EPDXY RESI N COMPOSI TI ON FOR FI BER- REI NFORCED
COVPOSI TE MATERI AL TECHNI CAL FI ELD [ 0001] The
present invention relates to an epoxy resin
conposition for fiber-reinforced conposite materi al s,
and nore specifically, relates to an epoxy resin

conposition for use in a self-adhesive prepreg for a
BPOXYY RE6 13 GOMEGH 1T TN 5 i Tt  AGEHO IR TE MATERTAL
' [ 0002] Fi ber-rei nforced conposite materials
contai ni ng an epoxy resin conposition serving as a
TECHNTERL] ¥ THes) N have been wi dely used for aircrafts,
aut onobi | es, and industrial applications due to their
[C0013uperior mechanical properties and the |ike.
Especially, as for structural and interior materials

f SR P FRIeRt SINTPRM he Perspedal 98 BPOREIFRVAMgomposition
for f#ﬂ)%?t—géﬂﬁ@?gggd Egﬁhgsﬂ:g HARE rf§f§8 M&rzﬁeore specifically,
[ 5 § ar a

ér-rernforced conposite materi a e ‘used &as ce

relat8BeebsaRfeboR@Y£08PN PaBRPSsit POR3 or use in a self-adhesive
Conventionally, a honeyconb panel "is produced in

preprsg- takl edfececwheainlod mg homeptriorie gahidlm t ype
adhesi ve agent is placed on both sides of a honeyconb
BACKGRGPND ARErepreg (uncured fiber-reinforced conposite
{OGOELeSin material) serving as a face sheet is | am nated
: n the both sides of the honeyconb core, and curing

Of i Be F €66 N EORELH! Wb stite RHLRd et BNd-88hEShORg an epoxy

: bet ween the face sheet and the honeyconb core are

. resinpeefpesbdien et taheoust \u mHbweweresin baderbéen obitdey used
a lighter honeyconh panel and to reduce cost for

for ahﬁFH?ﬁﬁ?ra@Q&QQQQ%%fSQeﬁF“édH%@?%ﬁr%%%hﬁPa&éCﬁBFODS due to

thei.r %é{é%qc#é/r R%gg'a%c\?\aél.\?éggfgggg?egoérﬁ ?:g%hi‘l Eé?prf%:%c?f%lly, as

eman Sl nce se esivenes

for sBrePEe&allS ARPOCHhBLLUoW WA t¥IrSEAS b ANE: tOHFNDESS Fobm the
resi-n, depending on how they are adjusted, porosity

persp¢aneverrpachieningel sehfacejelightt,hehpreprmymoae casesl where
) on a honeyconb core may be caused, or tackiness and
£ibergraTALOTFey BPTPRELSFOPRESTIA) ShEFnPar edS fesm BhRgLs of

i j productivity. Therefore, it has been an
honey%ékégﬁgﬁéf%ffficult task to increase the

(ooo3pel f - adhesi veness.

Conventionally, a honeycomb panel is produced in so-called
co-cure melding in which a film-type adhesive agent is placed on
both sides of a honeycomb core, a prepreg {(uncured fiber-reinforced
composite resin material) serving as a face sheet is laminated o-n
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, in order
to obtain a lighter honeycomb panel and to reduce cost for molding,
a so-called self-adhesion technique for directly bonding a
honeycomb core and a prepreg has been demanded. Howéver, since
self-adhesiveness of a prepreg is associated with viscosity and

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



[ 0004] For inproving self-adhesiveness of a

prepreg, it is inportant to forma fillet by wetting

a bondi ng surface between a honeyconb core and the

prepreg with a prepreg resin during thermal curing,

so-called fillet formng, and to obtain a favorable

shape and strength of the fillet. The fillet is
(unefrennedribynt tite sesifade) on Al frobrBadNFMIh He £ b'h@lhﬁﬁeycomb

fromthe prepreg in a thickness direction of the
corenBa¥yeBnbausred, aPEn§aakharbsofnthdrhpabyddiy. oThéhe prepreg

ape of the fillet.is deeply associated with the

may I?/?S%&)%?f@e%‘f 15 .10 gct Y PEE N tiYd tangThgrefore,
it s Clidth NGl S OG- dGP. YA | $TY €l KEhYrblse  the

be formed, resulting in an uneven part on the
selfsanliesktvehésthe viscosity is too high, tackiness

%adhesiveness) and drapability (flexibility) are
[000¢hpaired. In addition, the strength of the fillet is

in constituting the

f d by.the t h , of
i C R RN C TR TR N

to fox@l b #dheskveyREEPE £8y h@‘ﬂ&ﬂii@lﬂh@fﬁcreeﬂe@ween a honeycomb
conmposition including a thernosetting resin, a

core \AISL ddid pregmagwiageat pregecaf rasthegupphasthérmgsi Buring,
whi ch. di ssolves in the thernosetting resin,

so-cqligiGobl et c TPERiRIparticces btzhn age fagordibdsolshepe and

' e etting._resin, .and curj ni ent. .,
strerH]cklr}e%%séel?e EE?EE%DO Iﬁﬁgﬁ‘tﬂftpf‘ap%g@sedag% | rFﬁBPiJCn a state
of haPicARIL@NaViingidoMRibinX th8ShReFLAROSHTA Ot i Beb UdiNg: o 5 on

thernoplastic resin particles and”a thernosetting ,
of theekpneyonpbsidee cdmiraj ki wglad dferlmploasiicntasi Mhe shape of

hﬁﬁpven, in these self-adhesive Ereprggs, al t hough
the figdeli dsodreplenaraerértsedl vithf therebsroebhpost tilom resin.

IS 4. Jr.0 d.the .shape of, fillet .is nodified, ,
— thteh_ec:irg3 aree\&gfd&r%o Ihé'%qlhnﬁ Cfracq(lilﬁ’ébsjglgarhs d:rcﬁ’pélﬁqqet'y,?oromty
is mowRi QR k1§ itRP Yt EYrnfelBr ARSI L S rPfa IQIHARRI 'tﬁa\ﬂ:’d bn the

prepreg handling, are poor, and a problemthat the
surfageepr égstheevisdesioy is tpor dsidly, tHudriefare, (ddi@siveness)

ropgsed sel f-adhesive prepregs, above have_a probl em
and ‘%Dﬁéffaq%lﬁel%r kibeX1Pylahy) appearidinaei skl i tInt Reddstion, the

strenggﬁes%i%f/écglteesgfjfﬂ,:#feérﬂégifsenéff%\!@éd%n%hgﬁght{)ggggﬁés of a resin

has been i r oved

constextiedhyg Pakeprepoeynent 1. Japanese Patent
Transl ati on Publicati on No. 2005-506394 Pat ent

[0005bocunent 2: Japanese Patent No. 3661194
i%N%ARgP LEMS TO BE SOLVED BY. THE DI SCLOSURE [ 0006]
P oBf éﬁ OBt He IpPESBRESH 8cPotiradiasive mirptRg dvving a
matrifPPL:ESLR I.tio er-rejnforced. . .
rlconp&??tg i gg?g?g%lmﬁ?%g£%£¢€e§1agh%rﬁﬁ??g§ngsr§F51n' a
viscosbbposidritiblf oagEse imhcRe SBET -AdhRSMEpREERRET fH i@ which
. -face sheet of a honeyconb panel. The epoxy resin
dissolwpdsi thehhemabses tiog resbas theehbpadsedicveneisspakticles
. . the prepreg, ile inmproving workability and
unich i RSP BN ed 157 i thAEBiAss L HEANG SRR, Sepdl NGeuring
agent TH%iR(%%Ls%YBPEQQQz]Dccument 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 compesition is



