EPOXY RESIN COMPOSITION FOR FIBER-REINFORCED
COMPOSITE MATERIAL TECHNICAL FIELD [0001] The present
invention relates to an epoxy resin composition for fiber-reinforced
composite materials. More specifically, the present invention relates to an
epoxy resin composition suitable as a matrix resin for a self-adhesive
EPOXErepiraq forcofereSHERoNf ZORoMSRORRPARSTOBAEK CIROEMS BRMATERIAL
[0002] Fiber-reinforced composite materials having an epoxy resin
composition as a matrix resin are widely used for aircrafts, automobiles
rrcgand dustial gpplications due to their excellent mechanical properties
and the like. In particular, in structural materials and interior materials for
[0CCgifcrafts, from the viewpoint of weight reduction, use of fiber-reinforced
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mechanical properties and the like. In particular, in structurail
materials and interior materials for aircrafts, from the viewpoint
of weight reduction, use of fiber-reinforced composite materials
as face sheets of honeycomb panels is increasing. As the matrix
resin, a resin composition primarily including an epoxy resin and
an amine curing agent is frequently used, and its cured material
exhibits high toughness and provides the characteristic of a high
heat deformation temperature. However, &s applicatiﬁns of
cbmposite materials are broadened, needs for the exhibition of
higher mechanical characteristics are greatly increasing.

F0003]

As one measure for the needs, Patent Document 1 proposes that
dicyandiamide be added into an epoxy iesin,composition4as a curing
agent to thereby improve interlaminar shear strength and flexural
strength. However, if dicyandiamide is used, it easily dissclves
in an epoxy resin in a temperature raising process, increasing its

reactivity with the epoxy resin, and thus tends to promote curing



composition. In addition, curing reaction proceeds during the storage of
the prepreg in a working environment, causing the problem that tackiness
and drapability of the prepreg are likely to decrease. [0004] On the other
hand, demanded is a self-adhesion technique for directly bonding a
prepreg of fiber-reinforced composite materials to a honeycomb core
reacwithout sk of adfilrpadiyesies imortles to malentie-homeycomis papele during
. further light weighted and to reduce molding cost.,[0005] However, the,
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depends on the toughness of the cured material of a matrix resin and the
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curing; the higher the minimum viscosity, the better the shape of a fillet to
Bé obtained. In other words, if the toughness of a cured resin material
roo0and the resin viscosity in heat curing are not appropriate, sufficient
adhesive strength caused by a fillet is not obtained. [0006] In addition,
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[00C5]
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However, the self-adhesive strength of a prepreg needs to be
improved by a matrix resin in crder to eliminate the need of a film
adhesive, and, in corder to improve the self-adhesive strength, it
is important to obtaina fillet havinga favorable shape and strength,
which is formed in the bonding surface between a honeycomb core
and a prepreg. The strength of a fillet depends on the toughness
of the cured material of 2 matrix resin and the shape of a fillet
is closely related to the viscosity of a matrix resin in heat curing;
the higher the minimum viscosity, the better the shape of a fillet
to be obtained. In other words, i1f the toughness of a cured resin
material and the resin viscosity in heat curing are not appropriate,
sufficient adhesive strength caused by a fillet is not obtained.
[0006]

In addition, pricor to heat curing of a prepreg, the viscosity
of a matrix resin is preferably low. This is because if the resin
viscosity is low in & normal temperature region in which a prepreg

is treated, tackiness and drapability can be keep gocod. This is



Patent Document 2 describes that, when the prepreg is directly bonded to
a honeycomb core, the use of dicyandiamide along with an amine curing
agent as a curing agent for an epoxy resin composition to be a matrix
resin of a prepreg enables the formation of a good strength fillet, thereby
improving adhesion strength. However, when dicyandiamide is used in
alsc tesmbinatgniwith artaming Titing@genhin thiseavdmnér theoeactiohc prepreg
, activity,of dic rﬁéamide with,an epgxy resin_is increased as descriped
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the resin viscosity continuously increases during resin film fabrication,
can RreréBpEaUSiAg the problem of lowering the production efficiency of a
[0ooPiEPreg. Add!tionall_y, during the storage of a prepreg in a working
environment its curing reaction proceeds, causing the problem that
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resin even by a slight temperature increase. For example, the resin

viscosity continuocusly increasses during resin film fabrication,
thereby causing the problem c¢f lowering the production efficiency
of a prepreg. Additionally, during the storage of a prepreg in a
working environment its curing reaction proceeds, causing the
problem that tackiness and drapability ¢f the prepreg are likely
to decrease. In addition, although this matrix resin improves the
toughness of the cured resin material to some extent, the resin
is still insufficient toc improve toughness for improving the
strength of a fillet formed when a honeycemb is directly bonded
to a prepreg. For this reason, this resin is insufficient in
mechanical properties.

Patent Document 1: Japanese patent application Kokai publication
No. Hei 2-51538

Patent Document 2: Japanese patent application Kokai publication
No. Sho 58-83022

DISCLCSURE OF THE INVENTION



invention is to provide an epoxy resin composition for fiber-reinforced
composite materials that is made improved in self-adhesive strength and
also productivity of a prepreg as well as storage stability. MEANS FOR
SOLVING THE PROBLEMS [0009] An epoxy resin composition for
fiber-reinforced composite materials of the present invention which
PROBICHIRVES tRE aBOU& ©bjdet COmpris8s=Hl0 PHrts by weight of an epoxy
[OOOE% sin (A) ; 25 to 50 parts by weight of an amine curing agent (B) selected
m aliphatic polyamines, alicyclic polyamines and aromatic polyamines;
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of a melting point of 150C ar higher. [0010] The above epoxy resin
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resiRreferably include the.above argapicnaeididinydrazide compouneiSieg with

. dispersed in a particulate form. [0011] In addition, the above epoxy resin
imprewapositiohimay preferdbly linclude AihErmAdsEiReg resimEY, Whislehanical
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Since, the organic acid dihydrazide compound (C) is hard to dissolve in
as sHfFragéxyresm-ihid temperature increasing step, the curing reaction with

mEaN Ne-BROXYFEsNHoes;poeeau ~Therefore, the viscosity stability of the

epoxy resin composition is high, enabling the tackiness and drapability of
[0CC&Jprepreg made thereof

An epoxy resin composition for fiber-reinforced composite
materials of the present invention which achieves the above object
comprises: 100 parts by weight of an epoxy resin (A); 25 to 50 parts
by weight of an amine curing agent (B) selected from aliphatic
polyamines, alicyclic peolyamines and aromatic polyamines; and 1
to 20 parts by weight of an organic acid dihydrazide compound (C)
of a.melting point of 150°C or higher.

100107

The above epoxy resin composition may preferably include
dicyandiamide (D) and alsomay preferably include the above organic
acid dihydrazide compound (C} dispersed in a particulate form.
(00111

In addition, the above epoxy resin composition may preferably
include a thermosetting resin (E)}, which is solid at normal
temperature and this thermosetting resin (E) may be preferably
dispersed in a particulate form.

EFFECTS OF THE INVENTICN
100123



to be well kept at normal temperature for a long period. In addition, the
mechanical properties of the cured resin material can be at the same

level as that made with dicyandiamide. [0013] Additionally, the organic

acid dihydrazide compound (C) has a melting point of 150C or higher,

which is higher than those of dicyandiamide (D) and the amine curing
agent(iB3y, and:Hy dispérsetrip@aniundissolvedfparticulatel fofnr dbéreforppsite
even when dicg(andiamide (D) is used together, the curinsg reactjon
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te diayahdrmmidet (2)starbguring seaction with ¢re epesyrasin (A); therehy step,
increasing the minimum vjscosity of the resin, being capable of obtainin
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present invention, the epoxy resin (A) is not particularly limited and the
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a melting point of 150°C or higher, which is higher than those of
dicyandiamide (D) and the amine curing agent (B), and is dispersed
in an undissolved particulate form. Therefore, even when
dicyandiamide (D} i1s used together, the curing reaction of
dicyandiamide (D) with the epoxy resin (A) prior to heat curing
is inhibited, threby improving the preductivity of resin film
fabrication before prepreg impregnation and storage stability of
a prepreg at ncrmal temperature.
[0014]

On the other hand, when heat is applied at high temperature
at heat curing of a prepreg, the organic acid dihydrazide compound
(Cy dissolves and the amine curing agent (B} and dicyandiamide
{Dystart curing reaction with the epoxy resin (A}, thereby
increasing the minimum viscosity of the resin, being capable of
obtalining a fillet of & good shape and imprcoving the toughness of

the cured resin material. Because of this, use thereof in a matrix

resin in a prepreg makes it possible to improve the self-adhesive



amine-type epoxy resins is preferred. The number of functional groups of
the epoxy resin is not particularly limited and is preferably from 2 to 5,
more preferably from 2 to 3. [0016] These epoxy resins preferably include:
specifically as glycidyl ether-type epoxy resins, bisphenol A-type epoxy
resins bisphenol F-type epoxy resins ; bisphenol S-type epoxy resins;

st rephehobrfovdiac-typepeaxy resins ; cresol novolac-type epoxy resins;
resarcinol-type epoxy resins; and the like and, as glycidyl amine-type
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These epoxy resins preferably include: specifically as
glycidyl ether-type epoxy resins, bisphenol A-type epoxy resins ;
bisphencl F-type epoxy resins: bisphencl S-type epoxy resins;
phenol novolac-type epoxy resins; crescl novolac-type epoxy
resins: rescrcincl-type epoxy resins: andthe like and, as glycidyl
amine~type epoxy resins, tetraglycidyl diaminodiphenylmethane,
triglycidyl-p-aminophenol, trigiycidyl aminocresol,
tetraglycidyl diaminodiphenylmethane resins, tetraglycidyl
m~xylylene amine resins, N,N-diaminocrescl resins and other varicus
modified epoxy resins and crystalline epoxy resins and the like.
Use of these epoxy resins alone or in combination of two or more
species enables the adiustment of tackiness and drapability of a
prepreg while ensuring mechanical characteristics such as toughness
and heat resistance reguired by matrix resins.

