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Table 1 Preparation and curing conditions of epoxy resin

epoxy origomer(phr) curing reagents(phr) curing conditions
DGEBA 100 DDM 26 130°C2h + 150C3h
DGEBA 100 DDS 33 160°C6h + 200°C3h
TGDDM 100 DDS 52 160°C2h + 200°C3h
.GEPN 100 DDS 35 160°C20h

TGMXDA 100 DDS 61 160°C4h + 200°C3h
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Fig. 1 Preparation and curing of epoxy /curing agent and epoxy/curing
agent / polyimide samples.
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Fig. 2 Preparation of flat surface for cured samples.
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Fig. 6 Effect of curing time-and after curing on tan & curves measured
for DGEBA/DDS/PEI 20wt%, B 160°C 2h, @ 160°C 6h, O 160%C 6h+
200°C 3h.
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Fig. 7 Effect of curing time and after curing on'tan & curves measured for

DGEBA/DDS / PSIL 20wt%, meaning of the symbols were the same as in Fig. 6.
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Fig. 8 Effect of curing time and after curing on tan & curves measured for DGEBA/
DDS/PSIH 20wt%, meaning of the symbols were the same as in Fig. 6.
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Fig. 9 Tan 6 curves of pure components, [1 DGEBA/DDS, cured at160°C 6h
+200°C 3h, @ PEl, A PSIL, @PSIH.
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Fig. 10 Effect of initial curing temperature on tan 6 curves measured for DGEBA/
DDS/PSIL 20wt%, cure conditions

B 130°C 12h + 200°C 3h, @ 160°C 6h + 200°C 3h, A 200°C 6h.

0.5
0.4 |
0.3 |
=
S 5
0.2 |
0.1 |
0 L L
150 200 250 300
Temperature (°C)

Fig. 11 Effect of initial curing temperature ontan § curves measured for DGEBA/
DDS/PSIH 20wt%, meaning of the symbols were the same as in Fig.10.
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Fig. 13 Scanning electron micrographs of cured DGEBA/DDS/PEI,
PEI content was (a)7wt%, (b)14wt%, (c)20wt%, (d)27wt%, cure
condition; 160°C 6h + 200°C 3h.
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Fig. 14 Scanning electron micrographs of cured DGEBA/DDS/PSIL,
PSIL content was (a)14wt%, (b)20wt%, cure condition was the same
as in Fig.13.



Fig. 15 Scanning electron micrographs of cured DGEBA/DDS/PSIH,
PSIH content was (a)14wt%, (b)20wt%, cure condition was the same
as in Fig.13.
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Fig. 16 Effect of initial curing temperature on SEM micrographs of DGEBA/
DDS/PEI 20wt%, (a)130°C 12h + 200°C 3h, (b)200°C 6h.



Fig.17 Scanning electron micrographs of DDM cured samples, (a)DGEBA/
DDM/PEI 20wt%,- (b)DGEBA/DDM/PSIL 20wt%,-curing condition; 130°C
2h + 150°C 3h.
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Fig.18 Effect of epoxy origomer chemical structure on SEM micrographs of
cured epoxy origomer /DDS / PSIL20wt% samples, (a)TGDDM 160°C 2h+200
°C 3h, (b)GEPN 160°C 20h, (c)TGMXDA 160°C 4h+200°C 3h.
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Fig.3 The effect of PEl content and curing agents on SEM photographs observed
after toughness tests. (a) DGEBA/DDS/PEI 14wt%, (b) DGEBA/DDS/PEI 20wt%,
(c) DGEBA/DDM/PEI 14wt%, (d) DGEBA/DDM/PEI 20wt%. , curing conditions;
(a) and (b): 160°C 6h + 200°C 3h, (c¢) and (d): 130 °C 2h + 150 °C 3h. Arrow;
ductile drawing.
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Fig. 4 Effects of curing conditions and used types of polyimide on fracture tough-