In a first aspect, there is provided an epoxy resin

conposition for fiber-reinforced conposite nmaterials,

conprising: an epoxy resin (A that is inaliquid

state at roomtenperature; a thernoplastic resin (B)

that dissolves in the epoxy resin (A at a

tenperature not |less than 90C, thernpsetting resin
imprpasd i@ s HeCrhtbat odof hble € o lretdal fyi edi s shleve anetdeproblem

epoxy resiq@%ﬁo at a tenperature |ess than 90C and o
that pagkincsefanchingrpbi Al Lo WIKCH 253 1ReR CRIGChaRr et stics

d . bi sphenol A-type epoxy resi i are_|]
of Wé%k%%#iﬁ?ﬁk%%upﬁﬁﬁﬁﬁﬁ gﬁ&?‘We?Ignggg%guégﬁgééﬁéﬂ?fem Ehat
the $pPepréf004AL inferickNiA $56688casSPeMardQFE, ithe proposed
provided a fiber-reinforced prepreg, conprising the
self epdiystesipraomppsidicor dsvél scbosbdembbiat asha workability
matrix resin in conplex with a reinforcing fiber

and ppPeZBRRCce qualifvy ERgFeLhspEt NAthetle fs PEViCdERTa 1evel

althc%,)jli?%e%ff‘l?eg%n ggg\\rﬂ% gsgﬁ%lgregs%oglg%ikféé}gakgg‘oved to some extent.

orced prepre close ove and a
PateRONBYEQHBNE01 € bﬁ@bn@%@ Ipardcnat ed- -4 leatibrotiigslication No.
[ 0007c] I n-one enbodi ment, the epoxy resin
2005€0m@d34 ti on of the present disclosure for
fiber-reinforced conposite materials 'q£ achi eves
Pat@?%éD%%@W%n%b?écan%n%%%r%%T%??z%ﬂ'b§6%iﬂﬁ i ning: an

[ ) j (S I {GHel at room

somiEReRoREaNd A R RS iS4 T Ark e

[o004l Ssolves in the epoxy resin (A) at a tenperature not
l ess than 90C, thernosetting resin particles (Q

- whik lptdieatotofc ¢ins erelsgndi ddslesiet he BPoRYOY Ee AR epoxy
cessd Shrin o O B Pt PRS0 E AR Bosringe. whicn
sexrv@9end é%atgfﬁgégcgﬂ%g%@& udd0P8la self-adhesive
prepreg for a face sheet of a honeycomb panel. The epoxy resin
composition enables to increase self—adhesivenéss of the prepreqg,
while improving workability and appearance quality of the prepreq.
MEANS FOR SOLVING THE PROBLEMS
[0007]

In a first aspect, there 1is provided an epoxy resin
composition for fiber-reinforced composite materials, comprising:
an epoxy resin (&) that is in a liquid state at. room temperature;
a thermoplastic resgin (B) that dissolves in the epoxy resin (A)
at a temperature not less than 90°C; thermosetting resin particles
(C) that do not completely dissolve in the epoxy resin (A) at a
temperature lessg than 90°C and have a softening point of not less
than 120°C, and are made of bisphenol A-type epoxy resins which

are in a solid state at room temperature; and a curing agent (D.



The epoxy resin conposition of the present disclosure

for fiber-reinforced conposite materials is mainly

conposed of the epoxy resin (A) whichis inaliquid

state at roomtenperature and the thernoplastic resin

(B) which dissolves in the epoxy resin (A at a

tenperature not |ess than 90C. Accordingly, the
[oootdernoplastic resin (B) dissolves in the epoxy resin

(A) easily and uniformy. Therefore, inpregnation

prbpeat Besonfiereprcto &hEdienfier 4Ry ideserd flotber ~reinforced

repreg can .be ipproved. Fur.thernore,. the : :

Prep{Rar SBITgT bErrar FEFeS TO Pkl Ehoaa gt sclosed above
as aCRaPlekel¥s i s8Rl ¥emb ek NGi EROXYr& S8 d-d g B ilder .

tenperature | ess than 90C and has a softening point
[oo0®b] not | ess than 120C are added to these main

conmponents. Accordingly, the thernpsetting resin )
pakt i &| B3l E)aepec ot LaPER ol Y P 44e RpHFEYy sandwich

A) before the resin_tenper i.0R- i \
pane oG Hg b BEoseb=Frarar br Lo P HIa EUp ng 0oea above
and R'REESTchilo WbHEE BnRE eREEJ1ARI hafkdat&ledh other.

honeyconb core and heated for curing, it is possible

[000T©] adj ust vi scosity behavi or associated with
tenperature rising of the resin poggositLon

t et 5§ PR EVRRE . &S REPERIETM Eﬂ?%étbia?gwe present
] ' f.u j . .
dlscfggére'gf?)?éoﬁﬂ?$%9§é§ﬁ¥§rgg?ﬁ%tm&%s:%%em%@éfﬁls WgéLFh achieves

conposi oW ng urt hernore, ore
the 4bB&vdedhi&stiNg PhOLLESerexee! benton®d kabhd i tan capobe resin
acqui red by inproving tacki ness and drapability. BEST

(A) WYORESiECH GARRYUNG AT HE DPOCESWRE 0] a thermoplastic
. The epoxy resin conposition of the pr.es disclosure
resif ofB ) MBIl GUAFOILIGT Bmbo) FERRUEI 4] 4 A Shmfnt g b rature
not GEPEEN 95°Eped‘?@ﬁﬁ$¥sé@§iﬂ%gf@si‘i‘f‘?89tkélég fc) bfdicth do not
State at roomtenperature and the thernoplastic resin
complSe Wi &hs b B8Ol MESTHe dptecep@ain dal) natAr at¢mperature less
tenperature not |ess than 90C. The epoxy resin (A is
thanj p04C| adi st at eohtcpbbeh Peaper af upet i;v%ﬁ Elprn ei)%%/ci and
resin éﬁ% i?Din a semsolid or solid state at room
a cupEerdtire!Pit is difficult to thoroughly dissol ve
EFFECRS SROFIRPhASELGsHRRI N (B). As for the properties of
the epoxy resin (A), a viscosity at 25C is preferably
from1l to 100 poises, and nore preferably from5 to
50 poises. Viscosity at 25C is a val ue neasured using
a BH-type rotary visconeter. To be nore specific, a
can containing an epoxy resin is placed in a
thernostatic bath kept at a tenperature of 25C, and
~the value is read fromthe scale of the BHtype
rotary visconeter when the | oad thereof is
stabilized. [0010] As for the epoxy resin (A,
al t hough not particularly limted as long as it is in
aliquid state at roomtenperature, epoxy resins
havi ng between 2 to 4 functional groups are
preferred. Exanples of such resins include: bispheno
A-type epoxy resins; bisphenol F-type epoxy resins;
napht hal ene-type epoxy resins; diphenylfluorene-type
epoxy resins; triglycidyl am nophenol resins;
triglycidyl am nocresol resins; tetraglycidyl
di am nodi phenyl net hane resins; tetraglycidyl
m xyl yl ene am ne resins; N, N-di am nocresol resins;
phenol novol ac-type epoxy resins; and various
nodi fi ed epoxy resins derived fromthese resins. From
these resins, a |ow nolecu] ar wei ght-type epoxy resin
may be sel ected accordingly. As the epoxy resin (A,
according to demand characteristics of a prepreg, one
resin alone or nore than two kinds of resin in
conbi nation selected fromthe above- |isted epoxy
resins may be used. [0011] An epoxy resin