[0C0171}

The amine curing agent (B} is selected from aliphatic



based on 100 parts by weight of the epoxy resin (A) . Rendering the
amount of the amine curing agent (B) blended within the ranges makes it
possible to sufficiently secure mechanical properties of cured resin
materials, particularly physical properties such as strength, toughness
and heat resistance. [0019] The epoxy resin composition of the present
polyawentien isljrodotéd hydilgndingdheepdxynesint(R) awlthermne, and may
curin nt (B) and further the prganic acid dihydrazide compound (C
oo DR et B R So S B oL e e & par R e res
prefOFAb € organic-acid diydnazide cemposiad £ hat may be used
~include a compound with a melting point of 150C or higher, preferably
diamymAc RieHThG-PSTREE e BV 2068 SMaRmg?Ré melting point 150C

met20pfigher spatlesexcelientihenna siaplly andiheresiiaintof progress
of curing reaction thereof with an epoxy resin during coating operation
diam¢orduicibeay agesinoctemperaturer of fromegd torg0C ohdurngsiorags avf
< mp<[9e] temperature, In.other words, evenf the.epoxy yesin.compgsition 7
Preftht aTesin temperatrﬂre of from 60 16 90C d%rlng coating operatioh
3, 3’ fof malengqeriodeof fime; aftinerease in resinaisoasity Cashlamyisulfone are
suppressed. For example, even if the epoxy resin is placed in a feeding
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used99G fondiq Rhows, the ingrease of. Jhe regia visessity is restrained low
during the time and discharge thereof from the feeding tank is made easy

[0018Ad also a resin film can be fabricated without altering running conditions

of %C%ﬁtggnre"op%go‘é%ggh@%ﬂmg %ﬁgﬂ@zﬁiﬁﬁm hasae from

high melting point of 1 Igher, an sisdi issolve in the
25 tepoXypzesia atdowetegiperaturef Eorthiy réason, Ihetargbmipacids by weight,
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amount of the amine curing agent (B) blended within the ranges makes
it possible to sufficiently secure mechanical preoperties of cured
resinmaterials, particularlyphysical properties such as strength,
toughness and heat resistance.

10019]

The epoxy resin compesitiocon of the present invention is
produced by blending the epoxy resin (A) and the amine curing agent
(B} and further the organic acid dihydrazide compound (C} serving
as an active hydrogen-~type latent curing agent in a particulate
form. The organic acid dihydrazide compound (C} that may be used
include & compound with a melting point of 150°C or higher,
preferably with a melting point of from 160°C to 200°C. Making the
melting point 150°C or higher enables excellent thermal stability
and the restraint of progress of curing reaction thereof with an
epcxy resin during coating operation conducted at a resin
temperature, of from 60 to 30°C or during storage at normal

temperature. In other words, even if the epoxy resin compesition



it easier to raise temperature in heat curing, and such dihydrazide
compound can be easily dissolved in the epoxy resin when it reaches a
predetermined temperature, and thus is capable of proceeding curing
reaction. The average particle diameter of the organic acid dihydrazide
compound (C) particle may be preferably 100 pm or smaller, more
is lefeferably from Sutots@uoat Theraverdgé pantich® diameieGspreferablpoating
100 pm _or smaller, because .the.organic acid . dihydrazide compaund (C .
02 Qi B BB Db et TR el e TP s SEosicy
can dwalessingsand easily rdissetvesdn the €poxy resid wher fhe éempetatuse aced
, reaches a predetermined temperature. Particles with an average particle
in a JfAReeErdf 180 tintbr dnEREr Ear BB dbtaifte 88 Hpprditiate fon Z=517
temp&PAVNEISIal preducts sMoreovey - for the obtaigment of iRe Raflcles theyse of
are preferably made smaller by an impact grinding method or a spray
the mrging Mietlved. IR additions am 2avardgeopatielel iaeteFifighenstesbhtharge
theK%VE”PQQAGE;‘%{%F%%‘@{%%0@55}'1@;‘?‘%. by %‘Saé%éﬁg paficle diameters.and ¢ 1y
e frequency distribution of “particles after-grinding and then calculating
can Hbefwbight average tvalue: feont ¢hremo[@021] he ongahic aciddihydrazideater
compound (C) is preferably a carboxylic acid dihydrazide compound or a
o1l gibasic acid dihydrazide compound, more preferably a carboxylic acid
ooz @dihydrazide compound. The carboxylic acid dihydrazide compound may
preferably be a compound expressed by Formula (1) below: [0022] 0 0 it Il
(L MR RANCICCREN A2 U023 34k SATP FApREseAfs A PheryTg rpoint
of 159-iRhatc; hydrocarhangrgup having 2.{a.18:cargon.alas, AnalithaliG poxy
ydrocarbon group is a group made of a saturated hydrocarbon or
resin at low temperature. For this reason, the organic acid
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dihydrazide compound in a particulate form is preferably used. The
use of the particulate organic acid dihydrazide compound renders
it easier to raise temperature in heat curing, and such dihydrazide
compound can be easily dissolved in the epoxy resin when it reaches
a predetermined temperature, and thus is capable of proceeding
curing reaction. The average particle diameter of the organic acid
dihydrazide compound (C) particle may be preferably 100 pﬁ or
smaller, more preferably from 5 to 50 um. The average particle
diameter is preferably 100 um or smaller, because the corganic acid
dihydrazide compound (C)} with such average particle diameter
facilitates the temperature rise in heat curing, and easily
dissolves in the epoxy resin when the temperature reaches a
predetermined temperature. Particles with an average particile
diameter of 100 um or smaller can be obtained as appropriate from
commercial products. Moreover, for the obtainment of fine
particles, they are preferably made smaller by an impact grinding
method or a spray drying method. In addition, an “average particle

diameter” in the present invention refers to a value obtained by



an unsaturated hydrocarbon and may be in the form of any of a straight

chain, a branched chain and an alicyclic chain. [0024] Such organic acid
dihydrazide compounds that can be preferred include: adipic acid
dihydrazide; succinic acid dihydrazide, sebacic acid dihydrazide,
dodecanedioic acid dihydrazide, octadecadiene-dicarbohydrazides, and

me a sthel like. j8G25] O kthésemtiresorganicd@cichdihydrazidenecompadurid: (@ision of
referably a carboxylic acid dirgld{%zide cngo nd ex re%sed by Formula
en ca il e W

partgﬁlﬁoﬁﬁmawqﬁﬂ% T}‘L ating t alght average

valubE2NHNCH{GH2)6CH=CH(CH2)2CH=CH(CH2)6 CNHNH2 9 [0027] The
organic acid dihydrazide compound (C) may be blended in an amount of
[0021}o 20 parts by weight, preferably 3 to 10 parts by weight, based on 100
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part by weight or more renders it possible to obtain the effect of improving

carbmeghanicat propéitiesrof zi cieretbmgsin miaterial. Mdkig. the afduhitiofdrazide
blending 20 parts hy weight or less renders it possible fo certainl
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The bBeateuenD; &hiscienders jipessibie teprapetyadiusy the efieimimy be a
viscosity in heat curing. [0028] Even when dicyandiamide is not used for
COMPHENEH BHRESIFS BEMpOsRIOFBF the present rfvéntion, an equivalent-level
[Ooz%cellent mechanical properties can be obtained without impairing
mechanical properties, particularly toughness and heat resistance, of a
resulting cured resin material because the organic acid dihydrazide
compound (£) , \Aﬁﬂch is an active hydrf)%n-type latent curing agent,

HaNHNC-X-CNHNH>

[C023]

wherein X represents a phenyl grcup or an aliphatic
hydrocarbon group having 2 to 18 carbon atoms. An aliphatic
hydrocarbon group is a group made of a saturated hydrocarbon or
an unsaturated hydrocarbon and may be in the formof any of a straight
chain, a branched chain and an alicyclic chain.

[0024]

Such crganic acid dihydrazide compeounds that can be preferred
include: adipic acid dihydrazide; succinic acid dihydrazide,
sebacic acid dihydrazide, dodecanedioic acid dihydrazide,
octadecadiene-dicarbochydrazides, and the like.

[0025]

Of these, the organic acid dihydrazide compound (C) is
preferably a carboxylié acid dihydrazide compound expressed by
Formula (II) below.

[0026]

O O

il I ( T1 )
HoNHNC—{CHa)sCH=CH(CH3)2CH=CH(CH3)s—CNHNH>
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is used. Thus, when the composition is used as a matrix resin for a
prepreg, it is possible to increase the strength of a fillet and to improve
the adhesive strength thereof with a honeycomb core. [0029] The epoxy
resin composition for fiber-reinforced composite materials of the present
invention essentially has the above components (A) to (C) and can further
include dicyandiamide (D) within a range not impairing the effects of the
Qresent invention. [0030] Dicyandiamide (D) has high reaction activity and
100Z{Elexcellent in physical properties after cured and thus is suitably used as

a e ingagent of an-epoXy regin sompasitionder.a prepreandipwever: ied in
the compound is easily subjected to curing reaction with an epoxy resin
an apprposhiontphier linmglsirertatioiedbhéat curingeRhtiebys doexisterce ts by
. with particles of ic acid dihydrazi a -
we s e R 1y beonibiod TOBSA] Tho Srganit acd di°x 179
the dwydrazide Campoutich(C) withra meltwgipdint of 160G ordnglerhasthssible

excellent property of inhibiting curing reaction of the epoxy resin (A) with
€0 ORI (S HriBF o ek Bt g R R BN St ARG BT e F & cured
resigOmpednd gan nestraingthen progress ef ewing wagtian of digyandiamigdeweight

