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In order to modify the toughness of epoxy resin, the blending method of multi polymer components was
investigated. An epoxy resin based on diglycidyl ether of bisphenol A was modified with poly(ether sulfone)(PES)
and poly (acrylonitrile-co-butadiene) rubber (NBR) and then cured with 4,4’-diaminodipheylsulfone. Morphology,
dynamic mechanical properties, bending properties and fracture toughness of this ternary blend of were evaluated.
Depending on the composition of PES and NBR, two distinct morphological states were observed, and the fracture
behaviour varied from brittle to ductile with the change of morphology. From the morphology observation by
various microscopes, the ternary blends that showed ductile behaviour have phase-inverted morphology in which
the NBR-rich phase forms a continuous matrix, the epoxy-rich phase forms particles and the PES-rich phase also
forms particles around the epoxy particles. Even at low loading level of PES and NBR which shows phase inversion,
the storage modulus and Tg by dynamic mechanical analysis were as high as unmodified epoxy resin. And the
bending properties were controlled by the loading level of PES and NBR, the kind of terminal functional groups and

curing temperature. (Received June 16, 2003)

Pask

B

3k TL YR, RO Y—,

F— o J— R IRFHE, 7%
Key Words . Epoxy Resin, Ternary Blends, Morphology, Mechanical Properties

1 &% 7 DRk b ZoORAEWIRT 272012, HA4 DIEDR
TARF VBRI EN BRI E R BRI, ﬁéﬂf%t.%@?&&bfi,@i?ﬂ@&ﬁ%

MEFIEREEEL, 2AMWIZHETYTHLDT, DEREIL 5T RE VBIRE FOURICE Ak

MAERIEAM B~ M) v 7 2ABIER TR - BEH @ F A b= & D Ao EERE T IR S
AR, BE, BEMEZ SICIEMIACHYL R THREALd AU E ﬁ&,@%U@V?/W%%EAL

Twb, Lal, TR VEIFZEEEEEIETH Y,
BIE T 3 RICEE L T b 720l &) REDVH 5.

ERSH ER54E6 F16H
NOK Ml &l AR 73l KB o Cdmis

vt LERERFLEMBM IS RaURiEE e

TY7 b Ay MEEEREEL2UE i, GO
#Omﬁﬁ%ﬁﬁ%l/77%x—nwi/7?$®
SR 2 R L CmEML T A HiE, R ED
63)~8>‘
FROBEATFEOD B, b —HRWIEL SN

- z%;glﬂ:r/r“\/\ﬁﬁn}ﬁ’ﬁ/fﬂ*#’q‘”&ﬁﬁﬂ ey y— HEIT FHIEOQOOFETH LYY, RFMEE LTIV
i NN S s s o s _ -
S AT AR T E R Y Y — Y FEVERET Y Zx T2V BERYNTA
Ho CIEHE (CTBN)WRe v ) a— v TLGEPTCH L. O
SERG164E 1 A — 39 —

This document is provided by JAXA.



AT, B0 B, A, b R

FF TR E DRRRICRINL 29 A b v - B Al
SEERIL, =9 A MY RONERRIC IR S
FRic s 2 lRBE AT AMER L5, ZDD,
TARFAIR N ERERICZ D, RE LR ISER L
THTFRECERARATE X, TSy PR S,
< Ny AEEFTEEERE L THEBEL AL F -2 R
PIsrZ L2530 THAE. LIL, 20X RL
F A DY L A TFETE, BLEofRESCEL
G L o THEEL S A P —HOKRESRZED
SEBENT BOT, FOWYOWENELEL, F
TREE O F T AEREE (T, PEHELIKTLT
LEAREDORENDH D, FNOHORELZHEI 12012,
T DEVHALFIZH VLR EDFERELN TN
P, HEOVAWTELZVI EPHL NI R > TEL
FO, LABWEBEET AL, oMl eET
BHEIYIZT I TTIAFy IRA—N=—L
ST T TI ATy v EOBA YRR % e
S EEBBWICH LN TSR FRETH 5.
SATEEEA S I L AT B H O L DEE R A, L,
TRF VEIEASEOMIEL O S O % A AT REM
BHbH., FOMFEMLEFE L TR LTIV ANE Y
(PES)® W2 K1) L —F VA 3 F (PED¥ ¥, Y
T7xZ LU FYEF PPO) R ENDH L. DL
Iy TS Il AMBEORE, RELRTIEE
WCHEBLTWAY, BB ONTHSEN RS,
F7z, MUy 2 ABETH LT RF VHERICILT,
WINT A2 7S 3REMES RO T, R F VR
MHERIRIZZ Y 2T, mnL7-x > 7 J P ERAE
ERBIENMOENT A, ZOMSEEEIZOEA
DFTFREERRBEDEVIZI ) EEE-IERE
- EREE LT L, Bt owE L BT S T
LN TVEY, L L, HOHORE EHEo
MBEMEATED TR, BBLD X =X LI1ZDOWT
LY —HER SR THSERDO T EEIE 25
ZEofild, HFTHHELPIZIENTHWRVOPFEIRT
H5b.
FEIORLZFEZRFNEFN-E—EF DD, 2
NODEHLZITEIYHL, FIZH L %EH
ABZEERHWELCL YT/ TS, TG /T
SAIT—DOMAELEIZLLEEHS TV Y FRIZE
LUBHEFELZONS, LL, ZOFETRILIC
o THROLNTDTVED & ZAHH|EFI D,
Bz, TRFURBE/ LAY/ TSD3KS
TL Y RROWRIE N, DAy, S ORRKIZHIE X
DT EEOFERA MR S R EET DD
Th (LT A Mv—) OMEBEEPEL, HLE» 5
SEEAR RS LMBEN RAENES I WD TH S,
4% T2 PPO/CTBNY, PS/BEM LT A b~ —"p &
DOFGeEDH 525, 2 A RICHRTSEERRIH