parts by weight of the epoxy resin (A which is in a
liquid state at roomtenperature. [0012] The
epoxy resin conposition of the present disclosure
contains the theinoplastic resin (B), which dissolves
in the epoxy resin (A) at a tenperature not |ess than
90C, in a dissolved state. -The thernoplastic resin
[0008B) dissolves in the epoxy resin-(A) at a tenperature

nof, | ess than 90C, preferabl t enper at.ure. of

{ T SRR R BT e Lueh BroparaTae fhetosure for
£ibel NELIOPLASLE Cob@pbRi £B) meRArRe1 YNk ORIV 19l SeRlpsrdkd bf the

the epoxy resin (A). By dissolving the thérnoplastic
epoxyesidir( Bp)i nhiba epaxy ar esgnifAtatdetvirooosteypefature and

t he epoxy resin conmposition caonstituting a prepreg

. . ) _ P .
the tharise laditis sgsdas( Py, Wk dieseByes §Bdds ispcsty cgRin (&)
be formed easily. [00 hbaugh kj
at ?heF%%%?E%Y?%ereg?% ( %L%ret%%? S%Pt?éular¢§g$%é§?éi¥a the
therhdSYa S Ec PrefLhabhy A@lss&asdsong khodeSekeciOeinr 0 easily
the group consisting of: polyethersul fone resins;

and ol §ethey i niTereXns, poyegrdsioegprepepoisanilgereof to a
resins,; golyether resins; polyester resipns;

reinkRFGERg iR ESFN3 PHSBINREFERI AT dENTS{§s; Furthermore, the
I e o’ y her : - 1
cnexfIEEL) Bo8s BT BOLYREY LD bR Soppasceay atasorve
in tHESASy Thestherapplnast itempeshiulB) 1esspanhhcabacl ¥nd has a
preferred to be pol yethersulf one resins and/or '
softgonlyet peinni dé nesi dsssThéea Aedifs gy @ddgghero these main
conpatibility or affinit ith an epoxy resjn o
comp o en AT B 0 Gthei PTHEITRPT HaY | 71 T Tictes (C)
X U edly iR b PERIUE 16ARe t
areI#$%§§%ééﬁ%f%g¥%?ﬂgéﬁdy§%%é#ﬁ?pzeferred to adé'théﬁﬁera o
becohde R agtd Ge@stiriBy proceqay t Mleeefivateg, iard hedtecuring
preferred to use those having a particle dianmeter of
proceg® Hmeri¢less, Prepradripr bpeinEcd rom 3 penqecym core and

By using fine parti,cles of. thernoplasti.c resin havi .
heatehchOn 6UrpHFr | e i AR Satieh I THE  Ghbssy DoPavior
,assoéf&*é@’wiﬂ? R d A @Srae Ldirgs v eder 2BEdhYc8Mfosition, and

uniformy whilée avoiding having |large particles |eft
ther¢ingi 86 opvedenT heneinrecave scHsstyfabarpotesisyi cauaad by an

toughness of the resin conposition can be inproved. _.
excespl vt heFOWBFdST Bjcudiand™ iaremesitiiared ity P & fillet.

article,dianet f_ 20 [ -
Fur tHeEpRp £55¢ S gslle%le(% ,gu?gg‘gté]%?(?r%p ’atse% |%((:e 1|rl eeglltnw?]élgablllty
can bs §SPLYEI NihPLoPPAYYAERI Rekd) atidi AoaPAYI1LbYS,
) physi cal properties, especially toughness, of the
BEST reGES CHOR 0CARRVANG aDUBeTHHPpP OYEHOSWR et hod f or

reparing fine particles having a particle dianeter
[ooog} 200 Amor less is not particularly linited;

NOMEY Cloodly e PR L LGLESs AL LT 1 SLAD) - OLERR! BFsLYoRRre for
|npact:%r| I hg ne or a spray drying nethod.
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 90°Cc. The epoxy resin (A) is in a

liquid state at room temperature. When the epoxy resin (A) is in

a semisolid or solid state at room temperature, it is difficult



[ 0015] The epoxy resin conposition of the
present disclosure contains thernosetting resin
particles (C) . The thernpsetting resin particles (C
do not conpletely dissolve in the epoxy resin (A ) at
a tenperature of less than 90C, preferably from 60C
to 90C, and has a softening point of not |ess than
to tllQQQ}lgbi‘LEf diabPyver ‘éhﬁlgb@m@p%@@lcméss@fﬂ%hrngAS for the

val ue measured accordin Io J
e - S P & e
fromdQ REt 168N Akely dRsaMe 'ﬁéﬂ%’%a@ﬁ%ﬁfﬂcﬁ?'ﬁ 50 poises.
before the resin tenperaturé becones "high in a heat
ViscesftNgapr Ess, iand disSised weeamifat niyingen BH-type rotary
predeterm ned t-enperature is reached. Accordingly,
Vlscﬂmﬁtﬁradfﬁ%ﬂﬁh@oﬁﬁesvﬁ§é§éPtyadFH%W@néﬁd%&DBG§PnePOXY resin

sition,, and t V. n o
io ofRURERYL " PRt DELERLAER PELE 00 5 LRI O e 2sec,
and ttﬂéevéfﬁé QSCQQE@%J&JHPBhé QRslid g ithe dies @E‘b@gr v:Lscometer

lowng to a a good fillet can be forne

whenthheniaaﬂlnhereqfaddlﬂgabhblth@ynnsettlng resin
articles (C, the anount of the thernoplastic resin
[0015 B) to be added can be reduced. Therefore, before

the, %%%t cfiL'dd &8&%&3% a&&kﬂgﬁ%%@%@%% myoimt@d

t hé” prépreg excel T'ent
as LoMY Egbiﬂc |1tSY1ﬁ%U lb.%u@@héﬁd@@ atFuobheldiesaturd hepedgeresins
where the thernosetting resin particles (C) are
havingdeetwede 2ffeck mantrmmm moummﬁwesﬁr@fem@depoﬁé;amples
resin conp05|t|on|

eriqr ared to the, case .
Of SUERr I RS IO B HERe I A SRR FRE T SR ae & ybphenol

'VeLde adde e e fi

- tyé%enggh r's Irrprovrgsd thgaggﬁgé?%ﬁésw%%gthéﬁt t he S5H0S

dlph@@?Eﬁpﬁabeﬁéﬁeypé fgpblrer eahaneed, tangl yhadeby ammnophenol
se

f -adhesi veness can be inproved. [0017]
resinge prégdmlydiishilosuranirearsset t heesiasos et‘f@?ﬂgﬁlleCldyl

articles (C) _are not partic [im
dlam%ﬁﬁé% eng ﬁﬁﬁ?%é aF@S%ﬂﬁeuﬁ?éﬁa%g%%ﬂa¥%sfh§y ylene amine
resa_lcfé(an"’}\tf EN hapsgth £ 8SidSe1 unkaliyAt eﬁhﬁﬁbﬁesﬁs{}om@-ﬂ?pe epoxy
vinylester resins; phenol resins; and epoxy-type
resimes bas. vy bhes me:dlﬁnedapmw rypéneekimsied from these resins.

