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The Mechanism of Damage around Crack Tip
in Rubber-Modified Epoxy Resin

Deok bo LEE, Toru IKEDA, Mitsugu TODO,
Noriyuki MIYAZAKI and Kiyoshi TAKAHASHI

In this work, we investigate the toughening mechanism of the rubber modified epoxy resin. The
fracture toughness (Kic) is measured using CT specimens for three kinds of rubber modified epoxy
resin with different rubber content. The damage zone and rubber particles around a crack tip of a
damaged specimen just before fracture are observed by a polarization microscope and an atomic
force microscope (AFM). Both the fracture energy (Gic) and the size of damage zone increase with
the rubber content below 15 wt%. The size of the rubber particles can be qualitatively correlated
with the Gic and the size of damage zone. The cavitation of the rubber particles inside the damage
zone is observed, which is expected to be main toughening mechanism by rubber particles. The stress
which causes the cavitation of rubber particles is estimated by the Dugdale model.
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Fig.1 Manufacture process of rubber-modified epoxy.

Table 1. Formulation of various epoxy materials

Composition(wt%)

Resin
System Designation Epoxy CTBN  Piperidine
AER250 AER250 100 0 5
AER250-5 100 5 5
AER250-15 100 15 5
AER260 AER260 100 0
AER260-5 100 5
AER260-15 100 15
AER250 AER250+260 100 0 5
+AER260 AER250
+260-5 100 5 5
AER250
+260-15 100 15 5
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Fig.2 Compact tension specimen(W = 24mm, a /W = 0.5).

Table 2. Material Properties of rubber-modified epoxies

Resin system E [GPa] K, [MPam'?] G, [KIm?}
AER250 3.84 1.52 0.52
AER250-5 3.60 2.37 1.35
AER250-15 2.58 2.20 1.62
AER260 3.93 1.70 0.63
AER260-5 3.51 2.50 1.54
AER260-15 2.50 2.63 2.39
AER250+260 4.30 1.26 0.32
AER250

+260-5 4.23 1.41 041
AER250
+260-15 2.42 2.62 2.45
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Fig. 3 Damage zone around a crack tip observed by a polarization microscope.

Kc=X-Y-ai [MPa- mi]
X=5y
1 2+
Y= x—
(1-)?

x <O.866 + 4.64(%} 13.32(%)2 + 14.72(%)3 + 5.6(%)“}

ZZTa, P, Bid, #h TR IRRE, RAWHE,
ABROWET, X, Y KB OFEHRES BREKTS
5. 7z, ZOWIRBMMEK,) L FEM P HRO2Y v 7
F(E) ZAVCTRRICL VLAV F— (G) HI
L.

2

Gye=Bie(1 vy

ZZTERY Y 7# K IEETLMILTRF SRR D

CTRERR 25 ROBEPMUMETH L. & T oMb R
FOBIRIC L D RO ZHERMEK,), Y 7% (B)
BRI ANV F— (G 2PV TIER2IRT.

2.3 SAMEEEHE HITL5BILREF UBIED CTHR
B S RABRE LAV TANT A L, WEOBME 312
ESREMBTHARM LBBIR (LB S5 A -V v — 2 LIT
B) B END, TLBIEIRFIBIEDOS A — ) —
YORKREBET 5720, CTRERF #HIEER T TR
L7:tk, BRI L, ZORERF O 2 BEmERy % K E LT 1%
TYNHLTHERL (EEH100 2 m) Lz, ORI

L0, ERERMEDTA -V — T A=)~ DA
IR I N TWAEXF Yy YT — 3 v 2 REHEMEY BV
TEELZ. BBIZBEB LAY A—-V V- oRikERT.
7o, SRBRA O T LR TFORAE L SHREEIX, ARM % A
WTHERDOREAXBETLZ LICIflEL .

NII-Electronic Library Service



442 T LML R F RO & R IRGEE

3. BREEE

3.1 JLRASERIrHRPMHEBEIISAIEE
TLARSERFIZL BB ANV F— (G) ORILER4
WRT. R4RLA L9, TRF VBIRICCTBN iR
MTaZET, BTLMILREFBEOBELALF—
(G #°, TLBBEHE W 3K 1~ 26, 15wt% 13
~TREBECR LSRN LD b2 b,

25

20 | ;;77‘
15 |

10 | //
“ / —=— AER250

0.5 ( —o— AER260

—&— AER250+260

00 oo 1 T T
0 5 10 15 20
Rubber content [wt%]

Gic [ KJmY)

1

Fig.4 Variation of fracture energy (G,.) with rubber content.
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Fig. 5 Definition of length and width of damage zone.
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Fig. 6 Length and width of damage zone with several rubber
content.
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Fig.7 Dispersed rubber particles inside and outside of a damage
zone observed by AFM (AER250-15).
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Fig.8 Average diameter of rubber particles for rubber-modified
epoxies.
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Fig.9 Shapes of rubber particles for rubber-modified epoxies
observed by AFM.
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Fig.11 Rubber particles around the boundary between the inside
and the outside of a damage zone observed by a polarization
microscope.
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Fig.12 Distribution of cavitated particles ahead of a crack tip
in AER250-15.
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