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, and more specifically, relates to an epoxy resin
composition for use in a self-adhesive prepreg for a face sheet of a

EPOXYhGHS/ConPHERa IBACK GRB UNBIRR R ONOSFEBEr-<iferted = MATERIAL
composite materials containing an epoxy resin composition serving as a
matrix resin have been widely used for aircrafts, automobiles, and

TECHNndEstrinl applications due to their superior mechanical properties and the

(000 like. Especially, as for structural and interior materials for aircrafts, from

the perspective of achieving lighter weight, there are more cases where
figerareinforcad-compesite Rateralstare usedhas dgeesheelsiof composition
honeycomb panels. [0003] Conventionally, a honeycomb panelis
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Iber-reinforced composite resin'material) serving as a face sheet is
prepdamirfated onf Heebethesidedf thelhoreycomb coragdnd curing of a resin
A constitutin Tthe prepreg and adhesion between the face sheet and the

Gr}ljb%%%o core are performed simultaneously. However, in order to
[ 000 Z0btain a lighter honeycomb panel and to reduce cost for molding, a
so-called self-adhesion technique for directly bonding a honeygomb core

| arkth B prepiebHeR teeh dHERed: HOWVer ‘Sice SEIFathBSVEN&S Gtoo*Y
resirf PEHEES is agspclated with viscosity apd, tquahness.of sesiBedepending used

on how they are adjusted, porosity 1 (uneven part on the surface) in the

for piepregisminated onetidmeycord industrial applications due to
their supericr mechanical properties and the like. Especially, as
for-structural and intericr materials for alrcrafts, from the
perspective of achieving lighter weight, there are more cases where
fiber-reinforced composite materials are used as face sheets of
honeycomb panels.

[C003]

Conventionally, a honeycomb panel is produced in so-called
co-cure molding in which a film-type adhesive agent is placed on
both sides of & honeycomb core,aiprepreg'(uncured.fiber—reinforced
composite resin material) serving as a face sheet is laminated on
the both sides of the honeycomb core, and curing of a resin
constituting the prepreg and adhesion between the face sheet and
the honeycomb core are performed simultaneously. However, inorder
to obtain a lighter honeycomb panel and to reduce cost for molding,
2 so-called self-adhesion technique for directly bonding a
honeycomb core and a prepreg has been demanded. However, since
self-adhesiveness of a prepreg is associated with viscosity and

toughness of resin, depending on how they are adjusted, porosity



core may be caused, or tackiness and drapability of the prepreg may be
impaired, resulting in lowering productivity. Therefore, it has been an
extremely difficult task to increase the self-adhesiveness. [0004] For
improving self-adhesiveness of a prepreg, it is important to form a fillet by
wetting a bonding surface between a honeycomb core and the prepreg
(unevdth pyrepregtiesin dofing thetmal karimg rsorcalled fitet o chimg 2 areney comb
obtain .a favorable,shape and , strength of the fillet. The fillet is formed b
o e S GERE of Rarc ot b BRI IR hS Bareg 15 & (kP e
may siectieniafdbie honeytambcare adleng awall oithehoneycamb. Theerefore,
.. Shape of the fillet is deeply associated with the viscosity of the resin. If
it 3Ré defédof e h&nging BF cmbitis 168 targe “A6rosity s mbfer i@l  =0e
se1rlg hedarmed,sesulting in an uneven part on the surface. If the viscosity is
too high, tackiness (adhesiveness) and drapability (flexibility) are
[0004mpaired. In addition, the strength of the fillet is affected by the toughness
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esive prepreg having a matrix resin com lon including a
to fdéhermogetling rebin, we vistosity contrdiage i umdde of hthermeoplastioneycomb
resin which dissolves intrlge thermosetting resin, thermo Iast'!r%: resin

core p%ﬂ Ic@%ﬁﬁﬁ%@ %o‘f]ﬁ}_s of/ed iR thé Thérmiosett #gr%es%],tan%rén %E]riﬁél ring,

so-cagest Likewise; PatentRegument 25opesesamwevenfabrieprepregape and
having a matrix resin com%osition including thermoplastic resin particles

StreRAdTa tefhbsttinttesin EbMposite’Contaifift e IeYnidtashe tesi! = state
of hEIOWNEYEr t@?%ﬁﬁ%ﬁ@%&%%@{@%‘%};@E‘%&Q@h@h\éﬂ%@%&s direction
characfieristics of a resin composition’is 2 improved and the shape of fillet
of tm§nMQﬁmyﬁqm@ngamﬁaqﬁgn@na1ﬁall of the honeycomb. The shape of
the fillet is deeply associated with the viscosity of the resin.
If the degree of the hanging or climbing is tecc large, porosity
is more likely to be formed, resulting in an uneven part on the
surface. If the viscosity is too high, tackiness (adhesiveness)
and drapability (flexibility) are impaired. In addition, the
strength of the fillet 1is affected by the toughness of a resin
constituting the prepreg.

[CO05]

Patent Document 1 proposes a self-adhesive prepreg having a
matrix resin- compesition including a thermosetting resin, a
viscosity control agent made of a thermoplastic resin which
dissélvesinth@thermosettingresin,thermoplasticresinparticles
which are not dissolved in the thermosetting resin, and a curing
agent. Likewise, Patent Document 2 proposes a woven fabric prepreg
having a matrix resin composition including thermoplastic resin
particles and a thermosetting resin composite containing a
thermoplastic resin. However, in these self-adhesive prepregs,

although the viscosity characteristics of a resin composition is



that tackiness and drapability, which are important characteristics of

workability in prepreg handling, are poor, and a problem that the prepregs

are inferior in porosity. Therefore, the proposed self-adhesive prepregs

above have a problem that the workability and appearance quality thereof

are not at a sufficient level although the adhesiveness thereof has been
imprivpdvediotsometextent: Pdtebhl Bocumentdi JapaneséPatertre a problem

ranslation Publication No. .2005-506394 Patent Document 2: Japanese, . .
et f R ENG - 3651164 DISCLOSURE OF TAE NVENTIORPRUBLENS 12
of wd€xBEiSOtYED: BY-EBEINVENEION [0096EAR ebjgct i the presefitem that
invention is to provide an epoxy resin composition for fiber-reinforced

the RERpOSAE niftErials fRhithseeP A8 matix résht EGmpbSitioht6r Egerrosed
selfinasel-pdhesiepreptes Har a face sheebafa haneygomb panel, dhe.pi 11ty

epoxy resin composition enables to increase self-adhesiveness of the
and pleprEgavtile iEMsTblinyg Workalsiitg and appedrande quaktybftiid ent level

16 nBIERISE: MEANS FOR SQLVING TE PROBLENS 0007, ThE S0 et

resin composition of the present’invention for fiber-reinforced composite
Patematénalamdrich dchigvgssthe ssboye tebjectlis sharasterized bysContainign No.
an elgoxy resin (A) which is in a liquid state at room temperature; a

2005qpd %%flastic resin (B) which dissolves in the epoxy resin (A) at a

PatelfiMpRIatHe ot less thamae; hermesetting resig pasticles (C) which do
-not completely dissolve in the epoxy resin (A) at a temperature less than
DISCHOESHHd Ras AlgBfteNngIotAtof not less than 120C; and a curing agent

pros{REFFEGES QT BVENTIQNAIP08L
[0006]

An object of the present invention is to provide an epoxy resin
composition for fiber-reinfeorced composite materials, which serves
2s a matrix resin composition for use in a self-adhesive prepreg
for a face sheet of a honeycomb panel. The epoxy resin composition
enables to 1increaze szelf-adhesiveness of the prepreqg, while
improving workability and appearance gquality of the prepreg.
MEANS FCOR SOLVING THE PROBLEMS
[G0CT]

The epoxy resin composition of the present invention for
fiber-reinforced composite materials which achieves the above
object is characterized by containing: an epoxy resin ({(A) which
is in a liguid state at rococm temperature; a thermoplastic resin
(B) which dissolves in the epoxy resin (A} at a temperature not
less than 90°C; thermosetting resin particles (C) which do not
completely dissolve in the epoxy resin (A) at a temperature less
than %0°C and has a softening point of not less than 120°C; and
a curing agent (D).