mal ei m de- based resins, and cyanat e-based resins,
From\Heie 496 inF a 3séPidngiagelar W%J&H‘%‘éﬁzﬁiﬁ SOGFY, Tesin may be

especi a ferred 2L bIS p
Sele?t_e%? R/ﬁ#dc g?‘rye |2‘a sol55%° gtafge at r%oer‘ﬁw%%%ng to demand

chard EAPLIL 8t Uk 8 ofTAG RishheNsheArd i€ a2BA%Yor ASkBSE W €o kinds
are in a solid state at roomtenperature can be each

of repriepanecdniyiqairidly sryeatbisphenthe/abype- Bpahad epoky resins
for increasing the purity while increasing the
may Bgetefar wei ght. Such bi sphenol A-type epoxy resins
001fie preferred because of the effects of inproving a
prepreg in workability and porosity with its high
sofd g pekhh. wh O 8]s in a semiR@®IPA biCéel T 3RS at room
of the thernosetting resin particles (O is
temp@r@ﬂilerabmgtyﬂ@@ WaROr meg@,mba:n@ltmmewrptl@f@h%bﬂyoxw omesin (A)

tlng the particle di ter %%&
which fe? g at B H oS FACBart I Treh (RIPTTH ch "4 oFifigs, Tange mot

1mpafpﬁ¥ dijssql e 4 for by %@@ﬁeﬂ%ﬂﬁfﬁj@i%ﬂé‘?d In such a case,
%rature I's reache | t he eat curi ng process.
an epﬁﬁ:@;ﬁrf’é@gxh ywhidle ¥sstasatyodidtheaepoxy reshntemperature is

conp03|t|on can be
preferably set to 20 parts by weight or less with respect to 100



properly adjusted. [0019] The epoxy resin
conposition of the present disclosure contains the
curing agent (D). Kinds of the curing agent (D) are
not particularly limted as ong as a conmpound has an
active group which can react with an epoxy group.
However, preferred exanples are: aromatic polyan1nes
part%ubsphmqhtp@fyﬁmenéﬁoxwr@%w et ofpistthds 1n a liquid state
tetraneth uani di ne; thiourea-added am nes;
at r%%WbB % g%?% anhydri des ; carboxylic acid
[oo18V¥ dra2|des ; carboxylic acid am des; pol ypheno
conpounds novol ac resins; and pol yner capt ans.
Espteci apbyy inetie pengpedttiiver obfi rpgrovbmgstotghdesslosure
of a cured resin product, it is preferred to use
Cont%#@#nﬁh@:tbéﬁvﬁﬁﬂﬁ§§1Csﬁ%ﬁl%sIHVaWPHSHN§H§ﬁ91ﬁ%%H%h@ge SpoxXy

resuén( g yg%ipghgr@ﬁ ut%él?ﬂ%%s éﬂag@’ot"lccuhﬂra d'ltssoived state.

S EFrerre
The @hérm b npeli pheny| spl) f @NesdBvds - DV hangh®ty resin (A) at
i am nodi phenyl sul fone (4,4'-DDS). [0020
a terﬁpasatarta:mnmt tlress < untiany S@gént pEBf eirsgyehér abtgmpsegture of
with a latent curing agent. The | atent curij

t .
Erom {45 157 &ren 881§ at °Y SR IGh e BEORETELGRY | FECgRotgtopLastic
'res_ug. Ql?/)’ I?%eOfunqucgﬂﬂ %‘é%l@é&’%ﬁ%‘h@% OX esin (A)}. By
| an gaf

I'am des; ‘am ni tertlary am

dissbdIW g A %&'eﬁfﬁlopll%.‘@*t&caﬁégﬁn emnd i enst@bﬁpumlmmﬂ
especially preferred are organic acid di hydrazides

viscesutdi @@amhe RPOEE . r@ijllﬂlsq?@lgpgsl*m@ﬁilt C@Wth@u%\mt ajprepreg
conbj natl tou hness_of_. a cure duct ¢

can i F4PEVEY, CHRGTE het 8By REFTERNCETTRnERs 6F 8 Do formed

easiﬂéppreg can be increased. [0021] The epoxy

resin conposition of the present disclosure may

[oolzpntain, wth respect to 100 parts by weight of the
epoxy resin (A), the thernoplastic resin (B) in an

ar?emhoxmh pkandeatby Zbet o-BorRRlasbiC wakghE, Mreare not

pare PR SRR 0 PR D3P TRl O e il e ngna senecea

From Pr €her ah}.;yo@%t Oc%%s%rttﬁlgby el ghbolq,@rt@la%eﬁe:roa@ Y Besgins;
to 15 parts by wei ght When t he

polydtiesinopl @&st i ces s (ﬁ@lysmaddedrealaﬂ anpohyanhdea resins;
range from20 to 60 _parts by weight, the_viscasity of

POlY%?ﬁﬁ%po%ﬁ%ﬁﬂﬁ¢1cBﬁ%E@?F?Bn(ﬁﬁﬁ%ﬁ?proﬁ€ﬂM§W¥ﬂ¥Eﬁedr951ns

and ther b tac n
o1 PRSP RS Lo T AR IR LY, BRL, B8 o resins,
polypefitiethdn %@s@@@““aﬂ@ ol gBgBetEORE2kE00RE PVLifis. The
y wei ght, the VISCOSIty of the epoxy resin

thermmpimstimonreamnbe(BﬂopaﬁlypaﬂhxﬂuiﬁrNMeﬁnaﬁ&miﬁ¢1 to be
an anount of 2 parts by _wei ght or re, .t ughness of

PoLyat ke B4l IRRHUCE AT bE RARF ORRLY ﬁ%{%ﬁdﬁ% ! These

resi e 91 AR PSS, aﬁylw@ G S 55l wjl%hpgﬁséfﬂ!)ﬁy resin

npr ov ackln apabi |ty achi eving an

comp@RROPogia i@ dpesstefert NEhPrBPPEgstic 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 um.
By using fine particles of thermoplastic resin having such a

6



[ 0023] ' The curing agent (D) nmaybe preferably

added in an anpunt of 25 to 50 parts by weight, nore

preferably 30 to 45 parts by weight, with respect to

100 parts by weight of the epoxy resin (A). By

setting an anount of the curing agent (D) added in an

anobunt of 25 to 50 parts b i ght, physical
partb¢b9ei&am§$eﬁ;uwheﬁsa§@H@h@ eP%ﬁ@Hﬁ%@é“LaﬁgetE%FHﬁFlQS are

. __resistance,_.requi red f. cur Si
dlss%ﬁY?ﬁnJ?@%@&'fa 895 18k %&ggﬁ'be%gu %uc?%ﬂfﬁy Lchigvay, 1aree
parti@@@é]left undi k8ol PEAEPOKYe FeOSIHE COBESEE Lo rddearistics
present disclosure for fi ber-reinforced conposite
and tmichtned s, off heaberéncooppoent o A)art d»e( Dpgpged. In other
essential. However, w thin_a range not alrl

wordef fRC1%s B9 tﬂﬁéleprpé'srémclﬁr%/@ﬁt‘flaﬁ SVERFBHE %o‘?ﬂ‘}q%er of 200
[Hi] o§a %%tssas L}%g] t%]%r%% lla%ﬁ CKQQM C{gl ng;h%gﬁfl%?mo lastlc resin