ness of modified DGEBA samples. Curing conditions; 195 °C 2h +150°C 3h,
A 130°C 2h + 150°C 3h,2Z2130°C 12h + 200°C 3h, @ 160°C 6h + 200°C 3h,
m 200%C6h.
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Fig.5 Effects of curing conditions and used types of polyimide on SEM photo-
graphs observed after toughness tests. (a) DGEBA/DDS/PEI 20wt% cured at
130°C12h + 200°C3h, (b) DGEBA/DDS/PEI 20wt% cured at 200 °C 6h, (c)
DGEBA/DDS/PSIL 20wt% cured at 160°C 6h + 200°C3h, (d) DGEBA/DDS/PSIL
20wt% cured at 200°C 6h, (e) DGEBA/DDS/PSIH 20wt% cured at 160°C6h +
200°C 3h, (f) DGEBA/DDS/PSIH 20wt% cured at 200 °C 6h.
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fig.6 Effects of chemical structure of epoxy origomer and PSI molecular weight
on fracture toughness of cured PSl/epoxy origomer / DDS.
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Fig.7 Effect of chemical structure of epoxy origomer on SEM photographs ob-
served after toughness tests.

a)TGDDM/DDS/PSIL20wt%; 160°C 2h + 200°C 3h, b)GEPN/DDS/PSIL20wt%;
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Fig.1 (a) Schematic diagram of the DN-4PB geometry ; L=38mm, W=6mm,
B=3.0mm, (b) Fracture surfaces in the DN-4PB specimen.
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Fig. 2 SEM micrographs observed for the surface fractured after cooling down
to 77K, (a) DGEBA/DDS/PSIL20wt% cured at 160°C 6h + 200°C 3h, (b) DGEBA/
DDS/PSIL20wt% cured at 200°C 6h, (c) DGEBA/DDS/SINH20wt%, pre-reacted
SINH20wt%/DGEBA at 1.30°C 3h and.cured at 160°C 6h + 200°C 3h, (d) DGEBA/
DDS/SINH20wt%, pre-reacted SINH20wt%/DGEBA at 130°C3h and cured at
200°C 6h (e) DGEBA/DDS/SICH20wt%, pre-reacted SICH20wt%/DGEBA at 1 30
°C 3h and cured at 160°C 6h + 200°C3h, (f) DGEBA/DDS/SICH20wt%, pre-
reacted SICH20wt%/DGEBA at 130°C 3h and cured at 200°C 6h.
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Fig.3 The effect of curing conditions and type of imide compounds.on fracture
toughness of modified epoxy samples. Curing conditions; &) 130°C 12h + 200
C 3h, @) 160°C 6h + 200°C 3h, @8200°C6h, =@)pre-reacted at 130°C 3h and

cured at' 160°C6h.+ 200°C3h, (Zdpre-reacted at 130°C3h'and cured at 200°C
6h.
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Fig. 4 Effect of initial curing temperature on tan & curves measured for DGEBA/
DDS/PSIL 20wt%, cure conditions
B 130°C 12h + 200°C 3h, @ 160°C 6h + 200°C 3h, A 200%C 6h.
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Fig. 5 Effect of initial curing temperature on tan & curves measured for DGEBA/
DDS/SINH 20wt%, cure conditions
O pre-reacted at 130°C 3h and cured at 160°C 6h + 200°C 3h, A pre-reacted
at 130°C 3h and cured at 200°C 6h.
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Fig. 6 SEM micrographs observed after.the toughness tests. (a) DGEBA/DDS/
PSIL20wt% cured at 160°C 6h + 200°C 3h, (b) DGEBA/DDS/PSIL20wt% cured
at 200°C 6h, (¢c) DGEBA/DDS/SINH20wt%, pre-reacted SINH20wt%/DGEBA at
130°C 3h andcured at 160°C 6h + 200°C3h, (d) DGEBA/DDS/SINH20wt%, pre-
reacted SINH20wt%/DGEBA at 130°C 3h and.cured at 200°C 6h (e) DGEBA/
DDS/SICH20wt%, pre-reacted SICH20wt%/DGEBA at 130°C. 3h and cured at 160
°C 6h + 200°C 3h, (f) DGEBA/DDS/SICH20wt%, pre-reacted SICH20wt%/DGEBA
at 130%C 3h and cured at 200%C 6h.
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Fig.7 Compression yield strength oy obtained for cured epoxy and
imide modified epoxy.
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Fig.8 Optical micrographs, ob-
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| plane and near the crack tip of
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Fig.1 Optical micrographs of injection molded LCP/PC blend in a cross section
perpendicular to the melt flow direction (MFD), (a) LCP=70wt%, (b) LCP=50wt%.
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Fig.2 Optical micrographs of injection molded LCP/PC  blend (LCP=70wt%) in
etched surfaces,

