E OXY RESI N COVPOSI TI ON FOR FI BER- REI NFORCED

COVPCSI TE MATERI AL TECHNI CAL FI ELD [ 0001] The

present invention relates to an epoxy resin

conposi.tion for fiber-reinforced conposite materi al s.

More specifically, the present invention relates to

an epoxy resin conposition suitable as a matrix resin
EPoxY ®iESANS SOMAHTESIONE HURE (FISER-RE N HGROES IGAMPASITE MATERIAL

honeyconb panel. BACKGROUND ART [ 0002]

Fi ber-reinforced conposite materials having an epoxy

resin conp03|t|on as a matrix resin are wdely used
TECHNIGALyiF & At t s, aut onobi | es and i ndustria
(0001 pplications due to their excellent nechanica

roperties and the like. In particular, in structura

nmeher pakseandinhnégetion f&ﬁ&ﬂésﬂﬁbﬁmwepbeTBé$$ﬁ domppsition

the viewpoint of weight reduction, use
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its cured material exhibits high toughness

a2 homREdpiowaldesl t he characteristic of a high heat

deformation tenperature. However, as applications of
BACKCGROWIISIARL materi al s are broadened, needs for the

xhi bi ti on of higher nechanical characteristics are
[Oooaéreatly i ncreasi ng. [0003] As one neasure for

t kg 1RGged%.; QY4 ﬁ%@%ﬂ%émﬁﬁ:@&@.&@é hBating an epoxy resin

di cyandi am-de be adde nto an epoxy resin
compddAMasi tdor asatar ourt e ragers w:d¢h£r@@@d|ﬁ@ro&%rcraftsr

interlam nar shear strength and, flexuyral stren
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t her eby p05|n t he probl em qf Qontlnuousl i ncreasj ng
as faqee shiesdesialy et&‘rs?é’lflbem?eg&wﬂu% AT gaddf‘?' %’H matrix
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kely to ‘decrease. [0004] On the other hand,
exhlhkﬂnuhﬂgh|u9wghnasb-adﬂe@rgwld@éhﬁm%uﬁhaﬁﬁ0¥ﬁ3¥ﬁﬁ4§/Of a high

bondi ng. a, prepreg of flber-relnforced co £ £
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needs to be inproved by a matrix resin in order to
[000F] i mnate the need of a f|In1adheS|ve and, in order

to inmprove the self-adhesi
i ﬁkﬁoppﬁn@e?%HB%tfaC?% tBerereds i eagﬁ 5"?&6‘8@&& Fgses that
SHig ! ferrg;gﬂ( neLhe bop bggt%ﬁf@@% n

dlcy?ﬁé%%%% a (%ﬁ%%%%F n%%r%&a pFepreg éhe strength curing
agen®ft A thiddegt fy depesds ontéheahotighnsissadfstengil ethd flexural

mat eri al a matrix resin and the shape of a fillet
strengticl ostiwevet atidd dicyendivmddesisyustda Hadsi lyedigsolves

in heat curing; the higher the m ninum viscosi

in ameppsy Fﬁ§l§h3a‘béi SETRCERIVEE FRLBL O BT RRES ﬁ{y‘fo‘i%aesrlng its
rescl SRt (o M R E8RLE, ol L B Hi i curing
appropriate, sufficient adhesive strength caused by a
fillet is not obtained. [0006] I n addi tion
prior to heat curing of a prepreg, the viscosity of a
matrix resin is preferably low This is because if
the resin viscosity is lowin a normal tenperature



al so because, in a step of fabricating a resin film

prior to prepreg inpregnation, if the resin viscosity

is lowin the tenperature range of roughly from®60 to

90C, the production efficiency of a prepreg can be

I mproved. [00071 Pat ent Docunent 2 descri bes

that, when the prepreg is directly bonded to a
reacthoneyEORbLBOT EpokPerdsen Audi €y andigun feydd ot Mdde during

an am ne curing agent as a curing agent for an epoxy
resinr&slim monpost oot priepragnatrpirrgnesipnef thepekpregsing the

enabl es the formatign of a good_ strength fillet, .
ProbleRepéhGoPipPBORRG YadRESEGR 190 &hGt 1 sasRever otwidie resin

1 i am : e : . . e

compofL YN, o BB 1580 Li-E00°L 8L o012 AT g e
storagé@@aabgjﬂqﬁc@@ th 2RceRaxy 681 Fohbehf@ASE6h@PShe problem

descri bed above, and therefore the dicyandiamde is
that ppokénegscandedeapiabg lidacifofhwi pirephredepary Lidsilly to
q even by a slight tenperature increase. For exanpl e,
€CIeEfiE-resin viscosity continuously increases during
[opoafesin filmfabrication, thereby causing the problem

of lowering the production efficiency of a prepreg.

AotdlitHeo Bahky, hahg) ngetdred sd drsagesof faaghepieg ddtinique for

. wor ki ng_environnment its curing reaction proceeds,

direcghudtanfinea@obbesy faf ibackiraésfoanaddrafiadiite pagferials

the prepreg are.]likely to decr e._ ].n addition,
to a ngdtyBORR EHrE FAEbrRE aas 6 frk pvBedHRs R gfngbdeprto make
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still insufficient to i nprove toughness for inproving
cost.the strength of a fillet formed when a honeyconb is '

~directly bonded to a prepreg. For this reason, this
[0005}esin is insufficient in mechanical properties.
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adhes DFSCI:GBURE ] 0Q08]r to impréwmeocthectelof-ddieepresettrength, it

. . disclosure is to praqvide an_epoxy resin conposition
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mai nt ai ned. Anot her object of the present disclosure

of the sunedrariedd sdn odpexpatedknreshpozndiome forape of a fillet

. fiher-r infgrced conposite materials that |s, made ,
is Cloisﬁgﬁo%%ﬁa F7 S8 Fhadhesand ot PERPAT AAd B%y 1n heat curing;

the b ey e B G O R e o e Bt of ¢ 4711e

to be bbtstinaspectn ¢heee werdd ovifledecabo@gBX¥sEeSE M cured resin
conposition for fiber-reinforced conposite materi al s,

materiphpnidsting rep0@® pascesbyyvel hhetsfurimeporyatesppropriate,
sureidflae Bl 2% PALES OV I Ay 1y a fillet is not obtained.
[0006]

In addition, prior to heat curing of a prepreg, the viscosity
of a matrix resin is preferably low. This is because if the resin

viscosity is low in a nermal temperature region in which a prepreg

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



of an am ne curing agent (B) selected fromaliphatic

pol yam nes, alicyclic polyam nes and aronatic

pol yam nes; and 1 to 20 parts by weight of an organic

aci d di hydrazi de conpound (C) of a nelting point of

150C or higher, wherein a fracture toughness val ue

nmeasured in accordance with ASTM D5045-91 after
alsccheragsef ihe 5ok P i g Pt Tomlf L lmBprpPay A qrprepreg
. r__hi r.. 9 . . _ln.a.secon S t here i
s opdt 008 R R Bin 37 85 by 5 2B EREL s ol range

of r@ﬁ@H@?!ﬁfcﬂﬂﬂ ot of 4 Bet ; naidnbebaadteeRPOsEL 81 8BESIbAla prepreg
as defined above, conprising: dissolving the
can terdmppbastii.c resin (F) in the epoxy resin (A at 95
to 150C to make a m xture resin, cooling the m xture
[Oooﬁgsin to 60 to 90C, and then addi ng ot her bl ending

COIOBEDLR BN 12, 8 0, UL B8 OB Bl roct 1y

bond@ixtur 8 BeseRcohB0B8RE, the usel Brfadibiaddaspeak, along with
there is provided a fiber-reinforced prepreg,

an agdnpr cYrhygst AgeBpoRy Resinivgnpositi faragndepprugdresin
above as, a matrix resin in c lex with a reinforcin ,

- comppRpE IR 0F8] AT T SAFLR o peBECPT RErEIFRLGH dvisEgTmation

£ g@ e Nl pa LSl h ; _ .
o T R oS e Aero Rl PREb D Pnycddhgs on strenge
Howehepeyebsh &0feadidbimbde 1anigwl dth tompdelatdidiefvith an amine

/An epoxy resin conposition for fiber-reinforced o
CUrlpgrsFtt enrdtier manseyh the rgeedden sty oty dhrrandiamide
....achi eves the.above object conprises:, 100 parts b
i e SR FAR Bpby T AR C98°T BPE0 TS Ayl therefore
the &EESHHGOInA 30 PEoRHM NG ARGRNEUBhgSELEEE £OnTHOM the epoxy
al i'phati c polyam nes, alicyclic pol yam nes and
resiarcormt bg apsl ygint nespeard ulket tn@Pepse t S By sebghlepfthe resin

. an_organi c_acid di hydrazide conpound (C) of a nelting
VISCEBILRY BPRATOCCWF LY gREFS2FODIOTTTRE EPBVB EpbRyLpBEifation,

ther88998§&§iﬁﬁ‘Hﬂ%yp%E%E%&agkyiA$E4i%EEthe production efficiency
of a prepreg. Additionally, during the storage of a prepreg in a
working environment its curing reaction proceeds, causing the
problem that taékiness and drapability of the prepreg are likely
to decrease. In addition, although this matrix resin improves the
toughness of the cured resin material to some extent, the resin
is still insufficient to improve toughness for improving the
strength of a fillet formed when a honeycomb is directly bonded
to a prepreg. For this reason, this resin is insufficient in
mechanical properties.
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No. Hei 2-51538
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di cyandi am de (D) and al so may preferably include the

above organic acid di hydrazi de conpound (C) dispersed

in a particulate form [0011] In addition, the above

epoxy resin conposition may preferably include a

thernosetting resin (E) , which is solid at nornal

tenperature and this thernosetting resin (E) may be
pRosﬁ»@j efaldpy dhirspes sed Tk opanidaurmt e form EFFECTS

OF THE DI SCLOSURE [ 0012] In the epoxy resin

[oooglonposition for fiber-reinforced conposite materials

of the present invention he ani c, aci d

dlpﬁyd%béﬂcﬁeoéoﬁﬁéuﬁﬁe(sé)l V\ﬁa%ﬁcgogﬁﬁl o E)%l%ovjfdﬁfdbepoxy
resué r hSelrthD( ﬁ:’dfdfdﬂ%%ﬂ.léﬁ%ﬁcéﬁ Qﬂéﬁdﬂﬁﬂe@mé(j%;aﬂélﬂltﬂ% the