ers ize ane retardants
(B) 395 Rersddhaed he @H@V@p@@ﬁ'ﬁﬁé’tﬁlﬁ{ S2)Ahnt 8oty ; nﬂlﬂube phy51cal
added as needed. [0025] In the epoxy resin
propenhp@81taspeqﬂalluaqmugh@@BSdl9@Itﬁﬁnﬁ§52@-#PmpﬁﬁﬁﬁlOﬁ-Can-be
viscosity, which is neasured_in d fiel
mprw%oe|%@@.t@péyf%mwg 5108 Wk L P vingea particle
r r
atangBLE G ol G Bes 1B Br B e S R rvever
fine Tpa&ltfﬂd]]e\é éﬁ.@i‘pﬂé'f eﬂakﬂmﬂpﬂhpayeaa@eha&tmpadw grinding method
measurenent in the above range is effective for
or aexpragsiingipgoveichédity and sel f- adhesi veness of the
epreg. Accordingly, while increasing
[°°1§L|f adhesiveness by fornming a good fillet, the
praguct % Y Pl iAPTRARAIL NG G T BENTAIL] ﬁQeEbE@r Mddosure
the res onp03|t|on I'n prepreg production can be
conth ps @;\l‘ﬁimdﬁets:fi@:kyl ftle bin potred clikat(C)i. MThd ehpresestting resin

di scl osure, a m ninumviscosity in dynamc
parti¢iesel G5t 92| 29t neaspt ehehy FeFeplve olla W% SRAF Y areRin (&)

f conpl ex viscosity & o R
ac @ SibOTl R 3" QLU RRCUO B L S BRONY L8R Boco o soc,
and ﬁ@@%"rs%@nl@ﬁ; ol BFPEE ! aﬂi_é‘lf e.ddk %h'é@lnﬁlﬁoﬁeor@)géféf@bly from

200C at a tenperature rise rate of 2 Cmnute at a

130°¢rmpaency .of TAO seil seoongodntaista aiad uef me¢ssuped2ejcording
As for the-epoxy resin conposition of the present
to JHPsErésdte, the cured product thereof obtained after
[001§tr|ng has a fracture toughness val ue, which is
easured according to ASTM D5045-91, of preferably
1.8, dPade 8kl R 88T redfe mieferadd y(€y oaol it ocdmpbletely
MPa. 4rm When the fracture toughness val ue of the
dissolvedmptdegioxyf rehen e(@!dxlyef es¢ rth@om@sm tieppeiraturg becomes

MPami rm or |arger, tou ess of _a part
highpigha JieRt heUpepi R bt enguipe a peefee | Fprovenly when a

pred%lll;g{m ng“ @émﬁé?&&ﬂ;@g SEQ” §e59h85f:lcur 'zibc?mp@{ﬂg?ﬁ a while

core peeling test after bonding o
adij uéaﬁﬁgsjlﬁaebléabgmt@gjf and diechaeeyacrdmeostti¢®027H thereby
A method for producing the epoxy resin conposition of
prevehpipgesendetestpratient oif f ﬁb@¥a¢® PPECEedYcoPpaseEe by an
materials is

exce5§@|r%rarngalr}+'ep otbhg ?:Ir,?tésll%u!:g{njlg%sakrlnortl cdonstlv}_ﬁﬁ/telrng tpleaprepreg
flowing to a fillet, a good fillet can be formed. In the meantime,
by adding the thermosetting resin particles (C), the amount of the

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



theintoplastic resin (B) is dissolved preferably at a
tenperature of from95 to 15000, nore preferably at a
tenperature of from 100 to 125C, in the epoxy resin
(A), this mxed solution is cooled to a tenperature
preferably from60 to 90C, nore preferably from70 to
80C, and then the thernpsetting resin particles (O

befoBd Rl idig-iageRirdd@ssar eaattdedskoahiedmapadility of the
solution. To be nore specific, the epoxy resin (A)

prepvami adre beh emmpivadu i andegieren) axgplierst wpﬁf@abai#a ty can be

m xed b | anetary m xer. set . at Lure
achigyed, rﬁ‘“@%&‘t -Or £ﬁﬁp?ao§ﬁ RIS tgl %F our%ng resin
parti’@iéé kel ng-uaizhean ¥hg'§§ﬂl&é’§%f ThereafitRf roliBhfess of the

i xed Sol ution i s ¢ooled o a tenperature of frome60
epox{¥ Q:&G&fa cagobhiedchhes theemiset congaresi hoperd icelseswhere the

(O _ and the curing agent (D) are added to the mnm xed
thermeplasoh BeRilunPdor AF{od YpbrRar amPhi ke Pt giissolved are

ref er abl re e pQ n.go n
aase ] SRS Folr fernSy, SLRE Bl hopt BaF e ool ghesion
strefdth ke dh %ﬁ’l%uﬁghﬁﬁgb%obafg : is‘Mﬂdx&:Hé}e ehfeneeset #h8d hereby
resin particles are dispersed uniformy. Hence,
the $é1f5a¢Mssit¢me$® mmmrbasbmph@vs@lf-adhesiveness of
the prepreg while inproving workability and
[001§bpearance qual ity of the prepreg. [0028] The
njlgr?r élr e[pt-'}fﬁ%!a%%dd% Egggr%éc}&ﬁdsoro%s %?Lte ghéﬂnBé@EElﬂg resin

€ above escrl epoxy resin conmpositio
part{@IesE i(lograF&hBkasLLEi COIDOB) lemikkar i aliswases, @&bﬁﬂp&es are:
resin in conplex with a reinforcing fiber. Preferred
male oxbdptlessed t esdgisnf or@Y@lgatqeb]e&iSGﬁﬂﬁcl F¢Siggnbornsaturated
fibers, graphite fibers, aramd s and ¢

POLYS BT FSMARIGY LRELESCER T bBRERGh: o T paRS epoxy-type
bers f e § c t
resinogyre o e L P e Phpgd reoins,
and QQQhQBE BhsBAt Mesiresi nwitkyheapeefier abl yosel toateomt room
30 to 50 weight% .and nore preferably set to from 35
temp@oaiznsra\e egbeyi alMaTprdePrepsr i rIienRl A kyPRSDRHYITeS ins

e fiber-reipforced is in this
whichgZe 1 & S10d RErEasy Sert BREEFUaNsss Bhetngrtenol A-type
eepox%p1 éﬁgs Wi & | IPE OYH NG é‘)@ik&béi:éﬁé! @ﬁdr%ﬂe@é@ﬁéﬁature can
ality thereof, and further to fully nmaxim ze

be emﬁmﬁpaa}ecpmp@dmesjmfg theicphleoolf Bbéypecepbsycedsin for -
. conposite material . £0030 As for a nmethod for
increrwUREithy PAB1EYDEL Foilacaeasd nor EpP P LeF HG: eRght . Such

. et i.S_pre ferred i.n_which
viepfiEigl bl BBBrnpoahrbare Peltiile Sictise Ry hEgerects
of 1&@%%1@@%@;&@5 QLf LRAKRASaRY, @.&ﬁcb@&@%@_tynwﬂthhiﬂs high
I'mformi's arranged above and bel ow reinforcing
softémimg pahdtthe reinforcing fiber is inpregnated with
the epoxy resin conposition by application of heat
[001&hd pressure. Using a specific epoxy resin

C OS't'O” Eﬁapa 3?%&¥%%% ehLaiBRed kS n Uﬁgékﬂrgéfklcles

t dcKi FES e A ity, and inproves wo
(c) P E)f@f@f@l@l grodhus, opr vdust i endehbi-6i preyepdbliefrom 5 to

prepreg can be inproved. [0031]
50 ym. By setting the particle diameter of the thermosetting resin
particles (C) in such a range, they dissolve uniformly when a
predetermined temperature is reached in the heat curing process.