EFFECTS OF THE INVENTION



The epoxy resin composition of the present invention for fiber-reinforced
composite materials is mainly composed of the epoxy resin (A) which is in
a liquid state at room temperature and the thermoplastic resin (B) which
dissolves in the epoxy resin (A) at a temperature not less than 90C.
Accordingly, the thermoplastic resin (B) dissolves in the epoxy resin (A)
[000®asily and uniformly. Therefore, impregnation properties thereof to a
reinforcing fiber for a prepreg can be improved. Furthermore, the

theoSBRITG reSEpaTi GIBEXET Whith dcP ot CompIateR disso T tre™ £o%

fibe BPO¥Y FESIT (AAtatgmperature dess,than 90CAnekNas g safiepngointy the
of not less than 120C are added to these main components. Accordingly,
epoxthe ffekmodettig tésinifartitles (G aié ndt disSofed PRe &g rasRre and

the éﬁ%?ﬁ@éﬁé@% esindempey %5“&9119%%0'&‘f§§‘h&'lri£‘saﬂ‘?%‘|9é‘rE}QoQJ?"Pé%in (2)

erefore, in a heat curing process in which a prepreg is laminated on a
at honéycorely sorerand rgated forcurinhait is possble to aklfustwistogityy, the

behavior associated vglgh temperafure rising gpthe resin compositio(rlx,‘)angglaiSily
n

Che T foRaBY fo Srelht An icreSse oF sirfice Porosity ETS8d By 8

and EXGessivelamount etthexesin ceppesitien lewingdomefilet  Fudheraare, to a
before the heat curing process, excellent workability can be acquired by

relinfingieovig fackitessCand BrapRBME). BESTAMMOBDES FOR CRRRYIRE LS, the
the rQLE THEINVENTIOQN [0009L The @poxy;resincomposition, ok e eselt o1 ve

invention for fiber-reinforced composite materials is mainly composed of
in tiive epoxy resini(A) Whickis in & Houid stdte B¢ réerntefipetatife Gndrthehas a
sorcfermoplastic resin (8) which dissolves in fhe Epo’%eres'é‘d@& A ipese main
temp afure not fess than 96¢° The epoxy resin (BA Isina I|qU|c§Dstate at
comptoom temperaiure: WWhen the epexytiesi@dy 48 ini @csemaisabid orsalidcles (C)
state at room temperature, it is difficult 4 to thorou £I¥ dissolve the

are I}ﬁér%f)%}ig(?gs}ﬁ(%}}?Aespﬁ?ﬂﬁgeSln (A) befo he resin temperature

becomes high in a heat curing process. Therefore, in a heat curing
process in which & prepreg is laminated on a honeycomb core and
heated for curing, it is possible to adjust viscosity behavior
asgociated with temperature rising of the resin composition, and
thereby to prevent an increase of surface porosity caused by an
excessive amount of the resin composition flowing to a fillet.
Furthermore, before the heat curing process, excellent workability
can be acquired by improving tackiness and drapability.

BEST MODES FCOR CARRYING QUT THE INVENTION

[0009]

The epoxy resin composition of the present invention for
fiber-reinforced compesite materials is mainly composed of the
epoxy resin (A) which is in a liguid state at room temperature and
the thermoplastic resin (B) which dissoclves in the epoxy resin {(A)
at a temperature not less than %0°C. The epoxry resin (A) is in a
liquid state at room temperature., When the epoxy resin (A} is in

a semisclid or sclid state at room temperature, it is difficult



properties of the epoxy resin (A) , a viscosity at 25C is preferably from 1
to 100 poises, and more preferably from 5 to 50 poises. Viscosity at 25C
is a value measured using a BH-type rotary viscometer. To be more
specific, a can containing an epoxy resin is placed in a thermostatic bath
kept at a temperature of 25C, and the value is read from the scale of the
to tiBH:-typerbtarsiisoohvetet veherntherioad dwereof isestdbilizedl [002¢] Ar the
for the ep resin (A) , althau t particularly limite asitis.in
POD ST e B ST aSS TR by TECRS HAAS Betvieer P x0T
f rom functienalrogps aesspreferechdanles of suth resipsirelude: 50 poises.
. bisphenol A-type epoxy resins; bisphenol F-type epoxy resins;
Vi schaphthahe b encky FedTie. P RERHIFCS pBbpoxy ke Fotary
viscdiglycidyl aminephenol sresins: triglycidyl aminoctesal yesing; tetraghysidylresin
diaminodiphenylmethane resins; tetraglycidyl m-xylylene amine resins;
is phaNedlarhinotrédot resinsaptiehdtablolkenypeEpoxyt $BsIAS aavT farkdus? > C.
odified epoxy. resins derived from these-resins, . Fr. h NS,
SRR okl e e AR
whenepaxy fesin (Ahaceerdingtademand zehhracteristics of a prepreg, one
resin alone or more than two kinds of resin in combination selected from
(001 {He above-listed epoxy resins may be used. [0011] An epoxy resin which

is i< Semisodersofid state atx9om: temperAtULe May beiuserbifly 1imited
combination with the epoxy resin (A) which is in a liquid state at room _
as lgampetatire Withina tange Aot tipaifhgtfeR feEie 6F the BiesepR OXY resins

havi lyeplion. o, sugh.a case,, an.epoxy regipwhich isin @ salid state at reomyy ) e 5
temperature Is preferably set to 20 parts by weight or’less with respect to

cf 5168 Spaitsbylweiphdef the epariebii (A)weltichis yafigaid statéoisphenol
F-type epoxy resins; naphthalene~-type EPOXY resins;
diphenylflucrene-type epoxy resins; triglycidyl aminophenol
resins; triglycidyl aminocresol resins; tetraglycidyl
diaminodiphenylmethane resins; tetraglycidyl m-xylylene amine
resins; N,N-diaminocresol resins; phenol novelac-type epoxy
resins; and variocusmodified epoxy resins derived from these resins.
From these resins, a low molecular welght-type epoxy resin may be
selected accordingly. As the epoxy resin (A), according to demand
characteristics of a prepreg, one resin alone or more than two kinds
of resin in combination selected from the above-listed epoxy resins
may be used.