POXY TESIiN am ne curing agent

epomﬁ' FESin [ PiddH on agdey Thd b az intker eionmenich (G iss prepreg
ard to dissolve in the epoxy resin in a tenperature

with i ngreagidg atidmeshes talvi b ¥ clEtingh iR dhe ApbxyF-s

resin does not, occur Therefore he Vi it
mechat s IRTPRAE S PP (1 FERTRY Rbjpoe of the
£
preseﬁﬁa%ecﬂt%lr ah.fré %%'%&F‘ﬂiéjre?fp &}&3} )ffeo.ilr@ g Lition for

kept at norral tenperature
£ ibef Ofe Bnft ORGPeidlishs1 e ankiidi ol s ttte treich amdal 1mproved in
properties of the cured resin nmaterial can be at
self saiieed iovelstawnatdt amsda APt T AReTattt Brife 2 [968%?9 "as well
Addi ti onal | t he organic acid dihydrazide conmpound
as sYHAFRHSH ?ﬁg%§¥g poi nt of 150C or higher, which is

veand #hersdhpfvd hpse Btost.eyandi anide (D) and the anine

curing agent (B), and is dispersed in an undi ssol ved
[ooopRrticulate form Therefore, even when dlcyandlanlde

(D) is used together, the curi re (%lon
duhy@cﬁ:a?ﬁtd@mcw YR Je'i)diéi%‘flé% a(fh)epﬁ%}%rretsom
hib in
compqls Bt (P 5 B e RE P P o T ULBE RIS comprising,

100 ﬁ%@%%é?@h@@f %irpégaﬁysm@iﬂll () ,obsatprepregtat by weight
nor mal "t enperat ure On the ot her hand,

of amtemi riee aturiisio pigleired (@t) he@nctcedpéremuaélﬁhahégtpolyamlnes
curing of a prepreg, the organlc aci d dlhydrgzide 20 parts

allc%%hﬁ%dﬁﬁly%w3n%$S%B@V%EO%%B t HRCBATIERCTIF | AR agent
by w%%hta%% gdhcy f%a%i Eftazﬁﬁre' B8mp&aski oM Wi B melting

epoxy resin eby i ncreasing the m ni num

poin¥i SEOBE G yC Obr theghes| nwh@fe g eapedbteuné obughnesy walue
fillet ofa good shape and |nprOV|n£ t he toughness_of
measthed dur edcpedancaar el @ISTMB@§@%|§e9 faflgrcugdgg of the epoxy -

thereof in a matri x resin re rgg makes it
resiposePpPel f5OR npF ol et HEAS ﬁﬁéﬁva‘ strength of
[000% prepreg. BEST MODES FOR CARRYING QUT THE

ENTI ON [ 0015]
In a second aspect, there is provided a method of producing

an epoxy resin composition for fiber-reinforced composite material
as defined above, comprising: dissolving the thermoplastic resin
(F) in the epoxy resin (A) at 95 to 150°C to make a mixture resin,
cooling the mixture resin to 60 to 30°C, and then adding other
blending components including the amine curing agent (B) and the

organic acid dihydrazide compound (C) into the mixture resin.

[0009b]



In the epoxy resin conposition for fiber-reinforced

conposite materials of the present invention, the

epoxy resin (A) is not particularly linmted and the

exanpl es that can be used include: glycidyl

et her-type epoxy resins; glycidyl ester-type epoxy

resins; glycidyl am ne-type epoxy resins; and the

l4,kg and-d gﬁp@(@mhéget haproaydba susedeirncéudéorced prepreg,

uret hane-nodi fi ed epoxy resins, rubber-nodified epoxy .
compiiesims thel dyaenoeisinedoBposyt @8 iafs AaRINE RN e 25 Matrix

t hese, glycidyl ester-type epoxy...esins or glycidyl
resinmh&Qupe e phiP raeﬁerféyf%fcﬁlngf eri&d.” The number of
[Ooo&énctional groups of the epoxy resin is not

particularly limted and is preferably from2 to 5, ,

My & preferrablgpddtomihde 3is [B8H6]ded a horfhagenbd sandwich

epoxy resins preferably include: specifical

S..

panelyl yoinyt i sitrierthey fol kgyoas i rred ﬁ?%la%-cfwed abov
‘epoxy resins; bisphenol_ F- e oxY, | S other. .

and 3 RFHBHA™S- 1] 5e tgbao&)ﬁﬁees#gn@l;nap eea(noﬁc; %o a%ri tVpe
e%%yeéfo%gi NSe 6 §RpOMCl AL -AUPEF ieRaxrdiegicisied composite
resorcinol -type epoxy resins ; and the like and, as ,

mate@ ¥T dl tlaeipieseyped poXysues iwis,ch echag}@@ifd?ﬁ above object
di am nodi phenyl et hane

] triglycidyl-p-am hepol
compti e yGiOdyPanhE HOEHEIENT PEHMEPYRY dyFs n (A)] 25 to 50 parts

di ami nodi phenyl et hane resi r i dyl ivhatic
by Wit St yPert SHTHES a0t 1 RUSRE ol Sh Aotrasal Tadl tiv
poly@fifnOL heL1 Vard ous potydhetespaxy deshasiansolyamines; and 1

crystal i ne epoxy Tesins and the |ike. Use of these
to 2@RRGLS BYi meighonef can iorgeoriy matidoAibydragice fpmeound (C)

speci es enabl es the adjustnent of tackiness and -
of adpebebiyiP9ist @f pted?eqChnittE ®hsuring mechani ca

cgaracteristics such as toughness and heat resistance
[001P quired by matrix resins. [0.017] The am ne curing

aged LiR)vé SeSekECcteshih resmeds phibdn cmapopyaferasly include

alicyclicpol yam nes and aromatic pol yam nes, and nay .
dicyhadpaefde alil)yand aksnaayopol sk He ITrRadsr Phadove organic

~_polyam nes preferably incluyde; . . ]
acidgRaty AEEF pAENSPREPYBeSC) aaRPREAR SnkRy FrRRRERgELate fom
[001ETta-xylenedianine; nmet a- phenyl enedi am ne; and the
i ke, and particul arly di am nodi phenyl sul fones are
pref eldad iforom ke bsvenwppory mfsimpooppagtheatmay preferably
resistance of a cured material. O these, _, 1
incl8¢8' adthaimodephényl s8FfEBndEAngwhich is solid at norma
4, 4' - di am nodj phenyl sul fone.are N a
compByaFurFoanATHELE. HPRECEOI TAGSaSoRLE (B oah SPeBTEIerRlY
. in._.C i : | or nore species. [0018]
dlSp%%§ggngangng?9?%gggﬁ?%ekggﬁing agent (B) bl ended may
rrrebesf bemr2s besBOOpERES by wei ght, preferably from 30
to 45 parts by weight, based on 100 parts by wei ght
[oo1efl the epoxy resin (A). Rendering the anpunt of the
am ne curing agent (B) blended within the ranges
nmakes it possible to sufficiently secure mechani cal
properties of cured resin materials, particularly
physi cal properties such as strength, toughness and
heat resistance. [0019] The epoxy resin
conposition of the present invention is produced by
bl endi ng the epoxy resin (A) and the am ne curing
agent (B) and further the organic acid dihydrazide
conpound (C) serving as an active hydrogen-type
|atent curing agent in a particulate form The
organi ¢ aci d di hydrazi de conpound (C) that may be
used include a conpound with®a nmelting point of 150C
or higher, preferably with a nelting point of from
160C to 200C. Making the.nelting point 150C or higher
enabl es excellent thermal stability and the restraint
of progress of curing reaction thereof with an epoxy



measuring particle dianeters and the frequency

di stribution of particles after grinding and then

cal cul ating the wei ght average val ue fromthem
[0021] The organi ¢ acid di hydrazi de conmpound
(C) is preferably a carboxylic acid dihydrazide
conpound or a dibasic acid dihydrazide conpound, nore

Pf gherahl i r@@,&blowlép@s 2 6hn dichyfitiazi dee tofipoued composite
The carboxylic acid hydra2|de conpound may

materpaebesabiye t;ec@s@ommum@qn il AP A { Athydrazide
compolShOVE, [0022] 00 LLII( | I}IH X CNENER [ 0023 .

owRr Hh e SSHSI BpiEIRy P hg7 SpCor fah BT pit i 1P
placec%géﬁgggggﬁ %ﬁ%%ﬁrEQWﬂﬁ9e§&§%'%QSQQrQ@Peﬁkpﬂﬁe éﬁhne curing

on group a group made of a

agents Juraé§ﬂcaydﬂﬂ§@ ?@ﬁﬂaaéwduh$@Uﬂaﬂmﬁétwﬂp@uadumﬁ is hard

may be in the rmof any of a straight chain
to dlbsahwedn cltes rerely apesin ciiela &th%%mcreasmg step,

Such hyd
e e B0 e 5L Lo O SRS 00 20 oo,
the vasag 9£2y9£§55§§tgsgﬁa%h% %@d@yd&%%QhaHd$®081tlon is high,-

8canedr 61 ¢ aci hydr azi de,
enabl%ﬁ&aﬂﬁéa@é@}ﬂﬁnésgamb@h&ﬂaimbﬂbstya@ﬂ 4 herdpieg g2 shereof

t hese, ‘the organic acid di hydrazide c ound

to be we1 priefer ablnprnahcsaRgriad ugd Ho8iehy ‘aﬁl‘éfiedn]éoég %L#ﬁjdiltlon'
the mgé ggiggg B oggEQHZ% %II%h%?%%%eé(%ggﬂn(ﬁéﬂéflal can be at
the same level as that made with dlcyandiamide.'
10013] | |