Accordingly, the viscosity of the epoxy resin composition can be



By lam nating the fiber-reinforced prepreg thus
obt ai ned on both sides of a honeyconb core and
perform ng thereon heat curing nolding, such as
regul ar autocl ave nol di ng and hot-press nol ding, a
fiber-reinforced conposite material can be produced.
The fiber-reinforced conposite material thus obtained
propavtyoatlyuabeda good fillet fornmed thereon and is
superior in honeyconb core adhesiveness of the
{OOlBrepreg, but also is excellent in snoothness on the
PrepLeg aggsand d o%?icteﬂér?anapcﬁ?@F?%Q%eﬁEd disclosure
surface characteristics with Iess porosity (uneven
contfahs oie tderiguy faaee)it (DP032finds of thdameyognbgeote (D) are
used in the present disclosure may be preferably any
not et fulaai d indhefc 8fibsonalasPntATReRRY doHh el papere group

SISV SRS (308, SL 85RO AR DE8Eer AT o

are: | OLkBWLRYSEGI9RmitRE ; Pr @38HnHiSC| Qs Bidds Pe imidazole
further describéed by referring to Exanples. However,
compbhrdsecope tofttawes islchesurdE ries; not thaocbeebi-aiitled by amines;
t hese Exanpl es. EXAMPLES - [0034] [Exanples 1 to 3 )
carbgryl € @F@EdE&ﬁﬁﬁfé@r?q%ELﬂc5“”‘1hYdEﬁ&%ﬁeFés??Fboxyllc
. -conpasj tions ar 1.X1.Ng Xy Ln .
acial SRS UR S L SPRT Saply ol "0 AL SROIEEIR,  ana
olvhBEcipesABD| asidiediasilyg, (Bln e therspsetivadoresifproving
P Y%arti%les (O, éﬁ% the curing agent (%?éselected from
toughhese dfi st edrédxmeia progdiing, prioper preherred fectibgedyomatic

described in Exanples 1 to 3_and, Co rative anpl e

polyamiges, j n TaByehl. Ch%?acter@%?m%%oggg?ﬁ%y%%%§%3$%éin and
. J 1] val u d.,F entJ re; anp .

aianCRTRATHLPIBECELE (") VOLES pELC Ry A, ST &M eciany
preféhpeavpbasiseC ¥, e5i -8R dodl iphatiyEsalfethanet®, tiDD®d and/or

and m xed using a planetary mxer set to a
4,4’ t@hpeincdipheny12stiene 4. Af n®P85- until a uniform

sol uti on was obtai ned. Thereafter, the tenperature of
[Ooz?ﬁe pl anetary m xer was set to 70C. When the resin

t eRpAAL M Sr-PeGae ity rgvgeﬁet 'gb? ATOS Q168 sed with a

thernosetting resin particifes (C) and the curing
latemgefiriflh) agemhd, The LheenasmrdindCanpat disi yvee Foxaipl e at: least

2, an undi ssol ved part of the thernoplastic resin ,
one (Byleqiee@ atied tBNEheISORIt | BPNSHARFRY | rPed ofvgganic acid

. 1 xed . to prepare.an epoxy resin ¢ osition 0035] . - .
ainy G g AT O & T RER A Lok ny iR sales;
imidd SHPET MK & Resi{s Adlids; and Bronsted acids, and especially

N, N, O-triglycidyl-p-am nophenol resin (My-0510
prefemned aater edghyi tuat sdadibddaacededbardi disyahd@janidas. By
~aliquid state at room tenperature, the viscosity at
using qéﬁ}@r&% G 1819 Bsterits 1p Sgp@ég_atlon, toughness”of a cured

resin product can be improvéd, and thereby self-adhesiveness of
a preprég can be increased.
[0021]

The epoxy resin composition of the present disclosure may
contain, with respect to 100 parts‘by weight of the epoxy resin
(A}, the thermoplastic resin (B} in an amount of preferably 20 to

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



Resin A-2: triglycidyl alkyl am nophenol resin

(ELM 100 manufactured by Sum tono Chem cal Co.,
.Ltd.), inaliquid state at roomtenperature, the
viscosity at a tenperature of 25C is 10 poi ses.
" Resin A-3: bisphenol F-type epoxy resin (YDF-170
manuf actured by Tohto Kasei Co., Ltd.), in aliquid

the Shétdoddt¥ DM tEPNenRite:1dhe )i $€0aht yma@tnd of preferably
‘tenperature of 25C is 35 poises. Resin A-4. pheno

2 to iy glaatst Pyewepaky , restra B¢ ATsA ki &6t dPelabys by weilght.
Qﬁlnlppon Ink & Chemicals, Inc.), in a solid state at
[002% om tenperature, the viscosity at a tenperature of

‘(zéﬁ‘l%gg}%t El?l% wed.. %‘%9? (T hes MY Ap i ahe§1lt18§nt in a

yether one re3|n Sum kaexcel
rang&ESBOR 3t nmuétacp@fesi by w&lﬂ@}mbmtmewisabsﬂ)y,of the epoxy

Ltd.), prepared as fine particles having a particle
res:u@ncenmcmltotfoq@@rpﬁﬁopml@@slmadmﬁaradfg@mﬁdtﬁ@.reby tackiness
and drapability can be improved. When the thermosetting resin
particles (¢} is added in an amount in a range from 2 to 20 parts
by weight, the viscosity of the epoxy resin composition can be
properly adjusted. When added ‘:i.n an amount of 2 parts by weight
or more, toughness of a cured product can be improved. When added
in an amount of 20 parts by weight or less, it is possible to improve
tackinéss and drapability by achieving an appropriate hardness of
the prepreg.

[0023]
 The curing agent (D) may be preferably added in an afnount of
25 to 50 parts by weight, more preferably 30 to 45 parts by weight,
With respect to 100 parts by weight of the epoxy resin (A). By
setting an amount 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 kas a face sheet can be sufficiently achieved.
[0024]

In the epoxy resin composition of the present disclosure for
fiber-reinforced compogite 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 (A} to
(D), may be added as needed. ‘

[0025]
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[0037] Thernosetting resin particles (C) Particle
C- 1. bisphenol A-type epoxy resin (YD 020N

manuf actured by Tohto Kasei Co., Ltd.), a softening
poi nt is from135C to 150C, prepared as fine

|e %1%%§%ﬁ%%%{gg%?ﬁdggﬁég%fifgCle %ﬁfoﬁréggngnéPéclosure a

minifing Y6 9psH Bl ener diy pes eRexyuFasi in (dfha@lPHiscoelasticity
manuf act ure by Dai ni ppon Ink & Chemicals, Inc.), a

meassoément ag Poempeirs threnr YECrag g2 ﬁ/épmlééﬁ adsferrferably
I h

Erom gy B 0 Byt SO TGS FOORBY ERPi iyt Ageh Be By Sectring

a mn%%%%%%&f? 1, %%I&J’amgé &%@1@@1& tn@a%ugement in the

manu cture y Hunt sman Advance

abovdht £ah@t s 1d C)e et nivagentr D-ekprhoyangli gaiattuctivity and
(Epi cure DICY 15 manufactured by Japan Epoxy Resins
self Gadhetsiveness m%mhecmemgeggenﬁc?%@gqlgly, while mcreasmg

o1 PG 8 06 SPOLY T 0 COTROBL 800 (BAUBLES-divicy o
e B a8 S i
preppég tifo@iepi®g, canbgangaidiedandIpeshonjdsbe engtddofhat, in
the honeyconb panel. Measurenent results are shown in

the Tabkesent [@bﬁgposure a minimum vVviscosity in dynamic
viscoelasticity measurement refers to a minimum value of complex
viscosity measured on an epoxy-resin composition as a sample in
dynamic viscoelasticity measurement at a temperature in a range
from 25°¢C to 200°C at a temperature rise rate of 2 oC/minute at
a ff@quency of 10 rad/second at a strain of 1%.