(a) parallel to the MFD in skin layer, (b) perpendicular to the MFD in skin layer,
(c) parallel to the MED in core layer, (d) perpendicular to the MFD in core layer.
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Fig.3 -SEM micrographs of injection molded LCP/PC blend (LCP=70wt%) in frac-
tured surfaces, (a) perpendicular to the MFD in skin layer, (b) perpendicular to
the MFD.in core layer.
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Fig.4 Optical micrographs of injection molded LCP/PC blend (LCP=50wt%) in
etched surfaces, (a), (b) parallel to the MFD in skin layer, (c) parallel to the MFD

in core layer.

Fig.5 SEM micrographs of injection molded LCP/PC blend (LCP=50wt%) in frac-
tured surfaces, (a) perpendicular to the MFD in skin layer, (b) parallel to the MFD
in core layer.
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Fig.6 Optical micrographs of injection molded LCP/PC blend (LCP=30wt%) in
etched surface parallel to the MFD in (a)skin and (b)core layer.

- Fig.7 SEM micrographs of injection molded LCP/PC blend (LCP=30wt%) in frac-
tured surfaces, perpendicular to the MFD in core layer.
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Fig.8: Relation between A H and LCP content,
O ; skin layer, O ;core layer, ---;calculated AH.
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Fig.9 X-ray diffraction spectra measured for LCP/PC blend,

a) parallel to the MFD in skin layer, — ; LCP=100wt%, - - -; LCP=50wt%, ---;
LCP=0wt%, b) LCP=100wt% parallel to the MFD, — ;skin layer, ---; core layer,
c) LCP=100wt% in skin layer, — ; . parallel to the MFD, ---; perpendicular to the
MFD.

Intensity

40 60 80 100
LCP content (wt%)

Fig.10 Relation between diffraction intensity and LCP content,

@®; skin layer parallel to the MFD, O; skin layer perpendicular to the MFD, &;
core layer parallel to the MFD, [J; core layer perpendicular to the MFD, ----;
calculated intensity.
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Fig.11 Relation between relative crystallinity of LCP and LCP content,
O, O; calculated by using A H for skin and core layer, @, W; calculated by
using X-ray diffraction intensity for skin and core layer.
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Fig.12 Stress-strain curves observed for LCP, PC and LCP/PC blends.
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Fig.13 Relation between flexural strength-and LCP content. Compared between
layered structure, O, @; whole specimen, [J l; core layer. ( O, OJ; ductile
fracture, @, W, brittle fracture )
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Fig.14 Relation between flexural moduli and LCP content. Compared between
layered structure, @; skin layer, O; whole specimen, [J ; core layer.
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Fig.15 Relation between flexural strength and LCP content. Compared be-
tween direction to the MFD, (O; parallel to the MFD, ([J; perpendicular to the
MFD. ( O, O; ductile fracture, @, W; brittle fracture )
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Fig.16 Relation between flexural moduli and LCP content. Compared between
direction to the MFD, (; parallel to the MFD, @; perpendicular to the MFD.
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Fig.1 The specimen used for the evaluation of disbondings.
(a=5.0, 4.0, 3.5, 3.0, 2.5 mm.)