Addltlonally, the organic acid dlhydra21de compound {C} has
a meliting point of 150°C or higher, which is higher than those of |
dicyandiamide (D) and the amine curing agent {B), and is dispersed.
inlan undissolved particulate form. Therefore, even when
dicyandiamide'(D) is used together, the curing reaction of
dicyandiamide (D) with the epoxy resin (A) prior to heat curing
is inhibited, threby improving the productivity of resin film
fabrlcatlon before prepreg 1mpregnatlon and storage stablllty of
a prepreg at normal temperature
'[0014] _
~ On the other hand;-when heat is applied at high tempefature
at heat curing of ajeiepreé, the organiec acid dihydrazide compound
(C) dissolves and thelamihe cufing_agent (B) and dicyandiamide
”{D)start curing reacfion with the epoxy resin (A), thereby
increasing the minimum viscosity of the resin, being capable of
obtaining a fillet of a good shape and improving the toughness of
the cured resin material. Because of this, use thereof in a matrix

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



H2NHNC- ( CH2) 6 CH=CH( CH2) 2CH=CH( CH2) 6- CNHNH2 [ 0027]

The organi c acid di hydrazi de conpound (C) may be

bl ended.in an amobunt of 1'to 20 parts by weight,

preferably 3 to 10 parts by wei ght, based on 100

parts by weight of the epoxy resin (A). Miking the

anount of blending 1 part by weight or nore renders
strerdtPesSitHe drepai n the effect of inproving

nmechani cal . properties of a cured resin . material.
. BEST MSKIESy ROfe CRRRYANGOUI &ith ng"ViN dat s by wei ght or

| ess renders it possible to certainly dissolve the
[OOJfﬂrganic aci d di hydrazi de conpound (C) in an epoxy

ey ’&1% nggj?'tré:égm BSI#PEE&&F:%U@&E $ibbrpesshbbecta composite

pfoperTy-adjust the nimum vi scosity in heat curing.
materi®028lof the preserwhemwdirtyiandi amadedasiynatesised(Hloris not

the epoxy resin conposition of the present inventjaon,
partigmlequiw dlienttedevld dbe|9%mP I idiitc A2 hRFpertghs nelude:

_ .can be obtained wi thout,inpairin C _ e
ALyl e e B YRR AN ST b g ey L g pe epoxy resins;
Al e, & o%c%}“rtésrlgjscﬁreﬁﬂi s N indt ed@lthe examples
gly01g§§a3%@9% é: Fba I ¢ "acid di hydrazi de.conmpound (C),
that whicibd sisam deidivelhydraagemd-ynued il fateehte pruni noe sigent |
is used. Thus, when the conposition is used as a,
rubberatmodd fiest appay Bepiepr eyl KYE T hbied Fpexyoresins and the

, i ncrease the stre h of atillet, L pr ave the .
llke'adﬂgsF3§S§trgiﬁ?ﬁgghergFrﬁFgﬁeaeﬁ%%gy%%ﬁ%ggo?é.ng%ldy;

i _Qg,éj%l' ;2 RS dy CIPOghtl 0mbek of functional
amln%i r-ﬁ fﬁ%%ﬁ%%ﬁjggggﬁé{te mat eri al s of the present '
groupgsn\entiien erssntded iy irandtheabove lcoripoidmis-gd)and is

(C) and can further include dicyandi am de ggz W t hin
prefegadigd meat 2 fsaidi MPAh S EFAR B4R prics et
OOl6j]nvention. [ 0030] Di cyandi ami de (D) has high
[ reaction activity and is excellent in physical _
PHOREL! i85 x3f s 16l e aRa-AIUp din18ue:akipedisad g 8 as
curing agent of an epoxy resin conposition for a :
glycipiyapeege rHeweeeEpoxiyhee s dnpounils pseralbiA-yt ygubjegoiay resins s
to curing reaction with an epox% resin conposition N
bisphenicdr B-&VnepleResint igomof RegPPERPLNg LWREr EBYXY resins;
oexi stence with particles of gani G :
phencyy RS et (4 e L8l R B126L Fype cpony
resin®s Yed eI NG depEx iDL arl008d i i ke and, dB&y1ycidyl

- organic acid dihydrazide conpound (C) wth a nelting :
aminepaiyite efpcks0@esrits, ghert sl ydied wlk ol amemodirdpr i yngfhane,

~ inhibiting curing reaction of the epoxy resin (A)

- triglycikvdieyamdineRtee i) tpl?ﬂi‘i)]ry‘fjocg]Wea%)m]fﬁ]qug?orh" S
' _Therefore, . .th i ' : : r '
tetr ﬁé’é: eOg’s:L &laggrn?or%%%egglﬂgen o% €%;Jl)iullc%aln |'arr1%sgmfa?%)l)ryéml
m-xy 1RM1eMe 4R: AEResGWE, NY, Naddahebebyscarekdsisratd oaher various
I'ncrease in resin viscosity and a decrease in .
modi fizckiepesy weenna pndpreysitsldtiacedprarynbepdils and the iike.
tenggrature. For i nstance, evénmheredlc%gndian%de étgr more
Use ofoékiests SPORY E6RpBENALERA PRhiBi FORR TALT 8se®i Y
.resin _vi.Scoskty L £ th R cQOROSLYI L8114 a
specigt SR IEG Er PR CE e atr 6o 0 P o B0 aureatL ity of
prepre@ahhNYe @R Al g mé Ofadi tANGHa R tand scdr snakeh easyoughness
the discharge of the resin conposition froma feeding
and hieank s sldrow aamsired ibyntathex fEBritat ed wit hout
%reatly changi ng the operation conditions of a coater
(00170l even if the material is placed in the feeding
' tank qr .a resin. t Qf t .qat f 110; ;
nodes g SR Mo O e R ety o o e 5
be bl ended in an anmpbunt of from1l to 5 parts by
wei ght, nore preferably from1l to 3 parts by weight,
based on 100 parts by weight of the epoxy resin (A).
Maki ng the anount of blending of dicyandiamde (D) 1
part by weight or nore sufficiently provides the



[ 0034] The epoxy resin conposition of the
present invention may include the thernosetting resin
(E), which is solid at normal tenperature, and this
thernosetting resin (E) may be dispersed in a
particulate form Particles of the thernosetting
resin (E) that is solid at nornal tenperature are
polydidfsN0ok1tieyeanpl gbek¥mdhes0Ng dibridte ERDIY %I, and may
(A) unless reaching a predeterm ned tenperature. \Wen
be prefmmdeteran reetbnampe et Wyanise r eddive dhr guearttiice Ipgsl yefmines
t he theynnsettiqgQresin (E) dissaolve uniformy. Thus

prefenably sssiude of iRl iR et F RS tion i s

C . ' e i I ood fillet.
dlam%ﬂﬁﬁﬁ%ﬂéh§¥ﬂéﬁﬁﬁﬁ%?bﬁ%%#%?gkiéb%éﬁé%f%%’of particles
meta-ghdhg drierinmsetd ] dhd eshd (He, eved e @ularl

thernoplastic resin (F) described bel ow is bl ended,
diamigreahipdentls wifouns ofrdlmmifaenred Heom ethe ediewpeiint of
) therefore the viscosity of the resin conposition
ImproyEnG hest ﬁeesrf-e%ﬁafb‘iﬁi%% Step” ﬁ“ﬁb"ee‘aﬁea thgse,

33 e e D R B suisone are

partiwilkalliy b felfedher mhese drin€ ase iwaeagenakt (B) eanohlso be
the thernosetting resin (E) are added is excellent in
used tife qeirdgratafori mpk B P Heon EPREERS of the epoxy
10018resin conposition as conpared wth the case where
dnly particles of a thernoplastic resin are bl ended
S9‘1’1]%3aﬂ@ﬁn%oog!t?r?é)la\ﬁﬁ'nev\@ﬁﬁrggﬁ éé@nﬁt {l?)n%tll'érﬁfedamay be from
fillet can be inproved and adhesive strength thereof
25 towh 0 lbartwbgyweibhe prerederdiel § UrddreB0i nere&apad tisoby weight,
I nprove sel f-adhesi veness. [ 0036] . Particles
basedypnt he0 [ertfobEt ve hghF «xf AhEEpPeREtresindiA)d aRendering the

ornmal. tenperature do not l.et e dissolve in_the
amourll R EANS STRRE AT 3BT Al (oIt b B A7 [8bgEs makes
it pokBaBi120Cs Qfr Dt Lopf &f edadlde MRMBACA10p88EerMEsact cured
softening point of the thernosetting resin (E) may be
resimmefterably, P2GCiaulamghephysbeel preberdliles suamas3Gength,
to 160C. In addition, the softening point is a val ue
toughfessurced ieadccadatic$th JI'S K-7234. [0037]
[001d]n the present invention, the kind of particles of
the thernosetting resin (E) is not particularly
| iriiet @goxkiowren, dopexaiRiest itle PreJuref ereGhtion is
i ncl ude: epoxy resins; bismaleimde resins;
producsetpgriatend sy ridie pheoryl reesi fd)uasdtihrateedne curing agent
ester resins; and vinyl ester resins, that are

|
(8) 286 FUThRCROrMRIDGHbER Ak LBNATRRe SEXGHBPEEN Nk SeTving
as angira%tg.l%ret Ih%ﬁg{/e\ée—p{}ggeerfaeéjeﬂ@%&ﬂ%ygaﬁagf@eﬁyt rzﬁ’?"&pzﬂarticulate

smal ei m°de- sins; and 1soc -type resins,
form.t h@heabegsel & th @t d NOTHRd r4 £1Re PN AN COPBXY £l B8V be used
that is solid at normal tenperature can be prepared,

includer aexamplcaindoy iguy id yielg: g piveingl of thige’ @poxyhigher,
resin to jncrease purity and al so_ingreasi RS ,

PrefrARIdUIAF BFGE TR BPYEEATT ETSbPPdCatC RGP Making the

melti%w%&ﬁkuiggbé &Ptkﬁ! eﬁg%l%goéﬁécéf%éﬂt' thermal stability
preferabl e because rkabrTity of a prepreg is

and theprevedadue b pheghigh s6f tening peistiandcbecasSarith an

the epoxy resin has the effect of inproving the .
epoxyparessin yuriggagjeating crmpathamorandysdrad ctesa gfedite

t her noset t i resin ( y preferably have a
tempaTRHITE G IE G G0 T0 (oGS SRSt oo AT
tempe@a%r%.t oiﬁo&gg\@ewno{-@g, Rafd-d %lfetﬂba%%?§sr@§in d:omposition

particles of the thernosetting resin are nade

wi thin such ranges, the particles uniformy dissol ves

when reaching a predeterm ned tenperature at the heat

curing step, so that the viscosity of the epoxy resin

conposition can be appropriately controlled. In
addi tion, the nmethod of preparing particles of the



The kind of the thenoplastic resin (F) is not
particularly limted and preferably includes at
| east one kind sel ected from pol yet hersul fone resins,
pol yet heri m de resins, polyimde resins, polyan de
resins, polyether resins, polyester resins,
pol ysul fone resins, polyam dei m de resins,
is leR@l ¥acpytatenreshpsrapabyary! 8£b8T66 88 S°C during coating
pol yphenyl et her resins and pol yet her et her ket one
cperatésnnfor Ehéohhepappbdsii ¢cimesi an (iFciemgpaini casanlwiscosity
pref erably pol yet hersul fone resins or polyetherim de
can becHiRRIEHFREN KLY REGAPISmEYPBI 1T threnvePR=yr T&FERNt§ placed

. far t.he y resin t re it t .