[0026]

As for the epoxy resin composition of the present disclosure,
the cured product thereof obtained after curing has a fracture
toughness value, which is measured according to ASTM D5045-91, of
preferably 1.8 MPanf}for 1érger, more preferably from 1.8 to 2.5
MPa:+ 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 disclosure for fiber-reinforced composite materials is not

particﬁlarly limited. However, in a preferred method, the
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[ Tacki ness and drapability of prepregs] A
resin filmwas forned on an exfoliate paper using
each of the obtained epoxy resin conmpositions, and
the filmwas transferred to a carbon fiber flat-woven
fabric (T-300-3K manufactured by Toray |ndustries
Co., Ltd.) by applying heat and pressure so as to
therdépleyeia fesim @ntiendiekddlredepghtéralddyaat esulanperature
prepregs were obtained. £0041 The prepregs
of fidmPohcailhédCweker eV bt eaP EﬁhﬁdtﬁﬁﬁﬁﬁﬁﬁﬁanOf from 100

[ of tacki ness and. dr. biljt t -noi nt

to 1%% aﬁ‘: Ha s v hel %Wl%vgzgﬁat Qf%lrgoré)ﬂ%eg% kﬁlggcsﬂ%# s cooled

to a @e@@f&%@é‘: BbeRl-aniyf Erehest @shesic/eness Mesferably from
sensed Good: some adhési veness was sensed Poor:

70 tcalsopst, andadihesittenebsrmasesensgdrEyih pRtritarrlefs (C) and the
drapability of prepregs Excellent: sufficien

t
curing exPBRFI tP) wad s AAARA BRdT NS oM PHeRPBIH PP wad® P moTe
specfg{lg,edch%o%rﬁox%/l rrr%%tinn?AS l 44 b&ljlé E%e%pﬁ%@%@.@ resin (B) may

- be stirred and mixed by using a planetary mixer set at a temperature
of from 95l to 150°C for approximétely'O.S to 3 hours until being
uniformly dissolved. Thereafter, this mixed solution is cocled to
a temperature of from 60 to 90°C, and then the thermosetting regin
particles (C) and the curing agent (D) are added to the mixed
- solution, and uniformly dispersed and mixed to preferably prepare
the epoxy resin composition. In such a production method, the
thermoplastic resin (B) can be thoroughly dissolved, while the
thermosetting resin particles (C) are dispersed uniformly. Hence,
it ig possible to increase the self—adhesivéﬁess of the prepreg
while improving workability and appearance quality of the prepreg.
[0028] |

The fiber-reinforced prepreg of the present disclosure
includes - the above-described epoxy resin composition for
fiber-reinforced composite 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. Among these, carbon fibers and a carbon fibers fabric
made thereof are especially preferred. ‘
[0029]

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

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

12



[0042] [Porosity of honeyconb panel s] Two
sheets of prepregs nmade of the individual obtained
epoxy resin conpositions were |lam nated to each

ot her, arranged on both sides of ahoneyconb core
(Nonmex honeyconb SAH 1/ 8-8. Omanuf act ured by Showa
Aircraft Industry Co., Ltd.), placed in a bag, and

to 1&%&%&@6lbéﬂféaﬂhﬁéiﬁéhéﬁsaofeﬁnﬁfaphmpIQQ WBACef atm2roving
hours (tenperature rise rate of 2.8 C/ mnute) for
workaii L Hgy tandrarear andrompddiy passrofpupifigtinFier to fully

max iR RS RPAL G Ly A A ias of L EhBy S AaR P B £tk orcea

comp§ypg hﬁ§§ S-0f the i ndi vi dual obtai ned honeyconb pane
ace et's was visually examined, and eval uated on a

[003b0hree-point scal e described be|OMI Excel l ent: snooth

w t hout no unevenness observed on the surface Good:
slAgorupevehied stobguiary iy the SiPeacespabproed prepreg,

nevennes served an th f R
ahoﬁf?%ﬁgtﬂeg?oaoﬁgyES' eﬁaﬁelsur %‘i‘%h[(‘%'l:gEJ 4$f¥ﬂd'¥é51n film
prepmy%%ntbm ght alved @ depspbbed;iabovenet Bpoxy resin

face sheets arranged the upper and | ower sides of the

compdwhejconti wor presenbel fmatonurd ng proteds mefervdsprranged
processed to a, predeterm ned size, and pege

abOV%ta%dw?w b3 HIBPRGIRY FERET pi RSt ]fﬁffem%ﬁrf]fg%jr@%i%jeber is
o= 355 1A VD B e ! Bl Bicarion o heat
and peeabdrRy t YASIKM P1EBLcific epoxy resin composition, the
prepreg thus obtaiﬁed is superior in tackiness and drapability,
and improves workability of the prepreg. Thus, production
efficiency of the prepreg can be improved.
[0031] |
By laminating the fiber-reinforced prepreg 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-reinforc¢ed compogite material can be produced. The
fiber-reinforced composite material thus obtained not only has a
good fillet formed thereon and is 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 sﬁrface).
[0032]

| A honeycomb core used in the present disclosure may be
preferably any one of aramid honeycombs, aluminum honeycombs, paper
honeycombs, and glass honeycombs. 2Among these, aramid honeycombs
are preferred.

[0033]
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In the following section, the present disclosure will be
further described by referring to Examples. However, the scope of
the disclosure 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-thermosetting resin particles (C),
and the curing agent (D) selected from those listed below at mixing
proportions respectively described in Examples 1 to 3 and
Comparative Example 1 to 4 in Table 1. Characteristics of the epoxy
resin.compositions were evaluated. First, an entire amount of the
epoxy resin (A) and a part of the thermoplastic regin (B) to be
dissolved were stirred and mixed usging a planetary mixer set to
a temperature of 125°C for 75 minutes until a uniform solution was
obtained. Thereafter, the temperature of 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 of 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 composition.
[0035]

Epoxy resins (AJ which is in a liquid state at room temperature
Resin A-1: N,N,0-triglycidyl-p-aminophencl resin (MY~-0510
manufactured by Huntsman Advanced Materials LLC}, in a liquid state
at room temperature, the viscosity at a temperature of 25°C is 7
poises.

Resin A-2: triglycidyl alkyl aminophenol resin (ELM—lOd
manufactured by Sumitomo Chemical Co., Ltd.), in a liguid state

at room temperature, the viscosity at a temperature of 25°C is 10
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poises.
Resin A-3: bisphenol F-type epoxy resin (YDF-170 manufactured by
Tohto Kaseil Co., Ltd.}, in a liquid state at room temperature, the
viscosity at a temperature of 25°C is 35 poises.
Resin A-4: phenol noﬁolac—type epoxy resin (N-775 manufactured by
Dainippon Ink & Chemicals, Inc.), in a solid state at room
temperature, the viscosity at a temperature of 25°C cannot be
measured. -
[0036]

Thermecplastic resins (B)
Resin B-1: polyethersulfone resin (SumikaéXcél PES5003P
manufactured by Sumitomo Chemical Co., Ltd.), prepared as fine
particles having a particle diameter of 100 um or less by impact
grinding.
[0037]

Thermosetting resin particles (C)
Particle C-1: bisphenol A-type epoxy resin (YD-020N manufactured
by Tohto Kasei Co., Ltd.), a softening point is frem 135°C to 150°C,
prepared as fine particles having a particle diameter of 100 pm
or less by impact grinding.
Particle C-2: dicyclopentadiene-~type epoxy resin (EP-7200H
manufactured by Dainippon Ink & C‘.hemicals, Inc.), a softening point
is from 75°C to 90°C, prepared as fine particles having a particle
diameter of 100 ym or less by impact grinding.
[0038]