00

(®)

Fig.2 The procedure to prepare specimen for the measurement of v .
( Cut off plates in a certain angle were abbreviated as , for example,

GF-B(90° ).)
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Table 1 Materials used for C-type FRP

Reinforcement used for Weight per unit area Fiber content of
skin layer of the skin (g/ m?)  FRP plate (vol.%)
C-1 CF cloth Torayca #6341 400 23.6
C-2 CF cloth Torayca #6343 200 24.5
C3 AF* cloth Kanebo K281 170 26.1
C4 CF- AF hybrid cloth Kanebo CK 3104** 173 26.0
C-5 CF- AF hybrid cloth Kanebo CK 3102** 181 24.1
C-6 GF cloth Nittobo WE-350 350 23.7
C-7 GF cloth Nippon Sheet Glass YES-2101 305 23.1
C-8 GF cloth Nippon Sheet Glass YEH-1001 93.6 22.6
C-9 GF mat Nippon Sheet Glass REW-300G5 300 18.4

*  AF; aramid fiber
** CF- AF hybrid cloth, CK 3104 and CK 3102 contain AF and CF 2:1, and 1:1 in volume ratio, respectively.
*** Reinforcement used for the core; GF mat REW-450G5 (450g / m? ; Nippon Sheet Glass)

" p 7
N éH, CH, ©
n

. Diglycidy! ether of bisphenol A
HN — |C —NH (Epikote 828 (n = 0.1), Epikote 1001 (n = 2))

NH —CN Dicyandiamide

HN—-(CH-)—<O C; O>—(—CH-)—NH
2 )3 . RN o ' 273 2 B-002W
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Fig.3 The schematic of experimental setup.
(L) laser, (M) millor, (BS) beam splitter, (SM) spherical millor, (S) specimen,
(OB) object beam, (RB) reference beam, (H) hologram.



Fig. 4 Deformation of a plate by pure-bending.
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Fig. 5 interferograms for GF-B (90° ) and logarithmic plot of fringe order against
the distance from the center along x-axis.
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Table 2 Poisson’s ratio v and flexural modulus
obtained for C-type FRP

flexural modulus

M (GPa)
C-1 0.091 28.81
C-2 0.124 26.15
C-3 0.115 16.32
C-4 0.103 21.50
C-5 0.088 22.58
C-6 0.151 14.84
C-7 0.172 14.37
C-8 0.238 12.18
C-9 0.366 7.73
cured epoxy 0.390 3.53

ik, BBEROME LI DEEZON, TXTOT) SV 7R EARIIHER L7
AYATOED,.0° £45° BmOT) TV 72 KREIKEBLABY 14 712 5T,
RS K E VL DEEZ 5NDL, GF-AIZL HXTCF-ATIE, & ) ARKENS
WREL L >T WD, THiE, GFIZL 5XTCF Tid, MM BLm Hm & B H 0T
OWUEDENRL D RKEVWIEITERTALILDEEZ LN,

Table 212, C¥% 4 7O FRP (0° Fli)) 122V THESNy B L IR ME
BIR LT, RN L SN R F UBIEREARD v 130.39 TH - 725, THIIE
e L HLTWwD [4,9], GFDO v OfEIZ 020 BE L HIEX T3 [4, 9], C
9 DOWVTiE, v £ LTO0366 05N TWAED, GF< v b DB R v
EMS, vy OMEIIGF LRI L EOFHMREIFONIZDIDEEZEZ LIS,

FOMNDC ¥ A TFRPTIE, v DEIIDP R N /INSWEEZR LA, TS DR TIL:
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BHARL D, Rao S H T A#W 7 O A FRPIZDOWT, v DIEDME S A RIRIENMEIC
DWVTHNTWS [4], Table LIZR L7 X ) IR TIEBHESHEEROMHEIZ10%
BETHH ROLOERIPOEZ T HMHESHEROMEIZL > Ty DI ZENIZEK
ELBRELRVLDEEZOND, — T, Fig 7R L7z L), BBROERBIER & |
MAERIC L 5T, v OEIZKE CEILT B, C-9LUSD FRP IZDWT D v DA
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N7 BT O AT EEEEMEATBEE ISR D . 0" AEO v DN SL B bDEE



o
W

e
» 0.4
e ° o
=
—~ 03 |
N
- 0]
02t
& 0
QO-‘Ol_ © OO OO
O | 1 | 1 |

0 5 10 15 20 25 30
Flexural modulus (GPa)

