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2 o:of) 7] g 7kl PES (6k) g2lamis} 44 CTBN (1300x13) o258 £41%0]
15000 g/mol?! PES-CTBN-PES 3% & @dsiion, olg Al 2|9 AASA 2 A
3l9ich. DDSE A 2 AHgsiglon, 35PN sk FA A9 454, 394, 2+
2= 2 WEmgE S35l PES/CTBN EA=2 AAstd ol FA] )9 547 vmslict.
FFRAE 0] AHgRlel Al EA) Aol 40 wi% 7 BIPE Thesiien, 2RE R UE
wjAge] At flol 40 wi% A 2.21 MPa-m®®9] o}F w& ZUNE Bdh AT PES/
CTBN Bal=z 3Astel dF4A]| FAz FFPA2 Ak Adnn oi ¥ 4JY, 2372
= g Ui galde B

ABSTRACT: Amine terminated PES-CTBN-PES triblock copolymer was synthesized from
PES oligomer and commercial CTBN rubber (CTBN1300x 13), and molecular weight of the
copolymer was controlled to be 15000 g/mole. The copolymer was utilized to toughen
diglycidyl ether of bisphenol-A (DGEBA) epoxy resin which was cured with 4,4" -diaminodi-
phenylsulfone (DDS) and subjected to the measurement of thermal properties, fracture tough-
ness (Kic), flexural properties and solvent resistance. The properties were compared with
those from the samples modified by CTBN/PES blends. The maximum loading of copolymer
into the epoxy resin was 40 wt% without utilizing solvent, at which K¢ fracture toughness of
2.21 MPa-m" 5 was obtained without sacrificing flexural properties and chemical resistance.
However, the epoxy resin modified with PES/CTBN blend exhibited much lower K¢ and
flexural properties compared to the epoxy resins toughened by PES-CTBN-PES copolymers.

Keywords: epoxy resin, PES-CTBN-PES copolymers, fracture toughness, flexural properties,
chemical resistance.
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Figure 1. Synthetic scheme of PES-CTBN-PES co-
polymer.
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Figure 2. Schematic diagram of SENB specimen for
fracture toughness testing.
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Table 1. Characteristics of PES-CTBN-PES Co-
polymers

target end it [ T, T,
(Mn) group (Mn)® (dL/g)®* (C) (€)*

copolymers
(PES-CTBN13-PES) 15000 NH, 17072 017 -26142 398
PES-NH, 5000 NH, 5929 015 167 447

CTBN 1300x 13 - COOH 3200 016 -30 330
@ Auto-titrator, Metrohm. ® 25 C, in CHCl3. © T, by DSC, 2nd
heat in N,. ? Ty by TGA, 5 wt% loss in air.

3582l #= ¥ 54M. $4¥ PES-CTBN-
PES 3Z3A 2 Ze|dE9 EA5ke uoy] £4
2 3% FHo2 B4t (Table 1). Ze|dE
EA1L 5929 g/molz2 EF 2 &4¢ 9 6000 g/mol
d ZHTEE & + UsdeH, o|F ojgsld FAdY
PES-CTBN-PES¢} 48 3 17072 g/mols 2
¥ E28 15000 g/mol=} H]z23t 2ke HYTh HE
ZRdME EeHE (6k)9) F=7) 0.15 dL/gol ]
omn, o]F ol&3ly HAHH FEEA FxE
0.17dL/go 2 oj4drtt thiax @ e R=d
ole FFIA el 59 CTBN W22l Aoz A
Ztde}. Figure 32] GPC ZzldlA BE vle} o
PES-CTBN-PES F3#e] s=s} CTBN 2
PESS] Harc} Ho U A, GPC =27} 719
ARt ERde] R4 Hol= Aoz Hol BXE 8lY
H 57 PA4E Aoz #uen, €3 GPC
2 24" Bxe 14967 g/mole® Wz HA
o 9% ZAANc:s oa WX Egs @
15000 g/moledl = 243 Azto|t},
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CTBN¢| 7t el of st #=:= 1712 cm ™' oA} e}
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Figure 3. GPC profile of PES-CTBN-PES copoly-
mer.
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Figure 4. FT-IR spectra of PES-CTBN-PES copoly-
mer.
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Figure 5. DSC of PES-CTBN-PES copolymer.
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Figure 6. TGA of PES-CTBN-PES copolymer.
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Table 2. Ty of Cured Epoxy Samples Determined
by DMA

\ tougheners CTBN PES-NH, blend copolymer (15k)
loading (wt%) [1300x13  (6k)  (CTBN+6k PES, 1:2) (PES-CTBN-PES)
0

223 3 PAA] 223
10 -10,213 217 9,214 -9,218
20 -1518 215 -13,209 -12,217
30 204 -18,197 -15, 208

* Measured by DMA at 5 °C/min.
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80 4 & Epoxy Control
B3
T 60
2 Copolymer
g 4 Toughened

40 4

Blend Toughened
20 4 CTBN13 Toughenad -
0 . o

0 200 400 300
Temperature (C)

Figure 7. TGA of toughened epoxy samples.
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& 9] d &9l PES/ANZA] 212 Tt @olAl=
Aoz #ddn. PES/CTBN Zd=z 7¢lshd
ANEA FAE F 7 T2 Bged, 352
7338k o ZA] pA 9} v|d T, HelE 1)
FERAZ AR AFA A WL
CTBNel| 9 Zistd AHEn o S-Fiyen,