(D) prior to heat curing, and thereby can restrain an increase in resin ,
or lgRposhldaidaldebeasd i tadinBss Whih WYpripteq 198toreg &t iirmar acid

a1 nylemperare Farinstance, eygn whers dicyapdiamide (D) coexists-sHg,  This

compound can’inhibit an increase in resin’viscosity even if the resin
rendeamposition issékpesetbtore rasir fempeiansé of 86 toig0CWaringscosity in
coatingno eration for a long time and can make easy the discharge of the
heat cur ﬁ? " . .
resin"composition from a feeding tank and allow a resin film to be
i 0o 2fapricated without greatly changing the operation conditions of a coater

roll even if the material is placed in the feeding tank or a resin tank of the |
Cogﬁ?ﬂﬂﬁ%ﬁﬁtg%FMﬁﬂg?ﬁ@i%ﬁ is not used for the epoxy resin

composition of the present invention, an equivalent-level excellent
mechanical properties can be cbtained without impairing mechanical
properties, particularly toughness and heat resistance, of a
resulting cured resin material because the organic acid dihydrazide
compound (C), which is an active hydrogen—tYpe latent curing agent,
is used. Thus, when the composition is used as & matrix resin for
a prepreg, it is possible to increase the strength of a fillet and
to improve the adhesive strength thereof with & honeycomb core.
[0029]

The epoxy resin composition for fiber-reinforced compesite
materials of the present invention essentially has the above
components (A) to (C) and can further include dicyandiamide (D)
within a range nct impairing the effects of the present invention.
[0030]

Dicyandiamide (D) has high reaction activity and is excellent
in physical properties after cured and thus is suitably used as

a curing agent of an epoxy resin composition for a prepreg. However,
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Dicyandiamide (D) may preferably be blended in an amount of from1to 5
parts by weight, more preferably from 1 to 3 parts by weight, based on
100 parts by weight of the epoxy resin (A) . Making the amount of
blending of dicyandiamide (D) 1 part by weight or more sufficiently
provides the effect of improvement of mechanical properties of a cured
the gesipcmatériad; makingythecdmeones! pactsc by Wweighteerdedsallpwsthen epoxy
. curing reaction prior to heat curing to hardly take place. 0033] In additio
LeS LGS %Selpt&x%/ resin 8(3):m%p%sji |(§3r£11 |esnhee1%%§‘é¥ ﬁoﬁlgr%%tegu%ir?g%%zh%gthe“]ﬂérEby
coex DEganie acid dihydrazide: compotin (€} skartsc taslissalye ythesamie compound
curing agent (B) and dicyandiamide (D) start_ curing reaction with the
() %‘b%}ig?@siﬁ‘éﬁ)‘%ﬁer@%?‘?ﬁér‘é%sﬁﬁjtﬁé mihimBAisCosity dtthe Tsifn+ td-
ioo3f?mposition during heat curing. As a result, a good shape of a fillet can
be obtained and also the toughness of the cured resin material can be
improved J8034] ahiecepoRy Fasin tEMPOSISTHBEHE présémt vedtiony point
aY. include the thermasetting resin (E), which i id at pal, . . ;
o L T oL (e LR i 1 ey B Sprii g curing
reacpadicutate formn. Rartigles«f the trermosetting resiar(&) dnatdis salig atrior to
normal temperature are made nat to completely dissolve in the epox

neat iBRihY(AT unldSErRtRiTY a Prediteriiingd terpEritha Wi ™ ©Strain the
progPEedetermingd tegpewmiunesisHeaghes Ppsticlasefitie theymesedingco heat
_resin (E) dissolve uniformly. Thus the viscosity of the epoxy resin . .
Cur1@§m.p®§i<ﬁoﬁh§ﬁﬁiﬁgrfyaéfdjﬁﬁéé,réﬁéblﬁ]@ té%ﬁ?%@oé@fiﬁé?[@@ﬁ}scouty
ana adgliopaliedhe addiiop afarticles of the henpaseting JESPAE) a@vetb rmal
when a thermoplastic resin (F) described below is blended, enables its
tempamount ef blehdingte beneducede andiherefbie the disvosity of theaesimists,

th comﬁositi%ncgéior :tLOn h qetrata-acﬁJ ri{lgc%tggscg nit%le g:%%r:?gs%%tsocic%gr Veeven it
€ tackinessan (ﬂ'apa ifity of & Y

the resin composition is exposed to a resin temperature of 60 to
90°C during coating operation for a long time and can make easy
the discharge of the resin composition froma feeding tank and allow
aresin film to be fabricated without greatly changing the operation
conditions of a coater roll even if the material is placed in the
feeding tank or a resin tank of the coater roll for 1 to 2 hours.
[0032]

Dicyandiamide (D) may preferably be blended in an amount of
from 1 to 5 parts by weight, mbre preferably from 1 to 3 parts by
weight, based on 100 parts by weight of the epoxy resin (A). Making
the amount of blending of dicyandiamide (D) 1 part by weight or
more sufficiently provides the effect of improvement of mechanical
properties of a cured resin material; making the amount 5 parts
by welght or less allows the curing reaction prior to heat curing
to hardly take place.

(00331

In addition, when the epoxy resin compoesition is heated in

il



prepreg, thereby being capable of obtaining excellent workability.
Furthermore, the case where particles of the thermosetting resin (E) are
added is excellent in the effect of improving the toughness of the epoxy
resin composition as compared with the case where only particles of a
thermoplastic resin are blended so as not to dissolve, whereby the
heat strengtigof afitiet ban dredmproved aididdhesivez sttengtimtheved! ith sstarts
honeycomb core can be further increased. to imprave self-adhesiveness. .
<o A B R gt T et ARt reiin (BT A e S gy Stast
curitempetaturecdo noteompletelydissaled imthergpoxynesisb fAj at@easing the
temperature of preferably less than 90 C, or more preferably from 60C to

ninigye WiRFLSohdnig EB%tﬁ%ﬁ@tﬁ@Wﬁ&%M%gHr@ §de Curing. As
a rePleferably 120G Oér%qﬂef_o@%e preferably-Fom 130619 L00€. ARG also the

addition, the softening point is a value measured in accordance with JIS
tougkrrEzas. 603718 e present VRt s rthe KirtRof atiéles ot ves -
[ gﬂermosetting resin (E) is not particularly limited. However, the examples
that are preferred include: epoxy resins; bismaleimide resins; isocyanate
resihe; phemnol resins unsaturaied polyestel ressp and eyl esterméding, may
that are solid at normal temperature, and the examples that_ar

inC 1S Ry PPN EEE: G55 rading: BIEnGbimHe e TedhsPaRT1
t emplSOSYANALS-PE regins, that rakessalidiafnoraal tenpperatbie tANEPOXY¥rsed in
resin that is solid at normal temperature can be prepared, for example, by

2 Papuifing ispRERl ARypd &poRyF redinodnerasB iy and digs - (E) that
15 siNAraasing, ifs melecularweight, A cystaline solid at pormal femperaWie o1 ve

Is obtained. The epoxy Tresin Is preferable because workability of a
in tipeepregis improvethPduertd ebe high sbitening posdandbecagset ¢perature.

menCBOY IS as the effect of moroving the Rorgoiy: I0035] FUDRLTOLG: «pe
thermosetting resin (E) dissclve uniformly. Thus the viscosity of
the epoxy resin composition is properly adjusted, enabling to form
a good fillet.
100351

Additionally, the addition of particles of the thermesetting
resin {E}, even when a thermoplastic resin (F) described below is
blended, enables its amount of blending to be reduced, and therefore
the viscosity of the resin composition prior to the heat curing
step can be decreased to improve tackiness and drapability of a
prepreg, thereby being capable of chtaining excellent workability.
Furthermore, the case where particles of the thermosetting resin
(E) are added is excellent in the effect of improving the toughness
of the epoxy resin composition as compared with the case where only
particles of a thermoplastic resin are blended so as not to dissolve,
whereby the strength of a fillet can be improved and adhesive
strength thereof with a honeycomb core can be further increased

to improve self-adhesiveness.
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preferably have a particle diameter of 100 pm or less, more preferably
from 5 to 50}im. When the particle diameters of particles of the
thermosetting resin (E) are made within such ranges, the particles
uniformly dissolves when reaching a predetermined temperature at the
heat curing step, so that the viscosity of the epoxy resin composition can
(003 6k appropriately controlled. In 13 addition, the method of preparing
particles of the thermeseting tesin (E).and the methed ofmeasuring. o 5 4
parﬁ(ﬁe tiaméters include griﬁlalng prepa?atl%n and e?asuremen as’in
ncrmille €ase ot padictesd of the: organic acididinydraziseveompotned (Epoxy resin
described above. [0039] The epoxy resin composition of the present
(B) ahehfiam fizs - PRSTABR MCRIdE2 Y0 20 Barts By Weight of tHe=e preferably
£ romt@@mﬂ()éstyeg d ?%&&E& M@eq{ﬁfﬁﬁab%of{%"e sfoclparisbyweight.dl resin
the blending ratio, based on 100 parts by weight of the epoxy resin (A) .
(E) e Bmauit bt bRipting ePthe termoseting reaire(B)Hs fpreféraplyfzom 130°C
to lé)@g@.by.ﬂzelgghortT 56’ Q%qgussgftpgnvi & Sﬁtgjpf’éhﬁsego%g %%n easured in
composition can be appropriately controllédto obtain the effect of
accotdptovingithertoagBness/afihe cured resin material. In addition, the
amount of blending is preferably made to be 20 parts by weight or less,
[003Bbcause the prepreg can be made to have appropriate hardness to
imprpveackiness And traralilitys [004Q] Therepoxy resincompesitan ehe
the present invention may also include the thermoplastic resin (F). This is
therpesgiidelthe tRefRopastieTEst (PR 15Cdisedlded ih tHEepE%y resiAAY &/ the
exanflAISDL ARGl IDe yiscosly ohthe eReXIeSiAarPOSian and CIEARE: s e
he minimum viscosity of the resin composition at heat curing, and thus a
resigeoed Shaped fillétecarsise formeathas:well asstoughnessofiacuest peslhyester
. material.can be improved. Because of ,this, the thermagplastic resin (F
e RIS S50 Teoit () Brdierdhiy ot Bt dreh

and 966 arhighere mare aprefarably-ata temperature of fremr88C1adbA€e : epoxy
When the resin ,
resins; bismaleimide-type resins; and isocyanate-type resins, that

erature,

are solid at normal temperature. An epoxy resin that is solid at
normal temperature can be prepared, for example, by purifying
bisphenol A-type epoxy resin to increase purity and also increasing
its meolecular weight. A crystalline solid at normal temperature
is cbtained. The epoxy resin is preferable because workability of
a prepreg is improved due to the high softening point and because
the epoxy resin has the effect of improving the porosity.