Curihg agents (D)
Curing agent D-1: 3,3"-diaminodiphenylsulfone (ARADUR9719-1
manufactured by Huntsman Advanced Materials LLC)
Curing agent D-2: dicyandiamide (Epicure DICY 15 manufactured by
Japan Epoxy Resins Co., Ltd.), latent curing agent
[0039]

15
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Seven kinds of epoxXy resin compositions (Examples 1 to 3,
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 Tablie 1.
00401
[Tackiness and drapability of prepregs]

A resin film was formed on an exfoliate paper using each of
the obtained epoxy resin compositions, and the £film was transferred
to a carbon fibé_r flat—-woven fabric (T-300-3K manufactured by Toray
Induétfieé Co., Ltd.) by applying heat and pressure so as to achieve
a resin content of 41 weight%. As a result, prepregs were obtained.
(00413

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

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

Poor: almost 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] |

[Porosity of honeycomb panels]

Two sheets of prepregs made of the individual cbtained 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 Showa Aircraft Industry Co., Ltd.}, placed in a bag, and heated

in an autoclave at a temperature of 180°C for 2 hours {temperature
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[ 0046] According to the results shown in
Table 1, Exanples 1 to 3 of the present invention
exhi bited excellent properties both in tackiness and
drapability of the prepreg and in porosity and
peeling strength of the honeyconb panel. On the other
hand, it was observed that Conparative Exanple 1
rise whteh £ anBai Cadi mot &hefomsetrt.ngg o esepapar & ihcines/ ok panel.
resulted in poor poragsity and peeling strength of the

Dur irgh d\ico BB 058RS, TRl WBadeCeipafat RYECBAENSI K38 RRPERUTiZed
to o SLAlNed .3 P @% of é%g thernoplastic resin (B) in an
° %%P WI31§%EF} % '

di'sSolVe e replacing the thenaosetting resin
[ooggprtic!es (O resulted in poor tackiness and

rapability of the prepreg. CLAINM

Smocthness 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 cobserved on the surface

Poor: unevenness observed on the surface

[0044]

[Peeling strength of honeycomb panels]

For the honeycomb panels ocbtained 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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the thernoplastic resin (B) is both or any one of a
pol yethersulf one resin particle and a pol yetherim de
resin particle, and the particle dianeter thereof is
200 gmor less. [3] The epoxy resin conposition for
fiber-reinforced conposite materials according to
any one thernosetting resin particles (C gmor |ess.

[0046#A] The epoxy resin conposition materials according
to any one of clainms 1 to 3, wherein the

c T FRyEEHE (@)i%tqﬂﬁ@ﬁ%&m@b@g} gin Table 1, Examples 1 to 3

of the present invention exhibited excellent precperties 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 undissolved state
replacing the thermosetting resin particles (C) resulted in poor

tackiness and drapability of the prepreg.
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di am nodi phenyl sul f one and
4, 4' - di am nodi phenyl sul fone. [5] The epoxy resin
conmposi tion for fiber-reinforced conposite materials
according to any one of claims 1 to 4, wherein the
curing agent (D) is used in conbination with a Iatent
curing agent. [6] The epoxy resin conposition for
fiber-reinforced conposi ARt eri al s according to any
one of claims 1 to 5, wherein the epoxy resin -
conposi tion contains, with respect to 100 parts by
(1] Mgl ngxyf AR re pesps €5t ot Afpr2 OF ilee 160rfarfiardnd - composite
wei ght of the thernoplastic resin (B) and 2 to 20
materigars.s dYRARISGRI ‘of the thernopsetting resin particles

rg)ePox 7] . b epoxy f@gich €8nPOSi i onif0id state at room
I ber-Teinforced conposite materials according to any
temperdt@urd; clains 1 to 6, conprising: di ssol vi ng

t he thernppl astic resi B). I ; ' e
AR SEL Sy G Bef A BT FPORY 5B Phcht west
(a) adQ diPelail e feamithd ®®AG and,

t hereafter, addi ng thereto the thernosetti resin
Paetnod ekt (1T @ﬁéif‘—h@%{l?:wﬂge%géﬁt) (I%}a_tt 5%8]:(1%: completely

dissofc%é’rg%%{ﬁg‘;gégg r g{engEfg(’Agﬁsi%Léésggg%%gftnfﬁ?x¥eggsithan 90°C
and hﬂv@ﬂhrb&fteﬁﬁﬁgi@dﬂmnﬂqi(n@ﬁfﬂ%ﬁ$e¢h¢@r%2ﬁ§cf?B@@égre made
of bisphenol A-type epoxy resins which are in a solid state at
room temperature; and

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

the thermoplastic resin (B) is both or any one of a
polyethersulfone resin particle and a polyetherimide resin
particle, and

the particle diameter thereof is 200 pm or less.
[3] The epoxy resin composition for fiber-reinforced composite
materials according to any one of claims 1 or 2, wherein the
thermosetting resin particles (C) has a particle diameter of 100
um or less.
[4] The epoxy resin composition for fiber-reinforced composite
materials according to any one of claims 1 to 3, wherein the
curing agent (D) is both or any one of 3,3~
diaminodiphenylsulfone and 4,4 -diaminodiphenylsulfone.

[5] The epoxy resin composition for fiber-reinforced composite
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[9] The fiber-reinforced prepreg according to claim
8, wherein a content of the matrix resin is from 30
to 50 weight % [10] The fiber-reinforced prepreg
acpordlng to any one of clains 8 or 9, wherein the
reinforcing fiber is carbon fiber. [11] A honeyconb
sandwi ch panel, conprising the fiber-reinforced
materid18Pr 88c8£60REI Y tanpnyneneDf cthangs 18 to 20 arterein the
~ honeyconb. core that are lam nated.to each ot hey. .
curing 12yeThe Ened® oMFSantfhi W@&ﬁ@tlgecowjdqﬂﬁg% g{actreari1 fp curing
}1, wherein the honeyconb core is any one sel ected
fromthe group consisting of aram d honeyconbs,
(6] @leinépomy horsyoomsypasaidorhofrey chiber - satnfpreed composite

haneyconbs._ . . .
materials ~according to any one of claims 1 to 5, wherein the

agent

epoxy resin composition contains, with respect to 100 parts by
weight of the epoxy resin (&), 20 to 60 parts by weight of the
thermoplastic resin (B) and 2 to 20 parts by weight of the
thermosetting resin particles (C).
[7] The epoxy resin composition for fiber-reinforced composite
materials according to any one of claims 1 to 6, comprising:
dissolving the thermoplastic resin (B) in the epoxy resin
(A) at a temperature of from 95 to 150°C followed by cooling to
a temperature of from 60 to 20°C; and,
thereafter, adding thereto the | thermosetting resin
particles (C) and the curing agent (D).
{8] A fiber-reinforced “prepreg, comprising the epoxy resin
composition according to any one of claims 1 to 6 as a matrix
regin in complex with a reinforcing fiber.
[06] The fiber-reinforced prepreg according to claim 8, wherein
a content of the matrix resin is from 30 to 50 weight%.

[10] The fiber-reinforced prepreg according to any one of claims
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8 or 9, wherein the reinforcing fiber is carbon fiber.

[11] A honeycomb sandwich panel, comprising the fiber-reinforced
prepreg according to any one of claims 8 to 10 and a honeycomb
core that are laminated to each other.

[12] The honeycomb sandwich panel according to claim 11, wherein
the honeycomb core is any one selected from the group consisting
of aramid honeycombs, aluminum honeycombs, paper hone?combs, and

glags honeycombs.
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