1noa tfﬁgrdrlmgl ggi?’i)ﬁcorre i ﬁfs(?, qﬁ:girlle yoﬁ}v%%g@%t reqré)\rlﬂela{get? 4'¥lesin

tempe@bit@et of EPBRO¥DNEot beetogghnesso of Hdier£uriatk rasdfease of
material. [0042] The thernoplastic resin (F)

the resbferistlopiity aspagstical aee lmat énrahgard ittimepandidischarge
di aneter -may be preferably 200 pmor snaller, nore ,

theregfefgpPBbF)et FBRASE0-206 %Fn nafiE GRSy ARG F14f & resin £ilm

can b@FH G LG tﬂ@ﬂ&'ﬁ?'ﬂ%é%r{g‘%%ﬂnﬁﬁy @&&ﬁ&fozﬁ’grotf £hE coater
diaméters makes 1t possible to 1 nprove the viscosity
roll.characteristics and toughness of the resin
conposition since the particles are dissolved rapidly
[0020dnd uniformy while avoiding having large particles

| eft undi ssol ve en added to the oXy r.esi.n. . .
oF e MEUE 26RO CREU A9 PETBPORGTAY ot igeine  Eing point
tl : i 0 200: I t
or 15FREIEH AR, SR IR L)1 DT PO AR PRGB! I the epoxy
resinep@xyoweskempeArtiigeQbt abp theésetteebnof thapbeyendct heid

. physical properties, particularly the toughness of
dihydgheidestomronpdsin & anr tirallmatnbarnfippegipiragly used. The

articles of the thernopl asti sin (F).and the
use ookt P HualOre ( BARET et & SH U gt nd renders
it ead el yde gk LoAI L PF LPRF ALiirON80d-WRARY! 8RBNEuEE dihydrazide
the case of particles of the organic acid di hydrazide
compotapoan e Epsdagcdi bedl abdvien the0#43dxy resin Fhenepoxyeaches
resin conposition of the present invention may _
a pregesfErabeyd tREPGIEIT 0 30 fardSs U5y GREiafHe off gHeceeding
._thernmopl asti resin_(F) r referahbly fr . :
curingi g OO aE, | e i e e b Gttt HBdPgpfic acid
dihyd$@9ipar temByuwel gl Qfartthe1epexyy MRSirdfraviien dhqm or
amount of Dbl ending of the thernoplastic resin (F) is
smallemdembaebereifemablyhe noandge taf 50 gm.20The 6@epapkspbyticle
) wei ght, the viscosity of the epoxy resin conBosition, .
diamegg be RyFHrOGT At éWy EBNPF ol Sird PRIkeR SenBhgptpgnic acid

. f _blending i e r i.ght_ -ar |{.
ainyadpg 8ol Ag T W opf SR st Wred¥ cisirer
facilTR@teROXYiel @ehbeGamRes tHigw fior HdaReruraindf,0xeRH easily

conposite materials of the present invention
disscégsentinalthy epokydesstime wilgoy & hEAL etper@)t ugenpmsaiiiesss a

and arbitrarily includes blending of the (D) to (F) . .
predetgrpoRent $SMRAT M Si-ncFAYELCa8S, BYEDr 88 PHeLadrt PBREiCLe

. t v, GE e : ' ‘
atamel s B8 P09 B siBa O RREEBERhER LA Mloriate £ron
comme2@€Al, pRatticekes BbrébeeRPSEbLi ABer 6BtAinMEAEOSIEL ¥ine

adjusting agent, filler, stabilizer, fire retardant
partigiespi ghentareints ez bngedeotsmiadpgeairr brgan Henefdtesinding

of the present jinvention. [Q045]. . | n,the epox .
methofleQt @ EBRPESTTY G BF HORE -pr égeﬁﬂldﬂimﬁ PBn, 2YfHEAge particle
o ameJLBH Y YLSCOSLLYn . LD, L SoPASKEED {8 IXAAME optained by

vi'scoelasticity nmeasurenent at a tenperature rise

rate of 2 Cmnute, may be preferably from10 to 150

Pa?s, nore preferably fromg20 to 150 Pas. Rendering

the m nimum vi scosity neasured in dynamc

vi scoel asticity nmeasurenment within the above ranges

is inmportant for inproving productivity of a prepreg



regardi ng the change in viscosity, the anount of

change in viscosity is obtained by neasuring the

change in conplex viscosity with time in dynam c

vi scoel asticity nmeasurenent at a constant tenperature

of 75C at a frequency of 10 rad/second at a strain of

1% [0048] Addi tionally, during heat curing,

rasj N - iti s t.0. 0N

neas LIRS RAOKLEY D SOIES L hd M OLEIEY LI ILOn o
partiltQ@E arfthirghefindingeapdetrenbtyltnost 149 tive ME(Ght average

Thus the epoxy resin conposition of the present
valuej gdyem itdem-s excel lent in heat stability prior to
[OOZIWeat curing to thereby be capabl e of restraining an
IF'ncrease in resin viscosity due to the curing

r@AC! LRBandReGLh e ﬁlihé(drta!%%dﬁae%trdp%n%t Achl G preferably a

tenperature neasured by differential scanning
carbogglldri ael dyi(i&R)a 1 ddicgmpctinet ebya bébagiabbeidalihydrazide

inhibit the progress of curing reaction at a resin
compougfipeRat arer ¢ 6o 2l 9 FCraghoryg g agl dcdHryfgpzide compound.

operati.qn or_.at nornmal _t.enperature during storage.  ln
e BRECEVANE Ered AR o Bl HR bR e T O
compotHtl BGprefks For@@Al oY )StEildwig tenperature

nmeasured by differential scanning calorinetry (DSC)
[00223t a tenperature rise rate of 10C/ mn, that is, an

intersection of a extended |line of a rising of an

exot her m,c ak and a base line. [0049] The

nmet hod of prlducing an epox¥gizsin conposition for

fiberiheinfc onposite rial of the present
ineéﬂﬁwg%qggﬁﬂgﬁkgarticularly limted and the epoxy

resin (A) is mxed and stirred preferably at a
fCC23tenperature of from95 to 150C, nore preferably at a
tenperature of from100 to 125C to nmake a resi.n )
SBIEEPOR. “AFCPRESCPERe2 PRETNE CREPRDPTasH &lredatic
7 il e ; her i i F) al,S 57+ '
nydzof Skpeh, S ey0G SO, Bl SRRl ppecic
hydrob@sbbn Ghetgafiken, gibepTmedy & esishtusraferf eraldotarbon or
cooled to a tenperature of from60 to 90C, nore
an ungptafiea izt hydsogarbenparcnavebofinf ot pomayr 8og,cfhagtraight
., then to this mxture resin are gﬂgfd t her bl end
chaing o fpBRERES e EPFd NG thEPafi e YEuriong t (B) and
ropz4fhe organic acid dihydrazi de conpound (C).
pecifically, the am ne-curing agent (B) and the
' osganicraniit dehydianydies €0 adngh ol sanitat @an be preferred
‘ requi red, dicyandiam de (D) and/or particles of the
inclugper pPdeici AGIPe SR YAER 2406 Jadihed M HE &cd Cafid hydrazide,

uni f or, .di spersed t roduce, .t he resi si t.ipon.
sepactfnagid 4ihiAREEIEE, | A0t IS S R A
octad@t:s&g@ﬁeLmt:agbbhga&rgeli@%ts',c drRsidhd i kgy be ni xed

and stirred for about 0.5 to 3 hours until certainly
[0025Uni formMy dissolved by neans of a planetary m xer set

at a tenperature of from95 to 150C. Then, it is _

pPEf BRPEH, t RRE PRP3INATXRGRE FASVATREiEGorsArPynd (C) is

tepperature. of from 60 t0.90C and the amine curin
prefel gl Bt R a2 SR R IR Ra e Fs g o9 BY
Formul®) (8R4, pASckequi red, di cyandi am de (D) and/or

particles of the thernosetting resin (E) are added
ico26thereto and uniformy dispersed and bl ended to

produce the resin conposition. [0051] A

fiber-rginforced prepreg of the presegnt invention is

produceg by using the above-describeS?epoxy resiE}I 1)

CPRRPN G @HAREHEDR(DHgSCHeTR(OHRA CraaRes t e

materials as a matrix resin, and by conpoundi ng the

matrix resin with the reinforcing fiber. Preferable

reinforcing fibers are: carbon fibers; graphite

fibers; aramd fibers; glass fibers; and the like. O

.