[0038]

Furthermore, particles of the thermosetting resin (E) may
preferably have a particle diameter of 100 um or less, more
preferably from 5 to 50um. When the particle diameters of particles
of the thermosetting resin (E) are made within such ranges, the
particles uniformly dissclves when reaching a predetermined
temperature at the heat curing step, so that the viscosity of the

epoxy resin composition can be appropriately contrelled. In

i3



is dissolved in such temperature ranges, it can be easily and uniformly

dissolved and stirred and mixed. [0041] The kind of the thermoplastic

resin (F) is not particularly 14 limited and preferably includes at least one

kind selected from polyethersulfone resins, polyetherimide resins,

polyimide resins, polyamide resins, polyether resins, polyester resins,
addipotysylfene resins;pobymmnitdeaiderrgsisr palyaerylaté resiasthermosetting

. polyarylether resins, polyphenylether resins and polyetheretherketone.
resifodfs. TS (HRRTDBHRHA e Ry R BarEURRy parrably <o ters include

grinfolysthersyifone resins. aupalystherinideesins: whichehasBigho £ particles
compatibility with or affinity for the epoxy resin component as compared

of thmthasthenthermeprhsté resing ahefelyRamy the  gledlerefditssi above.

[003' proving the toughness of the cured resin material. [0042] The
thermoplastic resin (F) preferably is a particulate material and its particle
didrheteepayybe prcferabdyn206 jpni on smiallenempreeprafdrablyvieorniSto may

100 pm. The use,of a fine particulate thermoplastic resin q%avi such .
P SRARI GARHERS nfaKER ICPoSie 0 TpIOVETRG ViscoBlty o osetEing

resisehanacterisies apdetotighpess okthe resirbcorapesitianssinge wed paticles: the
are dissolved rapidly and uniformly while avoiding having large particles

blenfin gndrsbRediiisiPadied R tHeedoky¥site rEbtheP WordS, ViR the 51
(n) . Patigle diameter gFthe,partiewatesdsmade 19-be, 200.0m QK smaller, the) 1s
thermoplastic resin (F) uniformly dissolves in the epoxy resin (A) to obtain
preftheagflectofimprovivy thelshysical proserties Ggarticulily thexeaghnesst the
epoxgj: the resin composition,, Ta%%f%eeth?‘;%gécPrerplaa%“eql AliCles ohe y o optain
ermoplastic resin and the me of measuring particle diameters
the #tereetincludegrinding prépatationtandmessurement asdnitbe taseadferial.

particles of the organic acid dihydrazide compound EC) deicribed above.
In a@@hgTon, the amount of blending 15 preferably made tc be 20
parts by weight or less, because the prepreg can be made to have
appropriate hardness to improve tackiness and drapability.
(00407

The epoxy resin composition of the present invention may also

include the thermoplastic resin (F). This is because the
thermeplastic resin (F) is dissolved in the epoxy resin (A) to
thereby control the viscosity of the epoxy resin compesition and
increase the minimum viscosity of the resin composition at heat
curing, and thus a good shaped fillet can be formed as well as
toughness of a cured resin material can be improved. Because of
this, the thermoplastic resin (F) may be dissolved in the epoxy
resin (A} preferably at a temperature of 90°C or higher, more
preferably at a temperature of from 95°C to 150°C. When the resin
is dissclved in such temperature ranges, 1t can be easily and
uniformly dissolved and stirred and mixed.

[0041]

The kind of the thermoplastic resin (F) is not particularly

14



The epoxy resin composition of the present invention may preferably

include 20 to 60 parts by weight of the thermoplastic 15 resin (F), more

preferably from 30 to 50 parts by weight, in the blending ratio, based on

100 parts by weight of the epoxy resin (A) . When the amount of blending

of the thermoplastic resin (F) is made to be within the range of from 20 to
1imiB6datshypweiltatie visoeditydsithe eposy edsineempbsiliopccagrfed from

appropri controlled and when the amount of blending is;m e .-
po1y%ggp%lrps€%%¥/\rf§gﬁ?%ﬂ]esss,?ﬁ\g%’aec E|1neers:§maln Sdrapability gé%eilﬁnié%\%%?ms'
poly Q04 Thesepexy fedincompositern fos fihesTemtareedcompositepolysulfone

materials of the present invention essentially includes the above ﬁ\() to

arylether

resiyey cerpGRntSaRd AfoREFiy hclBReYBiehding &t theSD) 5w B9
::esif(alf__gmpgegg}gmﬁgim%@@l@@s,@ﬁge%iaeq;tm@@mg)cm@rae%@msins X

) components, blending of a variety of additives such as a well-known
The thémyagent partictesefthéfosating FésiF L vRELEItYa6iHSHIP adent,

filler, stabilizer, fire retardant a ' [thi ot.i i 5
polyﬁéégﬁi%éo?ﬂﬁagﬁggégiﬁ%e%%#y%QQg%¥%§wéaﬂ@Q98§L JHRAEING, 5 1 gh

tior. [0045] In the epoxy resin composition
compaftheipgresentihvention, 4He imininpuihoviscdsity ewhich is esdasuretironent as
dynamic‘viscoelasticit% measurement at a temé)eratul[le rise rate of 2

compaREfute. Thad bes pretbRBRPRIM o o 150 PR, niore pieterably from the
grea2@10 45688 s Rendlerng the MiRENWHvigeasity meastred iudyamiesin

viscoelasticity measurement within the above ranges is important for
matefisrdving productivity of a prepreg and self-adhesiveness thereof. When
{004%' minimum viscosity is made to be 10 Pas or larger, a good fillet can be

ormed to thereby improve self-adhesiveness, and when the minimum

vistositytisamade tebé 160:Ras.or [ORer pthe fresibéompasiiorzanbeulate

dily i ted into reinforcing fi duri ducti il
e JEER RIS R Tl IS HeRCRATRHE G o

ed that, in'the present
sma lin¥ention; the priaifaumbly from 5 to 100 pm. The use of a fine

particulate thermoplastic resin having such particle diameters
makes it possible to improve the viscosity characteristics and
toughness of the resin composition since the particles aredissolved
rapidly and uniformly while avoiding having large particles left
undissolved when added to the epoxy resin. In cther words, when
the particle diameter of the particulates is made tc be 200 pum or
smaller, the thermoplastic resin (F) uniformly dissolves in the
epoxy resin (A) to obtain the effect of improving the physical
properties, particularly the toughness of the resin composition.
The method of preparing particles of the thermoplastic resin (F)
and the method of measuring particle diameters thereof include
grinding preparation and measurement as in the case of particles
of the organic acid dihydrazide compound {(C) described above.
[0043]

The epoxy resin composition of the present invention may

preferably include 20 to 60 parts by weight of the thermoplastic

15



16 viscosity in dynamic viscoelasticity measurement refers to a minimum
value of complex viscosity in dynamic viscoelasticity measurement at a
temperature in a range from 25C to 200C at a temperature rise rate of 2
C/minute at a frequency of 10 rad/second at a strain of 1%. [0046] In the
epoxy resin composition of the present invention the fracture toughness
resival(Bof arcuredresitematerial fefers f0a tfracilGrectorighnegs walught, in the
easured ip ac ordance wi TM D5045-91 an eferabl

SNk ke ke i ol i ety o SEERS

(a) . toyghnessnaluenef:acused rasin doaterist isch8 MPa#vel highes resin (F)
toughness of a fillet part is high, and the peelin strength can be so

is maRsovRdIRathabmal hRECERN SRR oloeel Al Barast PRdHEydomyeioht,
the 99%‘8&9?%’%9 riest é‘{;tSE;9%@'@9&%&%98@@%&P@Qﬁe%)eaagﬁ%pmate 1y

honeycomb core. [0047] In"addition, even though the epoxy resin
conteompesitisndfithenpiésentitvention is plavediata nes,lmetﬁpetath% 6f parts

fro Oto EOCfor ong time during coating ope nofprodu in
5 WSAR NI (e LompOSIORFAE e Jea A of T Sl Shopgo. pp=oved-
[OO4EE}SII‘I viscosity. For example, the amount of change in viscosity when the

resin composition is placed at a resin temperature of 75C for 2 hours may

be PrEfTROS A SEPPAS of SHRAEE Mbre Sféter‘ébﬁﬁﬁbéwé%‘f%%né?mpos ite
mategi%mgr%Pr%@aﬁb'e%%ﬁﬁsﬁﬁ‘cé’?&l%n Ragticulars preferably B8 &8s 8k above

smaller. When the amount of change in viscosity is 150 Pas or smaller,
) Hife changenweesin biisedsity Bodrhak slen whehl theaedid eomposgition ishe (D)

ﬂ@oﬁ«g% &E‘@bt?“%‘?{ reﬁﬂ'&?ﬁ‘ °f ag ﬁé%{ gi&r 2.long & elon to the

ere sequent Ischarge o "from t Ing tank can
abovmada easter gnd acesinfitmcan belfebdmatgd mﬂttmutrgre&tltyyatbénmgidltlves

running condijtions of the coater roll. Note that, .17 regarding the ch ein ,
SuCh B BT O LRAGETT bty CLes SE Y ROAIES SRR4G esin,

viscosity adjusting agent, f£iller, stabilizer, fire retardant and
pigment, within a range not impairing the effects of the present
invention.

