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£ 9f: Poly(butadiene-g-acrylonitrile-styrene) core/shell 2% A43l] o] 59 shelle] 5}3}
A 244 D coreste] A Aol oEAY BRI nxE JAEFL FESYT) Shele
T/438t= acrylonitrile (AN)T} styrene (ST)<] 3182 242 o ZA|9te] 540l JFE 0|
A grte ZAMEHE 2EsH HF FUASEE B ARE AEAY A=
AN/STe] ZAde] 15/85014 7} 2 @& YEhH, ZA3 A 222 10wt% J71s 3 $-
208 o] Ae] AR TS F7ME Btk E ARE o ZA)9] AT core®t shelld] Auj
H 24l YHME JdFE L=tk T 1FFA cored thE ArtAA £X|QU shelle] Arth
H Aol gl met Ao Ay 4] ool EFetn Foldl oz &
718t ol B ZAAFANA dojuds 4137 5 crack bridging®} cavitation/plastic
deformation®] AF32&o Wi AEaHel o3 Aoz oA}

ABSTRACT: Poly(butadiene-g-acrylonitrile-styrene) core-shell rubber particles were
synthesized for the toughening of epoxy. The effects of chemical composition of shell and rel-
ative composition of core and shell were mainly investigated. The chemical composition of
shell components, acrylonitrile (AN) and styrene (ST), has been found to affect the disper-
sion of core-shell particles, which finally control the toughness of modified epoxies. The maxi-
mum toughness was obtained at composition of 15 wt% AN with more than 20 fold increase.
The toughness of modified epoxies also has been affected by the relative composition of core
and shell. With an increase of the relative shell composition, the toughness increased in spite
of lowering of rubbery phase composition, which might be due to the positive interaction of
toughening mechanisms, such as crack bridging and cavitation/plastic deformation.

Keywords: toughening, core-shell rubber, dispersion and composition effect, toughening mecha-
nisms.
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Al e, %A core= polybutadiene 2He] A (MY
}4)E, shell& acrylonitrile (AN, Junsei chem.)
I} styrene (ST, Aldrich chem.)& A}&33oH
7§A}A = cumene hydroperoxide (Aldrich chem.)
g ARSI ClEAIE o)|@54< DGEBA A%
Al YD-128 (S 33) & Ao, A
2= piperidine (Junsel chem.)& ARSI}

A 2lXtel M=, Core-shell type 248 A%
3l7) $1gte] R3 FEHE ALIR 2, poly-
butadiene ztel2, go] 2, {34, /AAAE &
716l W B 7)|FIA DRSS HrIslHA
70 ColA 3AIZE BF awkeh FEE s
oluf, shell®] A& W3IA7]7] et ANz} ST
9] §j7PH]:§_— 35/65, 25/75, 15/85, 5/95, 0/100
(wt%)oz WH3lA7H F¥E sgch. a8,
shell F719) JFE 1FE7] A8t cored
polybutadiene®} shell TAIst= ©Ekd|o) k)
£ 70/30, 60/40, 50/50, 40/60, 30/70 (wt% )=
2tk WA FEEATE TPl B F, calei-
um chloride €988 H7}3}] 65 ‘CAlA 587 A
235l AN g FRTFE TR M-S 24
A7t B AF W3] core-shell Feje] A
JAE ATt dAY FHE HH FF A4S
3le] Rl on, MZY Y29 =7]= Malvern
Autosizer AHE-3}e] 230

AMERE ¥ M 7L AFA FXo $4E
core-shell TF Y& AJsle] 150 CollAl 2417
59 T8It 97]ef 5 part9] piperidined 73}
AZ 9 T F AT dolA mAZIZEE AAY
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2 13t

2 Ao A Felglefid ] (strain energy release
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Figure 1. DN-4PB specimen geometry (unit: mm).
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Table 1. The Compositions of the Core-Shell
Rubber Particles

Rubber  Core/ Shell compositionb Solubility parameter Particle
code Shell® AN ST 8[(cal/cm3)1/2]c size(nm)

C50ANO 50/50 0 100 9.05 322
C50ANS  50/50 5 95 9.23 322
C50AN1550/50 15 85 9.59 321
C50AN2550/50 25 75 9.94 322
C50AN3550/50 35 65 10.30 323
C70AN2570/30 25 75 9.94 304
C60AN25 60/40 25 75 9.94 316
C40AN25 40/60 25 75 9.94 330
C30AN25 30/70 25 75 9.94 336
Neat

DGEBA 9.66

asb W

ht %.
¢ Obtamed by Small group method.!?
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Figure 2. FT-IR spectra of core-shell rubbers with
different AN content. (a) 0wt%, (b) 5wt%, (c)
15 wt%, (d) 25 wt%, and (e) 35 wt%.
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Figure 3. Transmission electron micrograph of synth-
esized core-shell rubber.
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Figure 4. Effects of AN content in shell on modulus
and yield stress of modified epoxies.
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Figure 5. Effects of AN content in shell on the frac-
ture toughness of modified epoxies.
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Figure 6. Scanning electron micrograph of the frac-
ture surface of core-shell rubber modified epoxy (core/
shell; 50/50 wt%, AN content in shell; 25 wt% ).
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Figure 7. Scanning electron micrographs of the fracture surface of modified epoxy with various AN content in
shell(crack propagates upwards). (a) 0 wt%, (b) 5 wt%, (c) 15 wt%, and (d) 25 wt%.
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(a)

(b)

Figure 8. Optical micrographs of thin sections taken
mid-plane and near the crack tip of DN-4PB samples
of modified epoxy with various AN content in shell.
(a) 0 wt%, (b) 5wt%, and (c) 15 wt%.
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Figure 9. Effects of shell wt% in core-shell rubber on
modulus and yield stress of modified epoxies.
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Figure 10. Effects of shell wt% in core-shell rubber
on the fracture toughness of modified epoxies.
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(c)

Figure 11. Optical micrographs of thin sections taken
mid-plane and near the crack tip of DN-4PB samples
of modified epoxy with various core/shell ratio.

(a) 70/30, (b) 50/50, and (c) 30/70 (AN content in
shell; 25 wt%).
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