The met hod of producing a fiber-reinforced prepreg is
preferably a hot nelt nethod that involves coating an
epoxy resin conposition of the present invention onto
an exfoliate paper in athin filmformto fabricate a
resin film lamnating the resin fil mabove and bel ow
the reinforcing fiber and then heating and pressing
themto thereby inpregnate the epoxy resin
conposition into the reinforcing fiber. A prepreg
[0027bbtained in this manner is excellent in storage
stability even though placed in a working environnent

orD§ 1P Rg FHGraIC ite AP BY ST 82é 08t RBYBRERE ﬂ%? BEY fify Plended in

I O f ot 0 ter] i [
on endB1 O of 1108 9O 085 08 oHe! SLLOTELELLD 4 Ak PRt oy
weight] RBRIsdbAf1IE 9@:@%9133’; & ioht be tHesphkyl A¥enhi @) haslaking
not bl ended therein dicyandi am de or has bl ended .
the antcvertepfl Hiendingshwkirtanpurtigt dragobkereirdet hditeippssible

the organic acid_di hydrazi de c Qun C) with a

to obtfdn itﬁg por AEC P T ISFE B4 @ﬁ&%%@ﬂeﬁj#?ﬁétles of a cured
o : Cal . _ iy s

resin JERLLLID. TREIGIol2 SRR LRAINTI0 SO b wosgne
or legltrehdalrsi 5t Fsetb b tHweerk aemper ai yeelfertive loxanic acid

period of time, an increase in viscosity of the ]
dihydymztidx ¢eppound @hlin ancerKE T4rin ddkinmass ofringe This

repreg is, hard changed. re, .normal .tenperature . .

rende Bt et i Tenbtr STUPETaY SRVCACaCBPeBiBGIFS PrdRpgdty in
heat &byfnMorking environment and is about from 10 to 35C.

The epoxy resin conposition of the present invention

[0pz8does not deteriorate in tackiness even though it is

left to stand, for exanple, preferably for ten days .
dvep roon t&rpsradiseide Pp@ohndgsedi APAI RBet ARROXY resin
excel | ent, .t acki ness exhibited imedi at after 1he
composfja%}?%g% e 8Fetsﬁg%pjrré‘6:f‘% _orfpégse]c.zulvae’l.é/nt-—ielsﬁ%f .excellent
mechari €l prr%'éﬂ%f&ri%%d cRheRt e +@hthalngdt hout Ninh IR mbehanical
| am nated on both .faces of a honeyconb core and then
propestibgecteart bohtatlgutbnghnebdi agdsbhehtasesssabnaegtoof a

cave nolding or hot-press nolding to be able to | ,
resulipirg Geeer et it @ateoricddepapssi the ragarig aciqRébydrazide

resul-ting fiber-rei i t.¢ j .
compofTd i Pt LT Rh Gfear L ey sigis et rarC ity sgent,
is uscRKcelrhent WREhahE doReds OF IBNGEs 1sRE58E a matrifresin for
honeyconb core used in the present invention may
a prepuregf,eridbliy esanhyleneo selactse frohensarancdh of a fillet and
. honeyconbs, _al umi num honeyconbs, paper  honeyconbs and
Lo 1mproey %%ei‘/é%%%‘i’eﬁt%ﬁ%gél} BfsREAThEREYcBnBEgYECTMP coTe.
{Oozgfreferred. [ 0057] Herei nafter, the present
nvention wll be further described by way of
RISy hewaveordde isGepe fofr Fheerpvenhiretdesl Bymposite
no neans limted to these Exanples. EXAMPLES [ 0058]
materi&kanpf eshd poegerahdiCoaphiati eesErappley hasothp above
The epoxy resin (A, the amne curin ent (B),..the
compongan, Ahcta dhydkizFae CORbBEAA 0oy aRd0igohR anide (D)
¢4y 1 arbi Ly - [ Lam.de = ( . .
ad e R g e e e o JECT ST edpyention-
[o030(F), which are |isted below, were used to prepare
epoxy resin conpositions in blend ratios |isted each
it eyl bisamti dend D2, ha$ igigh réactdenlaginivliritsast epexgellent
. resin (A) and theinioplastic resin (F) were stirred
i DR T Tt Y8 1 hLPE By Seant bPUS pEaRBLERpLY used as
. it - ' ca
= e e B B % Rire Bt ary "™
m xer was set at a tenperature of 70C, and when the
resin tenperature becane upjform the total amounts
of the am ne curing agent (B), the organic acid
di hydrazi de conpound (C), dicyandiam de (D) and the
particles of the thernosetting resin (E) were added



Resin A-2: bisphenol F-type epoxy resin (Epicoat-806
manuf act ured by Japan Epoxy Resins Co., Ltd.) [0060]
Am ne curing agent (B) Curing agent B:

3, 3" -di am nodi phenyl sul f one ( ARADUR9719-1
manuf act ured by Huntsman Advanced Materials LLC)
[0061] Dicyandiamde (D) Curing agent D

the cgfhﬁé(ﬁ@g'iaéné?aesl(l@'sﬁﬂ %&le@(t@ﬁcﬂﬁﬂﬂﬁaﬁéHE@goHywﬂ@]Q% epoxy
Epoxy Resins Co. & Organic acid

resindidysls szt ten qcmipﬁnunﬁs 1(1@)Le®emtaglag1enf =4t adijpic, whereby
aci d di hydrazi de conpound (ADH manuf actured by Japa

coexn-stﬁ@@ﬁé«mt@opartﬁgle;s ohEhe; %@gw%@uﬁ?@%ﬁi{@a@e Compound

article dianeter: Curln nt, G
©) oL ne R PSR Bl ARy B A2 L0 ROL N G rd iy ted

{003liapan Fi nechem Co., Inc..), nel t| ng poi nt. 185 to
90C, average parti cle dianeter: 9 pm Curi ng agent

Cri3e ox@laadiocaatdcﬁidiyi@z@rzaziedeompupndr@ (‘SDEh amelting point
nanuf act ured by Japan Finechem Co., In , nelting

of 15%? . higherohaggeie &\?‘@F&d@%PFPEFé%ﬁ %ﬁeﬂt!@?lbﬂz‘allbgncurlng

ceact UBLBD PREDLEES: it A IECaERIRALY S o

heat durgrdechne re®ord Nenk, df@&ié@l@@'d&ﬂpol&ﬁi tanlPd&irain the
average particle di ameter:” 10 pm Curing agent C-5:

progrZssl¢foctairgadeentitn 8- ducaabdhﬁmadm d®)(BHor to heat

. manuf actured by Ajinonoto Fine-Techno Co., Inc.),
curinge| tNAgEPFRPY T30 FESI6BEN APeraGdopEn i@ §oin viscosity

and adiiégf‘égge EQ 95%&(99@%15 when a prepreg is stored at normal

temperature. For instance, even where dicyandiamide (D) coexists,
the compound can inhibit an increase in resin viscosity even if
the resin composition 1s exposed to a resin temperature of 60 to
90°C during coating operation for a leng time and can make easy
the discharge of the resin composition from a feeding tank and allow
a resin filmto be fabricated without greatly changing the operation
conditions of a coater rolil even if the material is placed in the
feeding tank or a resin tank of the coater roll for 1 to 2 hours.
[0032]

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

[0033]

In addition, when the epoxy resin composition is heated in

11



Thernosetting resin (E) Resin E bisphenol A-type
epoxy resin (YD 020N manufactured by Tohto Kasei Co.,
Ltd.), softening point: 135C to 150C, prepared as
fine particles having a particle dianeter of 100 pm
or less by inpact grinding [0064] Thernoplastic
resin (F) Resin F:polyethersul fone resin (Sum kaexcel
heat Bg§§98?’Paﬁ@%@Gﬂgﬁﬁ@ﬁéwﬁﬁwr@?ﬂbc%m}g@und (C) starts
Ltd.), prepared as fine particles having a particle
to didsabetperchef athfegmoindg eserdiy (Bhpasd ddcivedidigmide (D) start
. For 10 kinds of epoxy resin conpositions obtajned
curingeggaplésen1vwibhetheopparst ToelEx bl dharehy MHucrepsing the
nininfPY0L .01 ohange i ki o0silys s Lhe, reACton StaLiiigy. as
THEper 5Pt &8, ki he8s"of “the” epoXy Tesi't? g
a res%@¥POSI LheRs sRBgel LACHUE 1LQUINES v JH4eS Hifd (A also the
cured material s were eval uated by neans of nethods
toughhedisc atte d hbe bawe dwirels itheartesilatls darsted impriatades 1
and 2. In addition, of these, 5 kinds of epoxy resin
[0034¢onposi ti ons (Exanples 4 to 6, Conparative Exanples 3

a 4 r.e : or_.t Al . .
oAe Lo lFLC-FREH VRIS kot BRGTLOLBURL, fovention mey
inclu€@Measi therfmosbaeknBesesah NMORr edS ANd PeRtlid at normal

strengths of the honeyconb panels by neans of the
tempemethoes -anditthat o Heetrovg e v 1thg thes ime dEUr BARNbe résapessed in

| jsted in Table_2. [0Q65] %Am)unt of change in

a Par@%%‘é%%??f%?m-ep8§§tﬁ%ieﬁ g nrp}b%itt}ﬁe&ﬁjosﬂ%%fﬁaﬁﬁélpn(m that

: ' i it j h in.c ifion at

i sollaSELAN, PopbiE L LN 558 R RO {4 Aosonve

in thdélepeikf Nesimgranennesofr&eigey bNp¥é8€OSThinéd tdmperature.
hours relative to an initial viscosity. Note that,

When pepaedehgriohsed seoperptofret He apeahadesiparticles of the
conposition, the conplex viscasity . was asured jn .
thermgspEiBo, FESHRI St (015 R Yai TRUS SEPaytregsity of

% at : ; er at -at r :
R R At S S S L R
a goodf fepoxy.resin conposition] About 5 ng of the

epoxy resin conposition as a sanple was subjected to
[00354 hermal anal ysis by means of differential scanning

RO BNBE L1 1 g S5 TR DT S RSGpRBy B g chprmosetting

resin! @APEr&fel HArs @ EaLemRH1EAEM pULenf 1PM @escribed below is
tenperature of 20C to 350C. Measurenent was carried

blended{ dnalsletd ing aasount eddslend sharti g reehperxgt ainé therefore
tenperature of the intersection of the extended_ |line .
the vépcgsityi A§ heanceibt REFRCE AR &idOfhd pdde heid curing
0067 M. ni.num.viscosity of _.epoxy resi_n Conposkt.i-an]
step E3p bhel sLhIEat “epaay PEel fobeee Fn arapi ity of a

prepré@M&ré%‘FbE@W@%aﬁ%yé A obRe 1 6IRBl &Xcd] BEOS MRS 1ity .

determined in dynam c viscoelasticity neasurenent

Furtherthbra, sthai ceat Wileat waftegquencyt dfhel @hreadicsssdonichg resin
at a tenperature rise rate of 2C/ m nute between