[0045]

- In the epoxy resin composition of the present invention, the
minimum viscosity, which is measured in dynamic viscoelasticity
measurement at a temperature rise rate of 2 °C/minute, may be
preferably from 10 tc 150 Pa-s, more preferably from 20 to 150 Pa-
s. Rendering the minimum viscosity measured in dynamic
viscoelasticity measurement within the above ranges 1s impcrtant
for improving productivity of a prepreg and self-adhesiveness
thereof. When theminimum viscesity is made tobe 10 Pa*s or larger,
a good fillet can be formed to thereby improve self-adhesiveness,
and when the minimum viscosity is made to be 150 Pa*s or lower, the
resin composition can be readily impregnated into reinforcing fiber
during prepreg production whilemaintaining formabilitycf a fillet.

It should be noted that, in the present invention, the minimum

16



is obtained by measuring the change in complex viscosity with time in
dynamic viscoelasticity measurement at a constant temperature of 75C at
a frequency of 10 rad/second at a strain of 1%. 10048] Additionally, during
heat curing, the epoxy resin composition of the present invention has a
high reaction starting temperature, preferably 100C or higher, more
viscopseferably frdym 240 ¢to t45Co Fhas thelepoxy.eesin conpusitionicithe to a
oy frgsent fvention is excellent in heat stabily prior oheat cuing e .. 4o«
mins glregf} %eca%ab?e or *reégtrainlng A inbrease n resin viscosffy iefothe
meas€UERGrreagtion. Spegitcally:the reacton stagtingrtepaperatice tmeasured at a
by differential scanning calorimetry (DSC) is high, thereby being able to
tempGifbit e HroGrest St Bhrihg Fe/detiBh bt atre%i%lf@ﬁ&béwr@%ag%r%%)second

at aduring Usugl-coating operation or at normal temperature during storage.
In addition, the reaction starting temperature in heat curing refers to a
[004 gdaction starting temperature measured by differential scanning

calorimetty (DSt raéége%g}ﬁ&%%%"iQ?_%zﬁatﬁf"ft%%cé%@@s&'}?é i%n ption the

. X
Intersection %?a exten Ineor a rising of an exothermic peak and a

fracbase lineddi4H 9 heamethagfofarodueitig aa=spoxyaésinicomposittarsforo a
fiber-reinforced compagsite material of the present 'nventionFiganot

ErachipRigHPMRES did-te BRoRVFeSh RIS HIXSF ARG ditfed ‘bréterank > 21

and ALY BRPSalde ohirom 95 te,330¢ mere prefarably aka iemperadwgnfy 1.8
from 100 to 125C to make a resin solution. At this time, if the

to 2 theMfopiagtic ré8ire(F) lsclended the theraioptasticrebine (Pfige cured resin
nat e PiEleraly added, 500, digsglied {g PLeare A XL 183N, TRYPRIE oare 15
t era ed f p

e mixture resin is pre y CcOo 0 a temperature of from 60 to 90C,
highmare preferaliy ¢d arkd empergtine of frore7Gto 800 rand themmthisaterial

frac?t!’z)ggr% reasrin areoagdegrmzhgrat}legq: ° on%rétsén%lgd'n the aTrizn% eelin

aring aE;enF(sBjt and the organlcpam (ffhyéirazuﬁle ‘c"ompoun%li%) ) P g
testSecHicbntherg of a face sheet (prepreg) and the honeycomb core.
[0047]

In addition, even though the epoxy resin composition of the
present invention is placed at a resin temperature of from 60 to
950°C for a long time during coating operatiocn of producing a resin
film, the resin composition has the feature of the small change
in resin viscosity. For example, the amount of change in viscosity
when the resin composition is placed at a resin ﬁemperature of 75°C
for 2 hours may be preferably 150 Pa-s or smaller, more preferably
100 Pa+s cor smaller, still more preferably 70 Pa's or smaller,
particularly preferably 55 Pa*s or smaller. When the amount of
change in viscosity is 150 Pa's or smaller, the change in resin
viscosity is small even when the resin composition is left in a
feeding tank or in a resin dam of a coater roll for a long time,
whereby the subsequent discharge cof it from the feeding tank can

be made easier and a regin film can be fabricated without greatly

altering running conditions of the coater roll. Note that,

17



amine curing agent (B) and the organic acid dihydrazide compound (C)

and, as required, dicyandiamide (D) and/or particles of the thermosetting

resin (E) are added thereto and uniformly dispersed to produce the resin

composition. [0050] Specifically, the epoxy resin (A) and preferably the

thermoplastic resin (F) may be mixed and stirred for about 0.5 to 3 hours
regaumtihcettamlyrunifgemly: dissalved by melaassofcaiplanetarpamierisevataosity
, temperatyre of from 95 to 150C. Then, it js preferred_that this mi]\éture. ,
1S ORRRihig e@?&%‘igﬁb%ré e‘%ﬁ%ﬁ 805 &hd tné anmine %u‘?’ijhah time

in dPgeRt (B)ard the arganic acidwibydragideneompounddey eadasemperature
required, dicyandiamide (D) and/or particles of the thermosetting resin (E)

of 7T3ré adlfed tHeref 8RFUnférmily dRPERRAMMN Béndedtd proviueé té -

roozgéf}Sin composition. [0051] A fiber-reinforced prepreg of the present

) invention is produced by using the above-described epoxy resin
cohsbsitiorrfor lthe fiberireinferegd-compdsité htatarialy ases Iatixyesis tion
and by compounding.the matrix resin, with the reinforcing fiber.

of T e TR Ing LI ate? Cathioh TBeS: BrapRRS Tberss Sammgratuze:

prefébers] glassfibess; andike |ikeo Of thesezearbor filess are prefewsd@nd Thus
carbon fiber fabrics are particularly preferred. [0052] In the

the IpRKYehfSieBATHERRY: tHE PerderittoréMmTT matriy fdkit ffay BeS*cel Lent
in hekeferably, from-30 0-50% by, weight, more preferably ropy 351 48%B%1e of

weight. If the proportion of the matrix resin in the fiber-reinforced prepreg
rest gaWiAinghe Paiges; HR6 sselbaditasiveriess ®p tHe prepreg dimptévedand d

reacfiS9 Wor%?é@x ﬁl%caa[ﬁgfepeﬁ{ nce %H%'i%ﬁ”% i{ggr%g ae&rtg@@g@%e

mechanic properties a carbon fiber-reinforce composite materia

mea scapdéfully exbidited: (0053} dhemietinodsof prdcucing/a fibecreinforéedih ,
therggﬁnggf%g able to inhibit the progress of curing reaction at
a resin temperature (60 to 90°C) during usual coating operation
or at normal temperature during storage. In addition, the reaction
starting temperature in heat curing refers to a reaction starting
temperature measured by differential scanning calorimetry {DSC)
at a temperature rise rate of 10°C/min, that is, an intersection
of a extended line of a rising of an excthermic peak and a base
line.

[0049]

The method of producing an epoxy resin composition for
fiber-reinforced composite material of the present invention is
not particularly limited and the epoxy resin (A} ismixed and stirred
preferably at a temperature of from 95 to 150°C, more preferably
at a temperature of from 100 to 125°C to make a resin sclution.
At this time, if the thermoplastic resin {F) is blended, the
thermoplastic resin (F) is preferably added and dissolved to prepare

a mixture resin. Thereafter, the mixture resin is preferably

cooled to a temperature of from 60 to 90°C, more preferably to a
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preferably a hot melt method that involves coating an epoxy resin

composition of the present invention onto an exfoliate paper in a thin film

form to fabricate a resin film, laminating the resin film above and below

the reinforcing fiber and then heating and pressing them to thereby

impregnate the epoxy resin composition into the reinforcing fiber. A
tempgrepnegeobifirfecbin this teafi€ds exceltdntin storage stabitityeverresin are
h Elaced ina workin% environg}e%t,or in.g normal temperature

a

.. th
oS ikBhere 1 FHGFSENOH B hie Aic dBes ot Haiorad o 297 (3)

and daekinessand drapability y[0054] Spesiiicalyithe fibpr-repderced prepreg, the
of the present invention has not blended therein dicyandiamide or has
aming|éided Shei in Blsrafahfsurft sertss hended iiarefithe Gganieround
(c) Acid dibydrazide: compound (C),with & melting point of 120G.0rhighels of the
whereby the resulting material is excellent in storage stability at normal
thertempetatoe. 1a vier(Words; avhdd dk thatokdlds stctedn aE aomaal dispersed

emdoecrgtqg% forxae Iong perlodoosfitjcrgghan increase in viscosity of the matrix

£0 PIESRGS sha , ANd thusthetackiness of the prepreg is hardly changed.
ro05dtere, normal temperature refers to a temperature at which a prepreg is
treated in a working environment and is about from 10 to 35C. The epoxy

reSRShipditionef thBSpRRRRY inveRtion dbes ABCIAERSREE MY

the riRfkiness;eventhoyghrit is lgft i stands forexanplerpeeferably forden 0.5 to
days at a room temperature of 20C, and maintains the excellent tackiness

3 housxhibiéd imprediatelyl after Heofabhc bR TP iNeprépt et 2[0pSE] Z0PHRnetary
mixeﬂbseer:zrelrﬁfor%%gn %e gg%?@@@g?&%@@ {@)aﬁl@ rolé_lan%llqgﬁ(.—:"d_,gp Pgtgrefexred

aces of a honeycomb core and then subjected to heat curing moldihg
thatsued asmiskabastordave: maldingadrdwtipress taoldigetotbesablé tdrom 60 to

900Cproducm_—:' fiber-reinforced composite _n}iateri I% The resulfin cid dihvdrazide
T et dtBed Eomdosite AtatBrial i s‘?go A9iifet I ﬁ%h AendEie
compstiangthcas el as exeellent raechaniedls perfermanse(p) and/or particles
of the thermosetting resin (E) are added thereto and uniformly
dispersed and blended to produce the resin composition.
{00511

A fiber-reinforced prepreg of the present invention is
produced by using the above-described epoxy resin composition for
the fiber-reinforced composite materials as a matrix resin, and
by compounding the matrix resin with the reinforcing fiber.
Preferable reinforcing fibers are: carbon fibers; graphite fibers;
aramid fibers; glass fibers; and the 1ike. Of these, carbon fibers
are preferred and carben fiber fabrics are particularly preferred.
(00521

In the fiber-reinforced prepreg, the percent content of
matrix resin may be preferably from 30 to 50% by weight, more
preferably from 35 to 45% by weight. If the proportionof thematrix
resin in the fiber-reinforced prepreg is within the ranges, the

self-adhesiveness of the prepreg is improved and also workability
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[0056] A honeycomb core used in the present invention may preferably

be any one selected from aramid honeycombs, aluminum honeycombs,
paper honeycombs and glass honeycombs. Of these, aramid honeycombs
are preferred. [0057] Hereinafter, the present invention will be further
described by way of Examples; however, the scope of the invention is by

and nopmeansdimitgd4d theseExampleso FoAMBEE 5u (158t [Examplehitd cal
6 and Comparative Examples 1 to 4] The e oxg resin (Ar%,_the amine
PTOPEXNG A8t () S e Sfyantc Heid Sy draice caRpBiTd (&) Afd Hstan s ©3n
pe ramitfawgompenants, dicyandiamide (D), the thermosetting resin (E) and
the thermoplastic resin (F), which are listed below, were used to prepare
[005¢goxy resin compositions in blend ratios listed each in Tables 1 and 2.