NCBLY, FLITLUROFHIHLEELNL.
FIT, RPTEERT TV Y FRIL I RE Y
BB {LEEN L L, WEAEOENZIELED
A=NR—LyT5THLRE) =T VAVKYBIT
ITIGANT—HWATHATZ7NUZ PNV T I Ty
ThHEHV3ES TV FRIRE VHEHE (EPOXY
/PES/NBR) D& S IOV TRET LR T 5
gL, B, 3G TV L MckaEEoREB X
N F DREETAVITAE D MR BIES 4 7 & DMy
HE L OMBEOBKE 2 F T o2 DTH A,

2 X B

2-1 & #

AETHW LR R VBRI YA 72/ — VA
I RE VEE (Y a— 1828, by = VI E ¥
RERAE Y v Ny TRF VLY vk
IoRF VB EIR9g/mol) TH Y, WiLHl &L LTidd, 4
ST I)V T VA VE Y (DDS, EEALEER
L) R H TL Y RIS A RN, BT
HERRG & L OB Y — F L 2 bk (PES, Vietrex5003P
(R#F&ECl-OH), ICTH#) %, =I5 AP =L LT
TN P NVTF YT (NBR, JSRN220S, JSR
MAEHE, 720V MU VEREELL%) RV
7272 L, PES 122w T 13 Victrex5003P (K 2 C1-OH)

Table I List of the composition of the components of
ternary blend samples employed.
Note : EPOXY and DDS in wt.%, PPS and NBR in phr.

Code EPOXY DDS PES NBR
EPOXY 80 20 0 0
N5 80 20 0 5
N10 80 20 0 10
N15 80 20 0 15
P5 80 20 5 0
P5N2.5 80 20 5 2.5
P5N3 80 20 5 3
P5N5 80 20 5 5
P5N6 80 20 5 6
P5N7 80 20 5 7
PSN8 80 20 5 8
P5N10 80 20 5 10
PSN15 80 20 5 15
P10 80 20 10 0
PT1ON5 80 20 10 5
P10ON6 80 20 10 6
P10ON7 80 20 10 7
P1ON10 80 20 10 10
P15N5 80 20 15 5
P15N6 80 20 15 6
P15N10 80 20 15 10
P20N5 80 20 20 5
P20ON10 80 20 20 10
P30 80 20 30 0
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Fig.1 SEM micrograph of Sphr D
binary epoxy blend.

Fig.2 “SEM micrograph of 30phr PES-modified

binary epoxy blend.

(a) P5N3

(b) P5SNS

Fig.3 SEM micrographs of ternary blends of epoxy, PES and NBR.
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Fig.4 SEM micrograph of small particles around epoxy- - Fig. 5 'TEM micrograph of small particles between epoxy-
rich particles in fracture surface of PSNJS ternary ; rich particles in fracture surface of PSNS ternary
epoxy blends. epoxy blends.

(a) TEM micrograph

0200618 1418 .22 24
(b) EDX spectrums

Fig.6 TEM micrograph of small particles between epoxy-rich particles in fracture surface of PSNS ternary epoxy blends and its
EDX spectrums.
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Fig.7 TOM micrographs of the effect of the loading level of PES and NBR on the morphology of PES and NBR modified
ternary epoxy blends.
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Fig.8 Relationship between content of NBR and its
particle size in epoxy-rich phase for Epoxy/PES/
NBR ternary blends.
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Table I Morphological and fracture toughness properties of the modified epoxies.

PES NBR KiC G1C Jic Fracture

. Morphopgy

(phr) | (phr) | (MN/m?) | (ki/m®) | (kJ/m®) | behaviour

0 0 0.73 0.15 0.16 Brittle Homogeneous
0 5 1 0.38 0.45 Brittle Particulate
0 10 1.94 1.04 1.12 Brittle Not be identified
0 15 - - 1.2 Ductile Phase inversion
5 0 0.77 0.12 0.13 Brittle Homogeneous
5 2.5 0.83 0.35 0.37 Brittle Particulate
5 3 1.16 0.41 0.5 Brittle Particulate
5 5 - - 0.48 Ductile Phase inversion
5 10 - - 1.15 Ductile Phase inversion
5 15 - ~ 0.72 Ductile Phase inversion
10 ¢ 0.83 0.15 0.17 Brittie Homogeneous
10 5 0.75 0.26 0.48 Brittle Particulate
10 10 - - 0.65 Ductile Phase inversion
15 5 0.96 0.28 0.3 Brittle Particulate
15 10 - - 1.28 Ductile Phase inversion
20 5 1.43 0.37 0.42 Brittle Particulate
20 10 1.11 0.48 0.52 Brittle Particulate
30 0 0.95 0.25 0.29 Brittle Homogeneous

VRROENFU Y% F LD D% Table I I
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Fie.9 Tyvpical . . . Fig. 10 Influence of the loading level of NBR on dynamic
ig.-9 Typical dynamic mechanical analysis data for mechanical properties for Epoxy/PES/NBR ternary
Epoxy/PES/NBR ternary blends. blends
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Fig. 11 Influence of the kind of terminal functional groups
on dynamic mechanical properties for Epoxy/PES/
NBR ternary blends.
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Fig. 12 Influence of the first stage curing temperature on
dynamic mechanical properties for Epoxy/PES/
NBR ternary blends.
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