[0011]

An epoxy resin which is in a semisolid or solid state at room
temperature may be used in combination with the epoxy resin (A)
which is in a l1iguid state at room temperature within a range not
impairing the effects of the present invention. In such a case,
an epoxy resin which is in a sclid state at rocm temperature is

preferably set to 20 parts by weight or less with respect to 100



at room temperature. [0012] The epoxy resin composition of the present
invention contains the thermoplastic resin (B), which dissolves in the
epoxy resin (A) at a temperature not less than 90C, in a dissolved state.
The thermoplastic resin (B) dissolves in the epoxy resin (A) at a
~ temperature not less than 90C, preferably at a temperature of from 95C
part 0 35606 By-havifig shehquopertiessthe theymoeptasticiresin (B) tagdbed state
uniformly dissolved in the epoxy resin (A) . By dissolving the
at IHERNIGHIRITTEERYB) in the epoxy resin (A) , the viscosity of the epoxy
rpp188sin composition constituting a prepreg can be adjusted easily, and
thereby a good fillet can be formed easily. [0013] Although kinds of the
thérhfoplastic resini(B Fareonst paric HarlyimRes Shey afevsreferaplyantains
the Jcef?ﬁ%gfg yelegled, fromyie giguR,consislind OL polyetbgioligagy resin
resins; polyetherimide resins; polyimide resins; polyamide resins;
(A) Polyetrerpesiaspayesteriresing lpolyQulfobe fesiasd jpolyaimidéimidete. The
N resins; polyacrylate resins; polyarylether resins; polyphenylether, resins;
CheT5RR pfjetfierd erRbtOT reUs ThE helRopgic e (B f6 1 () at =

+empBadicylasly. prefesed tonbe polyethersulfane rasing andiaspebethernides from
resins. These resins have higher compatibility or affinity with an epoxy

95°Crégint eBniponeht dHPASRIE St théritoptastit ResiS-aRBRIAdRS t1c resin
(B) éQH%‘é‘%%ﬁi‘%%%‘z&S?@ié@Bﬂ%@“&k%bsgwsgiwg%ﬂ Itigprefered s ng

to add the thermoplastic resin (B) in a particle state, and more preferred
the thasedmdseshidvingaspartick) diameter ef200/presrilesspfurtidre viscosity
preferred from 5 to 100 um. BX[ usin finerpatrtj%le%gf thermaoplastic resin

of thnaevin%;psou}‘:c% a %Splanrtic(féj diaie %%,Ov‘v eh add to the e%%x;? r f‘ﬁ%p fhee ©&° be
adijupariglessarely, and thereby a good fillet can be formed easily.
(001373

Although kinds of the thermeoplastic resin (B) are not
particularlylimited;theyfnxapreferabiyzﬂ:least<nmakindselected
from the group consisting of: polyethersulfone resins;
polyetherimide resins; polyimide resins; polyamide resins;
polyether resins; polyester resins; polysulfone resins;

polyamideimide resins; polyacrylate resins; polyarylether resins;

polyphenylether resins; and polyetheretherketone resins. The
thermoplastic resin (B) is particularly preferred to be
polyethersulfone resins and/or polyetherimide resins. These

resins have higher compatibility or affinity with an epoxy resin
component compared to other thermoplastic resins; therefore,
toughness of a cured resin product can be improved.
[0014]

It is preferred to add the thermoplastic resin (B) in a
particle state, and more preferred to use those having a particle
diameter of 200 um or less, further preferred from 5 to 100 uym.

By using fine particles of thermoplastic resin having such a



dissolved rapidly and uniformly while avoiding having large particles left
undissolved. Therefore, viscosity characteristics and toughness of the
resin composition can be improved. In other words, by using fine particles
having a particle diameter of 200 um or less as the thermoplastic resin
(B) , the thermoplastic resin (B) is dissolved in the epoxy resin (A)
partimifersiygtiets:; physicah paperteshespeciatly roughnesst bt rdsigles are
., __composition can be improved. A method for preparing fine particles
dlss%%\f/l%g arpa e I('iydiaanl”‘lle er of %rf)n%yor i’ét%% ?seno%ggaiéﬁ?agyhr%ﬂjé ;g large
vart howeyere fine:partistesiare prefanablyemrepared by @nsimpaetigringing ristics
method or a spray drying method. [0015] The epoxy resin compaqsition of
and R pRasR e Eritais teoSetiiy s partdies g5 The 17 0thex

worafhenmpsetting resin Harticles L€ domnatcogpletely dissolvedn theepexy s 200
resin (A) at a temperature of less than 90C, preferably from 60C to 90C, .
um orand Rasaesohieninyepaintefidtiess @M 12BC, préferably o L 830¢ foresin

160C. The softening,point is a _val 1easyr cerding . fo JkS K-7 ;

B S Gaswed Accerding to 13 K- 1

) J[50 é]s The %%éemlo%e%neg? sm%aaist(él:cﬁrgs (Z%;go not complgtely dissoﬁ%&nﬂca

proptheépaxy tasia (Aphéafore theyresis tempérafuee besomesohigleinta heatan be
curing process, and dissolve uniformly when a [F)re.de ermjned,

£ i erattrB TS LR RECHARGN WHIIE® dditg Uhe VIECoSHS 6t e =112

diam8PeXY kesin compesition, ang thereby: preventingia deteriorationeef; however,
 surface porosity caused by an excessive amount of the resin composition
fine skt MhgIRTSTepred SGHRY RFEHReSd JooaTiigteanr bé fored: gnmethod

or at@p%?“%&r@' adding the thermosetting resin particles (C) , the

amount of the thHermoplastic resin (B) to be added can be reduced.
i 001%herefore, 7 before the heat curing process, tackiness and drapability of

thefhe epoxXy resin composition of the present invention contains
thermosetting resin particles - (C). The thermeosetting resin
particles (C) do not completely dissclve in the epoxy resin (&)
at a temperature of less than 90°C, preferably from 60°C to $0°C,
and has a softening point of not less than 120°C, preferably from
130°C to 160°C. The softening point is a value measured according
te JIS K~T7234.
[0016]

The thermosetting resin particles (C) do not completely
digsolve in the epoxy resin (A} before the resin temperature becomes
high in a heat curing process, and dissolve uniformly when a
predetermined temperature i1s reached. Accordingly, while
adjusting the viscosity of the epoxy resin composition, and thereby
preventing a deterioration of surface porosity caused by &an
excessive amount of the resin composition constituting the prepreg
flowing'to a fillet, a good fillet can be formed. In the meantime,
by adding the thermcsetting resin particles (C), the amount of the

thermoplastic resin (B) to be added can be reduced. Therefocre,



prepreg can be improved, and thereby excellent workability can be

achieved. Furthermore, in the case where the thermosetting resin

particles (C) are added, the effect of improving toughness of the epoxy

resin composition is superior compared to the case where the

thermoplastic resin particles which are not to be dissolved are added.
befoThetéforédhe filetstnengthdsémproveds thenadiresion strenegivvithitheof the

honeycomb care is further enhanced, and thereby. the self-adhesiveness
D0 LRR BB K0T h B LB PO JRAC o ik abL LTy Can be
achitharmosetting resimjpasticles (@)arenet patticady dmiteditoweverng resin
examples are: maleimide-based resins; cyanate-based resins;