First, Ihe, [qtgl amgunts,af epoxy fesin 4y, and thermaplastic fesin (B); 1

were stirred and mixed for 75 mifutes by means of a planetary mixer set
prefatratdmperature ro¢ 125Gt théy aje dame dwuriformaresingselutionoxy resin
Thereatfter, t?isY%lanetar mi er. was g% a}l a (t)erggeratureexoffgoj% and sber in
COmPYREN RS r&Sin er%pgr%t dre” betame uniform: the totil amouths oFﬁ1ep P
a thamire chrifg agenb(Bladbe eofganig acid diydiazide campodnd{€)the resin
dicyandiamide (D) and 21 the particles of the thermosetting resin (E) were

£1lmy gl fo st rESIALBILIR, AR RRST i feshiting makfialhas sifidging and

pre st JNXEL 10 PEeRH S ALEPARYHESIL 6PeSIton, 100591 EPOXY e8RS s 1 tion
(A) Resin A-I: N,N,O-triglycidyl-p-aminophenol resin (MY-0510
intomarifactureb by Husitsrhka AdvanceteMatdiatd tEC) Résim ARl s manner is

exce if@%%“gﬂnF'tEVPer%P§é<ysr§%ﬁ%‘i@&%}’%}?&:@ manyfagtured by JaRANERON, 1 g
esins Co., tdcf)

environment or in a normal temperature atmosphere for a long period

of time and does not deteriorate in tackiness and drapability.

[0054]

Specifically, the fiber-reinforced prepreg of the present
invention has not blended therein dicyandiamide or has blended
therein 1t in a small amount and has blended therein the organic
aciddihydrazide compound (C) withamelting point of 150°C or higher,
whereby the resulting material is excellent in storage stability
at normal temperature. In other words, when the material is stored
at normal emperature for a long period of time, an increase in
viscosity of the matrix resin is small, and thus the tackiness of
the prepreg is hardly changed. Here, normal temperature refers to
a temperature at which a prepreg is treated in a working envirconment
and is about from 10 to 35°C. The epoxy resin composition of the
present invention does not detericrate in tackiness even though
it is left to stand, for example, preferably for ten days at a room
temperature of 20°C, and maintaihs the excellent tackiness
exnibited immediately after the fabrication of the prepreg.

[0055)
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[0060] Amine curing agent (B) Curing agent B:
3,3'-diaminodiphenylsulfone (ARADUR9719-1 manufactured by
Huntsman Advanced Materials LLC) [0061] Dicyandiamide (D) Curing
agent D: dicyandiamide (Epicure DICY 15 manufactured by Japan Epoxy
Resins Co., Ltd.) [0062] Organic acid dihydrazide compounds (C) Curing
agehne Ctii adipicadid thhyirdzide cpngmpurdtADH dnanufatisethdyner is

. Japan Finechem Ca., Inc..),.melting point: 177 to 184C, average patrticl

e T R ot 2 e e a2 0

heat manifagtured dynlapandineshes:go. dae o), Meltiegpointi k85 4 19ECpress
average particle diameter; 9 pm Curing agent C-3: sebacic acid

mo L d iy FRAGACORpotRT B e ntdmfrack red by SapanteRBERdmhTBaterals.
The AB8Swh MEIENGiRAIAL 1851 189 avsrage patticle diameterz21PBbod fillet

Curing agent C-4: 1, 3-bis(hydrazinocarbonoethyl)-5- isopropylhydantoin
and NPH mahaftifed bysAjdindmato FinblTéchno*Cel UARY  hedhdg pemi:
perfl%ﬁ %%§4C, average particle diameter: 10 22 pm Curing agent C-5:

7 -octadecadiene-1,18-dicarbohydrazide (UDH manufactured by
[005Ajinomoto Fine-Techno Co., Inc.), melting point: 150 to 165C, average

particle diameter: 20 pm [0063) Thermosetting resin (E) Resin E:

iSp SRS R 886%?%&?? &b ﬁrrﬁﬁﬁﬁ‘f%c‘tﬁ?r‘é%’b POHS kRE&Terarly

be afP.ctdd3e sofieaingmeaint: 135&ite 1OGrepared as fing aftieleseycombs,
having a particle diameter of 100 pm or less by impact grinding [0064]

paper honeycombs and glass honeycombs. Of these, aramid honeycombs

are preferrad.

[005B7]

Hereinafter, the present invention will be further described
by way of Examples; however, the scope of the invention is by no
means limited tc these Examples.

DXAMPLES
[0058]
[Examples 1 to 6 and Comparative Examples 1 to 4]

The epoxy resin (A), the amine curing agent (B), the organic
acid dihydrazide compound {(C} and, as an arbitrary components,
dicyvandiamide {D), the thermosetting resin (E} and the
thermoplastic resin (F), which are listed below, were used to
prepare epoxy resin compositions in blend ratios listed each in
Tables 1 and 2. First, the total amounts of epoxy resin (A) and
thermoplastic resin (F) were stirred and mixed for 75 minutes by
means of a planetary mixer set at a temperature of 125°C until they
became a uniform resin solution. Thereafter, this planetary mixer
was set at a temperature of 70°C, and when the resin temperature

became uniform, the total amounts of the amine curing agent (B),

the organic acid dihydrazide compound (C), dicyandiamide (D} and
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Thermoplastic resin (F) Resin F: polyethersulfone resin (Sumikaexcel
PESSO003P manufactured by Sumitomo Chemical Co., Ltd.), prepared as
fine particles having a particle diameter of 100 pm or less by impact
grinding For 10 kinds of epoxy resin compositions obtained (Examples 1
to 6, Comparative Examples 1 to 4), the amounts of change in viscosity,
the pertsiaciion staiting termperatoes! tickiness of thel Epoxg resiacdded to this

resin g@

co sitions and fracture toughness values of the cured .materials were
L SOBET B Mhe Ot DS IR Eitog Ba o At 1R reselstad po and

mixedablespl-apd 2= Innaddifioroftbese, Tkingds sdfteipaxy resin compositions

Examples 4 to 6, Comparative Examples 3 and 4) were each evaluated

[005§dr the minimum viscosities in heat curing of the epoxy resin

=p&RPositions, tagkiness of prepregs and peel strengths of the honeycomb
panels by means of the methods indicated below, with the measurement
Resipediit listedVinCrabie @1 Yoo e Armaint o? ehamge inndsdasity of epok
manu it (2RO 'OﬁLnTchs‘%n%'}ua%&Y'gg" SCOS{RY Wlp.time, 0££h§>ep°xy resin
composition at a temperature 0 was measured for 2 hours to
Res ideterining the laenauntfofichaagerin ascesty in Epdursatlafité 23nradactured

b initial viscosity. Note that, regardin v&!;e viscosity of the epoxy resin
Y JEBAPoSHIGH:; th%ec,so]rﬁﬁle(;?/rs’cogﬁ)g‘ s measured in dynamic

[ 00 evigcoelasticity measurement with a strain of 1% at a constant temperature
of 75C at a frequency of 10 rad/second. [0066] [reaction starting
* AnigiRperatiire f 2PdRY rédtn composition] About 5 mg of the epoxy resin

cur: §AMBgSHion 2 & sample was sibisdied 9 Merma anagistymeans of
differential scanning calorimetry (DSC: DSC-2920 manufactured by TA
manulfestrtmesds dpc Juint nignogbd atmosphéietat al ehipdrafire rise rate of
C/minute from a temperature of 20C to 350C. Measurement was
[00 . . . .
carried out by setting as a reaction starting temperature a temperature of
Dithes iersectien obthe extended line of a rising of an exothermic peak

Curing agent D: dicyandiamide (Epicure DICY 15 manufacturedby Japan
Epoxy Resins Cc., Ltd.)
[0062]

Organic acid dihydrazide compounds (C)
Curing agent C-1: adipic acid dihydrazide compound (ADH
manufactured by Japan Finechen Co., Inc..}, melting point: 177 to
184°C, average particle diameter: 13 um
Curing agent C-2: dodecanediolc acid dihydrazide (N-12
manufactured by Japan Finechem Co., Inc..), melting point: 185 to
190°C, average particle diameter: 9 um
Curing agent C~3: sebacic acid dihydrazide compound (SDH
manufactured by Japan Finechem Co., Inc..), melting point: 185 to
1B8°C, average particle diameter: 21 um
Curing agent C~4: 1,3-bis(hydrazinocarboncethyl)-5-
isopropylhydantein (VDH manufactured by Ajinomoto Fine-Techno Co.,

Inc.), melting point: 118 to 124°C, average particle diameter: 10
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and the base line. [0067] [Minimum viscosity of epoxy resin composition]