Fig.8 The relationship between v and flexural modulus obtained for C-type FRP.
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Fig.1 Flexural strength for ES-P as a function of strain rate at various constant
temperature.
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Fig.2 Flexural strain for ES-P as a function of strain rate at various constant
temperature.
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Fig.3 Stress-strain curves of ES-P obtained at different temperature
(1; 30%C, 2; 70C, 3; 80°C, 4; 120°C), Crosshead speed ; 0.5cm /min.
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Fig.4 (A) Flexural fracture surfaces of GFRP at several different temperatures
(30, 70, 80, 120°%C) ; crosshead speed, 0.5cm/min ; C, compressive site, T, ten-
sional site. The corresponding.type of the stress-strain curve in fig.3 is as
follows.

H-P 30C;1, 70C;2, 80C;3, 120C; 4

ES-P 30°C;1, 70°C; 2, 80°C; 3, 120C; 4

VS-P 30C;1, 70C; 2, 80°C;4, 120C; 4

(B)~(H) Mieroscopic views of bended specimens.

(B) ES-P, 30°C, tensional site; (C) VS-P, 30°C, tensional site; (D) VS-P, 307C,
compressive site; (E) ES-P, 80C, compressive site; (F) VS-P, 80°C, compressive
site; (G) ES-P, 120°C, side edge; (H) VS-P, 120°C, side edge.
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Fig.S Relationship between oand . [J; matrix epoxy, V; H-P, O; ES-P, A; VS-
P.

Type of the stress strain curve in fig.3 is represented as follows : ¥V, O, A; 1,
v,0, 4;2,
V,O0,4;3,V, @, A; 4.
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Resin composition and
cure conditins were as follows, (a) DGEBA/DDS/PSIL =100 : 33 : 35, cured
at 130°C 12h + 200°C 3h, (b) DGEBA/DDS/PSIL =100 : 33 : 35, cured at 200
°Cc 6h, (c) DGEBA/DDS/PSIH =100 :33:35, curedat 130C 12h + 200C
3h, (d)DGEBA/DDS/PSIH =100 : 33 : 35, cured at 200°C 6h.
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PSIL matrix . Matrix composition; DGEBA/DDS/PSIL = 100 : 33 : 35, CF con-
tents and cure conditions were as follows. (a) CF=20wt%, 130°C 12h + 200°C
3h, (b) CF=60wt%, 130°C 12h + 200°C 3h, (c) CF=20wt%, 200°C 6h, (d)
CF=60wt%, 200°C 6h.
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Fig. 3 SEM photographs of fracture surface of CPRP consisting of DGEBA/DDS/
PSIH matrix. Matrix composition; DGEBA/DDS/PSIH=100:33:35, CF contents
and cure conditions were as follows. (a) CF=20wt%, 130°C 12h + 200°C 3h, (b)

CF=60wt%,130°C 12h + 200°C 3h, (c) CF=20wt%, 200°C 6h, (d) CF=60wt%,
200 6h.
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L. #i#% Fig4-8 123§, K1) A 3 % 2\ DGEBA/DDS & CEDATY ., CF
IEETIE< M) v 7 AT 3T )“C}ﬂ) (FigA) . vt ASIZI S 40T
WALDEEZ NS,

DGEBA/DDS/ K 4 3 F& CFOEREGAT, Wikin ‘*‘ﬁ“ﬂwl%{}\ CF lifimdat
[&ix, CFORIMRE IZEMERIZ, HOBET AHIOE S 2 I3ITR-7-F TMHT#ESLEL
THY, HoMER, @iz X DB, L &O’Cb‘é (Fig.5. 7)o