CTBN/PES =z 79lsld Ald 2 Zel3Ex
ke o EA 2|9} H|=E AL wIu) (Figure
7). Wt FE A e A EA FRlo EdHAd
A= gl= Aoz Alg®ch CHCLAA 3d &<t
A" sk o FA] A9 e AlEdA
olil wte7|1E 7}x]= PES-CTBN-PES 2Z3H|
4 PESE o]§3lo I3t A& Ao ¥H3zE
Bolx] g= wide), PES/CTBN gﬂzi AN
g AN = Ed=o] TRl 30%0)dA 2
g CTBNwte 2 7RIzt Al A= 20% o] 2l
Al AlHo] RARHA ZHo] Moz Witz AL
FAg AT wetr] FEIA oAt FAstE
Ze 3

Algol S48 WS 2 A8 BAY F A9
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Table 3. Solvent Resistance of Cured Epoxy Sam-
ples

\ tougheners PES- blend copolymer
CTBNI3 NH, (CTBN+6KPES, (PES-
Ioading (wtt) (6k) 1:2)  CTBN-PES)
10 I I I I
20 D I I I
20 - I D I
40 - I D I

*1: insoluble, D : disintegration.
*Measured in CHCly at 25 C after 3 days.
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Figure 8. Fracture toughness(Kjc) of PES-CTBN-
PES toughened epoxy sample.

t} (Table 3).

ollZAl X9 ZelM 9l 2354, PES-CTBN-
PES 3% 2 CTBN/PES Ed=d 9os 7}tel
tEl A EFA] 29 ZAAA (K, fracture tough-
ness)& Figure 89 JJeh)¢itt. PES-CTBN-PES
FTEPA = Ad 40 wit% 71X o ZA] F=x]ol] L3 A
A Aoy, CTBN9 Ao S8l 20 wi% A
o dutdo g ZRlzA|e] Hrigro] ZriEd] ulet
AFA R ARl F/ME & F AT
PES-CTBN-PES #&%4 (15k)2 713ld d &
Al A& 2.21 MPa-m!/2 (40 wt% ) o] 7R14e B
gom, o] CTBN/PES EHd= (1.63 MPa-m®®)
2 CTBN (1.07 MPa-m®?® 20 wt% )22 7e13isl
ANFA R} 9% drjelr). PES-CTBN-PES %
FRAZ 4AsB dFA 2 E BA=g 7l

ok
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»
= 1004
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Figure 9. Flexural properties of PES-CTBN-PES
toughened epoxy resins.

H R BF ARlgA 9] Hyiete] FUg] wet &
SAEe XA ELS AAME FadPern, T
Zo 527t o Ak 40wt% BTEEAZ 713kE
AEe 227 = 2 B4 747 120MPa ¥ 2.1
GPaz, 40wt% CTBN/PES Edc=z 73"
AlH (105 MPa, 1.8GPa) ¥ 20 wt% CTBNo =z
72131l A8 (63 MPa, 1.4GPa)Hr}E & e
Hon, o &FA] 22 FF7E 130 MPa @ g4
£ 2.3GPad Hsle & 2oz} ¢t} (Figure 9).
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wzba PES-CTBN-PESZEEAE H7IE ol Z 4
FA9 B REE # dEe Hae FeeA
A @& Aoz wodEr.
ZISHE AjEo| motd 24 7lslE AlHEeA
ZF3A 2] Hrlsko] 10, 20 wt% AAE o EA] 7]
Aol 1-2 pm F719] 2xpde] SR, olE 224

(b)

Figure 10. SEM micrographs of PES-CTBN-PES
toughened epoxy resins. (a) 10 wt% (x 1500), (b) 40 wt%
(x 1500), and (c) 40 wt% { x 5000).
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ek PES A4, dE3AY 2 1748 F 3719 4

o7 AR Aoy HAAh wahs, PES-CTBN-
PES 2Z3A7F AR o ZA] XA A &
A NNE diFA 712w ] PES A& @)@t duc-
DHEAE-9] cavitation W E-o2 A}

EHv, f:a FTERA S A FA R 9}e] FHtd 2
gl 23 5T AlH FAHo| BiFow HR3
Aoz oA

N FA =29 DFA, 71AIF 54 2 WA
o] & Zraglol A3 FdA717] ¢Ystel CTBN
7} PES-NH,¢ 2%€ PES-CTBN-PES &8 2%
FAE E3tHen, A FAo A el
Algsld on], 1 Aag gokspd ol-da} 2}

1. CTBN#} PES-NH,2%¥ PES-CTBN-PES
By A s FYsi¥erd, DSC, TGA, d=5
A7), @7l BA7], FT-IR & o] &3le] 243
Az ol Wbl g s e 2%‘—%17} =N S
gt et

2. PES-CTBN-PES ZZ34 (15k)= 40wi%
72X A EA R SEdeH, oy 221
MPa-m'/2¢] ZR14& HAed, N4 ¢ &5
= CTBN/PES Zd¥d=, CTBN, PES-NH, #=o&
ya
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3. PES-CTBN-PES FZ#A 2 Zlstd &4
X CTBN/PES EHc2 ZsHE o A $3
o ¥dld S AU E RS Byoen,
e 297e 2 SIEHE gAE RYth

4. FFEA A QA7 A FA A AU FEe
TEA 2R FA4" PES d&Ad 93 ductile
rupture @ 1% AFE9] cavitation WEQ Ao =

R

AL F: o] =FE 19999 % T E5214130
ot A=A eH, ojd ZA=HU )

g 1 &
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