For the resultant epoxy resin composition as a sample, the lowest value

of the complex viscosity was determined in dynamic viscoelasticity

measurement with a strain of 1% at a frequency of 10 rad/second at a

temperature rise rate of 2C/minute between temperatures of 25C and
um  200C. [0068] [Tackiness of prepreg] A resin film was formed on an

curs §oUaisRaRerLIng sach of the resulant spoxy.resin.compasilons, AN (upy

ransferfed 16 a carbon fiber fat-woven c
manu fattufacidred by Toraywdndusties -Co: chddh) Oy applying heatanding point:
150 gressureg so as to achieve a resin content of 41 % by weight. As a result,

Pepr8gs Weré VEBtaHR P f0069T Tacknals bfprepfégsimediately after

(006 fgbrication and after 24 exposure at room temperature for 10 days were
evaluated by hand touching on a three-point scale described below.
ThexpelrmitsutficisAtadheddiveness was sensed Good: some adhesiveness

resif@3 %%{‘&gg teul 1@?%2%%?'{15%%8%5??@%%&?%JQQZ%@%‘E}% Tohto

toughness of cured pr tained epoxy resin compositions
Kasewere individually ewrEdefarhouis:at:atémperaturesdf k800 irpared as fine

rogrammed oven to prepare cured resin products, The cured resin .
Pt G Rt S HERLIE S50 e espaitvdl Cled 15 prijgarimoact
grintestgamples according to ASTM D5045-91, and a fracture toughness
[006z?lue (MPa-fm) at 23C (dry condition) was measured. [0071]

Thermoplastic resin (F)

Resin F: polyethersulfone resin (Sumikaexcel PES5003P manufactured
by Sumitomo Chemical Co., Ltd.), prepared as fine particles having
a particle diameter of 100 um or less by impact grinding

For 10 kinds of epoxy resin compositions cbtained {Examples
1 to 6, Comparative Examples 1 to 4), the amounts of change in
viscesity, the reaction starting temperatures, tackiness ¢f the
epoxy resin compositions and fracture toughness values of the cured
materials were evaluated by means of methods indicated below, with
the results listed in Tebles 1 and 2. In addition, of these, 5 kinds
of epoxy resin compositions {Examples 4 tc 6, Comparative Examples
3 and 4) were each evaluated for the minimum viscosities in heat
curing of the epoxy resin compositions, tackiness of prepregs and
peel strengths of the honeycomb panels by means of the methods
indicated below, with the measurement results listed in Table 2.
[0065]
[Amount of change in viscesity of epoxy resin composition]
| The change in viscosity with time of the epoxy resin
composition at a temperature of 75°C was measured for 2 hours to

determine the amount o¢f change in viscosity in 2 hours relative
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[Peel strength of honeycomb panel] Two obtained prepregs were
laminated and this was placed on both the faces of a honey core (Nomex
Honeycomb SAH-1/8-8.0 manufactured by Showa Aircraft Co., Ltd.) and
then placed in a bag and was heated in an autoclave at a temperature of
180C for 2 hours (a temperature rise rate of 2.8C/minute) and cured to
to arfabricaies 'a hbaeycambp paméitlutrﬁrngﬂhenmnﬁérh@smeofrmmﬁdmtlavef the

was pressurlzed to, 32 MP air pressure; 5[0072; For the obtained

SPCXNoneycomb panels: i ?dc ee‘fs affanged Re uppe ald fowsrsigesd o

dynai®f 16/heRRYEDMIY CO/ELH tﬁ@ah@@t:@mrm precessaverereach processett a
to a predetermined size, and peeling strength (Ib-in/3in) of test pieces of
cons{RS bppErtEifE Fase ghadt ARdThé lovferldiGeRRSheRt at 4 ERMPERRGRNS -
[006@f 23C (dry condition) was measured according to ASTM D1781. 25> Ny
LOmL maOjO0LOLOtocotoO0 CLco'c)iCrO[VO mQ O uj
[reagyigry $GO)ingm Gmrrrkiore O g Kvd1rCY Kk@ppeL timny

gu% (gcr:n% %Pocg Me%gxeres,ln compesition as a sample was
subijected to thermal analysis by means cof differential scanning
calorimetry (DSC: DSC-2920 manufactured by TA Instruments, Inc.)
in a nitrogen atmosphere at a temperature rise rate of 10°C/minute
from a temperature of 20°C to 350°C. Measurement was carried out
by setting as a reactiocn starting temperature a temperature of the
intersection of the extended line of a rising of an exothermic peak
and the base line.
[G067]
[Minimum viscosity of epoxy resin composition]

For the resultant epoxy resin compeosition as a sample, the
lowest value of the complex viscosity was determined in dynamic
viscoelasticity measurement with a strain of 1% at a freguency of
10 rad/second at a temperature rise rate of 2°C/minute between
temperatures of 25°C and 200°C.

[C068]
[Tackiness of prepreg)]

A resin film was formed on an exfeoliate paper using each of
the resultant epoxy resin compositions, and the filmwas transferred
to a carbon fiber flat-woven fabric (T-300-3K manufactured by Toray
Industries Co., Ltd.) by applying heat and pressure so as to achieve
a resin content of 41 % by welght. As a result, prepregs were
obtained.

[0069]

Tackiness of prepregs immediately after fabrication and after
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XX WWW Nyy QCC_NO aC)E6CHI~~"IiOMNUU WW W
NCCOmMmV EcOOc?Mt)1I1IMNNC)NN mUUWWW L'iLttS]
CLCtNcnecnrwbDbnmmmbyLE 33333333yEao .D.D.O
O..a.00t44LYamm ttttttttdmmjmmmmmmmmugT3
aaaaaaaasoa NNiX NLN QOCMLNCH)~INsy.3%m Q]

expoblidd) 8> Nl madipke eam beO £H € COCHRELC Peteneva N A BOy hand
pObObllwhpccdrmmmmmmWCcLLo cccccccc4-'

touchgng O & é%reempo{%t sca e\géscri ed below.

Excellent: sufficient adhesiveness was sensed

Good: some adhesiveness was sensed

Pecor: almost no adhesiveness was sensed

[0C70]

[Fracture toughness of cured products]

The cbtained epoxy resin compositions were individually cured
for 2 hours at a temperature of 180°C in a programmed oven to prepare
cured resin products.

The cured resin products obtained as described above were

respectively used to prepare test samples according to ASTM D5045-%1,

and a fracture toughness value (MPa-+ m) at 23°C (dry condition)

was measured.
(G071}
[Peel strength of honeycomb panel]

Two obtained prepregs were laminated and this was placed on
both the faces of a honey core (Nomex Honeycomb SAH~1/8-8.0
manufactured by Showa Aircraft Co., Ltd.) and then placed in a bag
and was heated in an autoclave at a temperature of 180°C for 2 hours
(a temperature rise rate of 2.8°C/minute) and cured to fabricate
a honeycomb panel. During the time, the inside cof the autoclave
was pressurized to 0.32 MPa by ailr pressure.
r0072z]

For the obtained honeycomb panels, the face sheets arranged
the upper and leower sides of the honeycomb core in the heat curing
process were each processed to a predetermined size, and peeling
strength (lb-in/3in) of test pleces of the upper-side face sheet
and the lower-side face sheet at a temperature of 23°C (dry

condition) was measured according to ASTM D1781.
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[C0T73]

QOy Um30OmMOmMmYmMCN3 UUU~.)~~UYCOC)0).~0
MC3CmCmCUOY.U.YO.EamIm.vmE mL<mmQMDvp
CCCEmyQUMCmaQ.*CroQcm>EoaoE ONWQO'O00
I-a iU [0074] The results of Table 1 show that the epoxy resin

cpmposigons ofthe present nvention (Exainples 1to 3) have small
amaunts of change n viscosity at a tempergture ofi 75C after 2:hours. In
ajditloﬁ the reactign sitartlng temperajure,meagured by BSC igshowrk to
o + o . =3
be Eng 4G the p6§5|blllyo€ pragress of Tufind teactfon &t a rgsink «
te r@)eﬁature 60 to 90C) during usual cqating operation| an¢g diting
s{orage dt narmal temperature is shown to ke low. In_addition, the
tgckinesg of the prepregs even after thejr eposure; at room temperature
f rﬁo days is shpwn|to be hardly changed. [[0075] On the ()theg hand,
(Ecy@]dlgmigp (Comparative Examgle 2)and gn|ofganiegacid 8
d hgdre&lde with @ melting point of less {than 150C Comparatl\?e Exafple
1) are Wskd, the amaunts of change| in isc;jisity at 75C|in 2 hours are
shown-to-be-farge-and-alse-the—reagtion-stajting-temperatures-areshown
tq be.Jow Furthermore, tackiness of the prgpregs ire also shown to.bg
g eatg/ decreased after exposute at rogm t¢mperature for 10 days. 27C R
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CLC~0LOCOO.E'tmILOMmMWCDONMONN Eojx W 0.C>0i
OERMI1IIN<FNNNONNXXC7 OuyWO++ Cc c mECEOO
MLHON~NNNNONN xXXxXWWW xIN44 NCC CDdMONORN
LOV:2MNOaNN Exxx #WW W4+Y ycC (DOEMOINTN

NOXWWW-Ct.CCISSSSCC tobabDhab b-bO hgb0 habAM
[0074)

The results of Table 1 show that the epoxy resin compositions
of the present inventicn (Examples 1 to 3) have small amounts of
change in viscosity at a temperature of 75°C after 2 hours. In
addition, the reacticn starting temperature measuredby DSC is shown
to be high and the possibility of progress of curing reaction at
a resin temperature (60 to 90°C) during usual coating operation
and during storage at normal temperature is shown te be low. In
addition, the tackiness of the prepregs even after their exposure
at room temperature for 10 days is shown to be hardly changed.
[0075]