— 7 LIRSS VWA, 1Y ‘%’Hé AN ZIZTE R AT & L7 A5 (Fig.8a) A

SEDOHELTE L L IZRNIZIZHEL > T0b, CFORIBAILVE Z A TId, CREE
THIFEAET M) v 7 ARG ET CEREIZ 2 > TWAD, CFORIRAI kN EZ A

TIIHSEORBIFIZEWI R X ) v FHAEA TN S

Fig.4 Optical micrographs of CF/DGEBA/DDS during cure. Resin composition,
DGEBA/DDS=100 : 33, cured at 160°C for (a)20min, (b)65min, (c)90min.
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Fig.5 Opﬁcal micrographs of CF/DGEBA/DDS/PSIL during cure. Resin composi-
tion, DGEBA/DDS/PSIL=100 : 33 : 35, cured at 130°C for (a)30min, (b)41min,
(c)55min.

aphs of CF/DGEBA/DDS/PSIL during cure. Resin composi-
tion, DGEBA/DDS/PSIL=100: 33 : 35, cured at 200°C for (a)3min, (b)4min, (c)
10min.
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Fig.7 Optical micrographs of CF/DGEBA/DDS/PSIH during cure. Resin composi-
tion, DGEBA/DDS/PSIH=100 : 33 : 35, cured at 130°C for (a)27min, (b)35min,
(c)45min, (d)85min.

Fig.8 Optical micrographs of CF/DGEBA/DDS/PSIH during cure. Resin composi-
tion, DGEBA/DDS/PSIH=100:33: 35, cured at 200°C for (a)Omin, (b)6min, (c)
17min.
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Time

Fig.9 Schematic representation of phase separation in capillary[7].
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Fig.10 Temperature dependence of storage modulus E' and tan 6 . Matrix composi-
tion and cure conditions were as follows, (a)DGEBA/DDS=100:33 and DGEBA/DDS/
PSIL=100:33:35, 130°C 12h + 200C 3h. (b) DGEBA/DDS/PSIL=100:33:35, 200C
6h, (c) DGEBA/DDS/PSIH= 100:33:35, 130C 12h + 200°C 3h, (d) DGEBA/DDS/PSIH
=100:33:35, 200°C 6h. -; DGEBA/DDS, A; CF60wt%/DGEBA/DDS, O; DGEBA/DDS/

PSIL or PSIH, @; CF20wt%, DGEBA/DDS/PSIL or PSIH, B; CF60wt%, DGEBA/DDS/PSIL
or PSIH.
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Fig.11 Temperature dependence of tan & normalised at peak value. Matrix
composition; DGEBA/DDS/PSIL=100: 33: 35, cure conditions ; (2)130C 12h +
200°C 3h, (b) 200°C 6h. O; DGEBA/DDS/PSIL, @; CF20wt%, DGEBA/DDS/PSIL,
W; CF60wt%, DGEBA/DDS/PSIL.
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Fig.1 SEM photographs of cured resin fracture surface. Resin composition
and cure conditins were as follows, (a) DGEBA / DDM / PEI =100 : 26 : 35,
130%C for 2h + 150°C for 3h, (b) DGEBA / DDS / PEI =100 :33 :35, 130
C for 12h + 200°C for 3h (c) DGEBA/DDS/PSIL= 100 : 33 : 35, cured at
130°Cfor 12h and after cured at 200°C for 3h, (d) DGEBA / DDS / PEl =
100 : 33 : 35, 200%C for 6h, (e) DGEBA/DDS/PSIL =100 : 33 : 35, cured
at 200°C for 6h, (f)DGEBA/DDS/PSIH =100 : 33 : 35, cured at 200%C for
6h.