(E) a:z{%ﬁ'glgl,eéit 4P X GFl et Apgtbggrifect of improving the toughness

of the epoxy resin composition as compared with the case where only
particles of a thermoplastic resin are blended so as not to dissolve,
whereby the strength of a fillet can be improved and adhesive

strength thereof with a honeycomb core can be further increased

to improve self-adhesiveness.
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[ 0068] [ Tacki ness of prepreqg] Aresin filmwas

formed on an exfoliate paper using each of the

resul tant epoxy resin conpositions, and the filmwas

transferred to a carbon fiber flat-woven fabric

(T- 300- 3Knmanuf act uredbyToray Industries Co., Ltd.) by

appl ying heat and pressure so as to achieve a resin
[oo3sgontent of 41 % by weight. As a result, prepregs were

obt ai ned. [0069] Tacki ness of prepregs |nned|ately

aPaetltabsloﬁtthe ahdrabtettiegposeia dE)rdbhat is solid at

nperature for 10 days were eval uated by hand
normailo’aeﬁpﬁﬁa*éﬁrﬁ fhrieet mwl%%%hé ez Bed hdhsvePoxy resin
atﬁé%%x&g%hggu\?:e%;ég%r\%gser%g)n %ggggzﬁl%n\'\?&m %‘cﬁergoreé)%q:eferably

from AOESbVENTSS AWASs SFERG i[HP7 blhEr@@wéecﬁ@M%E@@@u@é resin

cured products] The obt ai ned epoxy resin

(E) maprposindfmrsbler 4 200d1 vicdbabhyre uneve frore 2t fatoma 130°C
i@nperature of 180C in a_progranmed oven to prepare

to 16Q fred TesfAipi88uctle softeningdifited sr 8Vl ¥ S red in

n S ser above were respectively used to
accor&QBé% §§F§8g9§ K ngqaccordlng to ASTM D5045-91, and

[0037@ fracture toughness val ue (MPa?m at 23C (dry
condi tion) was neasured. [0071] [Peel strength of
hbneyonbrpaert | inventiofwotbbt éiinédopr ppregsleeref the
| am pated and thij s, was Iaced o bot h. t he faces_of a
thermpgRLTRE e {NbIfER HBRECBAE CORALEFR 8L DN HERQ adtqifsteT, the

exampP&sSBH% é!:éc%f‘{etfeg?ed Lid: Ld@ndekgﬁgeggggﬁg 'Bl@{;ﬂgﬁgimide

was heated In an aut OC ave at per at ure o

res1nﬂ80£b60yaﬁah@Uf§siﬂstephéhaﬂu&esﬁhseuhQEEu@Eted polyester
2.8C/ mnute) and cured to fabricate a honeyconb
reSlni)a@élld VDY g tirerep s, ttHeat asedtobid eha ek kgpperature,

and tH& eﬁéﬁgfgé'%ﬁd tgrg §’§r cu?_gr ¥ pge %%%e?a include: epoxy
resins; bismaleimide-type resins; and isocyanate-type resins,- that
are solid at normal temperature. An epoxy resin that is solid at
normal temperature can be prepared, for example, by purifying
pbisphenol A-type epoxy resin to increase purity and also increasing
its molecular weight. A crystalline solid at normal temperature
is ocbtained. The epoxy resin is preferable because workability of
a prepreg is improved due to the high softening point and because
the epoxy resin has the effect of improving the porosity.

[0038]

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

epoxy resin composition can be appropriately controlled. In
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[ 0072] For the obtai ned honeyconb panels, the
face sheets arranged the upper and | ower sides of the
honeyconb core in the heat curing process were each
processed to a predeterm ned size, and peeling
strength (I b-in/3in) of test pieces of the upper-side
face sheet and the | ower-side face sheet at a

additggggfgﬁﬁ%@tﬂgdzégdggésﬁafﬂgiﬁiﬁﬁ)cl’@ J®aHY €@ ermosetting
g to ASTM D1781. nparative Exanple 2 017
resinO9E9End] the imOtHo@1Yf Hedbiring particle diameters include
grinding preparation and measurement as in the case of particles
of the organic acid dihydrazide compound (C) described above.
[0039]

.The epoxy resin composition of the present invention may
preferably include 2 to 20 parts by weight of the thermosetting
resin (E), more preferably from 5 to 15 parts by weight, in the
blending ratio, based on 100 parts by weight of the epoxy resin
(A) . The amount of blending of the thermosetting resin (E) is
preferably 2 parts by weight or moré; becéusé the'viscosity of the
epoxy resin composition can be appropriately controlled to obtain
the effect of improving the toughness of the cured resin material.
In addition, the amount of blending is preferably made to be 20
parts by weight or less, because the prepreg can be made to have
appropriate hardness to improve tackiness and drapability.
[0040]

The epoxy resin composition of the present invention may also
include the thermoplastic resin (F). This is because the
thermoplastic resin (F) is dissclved in the epoxy resin (A) to
thereby control the viscosity of the epoxy resin compesition and
increase the minimum viscosity of the resin composition at heat
curing, and thus a good shaped fillet can be formed as well as
toughness of a cured resin material can be improved. Because of
this, the thermoplastic resin (F) may be dissolved in the epoxy
resin (A) preferably at a temperature of 80°C or higher, more
preferably at a témperature of from 95°C to 150°C. When the resin
is dissolved in such temperature ranges, it can be easily and
uniformly dissolved and stirred and mixed.

[0041]

The kind of the thermoplastic resin (F) is not particularly
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limited and preferably includes at least one kind selected from
pelyethersulfone resing, 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 (F) is particularly preferably
polyethersulfone resins or polyetherimide resins, which has high
compatibility with or affinity for the epoxy resin component as
compared with other thermoplastic resins, thereby having the
greater effect of improving the toughness of the cured resin
material.

[0042]

The thermoplastic resin (F) preferably is a particulate
material and its particle diameter may be preferably 200 pm or
smallier, more preferably from 5 to 100 pm. The use of a fine
particulate thermoplastic resin having such particle diameters
makes it possible to improve the viscosity characteristics and
toughness of the resin compositicn since the particles are dissolved
rapidly and uniformly while avoliding having large particles left
undissolved when added to the epoxy resin. In other words, when
the particle diameter of the particulates is made to be 200 um or
smaller, the thermoplastic resin (F) uniformly dissolves in the
epoxy resin (A) to cobtain the effect of improving the physical
properties, particularly the toughness of the resin composition.
The method of preparing particles of the thermoplastic resin (F)
and the method of measuring particle diameters thereof include
grinding preparation and measurement as in the case of particles
of the organic acid dihydrazide compound (C} described above.
[0043]

The epoxy resin composition of the present invention may

preferably include 20 to 60 parts by weight of the thermoplastic
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resin (F), more preferably from 30 to 50 parts by weight, in the
blending ratio, based on 100 parts by weight of the epoxy resin
(A). When the amount of blending of the thermoplastic resin (F)
is made to be within the range of from 20 to 60 parts by weight,
the viscosity of the epoxy resin composition can be appropriately
controlled and when the amount of blending is made to be 60 parts
by weight or less, the tackiness and drapability can be improved.
[0044]

The epoxy resin composition for fiber-reinforced composite
materials of the present invention essentially includes the above
(A} to (C) components and aﬁbitrarily'inCludes blending of the (D)
to (F) components, and may include, as required in addition to the
above (A) to (F) components, blending of a variety of additives
such as a well-known curing agent, particles cf thermosetting resin,
viscosity adjusting agent, filler, stabilizer, fire retardant and
pigment, within a range not impairing the effects of the present
invention.

[0045]

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

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

ie
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viscosity in dynamic viscoelasticity measurement refers to a
minimum value of complex viscosity in dynamic viscoelasticity
measurement at a temperature in a range from 25°C tec 200°C at a
temperature rise rate of 2 °C/minute at a frequency of 10 rad/second
at a strain of 1%.

(0046}

In the epoxy resin composition of the present invention the
fracture toughness value of a cured resin material refers to a
fracture toughness value measured in sccordance with ASTM D5045-9S1
and may be preferably 1.8 MPa-Y m or higher, more preferably 1.8
£o 2.5 MPa*Y m. When the fracture toughness value of a cured resin
material is 1.8 MPa-¥ m or higher, 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 heneycomb core.
[0047]

In addition, even though the epoxy resin composition of the
present invention is placed at a resin temperature of from 60 to
90°C for a long time during coating operation of producing a resin
film, the resin composition has the feature of the small change
in resin viscosity. For example, the amount of change in viscosity
when the resin composition is placed at a résin,temperature of 75°C
for 2 hours may be preferably 150 Pa-s or smalier, more preferably
100 Pa-s or smaller, still more preferably 70 Pa-s or smaller,
particularly preferably 55 Pa-s or smaller. When the amount of
change in viscosity is 150 Pa*s or smaller, the change in resin
viscosity is small even when the resin composition is left in a
feeding tank or in a resin dam of a cocater roll for a long time,
whereby the subsequent discharge of it from the feeding tank can
be made easier and a resin film can be fabricated without greatly

altering running conditions of the coater roll. Note that,
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91' 9E 931 Excellent 1.001100xj Resin A-1 Parts by
wei ght Resin A-2 Parts by weight curing agent B Parts
by wei ght Curing agent C-1 Parts by wei ght Curing
agent C-2 Parts by weight Curing agent C3 Parts by
wei ght Curing agent C-4 Parts by weight curing agent
D Parts by weight Resin F Parts by wei ght Anmount of

regar@8haB%ed Bn¥h§eosh by schaCry? MO4LRbuRRSof change in viscosity
is obtained by measuring the change in complex viscosity with time
in dynamic viscoelasticity measurement at a constant temperature
of 75°C at a frequency of 10 rad/second at a strain of 1%.
[0048]

Additionally, during heat curing, the epoxy resin composition
of the present invention has a high reaction starting temperature,
preferably 100°C or higher, more preferably from 110 to 145°C. Thus
the epoxy resin composition of the present invention is excellent
in heat stability prior to heat curing to thereby be capable of
restraining an increase in resin viscosity due to the curing
reaction. Specifically, the reaction starting temperature
measured by differential scanning calorimetry (DSC) is high,
thereby being able to inhibit the progress of curing reaction at
a resin temperature (60 to 90°C) during usual coating operation
or at noermal temperature during sterage. In addition, the reaction
starting temperature in heat curing refers to a reaction starting
temperature measured by differential scahning caiorimetry {DSC)
at a temperature rise rate of 10°C/min, that is, an intéersection
of a extended line of a rising of an exothermic peak and a base
line.