partirsamrdfed pofyesticiadsirid: viRidster rédind PHctio pésinsigigress of the
epox SPPXYAYPE JESINS; Preferted are epoxy-type resing, maleimide-based e re tne

fesins, and cyanate-based resins, which are in a solid state at room
thermmpesiture, espdcialbepreferted ardbishhens! Atipetepdxy résiselved are

addeghlc%géeng% Sglld E&aete P:tL _Iﬁ?e te%nggggtgﬁe. Lh%%g%{fg%g%l A_%b ee adhesion
epoxy TESins Which are'in-a sofid state &t foom temperature can be eac

streptgpareddly pudfying.a pisphiened Actype epmiyresinfasainceensingthe hereby
purity while increasing the molecular weight. Such bisphenol A-type

the ggébxy RIS areeHRfeéRBebiusE e A% ects of improving a prepreg

[ 0o 1Hmworkability and porosity with its high softening point. [0018] The particle
diameter of the thermosetting resin particles (C) is preferably 100 pm or
lesERahbenoreepretdrablyvieorniB o SOIHASBY Settiify thespartelet ting resin

oo SRR e g P . SR oo e
ma ]l eledtdzuringgprocesses Aoeordingly dhe viscbosityedf thecepdxysresinunsaturated
polyggyggsgggyﬁglbgig fgg%gﬁaflggﬁgy phenol resins; and epoxy-type
resins. Preferred are epoxy-type resins, maleimide-based resins,
and cyanate-based resins, which are in a solid state at zrcom
temperature, especiallypreferred are bisphencl A-type epoxy resins
whichareinasolidstate at roomtemperature. The bisphencl A-type
epcxy resins which are in a solid state at room temperature can
be each prepared by purifying a bisphenol A-type epoxy resin for
increasing the purity while increasing the molecular weight. Such
bisphenol A-type epoxy resins are preferred because of the effects
of improving a prepreg in workability and porosity with its high
softening point.
[06018]

The particle diameter of the thermosetting resin particles
(C) is preferably 100 um or less, and more preferably from 5 to
50 um. By setting the particle diameter of the thermosetting resin
particles (C) in such a range, they dissoclve uniformly when a

predetermined temperature is reached in the heat curing process.

Accordingly, the viscosity of the epoxy resin composition can be



[0019] The epoxy resin composition of the present invention contains the

curing agent (D) . Kinds of the curing agent (D) are not particularly limited

as long as a compound has an active group which can react with an

epoxy group. However, preferred examples are: aromatic polyamines;

aliphatic polyamines; imidazole compounds; tetramethylguanidine;
oropthidyreasaddecdmines; carboxylic acid anhydrides; carboxylic acid
EOm_gne)(drazides; carboxylic acid amides; polyphenol compounds; novolac

Fesins; and polymercaptans. Especially, in the perspective of improving

toughnessalaraned fesipqsoducinitds preferred dense arosmaticon contains

polyamines, such as diaminodiphenylmethanes and

the GamincdifsVisulfones. IF Rt fcutdr, itiCespaEiiy prd&red tilse?™® POt

paxt?z&'n?'mi{z‘QQJBH%@AS&EOD&{%%'@DP%QE@Q&M has an active group which
4,4'-diaminodiphenylsulfone (4,4'-DDS). [0020] Furthermore, the curing

can pgent(D)isipreferablyiisetwitira |dieWediRing AFEicTHE thieHESRRS are:
aromgdet 'é% %fgré%@%g} '_G%E%f’?”aet%e'?a%ﬁggé%%%esQrgfﬂ?i%%‘é&sf@gc?&npom@,-

organic aci ydrazides; dicyan s; aminimides; tertiary amine
tet raalts; hiplidazoledalts; L ewisiacids: arndiBrohstech acids; andaspesipllyc  acid

preferred are organic acid dihydrazides and dicyandiamides. By using a

=Y et ing gt I comBiation foRGhRESS of & SHRRT Yesif prodict=0°S7

polyBRRR8IMPEYRL,and dhereby self-adhesiveness;of apeprggtaRdecaptans.
increased. [0021] The epoxy resin composition of the present invention

Espembyltontalif Wikt r@speth e 100 pafts by WERKE BBtHe dsoKyTesIrP {AR, cured
resi{iefbEEDERIAstE radn (LinAN amoLy! gLErelerahiy 2010, SO AR, such
weight, more preferably 30 to 50 parts by weight, and 9 the thermosetting

as (Esimpartitieh@)ihemtamoent ofpréferdbymincdiphenylsulfones. In
particular, it is especially preferred to use
3,3 ~diaminodiphenylsulfone (3,3"~DDS) and/or
4,4" —diaminodiphenylsulfcne (4,4"-D0DS).

[0020]

Furthermore, the curing agent (D) is preferably used with a
latent curing agent. The latent curing agent is preferably at least
one selected from the group consisting of: organic acid
dihydrazides; dicyandiamides; aminimides; tertiary amine salts;
imidazeole salts; Lewlis acids; and Brédénsted acids, and eséecially
preferred are crganic acid dihydrazides and dicyandiamides. By
using a latent curing agent in combination, toughness of a cured
resin product can be improved, and thereby self-adhesiveness of
a prepreg can be increased.

00211

The epoxy resin composition of the present invention may
centain, with respect to 100 parts by weight of the epoxy resin
(), the thermoplastic resin (B} in an amount of preferably 20 to

60 parts by weight, more preferably 30 to 50 parts by weight, and



2 to 20 parts by weight, more preferably 5 to 15 parts by weight. [0022]
When the thermoplastic resin (B) is added in an amount in a range from
20 to 60 parts by weight, the viscosity of the epoxy resin composition can
be properly adjusted, and thereby tackiness and drapability can be
improved. When the thermosetting resin particles (C) is added in an

the @maunide arangefrom:2 20 pats Dy Weight, the dscosity of theepbgyably

resin composition can be properly adjusted. When ad in t of
2 to 228aﬂ§B@%Ngiﬁh‘fed‘rg%l’e,r%g&wéets J‘é:) réa‘%&r%dgp%%ggg cgr?an%%n‘gynwglght'

rooz#mproved. When added in an amount of 20 parts by weight or less, it is
possible to improve tackiness and drapability by achieving an appropriate |
haliheassbF thé Prasieg2f0023) TRE curingladentTBY ftay Be Brefdiabiy = +» 2

rang@d9ed in ag amount of .25 to RO parts byoweight, mare preferably 8048 % poxy
parts by weight, with respect to 100 parts by weight of the epoxy resin

resi(Ardpsettinganzanobnt oftheaulingagert (B added interanyuRtekiness
and %%?ﬁ%gg?{ég%) Y, Vg%lggté pQ%SI%%IV%rgpert 3 %uqchn%seﬁﬁ%ngﬁ%’s etfing resin

l thermalresistance, required for a cured resin product
partSeNV¥g as p fnge-sheet can bensuffisienty achieveth J024pin thetepdy parts
resin composition of the present invention for fiber-reinforced co,mgosite

by Whattals, ThE abbye eBimponehtsi(AT (¢RBY drd Ssehtial Tffever 07 can be

prop@’glﬂ_.r_] %@fﬁﬂ%@ﬁt.immgﬁg dbe£ffects ghthe-Rregentinveniion, vareysweignt
additive agents, such as publicly-known curing agents, fillers, stabilizers, -
or mflame retagiiantssand pigpveTRs, ptefdRn G abBveTERRGMENts (AFl acdded

in aéﬁempgpgggggﬁggﬁggiftgse%%e‘gelp&%élapi%@,eﬁexygeg&gqmgsgmﬂgme
tackiness and drapability by achieving an appropriate hardness of
the prepreg.
[0023]