—126—
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Fig.2 SEM photograph of CFRP fraccture surface after DCB test. Matrix compo-
sition, DGEBA/DDM=100 : 26, cured at 130°C2h +150°C3h.
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IRFUHDHVIR)A I FREGLRF 2~ M) v 7 AETHCFRPIZOWT B
Wit > SEM #R%2 L 7245 R % Fig2, 31234 BV A I FERML AW I RKF D HFo
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Fig.3 SEM photograph of CFRP fraccture surface Matnx composmon and
cure conditions, (a) DGEBA/DDM/PEI=100:26:35, 130°C2h +150°C3h, (b)
DGEBA/DDS/PEI=100 : 33 : 35, 130°C12h+200°C3h, (b’) DGEBA/DDS/
PEI=100:33 :35,130°C12h+200%C3h, fracture surface etched with
dichloromethane, (c) DGEBA/DDS/PSIL=100:33:35, 130C12h +200°C3h,
(d) DGEBA/DDS/PEI=100 : 33 : 35, 200°C6h+200°C3h, (d’) DGEBA/DDS/
PEI=100 : 33 : 35, 200°C6h, fracture surface etched with dichloromethane,
(d”) DGEBA/DDS/PEI=100 : 33 : 35, 200°C6h CF treated with bismaleimide
resin, (e) DGEBA/DDS/PSIL=100 : 33 : 35, 200°C6h, (f) DGEBA/DDS/PSIH
=100:33: 35, 200C6h.
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Fig.4 Temperature dependence of strage modulus E’ .

. Matrix composition and cure conditions, (1)DGEBA/DDM=100 : 26, 130C
2h +150°C3h, (2)DGEBA/DDS=100 : 33, 130°C12h+200°C3h, (3)DGEBA/
DDS=100 : 33, 200°C6h, (4)PEIl, (a) DGEBA/DDM/PEI=100: 26 : 35, 130C
2h +150°C3h, (b) DGEBA/DDS/PEI=100 : 33 : 35, 130°C12h+200%C3h, (c)
DGEBA/DDS/PSIL=100 : 33 : 35, 130°C12h +200°C3h, (d) DGEBA/DDS/
PEI=100 : 33 : 35, 200°C6h, (e) DGEBA/DDS/PSIL=100:33 : 35, 200°Cé6h,
(f) DGEBA/DDS/PSIH =100 : 33 : 35, 200°C6h. F; CFRP, B; CF treated with
bismaleimide resin.
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Fig.5 Temperature dependence of loss modulus E” .

Matrix composition and cure conditions, (1)DGEBA/DDM=100 : 26, 130C
2h +150°C3h, (2)DGEBA/DDS=100 : 33, 130°C12h+200°€3h, (3)DGEBA/
DDS=100 : 33, 200°C6h, (4)PEI, (a) DGEBA/DDM/PEI=100 : 26 : 35, 130C
2h +150°C3h, (b) DGEBA/DDS/PEI=100 : 33 : 35, 130°C12h+200°C3h, (c)
DGEBA/DDS/PSIL=100 : 33 : 35, 130°C12h +200°C3h, (d) DGEBA/DDS/
PEI=100: 33 :35, 200°C6h, (e) DGEBA/DDS/PSIL=100:33:35, 200°C6h,
(f) DGEBA/DDS/PSIH =100 : 33 : 35, 200°C6h. F; CFRP, B; CF treated with
bismaleimide resin.
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Fig.6 The measureof affinity F ( =(E’ g/E’ r)comp / (E’ g/E’ r)resin ) ob-
tained for CFRP consising of epoxy and epoxy-P! blend matrix. (130); cure condi-
tion, 130°C12h+200°C3h, (200); cure condition, 200°C6h, B; CF treated with
bismaleimide..
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Fig.7 Fracture toughness of epoxy-polyimide bulk resin and CFRP system.

N K (MN/m32), G,. (J/m?) measured for bulk resin by
SENB, G, (J/m?) measured for CFRP by DCB, [[ITTTIT] A1; additional
effect of PEl on G measured for bulk resin by SENB, i.e., ratio of G for PEI added
resin and epoxy without PEl. [ A2; additional effect of PEl on G,
measured for CFRP by DCB. (130); cure condition, 130°C 12h+200°C 3h, (200);
cure condition, 200°C 6h, B; CF treated with bismaleimide.
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Fig.8 Frexural properties of epoxy-polyimide / CFRP system.
(130); cure condition, 130°C 12h+200°C-3h, (200); cure condition, 200°C
oh, B; CF treated with bismaleimide.
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