On the other hand, when dicyandiamide (Comparative Example
2) and an organic acid dihydrazide with a melting point of less
than 150°C (Comparative Example 1} are used, the amounts of change
in viscosity at 75°C in 2 hours are shown to be large and also the
reaction starting temperatures are shown to be low. Furthermore,
tackiness of the prepregs are alsc shown to be greatly decreased

after exposure at room temperature for 10 days.
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OOONCNaN.=OmOOOOULOAxcaOTEEo CDmabansE
UOE off WQODOOT-1-U.L30 CLAIMS [1] An epoxy resin
composition for fiber-reinforced composite materials, comprising, 100
parts by weight of an epoxy resin (A), 25 to 50 parts by weight of an
amine curing agent (B) selected from aliphatic polyamines, alicyclic
polyamines and aromatic polyanfiéstiand 1 to 20 parts by weight of an

[1] 0f9§—?I%?%dimgwl%%ﬁr?@ggyQ%Ckgga %@@98%(?8}%%8 O.éomposite
higher. 2] The epoxy resin composition for fiber-reinforced composite
mat emgdérigls aooprding tayclaimll eonprisiggwdityaridiamide (Bpowhersinin (A},

the organic acid dihydrazide. compound (C) is dispersed.in a particulate
25 q0af] SR B0l yE0n Coor RO T R AHEa clpaSeed £rom
aliphatarialeacqerding:to, any eas ef clairns LyantiAconpisindidanatic
thermosetting resin (E) that is solid at normal temperature, wherein the

polyaEHmBSetiRGFesin(E) IPdRpESRIIN d'fdritiat’ 6 JEPTRE €pdky <
dihyEﬁSérk9‘&'@peéﬁ!BBJ%f'b@gregﬁorgeﬂ&%%!tﬁo%er@fs A6¢OrEING 10 4 gher.
any one of claims 1, 2 and 3, further comprising a thermoplastic resin (F).
[2] [5]THe epoxyreshs tomposition forfiterfminfdicrercompoditer peatedafgposite
mamac%%rging tgoapgi%ne f cl%iﬂlshlntqQ \(/:vhgrein gr}Lelrlonganic acid
aiﬁy fazide compogn ?C) is-any orfe 6P ardibasic Acid dihydrazide and a
cappxylimadidrdiydraride compostd expressed by Formula (1): 0 0 1111
() H2NHNC-X-CNHNH2 , ) , ,
the organic acid dihydrazide compound (C) is dispersed in a
particulate form.
i31 The epoxy resin composition for fiber-reinforced composite
materials according to any cone of claims 1 and 2, comprising:
a thermosetting resin (E) that is solid at normal temperature,
wherein
the thermosetting resin (E) is dispersed in a particulate
form.
(4] The epoxy resin composition for fiber-reinforced composite
materials according to any one cof claims 1, 2 and 3, further
comprising a thermeplastic resin (F).
[5] The epoxy resin composition for fiber-reinforced composite
materials according to any one of claims 1 to 4, wherein
the organic acid dihydrazide compound (C) is any one of a

dibasic aciddihydrazide and a carbexylic acid dihydrazide compound

expressed by Formula (I):

c O
iU (1)
HaNHNC—X-CNHNH

wherein X represents a phenyl group or an aliphatic

hydrocarbon group having 2 to 18 carbon atoms.
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wherein X represents a phenyl group or an aliphatic hydrocarbon group
having 2 to 18 carbon atoms. 29 [6] The epoxy resin composition for
fiber-reinforced composite materials according to any one of claims 1 to
5, wherein the organic acid dihydrazide compound (C) is a carboxylic acid
dihydrazide compound expressed by Formula (11): 0 O 111 (1 1)

[6] HZNHNESCHR)SGCHACEKEE232CHSCH{CH 2) 6 -ENHNH 73 Thedpoxyccsite
ma teresi com ositg)n fortfiber-reinforce cgmgositE ma rialﬁ accordijgta to caanic
any oRe ot claims £ to 6 whetein the avérage particlé diameterof the 793"
acidogamiciacid difaydrazigecompandi(€)ds DO or less (8liThe pexa zide
resin composition for fiber-reinforced composite materials according to
CompR BnE P ERTAED Y7, MikEretfthédmine curing agent (B) is
3,3'-diaminodiphenylsulfone and/or 4,4'-diaminodiphenylsulfone. [9] The
epoxy resiy composition for fiber-reinforced compo@ite materials

: : , g rédinl(E
o R e R Y e A remaeimice
resins, and isocyanate resins, that are solid at normal temperature and do

[71 notteampietely dissolve dothes epoxyredin.at Aitemperatung ok88C arecmposite
less. [10] The (ieﬁloxy resin composition for fiber-reinforced composite

matefterfaR HEChtiRG tbhfy rid6r Clhifs™ ool itte fin the “hefidpfadiie -2 9°

parthesint(Rkismayone of arpolyethersuifone;resiy and a:polyetherimidena (c) is
resin. [11] The epoxy resin composition for fiber-reinforced composite
100 waterials-&€€ording to any one of claims 2 to 10, comprising 1 to 5 parts

O o i (A) (121 ThE Gy o comabstion Tor osreimoreea > °2
ma tegompesite: teatdtials dozording tamany Hneldst tledms 3to T, comsprising 1

the gﬁine curing agent (B) is 3,3'-diamincdiphenylsulfone and/or
4,4" —diaminodiphenylsulfone.

[2] The epoxy resin composition for fiber-reinforced composite
materials according to any one of claims 3 to 8, wherein the
thermosetting resin (E) includes at least one species selected from
epoxy resins, bismaleimide resins, and lsocyanate resins, that are
solid at normal temperature and do not completely dissoive in the
epoxy resin at a temperature of 90°C or less.

[10] The epoxy resin composition for fiber-reinforced composite
materials according tc any cne of claims 4 to 92, wherein the
thermoplastic resin (F) is any one of a polyethersulfone resin and
a polyetherimide resin.

[11] The epoxy resin composition for fiber-reinforced composite
materials according to any cne of claims 2 to 10, comprising 1 to
5 parts by welght of the dicyandiamide (D) with respect to 100 parts
by weight of the epoxy resin (A).

[1Z] The epoxy resin composition for fiber~reinforced composite

materials according to any one of claims 3 to 11, comprising 1 to
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30 20 parts by weight of the thermosetting resin (E) with respect to 100

parts by weight of the epoxy resin (A). [13] The epoxy resin composition

for fiber-reinforced composite materials according to any one of claims 4

to 12, comprising 20 to 60 parts by weight of the thermoplastic resin (F)

with respect to 100 parts by weight of the epoxy resin (A). [14] The epoxy
20 paesin dompesition fortfiliérereihforcetsedrnpogite- evaterial ascdrdingetepect to
100 an)égnebof claimsh to %S’t herein the minimum, viscosity of the epoxy

Fésin Scon?bo‘gﬁi%% medsure ebyeé’;?n%%e\%%@oe asticity measurement at a

[13] temperaigesckise saterofc 2apvite issframrl G50 Pais {d5k-Eae epaxysite
resin composition for fiber-reinforced composite materials according to

mateghd bhie It CRARMS P04, AP’ fratfid boughss Yalfermpr+8ing 20
to efNeasureddn accordanceamty ASTM, D3045:91 ; after.curing, of thes@RpOYe spect

resin compaosition is 1.8 MPa-,rm or higher. [16] A method of producing
to 18A eporysedin compositicnifor Miberrreimforced eompdsite material

acgording to any one of claims_ 4.t0 15, compyising; dissolving the .
L oPEStTeart (F) 1 Sposy Fouin (A) At OB o To00 & make’s P01t
matemidlreadesiorddeling thenmixtueeaesin i 6@ to 90C, Andtherradding: minimum

other blending components including the amine curing agent (B) and the

V1S CBRydnic Adid dify TR confipdurcP () afitothe niare resh, prr A =amt

vischbersreinferced prepras: campiising Herepaxy Fesin- EOMPOSItioRte of
according to any one of claims 1 to 15 as a matrix resin in complex with a
2" C/msinfotsing fibée §18]1Thé: fibéiiiffarced prepreg according to claim 17,

[15}?ﬁgﬁﬁpes&ggu¥g§§ﬁh%5%ﬂgé{%§Bﬂ$F@PI%Qﬂ%?Q%QQngﬁégdtggmposite

er-reinforced prepreg according to claim 17 or 18, wherein the

ma tereipforciag fibedisrcarlion fibgr. 3120 Adibatycorhbzandwichwpanelin the
frac%%rpgrig’gn@g@ggisbs?r%ig-rggr?n%%sured in acccrdance with ASTM DH045-91
after curing of the epoxy resin composition is 1.8 MPa'y mor higher.
[16] A method of producing an epcxy resin compositien for
fiber-reinforced composite material according to any one of claims
4 to 15, comprising:

dissolving the thermoplastic resin (F) in the epoxy resin {A)
2t 95 to 18%0°C to make a mixture resin,

cooling the mixture resin to 60 to 90°C, and then

adding other blending components including the amine curing
agent (B) and the organic acid dihydrazide compound (C) intc the
mixture resin.
[17] A fiber-reinforced prepreg, comprising the epoxy resin
compesition according to any one of claims 1 fo 13 as a matrix resin
in complex with a reinforcing fiber.
[18] The fiber~reinforced prepreg according to claim 17, wherein
a content of the matrix resin is from 30 to 50% by weight.
[12] The fiber-reinforced prepreg according to claim 17 or 18,

wherein the reinforcing fiber is carbon fiber.
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prepreg according to claim 17, 18 or 19 and a honeycomb core that are
laminated to each other. [21] The honeycomb sandwich panel according
to claim 20, wherein the honeycomb core is any one selected from the

group consisting of aramid honeycombs, aluminum honeycombs, paper

honeycombs, and glass honeycombs. 32
[20] A honeycomb sandwich panel, comprising the fiber-reinforced

prepreg according to claim 17, 18 or 19 and a honeycomb core that
are laminated to each other.

[21] The honeycomb sandwich panel according to claim 20, wherein
the honeycomb core is any one selected from the group consisting
of aramid honeycombs, aluminum honeycombs, paper honeycombs, and

glass honeycombs.
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