The curing agent (D) may be preferably added in an amount of
25 to 50 parts by weight, more preferably 30 toc 45 parts by weight,
with respect to 100 parts by weight of the epoxy resin (A). By
setting an amounﬁ of the curing agent (D) added in an amount of
25 to 50 parts by weight, physical properties, such as strength,
toughness, and thermal resistance, required for a cured resin
product serving as a face sheet can be sufficiently achieved.
(00247

In the epoxy resin composition of the present invention for
fiber-reinforced composite materials, the above components (A) to
(D} are essential. However, within a range not impairing the
effects of the present invention, various additive agents, such
as publicly-known curing agents, fillers, stabilizers, flame
retardants, and pigments, other than the above components (&) to
(D), may be added as needed.
[0025]



minimum viscosity, which is measured in dynamic viscoelasticity

measurement at a temperature rise rate of 2 C/minute, is preferably from

10 to 150 Pa- s, and more preferably from 20 to 100 Pa- s. Setting a

minimum viscosity in dynamic viscoelasticity measurement in the above

range is effective for expressing productivity and self-adhesiveness of the
prépregh Aceprdinglyewhile incrpasing iself-adhésieepesssignformmmgation, a

.. good fillet, the productivity of, impregnating a reinforcing, fiber with t .
5 it SHiofin BrSpfeg BraEoh B b MHBIB: 1CaBLIA BB 1ty
mea sheteg:thats in Ahe present invetion: a- ARIMENE Viscasityir dynagniigreferably

viscoelasticity measurement refers to a minimum value of complex

from;8chgity At uPe O APESORY PESA EBMPOSRENZ S BPshffpieiins -  Setting
a mi/AYpamic viscoelasticity meastirement at ademperatyue ina 1ange i in the

25C to 200C at a temperature rise rate of 2 C/minute at a frequency of 10
abovead/secoral atis straififefdob v026pAs forthe &pokydesintompdsitiontaf and

the present invention, the cured product thereof gbtained after curing has_ _ .
o2 A Reah vt oo R Sommedt ey Susciuity 1 AT e Feasing
sel £ D545k of refesablyckB MidaEmaardarget, imete, preferablydftoratli8tay of
_ 2.5 MPa [m. When the fracture toughness value of the cuyred product of, .
imprgenasdREredinTompGSition s 128 Wa kot (after, 16tghndss B8PS fileC™ 7
prepPat ishigh, apd the pegling strepgth.can besp inpraved Jhatmaieliainat, in

fracture starts to occur in a part of a honeycomb core in a peeling test .
the afferdbomding of avfapé Sheet (prepregl}ahtithe hBASFSOTAB Eore 02 AyAamic

vis c:om eeflgos%tfjé Pﬁ%d Hl%l Qg é@%ﬁg pxy Jr:eesfré £OmMRg S.gil%%fimﬁmp@fﬁél of complex

Invention tor fiber-reinforced composite materials I1s not particularly
vischmited. Heweveredh ampreferredangthodsthe déntbesidplasticresin @iple in
dynagfiowig£@§?§§¥{3§%§6Q ggﬁ%g%ent at a temperature in a range
from 25°C to 200°C at a temperature rise rate of 2 °C/minute at
a freguency of 10 rad/second at a strain of 1%.
[0CZ6]
As for the epoxy resin composition of the present invention,
the cured prcduct thereof obtained after curing has a fracture
‘toughness value, which is measured according to ASTM D5045-91, of
preferably 1.8 MPa-4 m or larger, more preferably from 1.8 to 2.5
MPa-4 m. When the fracture toughness value of the cured product
of the epoxy resin composition is 1.8 MPa-4 m or larger, toughness
of a fillet part is high, and the peeling strength can be so improved
that material fracture starts to occur in a part of a honeycomb
core in a peeling test after bonding of a face sheet (prepreg) and
the honeycomb core.
[0027]
A method for producing the epoxy resin composition of the

present invention for fiber-reinforced composite materials 1s not

particularly limited. However, in a preferred method, the
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of from 95 to 150C, more preferably at a temperature of from 100 to
125C, in the epoxy resin (A), this mixed solution is cooled to a
temperature preferably from 60 to 90C, more preferably from 70 to 80C,
and then the thermosetting resin particles (C) and the curing agent (D)
are added to the mixed solution. To be more specific, the epoxy resin (A)

thermandlithe thermepastic Esin £BY nayo be stirned ahstaixed By usingeanperature

planetary mixer set at a temperature of from 95 to 150C for approximatel
OF £XPES 3 Fours Ui beRF CtbrhR ALaived, ThordBRer HhrRid 1> O 100

to 139RHoNis ceeleddp aermnpearaturenof frarn 69 ta 8Py andithendhe is cooled
thermosetting resin particles (ﬁ? and the curing agent (D) are added to
to a thetniRed SOI6tEE ARt aRtornily AisRetsea ahd mixdtPiospre¥éraphally from

70 cPrEpE g ergxyresin comnasition: In such aprpduction methoddhe, ny the

thermoplastic resin (B) can be thoroughly dissolved, while the
curitherapsetting Pésia partmotes=(C) are tispersedamifomlytience, ®ds be more

ssible to increase the self- eTesiv ness of the prepreg ,while improvi
5B orRabilty i SbMeAFncE QLIS O U rcpiBey 36l The Coon . (B) may

be stfiberdainfarced peepreg ok thespsepentiaventipmineudesdhe: a temperature
above-described epoxy resin composition for fiber-reinforced composite

of IxoReRalstd & Matkx FESNARRBAIPIER: Witha Yeifforting fR¥fTPréfefréd Peing
uni rExaMples ettheeinforeing fiberincludecarbon fibers .araphite fibelSooied to

aramid fibers, and glass fibers. Among these, carbon fibers and a carbon
a terfipersfabric pfade teredf are ¥specialyprefeared (OO0 IMtheet ting resin

fib r-rein{) rced prepreq, the_content of matrix_resi ay be prefera IX el veq

part%ocirgr%fsgo vC\j/eri)gt;ﬁtA),céinId1 moré. greerr%raby) segtrt?fr%ﬁg to 51:E &hixe

solunveight%e W henitbe pragorion-ef mattixaresim ik the fibepreiftoreéd.y prepare
prepreg is in this range, it is possible 12 to increase self-adhesiveness of

the ﬁ%ﬂﬁ%pﬁﬁﬁﬁﬁk§ﬁ%ﬁ8§hﬁlon' In such a production method, the

thermoplastic resin (B) can be thorcoughly dissolved, while the
thermosetting resin particles (C) are dispersed uniformly. Hence,
it is pessible to increase the self-adhesiveness of the prepreg
while improving workabillity and appearance quality of the prepreqg.
(00283