[0049]

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

cooled to a temperature of from 60 to 90°C, more preferably to a
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Reaction starting tenperature C Fracture toughness
val ue MParm Tacki ness of prepreg imedi ately after
prepreg fabrication Tacki ness of prepreg after
exposure at roomtenperature for 10 days Epoxy resin
Am ne curing agent Organic acid di hydrazi de conpound
Di cyandi am de Thernopl astic resin

temperature of from 70 to 80°C, and then to this mixture resin are
added other blend components including the amine curing agent (B)
and the organic acid dihydrazide compound (C). Specifically, the
amine curing agent (B) and the organic acid dihydrazide compound
(C) and, as required, dicyandiamide (D) and/or particles of the
thermosetting resin (E) are added thereto and uniformly dispersed
to produce the resin composition.

{0050]

Specifically, the epoxy resin (A) and preferably the
thermoplastic resin (F) may be mixed and stirred for about 0.5 to
3 hours until certainly uniformly dissolved by means of a planetary
mixer set at a temperature of from 35 to 150°C. Then, it is preferred
that this mixture resin is cooled to a temperature of from 60 to
80°C and the amine curing agent (B) and the organic acid dihydrazide
compound (C) and, as reguired, dicyandiamide (D) and/or particles
of the thermosetting resin (E) are added thereto and uniformly
dispersed and blended to preduce the resin composition.

[0051]

A fiber-reinforced prepreg of the present invention is
produced by using the above-described epoxy resin composition for
the fiber-reinforced composite materials as a matrix resin, and
by compounding the matrix resin with the reinforcing fiber.
Preferable reinforcing fibers are: carbon fibers; graphite fibers;
aramid fibers; glass fibers; and the 1ike. Of these, carbon fibers
are preferred and carbon fiber fabrics are particularly preferred.
[0052]

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

gself-adhesiveness of the prepreg is improved and also workability

i9



4- 0C0)0 0.:Pt Eco O oa ac 0',7,E L-00 a.s_0
[ 0074]

and appearance quality are improved and further the mechanical
properties of a carbon fiber-reinforced composite materials can
be fully exhibited.

[0053]

The method of producing a fiber-reinforced prepreg is
preferably a hot melt method that involves cecating an epoxy resin
composition of the present invention onte an exfoliate paper in
a thin film fofm to fabricate a resin film, laminating the resin
film above and below the reinforcing fiber and then heating and
pressing them to thereby impregnate the epoxy resin composition
into the reinforcing fiber. A prepreg obtained in this manner is
excellent in storage stability even though placed in a working
environment or in a normal temperature atmosphere for a long period
of time and does not deteriorate in tackiness and drapability.
[0054]

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

[0055]
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" The results of Table 1 show that the epoxy resin
conpositions of the present invention (Exanples 1 to
3) have smal| amounts of change in viscosity at a
tenperature of 75C after 2 hours. In addition, the
reaction starting tenperature nmeasured by DSC is
shown to be high and the possibility of progress of

CHhd NP1 HEACLEPAFBLcadl BeEprigmBBEat HE (RO0th9s9Ghner is
during usual coating operation and during storage at

laminabedeabntieoperizare dis ashomeytombecbow. ahd tAddi tsudmjected to
t he tackinhess of the prepregs even_ after their

et @xpbsart HKDoHTLAToPALaLe<RoP hRYRYII L iy Pres:
moldigﬁeér?])a%g a)i)lcéq%Q%ed\{cg%%%g?r—.reinéxggﬁ%:agc%ﬁg% %@é;ﬁﬁterials.

I'cyandi a ative
The r¥ ity 8¢bdrdi-Bydrazicddg d@rh;]!sb@it@hﬁait@&iaqims efgd®8Fillet
t han 150C (Conparative Exanple 1) are used, the
and haghuatibesfivehahgenothviascusilily ast ezs€lilgn? heghandcal
shown to be large and also the reaction starting
PerfofBaREfat ures are shown to be | ow. Furthernore,
[00565ackiness of the prepregs are al so shown to be
greatly decreased after exposure at roomtenperature
fRmcHe Wyt coCenpesdt nvehExagdenht4i0¥én09c8Gay @4eferably

I SF 317 964 89 loz 07 Excellent
be any one selected from aramid honeycombs, aluminum honeycombs,
paper honeycombs and glass honeycombs. Of these, aramid honeycombs
are preferred.

[0057]

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

EXAMPLES
[0058]
[Examples 1 to & and Comparative Examples 1 to 4]

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

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

the organic acid dihydrazide compcund (C), dicyandiamide (D) and
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the particles of the thermosetting resin (E) were added to this
resin soclution, and then the resulting material was stirred and
mixed to prepare an epoxy resin composition.
[C059]

Epoky resins (A)
Resin A-1: N,N,O-triglycidyl-p-amincphencl resin (MY-0510
manufactured by Huntsman Advanced Materials LL(C)
Resin A-2: bisphenol F-type epoxy resin (Epicoat-806 manufactured
by Japan Epoxy Resins Co., Ltd.)
[0060]

Amine curing agent (B)
Curing agent B: 3,3’ -diaminodiphenylsulfone (ARADURS719-1
manufactured by Huntsman Advanced Materials LLC)
[0061]

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

Organic acid dihydrazide compounds (C)
Curing agent C-1: adipic acid dihydrazide compound {ADH
manufactured by Japan Finechem Co., Inc..}, melting point: 177 to
184°C, average particle diameter: 13 pm
Curing agent C-2: dodecanedioic acid dihydrazide (N-12
manufactured by Japan Finechem Co., Inc..), melting point: 185 to
190°C, average particle diameter: 9 um
Curing agent C-3: sebacic acid dihydrazide compound (SDH
manufactured by Japan Finechem Co., Inc..), melting point: 185 to
189°C, average particle diameter: 21 um
Curing agent C-4: 1,3-bis(hydrazinocarbonecethyl)-5-
isopropylhydantoin (VDH manufactured by Ajinomoto Fine-Techno Co.,

Inc.), melting point: 118 to 124°C, average particle diameter: 10
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Curing agent C-5: 7,1l-octadecadiene-1,18-dicarbohydrazide (UDH
manufactured by Ajinomoto Fine-Techno Co., Inc.), melting point:
150 to 165°C, average particle diameter: 20 um
[0063]
Thermosetting resin (E)
Resin E: bisphenol A-type epoxy resin (YD-020N manufactured by Tohto
Kasei Co., Ltd.), softening point: 135°C to 150°C, prepared as fine
particles having a particle diameter of 100 pm or less by impact
grinding
100641
Thermoplastic resin (F)

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

For 10 kinds of epoxy resin compositions obtained (Examples
1 to 6, Comparative Examples 1 to 4), the amounts of change in
viscosity, the reaction starting temperatures, tackiness of the
epoxy resin compeositions and fracture toughness values of the cured
materials were evaluated by means of methods indicated below, with
the results listed in Tables 1 and 2. In addition, of these, 5 kinds
of epoxy resin compositions (Examples 4 to 6, Comparative Examples
3 and 4) were each evaluated for the minimum viscosities in heat
curing of the epoxy resin compositions, tackiness of prepregs and
peel strengths of the honeycomb panels by means of the methods
indicated below, with the measurement results listed in Table 2.
[0065]
[Amount of change in viscosity of epoxy resin composition]
| The change in viscosity with time of the epoxy resin
composition at a temperature of f5°C was measured for 2 hours to

determine the amount of change in wviscosity in 2 hours relative
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toan initial viscosity. Note that, regarding the viscosity of the
epoxy resin composition, the complex viscosity was measured in
dynamic viscoelasticity measurement with a strain of 1% at a
constant temperature of 75°C at a frequency of 10 rad/second.
[0066]

[reaction starting temperature of epoxy resin composition]

About 5 mg of the epoxy resin composition as a sample was
subjected to thermal analysis by means of differential scanning
calorimetry (DSC: DSC-2920 manufactured by TA Instruments, Inc.)
in a nitrogen atmosphere at a temperature rise rate of 10°C/minute
from a temﬁerature of 20°C to 350°C. Measufément was carried out
by setting as a reaction starting temperature a temperature of the
intersection of the extended line of a rising of an excthermic peak
and the base line.

[0067]
[Minimum viscosity of epoxy resin composition]

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

[0068]
[Tackiness of prepreq]

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

[0C69]

Tackiness of prepregs immediately after fabrication and after
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exposure at room temperature for 10 days were evaluated by hand
touching on a three-point scale described below.

Excellent: sufficient adhesiveness was sensed

Gocd: some adhesiveness was sensed

Poor: almost no adhesiveness was sensed

[0070]

[Fracture toughness of cured products]

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

The curéd resin products obtained as described above ﬁere
respectively used to prepare test samples according to ASTM D5045-91,
and a fracture toughness value (MPa-4rm) at 23°C (dry condition)
was measured.

