitably used for 
aircraft members, automotive members, wind power gener 
ating windmill members, sports goods, and the like. 

EXPLANATIONS OF LETTERS OR NUMERALS 

0277 1 DOUBLE BELT-TYPE HEAT PRESS 
MACHINE 

0278 10 PRESS ROLL 
0279 12 BELT 
0280 14 IR HEATER 
0281 16 WARM WATER ROLL 
0282) 18 WINDING ROLL 
0283 20 DRIVING ROLL 
0284 22 DRIVEN ROLL 
0285 24 GUIDE ROLL 
0286 100 MATERIAL (A) 
0287. 110 REINFORCING FIBER 
0288 120 FIBER-REINFORCED PLASTIC 
0289 X DIRECTION ORTHOGONAL TO TRAVEL 
DIRECTION OF MATERIAL (A) 

0290 Y DIRECTION OF FIBERAXIS OF REINFORC 
ING FIBER 

1: A method for producing a fiber-reinforced plastic, the 
method comprising: 

(i) pressing a material (A) with a pressing apparatus that 
applies pressure approximately uniformly in a direction 
orthogonal to a travel direction of the material (A); and 

(ii) cooling the material (A) that has been pressed by the 
pressing apparatus, and thereby obtaining a fiber-rein 
forced plastic, 

wherein: 
the material (A) comprises a prepreg Substrate in which 

reinforcing fibers that are unidirectionally arranged in 
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Comparative Example 

5 6 7 8 

49 35 2O 30 
25 25 6 6 
O.36 O.04 1.2O 
8.5 9.4 2.8 

72 75 95 
218 268 253 301 
23.5 4.5 6.7 S.1 
96 129 154 177 
17.5 2.9 5.5 2.8 

238 311 286 283 
15.1 S.1 6.7 4.6 

107 149 166 1S6 
17.1 7.4 6.6 0.4 
O.92 O.86 O.88 1.06 
0.44 O48 O.S9 0.57 
2.4 2.8 X X 

parallel are impregnated with a matrix resin, and slits 
are formed so as to intersect the fiber axes; and 

the pressing (i) occurs such that the material (A) travels in 
one direction, with the angles 0 formed by fiber axial 
directions of the reinforcing fibers of the prepreg sub 
strate with respect to an orthogonal direction being 
adjusted to -20° to 20°, in a state in which the material 
(A) is heated to a temperature T that is higher than or 
equal to a melting point of the matrix resin, or is higher 
than or equal to a glass transition temperature if the 
matrix resin does not have a melting point. 

2: The method for producing a fiber-reinforced plastic 
according to claim 1, wherein the pressing (i) comprises 
(i-1) pressing the material (A) in a state of being heated to 
the temperature T, while causing the material (A) to travel in 
one direction, with a pressing apparatus which includes at 
least a pair of press rolls, with the shaft line direction of the 
rolls coinciding with the orthogonal direction. 

3: The method for producing a fiber-reinforced plastic 
according to claim 2, wherein the press rolls are heated rolls. 

4: The method for producing a fiber-reinforced plastic 
according to claim 1, wherein the angle 0 is adjusted to -5° 
to 59. 

5: The method for producing a fiber-reinforced plastic 
according to claim 1, wherein a thickness of the material (A) 
is 0.25 mm to 6.0 mm. 

6: The method for producing a fiber-reinforced plastic 
according to claim 1, wherein the matrix resin is a thermo 
plastic resin. 

7: The method for producing a fiber-reinforced plastic 
according to claim 1, wherein the matrix resin comprises at 
least one selected from the group consisting of a polyolefin 
resin, a modified polypropylene resin, a polyamide resin, 
and a polycarbonate resin. 

8: The method for producing a fiber-reinforced plastic 
according to claim 1, wherein a length L of the reinforcing 
fibers cut by slits in the prepreg substrate is 1 mm to 100 

. 

9: The method for producing a fiber-reinforced plastic 
according to claim 2, wherein the pressing (i-1) occurs such 
that a double belt-type heat press machine by which the 
material (A) is interposed between at least one pair of belts 
and is heated while the material (A) is caused to travel so as 



US 2017/O 1901 23 A1 Jul. 6, 2017 
19 

to pass through between at least one pair of press rolls, and 
the material (A) is pressed with the at least one pair of press 
rolls. 

10: A fiber-reinforced plastic, comprising carbon fibers 
and a matrix resin, 

wherein: 
a fiber length of the carbon fibers is 1 mm to 100 mm: 
a degree of orientation pf of the carbon fibers in a 

direction that orthogonally intersects a thickness direc 
tion is 0.001 to 0.8; and 

an eccentricity coefficient ec of an orientation profile of 
the carbon fibers in a plane that orthogonally intersects 
the thickness direction is 1x10 to 9x10. 

11: The fiber-reinforced plastic according to claim 10, 
wherein a dispersion parameter dip of the carbon fibers in a 
cross-section in the thickness direction is 100 to 80. 

12: The fiber-reinforced plastic according to claim 10, 
wherein the matrix resin is formed from a thermoplastic 
resin. 

13: The fiber-reinforced plastic according to claim 10, 
wherein a fiber volume percentage content of the carbon 
fibers is 5% to 70% by volume. 

14: The fiber-reinforced plastic according to claim 10, 
wherein the fiber length of the carbon fibers is 10 mm to 50 

. 