The fiber-reinforced prepreg of the present invention
includes the above-described epoxy resin composition‘ for
fiber-reinforced compcsite materials as a matrix resin in complex
with a reinforcing fiber. Preferred examples of the reinforcing
fiber include carbon fibers, graphite fibers, aramid fibers, and
glass fibers. Amongthese,éarbonfibersandaacarbonfibersfabric
made thereof are especially preferred,.
20029]

In the fiber-reinforced prepreg, the content of matrix resin
may be preferably set toc from 30 to 50 weight%, and more preferably
set to from 35 to 45 weight%. When the proportion cf matrix resin

in the fiber-reinforced prepreg is in this range, it is possible

1z



workability and appearance quality thereof, and further to fully maximize
mechanical properties of the carbon fiber-reinforced composite material.
[0030] As for a method for producing the fiber-reinforced prepreg, a
hot-melt method is preferred in which a so-called resin film prepared by
coating an exfoliate paper with the epoxy resin composition of the present
to dinventiorein adhif-finfesiis agranged albibve arddyetew reihfoleingifilperpving
. and the reinforcing fiber is impregnated with the epoxy resin composition
wor kBRSOt of HER® SRA resiny DG S55amc SRty Feqie® T0 fully
max180MPOositemdhe cRrepregdbys obtaineskis superios ibtackingssandeinforced
drapability. and improves workability of the prepreg. Thus, production
compafibichdyot #ie Brepreg can be improved. [0031] By laminating the
E003ﬁl?er-reinforced prepreg thus obtained on both sides of a honeycomb core
and performing thereon heat curing molding, such as regular autoclave
mdidingrand hotphress friotdinge aufiderareitfordedeampesite matedalvarrey,
= nofeproduced, The flboerseinforced gomposits material fnus htgiped ot 4y,
only has a gooa ill&tformed Hhereon and'is superior in honeycomb core
prepadkesivenesscefithe prepregs bobalsads excefent invsmaothnessepathe resin
repreg surface and has excellent appearance and surface

c Omp%ﬁ&r%&%?i&%&%ﬁrﬂ%% Poroshy tieveR parfohthe surfaéd) fbas) Arranged

abovBoneycomb coredsedrinthe present davention maybe preferablyanyane r is
of aramid honeycombs, aluminum honeycombs, paper honeycombs, and

1mprgEss HoRE ebmBS ARTTHE EE! Rrafiie nEAcYcoMbY e pisfefrédn of heat
and Q933143.10 the following section. the presentiaveption WillRG o sition, the
prepreg thus obtained is supericr in tackiness and drapability,
and improves workability of the prepreg. Thus, production
efficlency of the prepreg can be improved.

(00311

By laminating the fiber~reinforced prepreqg thus obtained on
both sides of a honeycomb core and performing thereon heat curing
molding, such as regular autoclave molding and hot-press molding,
a fiber-reinforced composite material can be produced. The
fiber-reinforced composite material thus cbtained not only has a
good fillet formed thereon and 1is superior in honeycomb core
adhesiveness of the prepreg, but also is excellent in smoothness
on the prepreg surface and has excellent appearance and surface
characteristics with less porosity {uneven part on the surface).
[0032]

A honeycomb core used in the present invention may be
preferakbly any one cf aramid honeycombs, aluminum honeycombs, paper
honeycombs, and glass honeycombs. Among these, aramid honeycombs
are preferred.

[CO33]
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further described by referring to Examples. However, the scope of the
invention is not to be limited by these Examples. EXAMPLES [0034]
[Examples 1 to 3 and Comparative Examples 1 to 4] Epoxy resin
compositions were prepared by mixing the epoxy resin (A), which is in a
liquid state at room temperature, the thermoplastic resin (B), the
thémmosketing sésinwpanicles(@)i @nd theeunneagerit (Dpselettethfromil be
hose listed helow, at mix| roportions respectively described in
st B R T T A B HPeb 054 i T 32 The scope of
the Chasactedsticsofihe epexypdesintaraposiionshweee evaluatedsEirst, an
entire amount of the epoxy resin (A) and a part of the thermoplastic resin
be dissolved were stirred and mixed using a planetary mixer set to
[OOBQgemperature of 125C for 75 minutes until a uniform solution was
obtained. Thereafter, the temperature of the planetary mixer was set to
[ ExampCeWHerttheYesintefperatted becameaitifonn, entire amounts of the
thermasetting resin_particles (Cg and the curin t %D\T) nd, in th
et S el R ek
resiresih(B), weteadded torthe sbiutioln atcksteredrandbmixedetoprepareran the
epoxy resjin composition. [0035] Epox resinséA) which is in a liquid state
theTEOR R T TipaataR REbN AT NREGIAGHGHI RS afTopneil rasines (C -
and {MY-0510~manidactured kyehuptsman AdvancedMaterials b L)olh At mixing

liquid state at room temperature, the viscosity at a temperature of 25C is

PTOPPISGISRS, RESHIRLL frigf/cidy iR BMIABphéRol FESHTIELM-100 to 3 and
compTAQpiagtused by Sumitome Chemical Go., Lid,),.ia aliguid stafe, 8Eroam opexy

temperature, the viscosity at a temperature of 25C is 10 14 poises.
resin compositions were evaluated. First, an entire amount cf the

EXAM

epoxy resin {(A) and a part of the thermoplastic resin (B) to be
dissolved were stirred and mixed using a planetary mixer set to
a temperature cf 125°C for 75 minutes until a uniform solution was
obtained. Thereafter, the temperature cf the planetary mixer was
set to 70°C. When the resin temperature became uniform, entire
amounts of the thermosetting resin particles (C) and the curing
agent (D}, and, in the case cf Comparative Example 2, an undissolved
part of the thermoplastic resin (B), were added to the solution,
and stirred and mixed to prepare an epoxy resin compositicn.
[0035]

- Epoxy resins (A) which is in a liguid state at room temperature
Resin A-1: N,N,Owtfiglycidyl~p—aminophenol resin {MY-0510
manufactured by Huntsman Advanced Materials LLC), in a liguid state
at room temperature, the viscosity at a temperature of 25°C is 7
poises.

Regin A-2: triglycidyl alkyl aminophencl resin (ELM-100
manufactured by Sumitomo Chemical Co., Ltd.), in a liquid =state

at room temperature, the viscosity at a temperature of 25°C is 10

14



Resin A-3: bisphenol F-type epoxy resin (YDF-170 manufactured by
Tohto Kasai Co., Ltd.) , in a liquid state at room temperature, the viscosity
at a temperature of 25C is 35 poises. Resin A-4: phenol novolac-type
epoxy resin (N-775 manufactured by Dainippon ink & Chemicals, Inc.), in
a solid state at room temperature, the viscosity at a temperature of 25C
poiseannot be measured. [0036] Thermoplastic resins (B) Resin B-I:

. polyethersulfone resin (Sumikaexcel PES5003P ured b
et S CRArRRaT o Ly Bhted 28 fhe UL hA A S ctured by
Toht paticle tdiameterafdl00, pimok lasisHy inpaett grinding: §@08éhperature, the
. Thermosetting resin particles (C) Partigle C-I: bisphenol A-type epoxy
V2 SCRSSHTYY B0 ZON RERFECHed By Tohtd KaSeirCoPA4dSS a softening
Res 1 ROMLAS from A39GH0AR00, - prepared aisfine particles- having apatiste  red by
_ diameter of 100 pm or less by impact grinding. Particle C-2:
Daingpyelpeitidienedpsaépaxypresin{FP-7200M marfifadtdredbyte at room
ini nl C icals,.Inc.) , a soften| int _is fram 7
temp(fp)r%pma%%% as iﬁ% pg(ritlg;{:eogéf% inggg pgrt?t(:%’grlL %%a%%e%#%f 1%% pzl?n‘g o(t“:)lgssc%gggyOt oe
measimmgatct grinding. [0038] Curing agents (D) Curing agent D-1:
(003 3'-diaminodiphenylsulfone (ARADUR9719-1 manufactured by
Lntsman Advanced Materials LLC) Curing agent D-2: dicyandiamide

ThéERIeWeRIG Y 1548anufactuyed by Japan Epoxy Resins Co., Ltd.), latent
_curing agent [0039] 15 Seven kinds of epoxy resin compositions

Resa{Exagmigs1t5g%yethersulfone 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.
[00371

Thermesetting resin particles (C)
Particle C-1: bisphenol A-type epoxy resin (YD-020N manufactured
by Tohto Kasei Co., Ltd.), a softening point is from 135°C to 150°C,
prepared as fine particles having a particle diameter cf 100 pm
or less by impact grinding.
Particle C-2: dicyclcpentadiene-type epoxy resin (HP~7200H
manufactured by Dainippon Ink & Chemicals, Inc.)}, a softening point
iz from 75°C to 90°C, prepared as fine particles having a particle
diameter of 100 um or less by impact grinding.
[0038]

Curihg agents (D}
Curing agent D-1: 3,3’-diaminodiphenylsulfone (ARADURS715-1
manufactured by Huntsman Advanced Materials LLC)
Curing agent D-2: dicvyandiamide (Epicure DICY 15 manufactured by
Japan Epoxy Resins Co., Ltd.), latent curing agent

(003917

15



Comparative Examples 1 to 4) obtained as described above were each
evaluated by a method described below in terms of tackiness and

drapability of the prepreg, and porosity and peeling strength of the

honeycomb panel. Measurement results are shown in Table 1. [0040]
[Tackiness and drapability of prepregs] A resin film was formed on an
exfoliatepaperdsing eavkyof the obtaigedppeiiesirs cdmpaiions and-c 3,

the film was transferred to a,carhon fiber %Iat-w ven falric éT- 00-3K
Comp?nraanﬁgcﬁl?%& Ik%/> o“'?‘ail;i Fr?dljl trigg%olfrﬁ_ d?)sb%%%%icy%ge eaa%gﬁg were each
eval{EESSHre:$o asme Hchibvee adesinednteritol 4iweightts. A avesit,ness and

repregs were gbtained. [0041] The prepregs thus obtained were

prepre

drapgPdibifed By hand (BEEMAG Jin tBRfsR? TatkinessArt BRpabiidy Sheength of

the %ﬁ%—f@m le gtescribed below, Lvalyatiom efdagkiness, giprepredspie 1.
e

Excellent: sufficient adhesiveness was sensed Good: some adhesiveness
[004fhs sensed Poor: almost no adhesiveness was sensed Evaluation of

ility. of : ' IC] ibilit d Good:
TR bty S Sansed Post” amoAL o Tiblly was sensed [0042)

ity was sensed Poor: a no
[Parasity of hbnéycembd fanetsldlwo sheetscdbpreptegparae oftheg each of
individual obtained epoxy resin compositions were, laminated to each

R N

Ehe Qe AArgad B Boin SIUESR 2eHGHEySomb Cork INGEX Hoheycoms =+ >

to a SAHLYS-8:bmanufactuied; 1y ShewsAreraivindegtyGochtth)irplaced Toray
in a bag, and heated in an autoclave at a temperature of 180C for 2 hours

Indugémperafifte 18555 rié 8PP BERAMREI GG 5 prepare §5 to achleve
a reQPQQ¥§9gghEQQ§M1.weight%. As a result, prepregs were obtained.

[0041]

The prepregs thus obtained were evaluated by hand touching
in terms of tackiness and drapability on a three-point scale
- described below.

Evaluation of tackiness of prepregs
Excellent: sufficient adhesiveness was sensed
Good: some adhegiveness was sensed

Poor: zlmost no adhesiveness was sensed
Evaluation of drapability of prepregs
Excellent: sufficient flexibility was sensed
Good: some flexibility was sensed

Poor: almost no flexibility was sensed

[0042] |

[Porcsity of honeycomb panels]

Two sheets of prepregs made of the individual obtained epoxy
resin compositions were laminated to each other, arranged on both
sides of a honeycomb core (Nomex honeycomb SAH-1/8-8.0 manufactured
by Sheowa Aircraft Industry Co., Ltd.), placed in a bag, and heated

in an autoclave at a temperature of 180°C for 2 hours (temperature

16



During this process, the inside of the autoclave was pressurized to 0.32

MPa with compressed air. [0043] Smoothness of the individual obtained

honeycomb panel face sheets was visually examined, and evaluated on a

three-point scale described below. Excellent: smooth without no

unevenness observed on the surface Good: slight unevenness observed
riseorethe sdrfaceé POdmiimevehniss ohservegdion thre sarface {o044]dPrblipgnel .
. strength of honeycomb panels] Far the hgneycomb panels obtained as .
Drer o BEGVE e E SHbS manopl nd UpBEL A4S IO Shes gF=i2ed

to othheneycemin cerenpt theshentcUFng process were each processed to a
Sredetermined size, and peeling strength (Ib-in/3in) of test pieces of the
[004 ﬁ)per-side face sheet and the lower-side face sheet at a temperature of

236, (dry gandiiopwas measyred according 10 ASTMDNLSLodl ©QsT- face
tO,L,OOOW E”cojVI.-MNa.dNN Oxw >MLLLNQa~~«<fil

sheefbOV@ONNEEVZKDHLOL > EnCEVaMEN8D ) G Eoreespoint scale

desgscribed kelow.

Excellent: smooth without no unevenness observed on the surface
Geood: =glight unevenness observed on the surface

Poor: unevenness observed on the surface

10044]

[Peeling strength of honeycomb panels]