[0071]
[Peel strength of honeycomb panel]

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

[0072]

For the obtained honeycomb panels, tﬁe 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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Resin F Parts by wei ght Amount of change in viscosity

1 (75C, 2 hours) Pas Reaction starting tenperature C

M ni num vi scosity Pas Fracture toughness val ue MParm

Tacki ness of prepreg i mediately after prepreg

fabrication Tackiness of prepreg after exposure at

roomtenperature for 10 days Peeling strength of
[oo744gpper face sheet Ib-in/3in Peeling strength of |ower

face sheet [ Db-in/3in

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

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

tackiness of the prepregs are alsoc shown to be greatly decreased

after exposure at room temperature for 10 days.
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Thernosetting resin particles Thernoplastic resin
Epoxy resin Am ne curing agent Organic acid

di hydrazi de conpound Di cyandi am de
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VCLAIMS

f1] Aﬁ epoxy resin composition for fiber-reinforced composite
materials, comprising, 100 parts by weight of an epoxy resin (4),
25 to 50 parts by weight of’aﬁ-amine curing agent (B) selecte& from
aiiphatic polyamines, alicyclic polyamines and aromatic
pplyamihes;and]:m;2Gpartsbywei@m:ofanorganicaciddihydrazide:_
compound(C)cﬁfameitingpointof150°Corhigher,wherebqafracture
toughness value measured in accordance with ASTM D5045-91 after
curing of the epoxy resin composition is 1.8 MPa*vm or higher.
[2] The epoxy resin composition for fiber-reinforced composite
materials éccording to claim 1, comprising:

dicyandiamide (D), wherein

the'érganickacid dihydrazide compound (C) is dispersed in a
parficulate form. | - |
[31] The epoxy resin composition for fiber-reinforced composite
materials according to any one of claims 1 and 2prcomprising:

_athermosettingresin{E)thatis:ﬂﬂjﬁiatnormaltemperature,
wherein |

the thermosetting resin (E) is dispersed in a particulate
form. ﬂ
[4] The epoxy resin composition for fiber-reinforced composite
materials according to any one of claims 1, 2 and 3, further
comprising a thermoplastic resin (F). -
[5] :The epoxy resin composition for fiber-reinforced composite
materials according to any one of claims 1 To 4, wherein

the orgahic acid dihydrazide compound (C) is any one of a
' ) dibasic acid dihydrazide and a carboxylic acid dihydrazide compound

expressed by Formula (I):

O O - |
o (1)
H2NHNC-X-CNHNHz

wherein X represents a phenyl group'or an aliphatic

hydrocarbon group having 2 to 18 carbon atoms.
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[1] An epoxy resin conposition for fiber-reinforced
conposite materials, conprising, 100 parts by wei ght
of an epoxy resin (A), 25 to.50 parts by weight of an
am ne curing agent (B) selected fromaliphatic
polyanines alicyclic polyam nes and aronatic

[6] POtyAM IQQincbﬁpgglﬁathfbf pebght ref napresgadbtposite
aci d di hydrazi de conpound (C)  of aneltingpoint of

mat e 1500s rhricgireli nowhe reivhan Brak tled msol Giones s'hadtaier the organic

, measured i n accordance with ASTM 045-91 aft
acid &&hx@r%l%ecwem efth Jc%n‘?)o%‘? TR EC 2 skl Rpgirazide

compcﬁﬁ éc?]dJ {n conposi tion for
| er-reln orce conp03|te material s accordlng to

claim1, conprising: dicyandiamde (D), wherein
t he organi c -acid di hydrazi de conpoun ((3 i's

SR B AL R LD bl ppocy AT

according to any one of clains 1 and 2, conprising:

[7] ?g%%g:g&gsigém% rSéhﬁogE%lEHakoESffﬂgfﬁkéﬁnfBEégﬁ,comp051te-
materials according to any one of claims 1 to 6, wherein the average
particle. dizmeter of the organic acid dihydrazide compound (C) is
100 um or less .

[8] The epoxy resin composition for fiber- relnforced comp051te
" materials according to any one of claims 1 to 7 wherein

the amine curing agent,(B)'is 3, 3’ —~diaminodiphenylsulfone and/or
4;4’—diaminodiphenylsulfone.

[91 The epoxy resin composition for fiber-reinforced composite
materials according to any one of claims 3 to 8, wherein the
thermosetting resin (E) includes at least one species selected from
epoxXy resins, bismaleimide'resins, and isocyanate resins, that are':
solid at normal temperature and do not completely dissolve in the
EepoOxXY resin'at—é temperature of 90°C or leSé.
.[10] The epoxy resin composition for fiber-reinforced composite
materials according to any one of claims 4 to 9, wherein the
Vthermoplastic resin (F) i1s any one of a polyethersulfone resin and
a polyetherimide resin. _ |

[11]- The epoxy resin composition for fiber-reinforced composite
materials acdofding ﬁo any one of claims 2 to 10, comprisingrl to
5 parts by weight of the dicyandia_midé (D} with respect to 100 parts
by weight of the epoxy resin (A). -

[12] The epoxy resin composition for fiber-reinforced composite

materials according tc any one ¢of claims 3 to 11, comprising 1 to
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the thernosetting resin (E) is dispersed in a
particulate form [4] The epoxy resin conposition
. for fiber-reinforced conposite materials according to
20 panysane wfi gl@iod the 2hardo3ethinyheesdonpE) siigh arespect to
thernopl astic resin (F) [5] The epoxy resin
100 pempésPyi BALEBE filb EPREGT é@@l@oﬁﬁgsi te materials
according to any one of clainms. 1 to.4, wherein :
(1317 nERrGanTY St 2 o RIRIFET He: dopodia {OF 18 Ay bigrposite
 a@50ibasig: AGT o Ay drazhde: adnd cabaxyl Esngsi ding 20 to
mategﬁﬁyaraz?%% %o dﬂn&ﬂzxpressed by,FornSIa %I): ? 00 5
60 patts(by weikNHNG XHeNHNH2meplastivwheegin XOf eprigserdspect to
a phenyl group or an _aliphatic hydrocarbon group
100 navtagb? veigBtcathéhcacdrEY TPELNTHE)epoxy resin
conposition for, fiber-reinforced osite.materi al :
[14]'3(;%%? iy ¥ oreas_r%n%or&osc]rta%% % gfo ~ wherel nO]:tCheé'la c_%mposme
mateft 9880 G- ach g ¢ hydazi dge compaunais(O)id 938 GBEREXH!d Ginimum
- acid di hydrazide -conpound expressed by Formula (I1):
visc08i H2 NHINCE L E€H2 b &= CHECH? »2GHeEHECHR) Bie@NMER( Dy jdynamic
~[7] The egoxy resin conposition for fiber-reinforced
viscephpsbitil HaRerPHreTgEtoRd Ag tEBPSRTEHE Soff iErairmde £
.~ ,0, Wherein_the average_particle diameter of the
2 C/%Fﬁﬁﬁ?clﬁcfﬁoﬁiﬁéd?&zﬁé@.%8n§0und.(§3 is 100 um or
[15]] e8Smeth&d JhepPBONY1£6SEA EPPRYSKEEPA Eehposition for
fiber-reinforced conpoSite materials according to any. ... - -
fibeonee dfi f ctatdsdmpos 71 e wheregiim It hecanbaegcue iany agem: claims
; (B) is 3,3 -diam nodi phenyl sul fone and/or .
4 togld; . @pBRT hddPBRenyl sul fone. [9] The epoxy resin
conposition for fiber-reinforc site material :
actbran e Iy theap et nteer s £ RIS R IR kBpkY fosin ).
at obhesmpsetti pg hakkna( Bixitnekudesial | east one species
- selected from epoxy resins, bisnaleimde resins, and
i sonyhhat echesthsturhareaie tol 68 ap A6rAml and then

tenperature and do not cog&letely di ssol ve inhthe . .
e resites bl anchifet SORPETEF THoe b1 UFesd. the iine curing

agﬂenggﬁ%gg%&/' {heSi&égngséct’i@_rh{ dfé%’f{gé rc% &Exfc?_d(C) into the

te material's according to any one claims 4

mixttPe 9redhgrein the thernoplastic resin (F) is any one

of a polyethersulfone resin and a pol yetheri m de _
[16] r &sifiber-reinforced prepreg, comprising the epoxy resin
composition according to any one of claims 1 to 14 as a matrix resin
in complex with a reinforcing fiber. ‘
[17] The fiber-reinforced prepreg according to claim 16, wherein
a content of the matrix resin is from 30 to 50% by weight.

[18] The fibér—reinforced prepregraCCOrding to claim 16 or 17,

wherein the reinforcing fiber is carbon fiber. -

31



[11] The epoxy resin conposition for fiber-reinforced
conposite materials according to any one of clains 2
to 10, conprising 1 to 5 parts by wei ght of the ,
[19]di @yhndenovrle (=D)dwii ath peesgectompriodnparie Mypawighinforced
~of the epoxy resin (A ._ _[12] The _epoxy resin
PTeRESh GSTCOL SR M HoE OF § bt T rje%fﬁ @éﬁ@oﬁﬁ s? tROMRY &P Gore that
ccordi 0 f claimse 3 to 11, conprising 1 '
are ?g%ﬁgt%gir:tg %3%%&?)§ﬁ’%rdf the thernosetting resin (E)
[20]WM trRer BEREGECHID JDHWRFl ode Wei@hitrdahqt he epaxy 19, wherein
resin (A). [13] The epoxy resin conposition for
the fhicher<coamionforeets conposi¢ esehtet @l Srae cordigpum campisting
~one of clains 4 to 12, conprisin 0 to 60 $ rts QX
Of iEPght MEPYRE P Rer AbBTASERCI YRS ROTRY HARET eSpER TS, and
glaS%O%O%%&%%mB¥'mejghy of the epoxy resin (A. [14] The
€poxXy- resin conposition for fiber-reihforced
conposite materials according to anyone of clains 1
to 13, wherein a mninmumviscosity of the epoxy resin
conposi tion nmeasured by dynam c viscoelasticity
measurenment at a tenperature rise rate of 2C/ m nute
is from10 to 150 Pa's. '[15] A nethod of producing
an epoxy resin conposition for fiber-reinforced
conposite material according to any one of clains 4
. to 14, conprising: di ssol ving the
t hernopl astic resin (F) in the. epoxy resin (A). at 95
to 150C to nake a m xture resin, cooling the mxture
resin to 60 to 90C, and then addi ng ot her
bl endi ng conponents including the anmine curing agent
(B) and the organic acid. dihydrazide coripound (C)
into the mxture resin. [16] A fiber-reinforced
~ Pprepreg, conprising the epoxy resin conposition
“according to any one of clains 1 to 14 as a matri X
resin in conplex with a reinforcing fiber. [17] The
fiber-reinforced prepreg according to claim 16,
wherein a content of the matrix resinis from30 to
50% by weight. [18] The fiber-reinforced prepreg
~according to claim16 or 17, wherein the reinforcing
fiber is carbon fiber. - [ 19] ‘A honeyconb sandwi ch
panel , conprising the fiber-reinforced prepreg
according to claim16, 17 or 18 and a honeyconb core
that are lam nated to each other. [20] The honeyconb
sandw ch panel according to claim 19, wherein the
honeyconb core is any one selected fromthe group
consi sting of aram d honeyconbs, al um num honeyconbs,
paper honeycénbs, and gl ass honeyconbs. - T
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