For the honeycomb panels obtained as described above, the face
sheets arranged the upper and lower 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 pieces 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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of the present invention exhibited excellent properties both in
tackiness and drapability of the prepreg and in porosity and peeling
strength of the honeycomb panel. On the other hand, it was observed
that Comparative Example 1 which contained no thermosetting resin
particles (C) resulted in poor porosity and peeling strength of
the honeycomb panel, and that Comparative Example 2 which contained
a part of the thermoplastic resin {B) in an undissoclved state
replacing the thermosetting resin particles (C} resulted in poor

tackiness and drapability of the prepreg.
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00O OCo WHiHO CL 0[0046] According to the results shown in Table
1, Examples 1 to 3 of the present invention exhibited excellent properties
both in tackiness and drapability of the prepreg and in porosity and
peeling strength of the honeycomb panel. On the other hand, it was
observed that Comparative Example 1 which contained no thermosetting
resin particles (C) resulted in poéilgortdSity and peeling strength of the

hopeycomb panel, and that Com arativg Exafn le 2_Which£:ontai ed a .
(1] Do The THermoblAstic TG (B) 1t an LPeissolied Sta TopiAding Taos+ee

matethermosetimgoresiniparticles (C) resulted in poor tackiness and drapability

of the prepreg. 19 CLAIMS [1] An epoxy resin compagsition for

fibBRrefforeed E6MpBsité®mateiials, comptRing: ah'shb%y rédid BR) thdt room
templSAR@;liquid state at room temperature; a thermoplastic resin (B) that

dissolves in the epoxy resin (A) at a temperature not less than 90C,;

thetn{OSeEiRg resi partichss T that Heatottbrssidtenp disssive ifpey resin
(n) SROYY L& ' @)aq;&lgr@!%etraigg ge%%n??%)% and has a softening point

of not less than 120C; and a curing agent Z] The epoxy resin
cofipositiondorfiber-regdarceg zomposide niaterialsaccdrdingto campletely

diss\évfg(raei%h ggr@og:!{asti% resirrl] (I@is both or any one of a n 90°C
polyethersﬁtl onhe r%smyparﬁglle an 3\ p%@e?he?ﬁfﬁ%%%&ﬁ%%r&c%;s ahd?
and hespartigleriametey thernof i200.pM 0klesSthan 120°C; and

a curing agent (D).
[z2] The epoxy resin composition for fiber-reinforced composite
materials according to claim 1, wherein

the thermoplastic resin (B} dis both or any one of a
polyethersulfone resinparticle and a poclyetherimide resinparticle,
and

the particle diameter thereof is 200 um or less.
[3] The epoxy resin composition for fiber-reinforced composite
materials according to any one of claims 1 and 2, wherein the
thermosetting resin particles (C) are made of any one cof an
epoxy~based resin, a maleimide-based resin, and a cyanate-based
resin, which are in a solid state at room temperature.
[4] The epoxy resin compositicn for fiber-reinforced composite
materials according to any cne of claims 1 to 3, wherein the
thermosetting resin particles (C}) has a particle diameter of 100
um or lLess.
[5] The epoxy resin composition for fiber-reinforced composite
materials according to any one of claims 1 to 4, wherein the curing
agent (D} is both or any one of 3,3’ ~diamincdiphenylsulfone and
4,4'—diaminodiphenylsulfone.

[6] The epoxy resin compesition for fiber-reinforced composite
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[3] The epoxy resin composition for fiber-reinforced composite materials
according to any one of claims 1 and 2, wherein the thermosetting resin
particles (C) are made of any one of an epoxy-based resin, a
maleimide-based resin, and a cyanate-based resin, which are in a solid
state at room temperature. [4] The epoxy resin composition for
matefibedreinforced tompositen ynaterials actatding totany pneheftdims Adocuring
, rein the thermosetting resin particles (C) has a particle diameter of
agen R RS ol e SEB Fat Bot hoBiiAn 10 Ty rERForagg=cent -

[7] compeosiisomaterals aceordiag ia-any oneof Elaims-1-to h.ruherein henposite
curing agent (D) is both or any one of 3,3'-diaminodiphenylsulfone and

mateg 1Rt AR et yISRIGRY [B] TheeSoairsin chmosiieiefsin the epoxy
resifibeisfginforced,compasite; 20 materials-aceording ta any ® aqf%aigl}ﬁ Yeight

to 5, wherein the curing agent (D) is used in combination with a late
of thukmyageres{7] The epoky et bempasition tordibecieinfsrddiermoplastic

res1 §ORpSIE materials accoing Lo any one of daime L 19,0 whereln the
Wi

1 .
: t.
epoxy resin composition contains, espect to 100 parts by weight of >+

partthelepoxyCresin (A) , 20 to 60 parts by weight of the thermoplastic resin
(B)g nd 2 to ZOnEarts by weight of the thermosetting resin particles (C). [8] .
8l Ty geepc%&%%i EGPoSitBR IS it ehftordetiomposite fiisfagomposite

mat e 26GOrding khany Ape:of caipsidoss whereisthe epoxy (8sitein the epbxy
_composition has a minimum viscosity of from 10 to 150 Pas measured in
resigyREMROVISEOSIastEs meastrehveht et Fehiperatife iseraté of2 150 Pa-s

neasGiDIUE: )IIe.e000 EscanRasion frfRerLalnfprced comRoRltera ey ve
materials according to any one of claims 1 to 8, wherein a fracture

risetotghmess valuedmeasured according to ASTM D5045-91 after curing of
[91 th%ﬁgoé%giﬂn§8Q¥§§§§Q§S§i§ﬁ@%@?§?°£fgg$5reinforced composite
materials according to any one of claims 1 to 8, wherein a fracture
toughness value measured according to ASTM D5045-91 after curing
of the epoxy resin composition is 1.8 MPa-J m or larger.
[10] A method for producing the epoxy resin composition for
fiber-reinforced composite materials according to any one of claims
1 to 9, comprising:

dissolving the thermoplastic resin (B) in the epoxy resin (A)
at a temperature of from 85 to 130°C followed by cooling to a
temperature of from 60 to 90°C; and,

thereafter, adding thereto the thermosetting resin particles
(C) and the curing agent (D).
[11] A fiber-reinforced prepreg, comprising the epoxy resin
composition according to any one of claims 1 to 9 as a matrix resin
in complex with a reinforcing fiber.
{12] The fiber-reinforced prepreg according to claim 11, wherein

a content of the matrix resin is from 30 to 50 weight%.

[13] The fiker-reinforced prepreg accerding to any one of claims
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[10] A method for producing the epoxy resin compaosition for
fiber-reinforced composite materials according to any one of claims 1 to
9, comprising: dissolving the thermoplastic resin (B) in the epoxy resin (A)
at a temperature of from 95 to 150C followed by cooling to a temperature
of from 60 to 90C; and, thereafter, adding thereto the thermosetting resin
11 apartitikes (Graed thectuwingageni D) rfd 1§ Adiber-reinforeed prefpiregr .

14 comprisir%the epoxy resin .composition according to any one of c_Iaims 1
(24110 & AORTARRTEM H CMpRS With LR8HRTDraing iber 121 7hg £ e nrorced
prephbey-reinforcedprepretaceasdingde claimy bl wherel aonentofthe e yeomb

matrix resin is from 30 to 50 weight%. [13] The fiber-reinforced prepreg

Core_aéébi‘ﬁin@% arflornesrdaihts 2ach aida2; wherein the reinforcing fiber
(15118 %%Q‘?HJ%P&%%%@W%W%gﬁaqwé%%%ﬁgo%”éi‘gm%4 , wherein

fiber-reinforcéd prepreg according to any one of claims 11 to 13 and a
the honeycormly cored¢hataredantinateded ezichdthien{l 5] Eheyhongycomis isting
of a%%?& icltgopa}ene(llac %fdi%%tom‘i'gi{in ]}A{bwgecr:ein the honeycomb corecit;sEbs d
5RT bRe SIS HORT thie Grotp CoREting” SF R imid STy dSRTHES s an

glasaluninwndeneycombs, paper honeycombs, and glass honeycombs. 22
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