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Abstract This study aims to investigate the effect of polytriazolesulfone(PTS) addition
on fracture toughness of diglycidyl ether of bisphenol A(DGEBA) and 4,4’-diamin-
odiphenylsulfone(DDS). Various amounts of PTS were added to DGEBA/4,4’-DDS in di-

azide and dialkyne monomer forms and polymerized during the epoxy curing process.
Fracture toughness(Kic), tensile properties and thermal stability of the PTS added epoxy
resin were evaluated and compared with those of PES, the conventional high Tg tough-
ening agent, added epoxy resin. Fracture toughness of the PTS added epoxy resin was
dramatically improved up to 133%, as the amount of PTS added increased, whereas that
of the PES added epoxy resin was improved by only 67%. The tensile strength of PTS
added DGEBA/4,4’-DDS was similar to the epoxy resin without PTS and tensile modulus
was improved by 20%. And thermal stability of the PTS added epoxy resin was improved
up to 14%. Therefore, PTS addition to DGEBA/4,4’-DDS, as a toughening agent, is very
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effective way to improve its fracture toughness without any lowering in other properties.

Keywords toughening agent, polytriazolesulfone, DGEBA, fracture toughness, tensile
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Figure 1. Chemical structures of DGEBA and 4,4' —DDS: (a) DGEBA, (b) 4,4' —DDS.
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Figure 2. The reaction schemes of diazide(p—BAB) and dialkyne(SPB) monomers: (a) p—BAB, (b) SPB.
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Figure 3. '"H-NMR spectra of p—BAB and SPB monomers: (a) p—-BAB, (b) SPB.
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Figure 4. FT-IR spectra of p—BAB, SPB, and their
starting materials: (a) p—BAB, (b) SPB.
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10, 20phr): (a) Tensile strength, (b) Tensile modulus.

ure 61| YEFU AT,

Figure 594 Hox]&= H]—Q,]— Zro] PTS7} 715 A
oA ZA] 22 AsFE9] ARt PTS7F 71
A 7~l ﬁi}g# OlZPﬂE% PTS9] H7}eko] A}

ALz eyttt Wt PES7F 37t

|54 Txl ﬁﬁ}%,‘i xmau Z7}o] whet o1

OF

)

o] ZraghS Eelatgict,

w}ztA] PES 37} Al DGEBA o ZA] 422 ¢] <147}
= 9 SAEL F7FSHAT PTS A7} Aloll= DGEBA
o ZA £A 9] AR EE FA I SAES v}
N ZA] =R Bt Z71817]E sk PES tiH] W S}



DGEBAO tiet Z2|E2|0IE=

25

—=— PES
—s— PTS

- - N
o [, o
1 1 1

Kic(MPa*m2)

(d
o
1

0.0 T T T T T
-5 0 5 10 15 20 25

Toughneing agent contents (phr)

Figure 6. Fracture toughness of DGEBA/4,4' —-DDS
epoxy resin with various amounts of PTS or PES(0, 5,
10, 20phr).

= Hol= Ao YEhyit,

011—"—%/\] A 8] ZHRA & Ehlstr] fls 2 Aol
et S el A dASHA7IQ
(Critical stress intensity factor, Kic)E £3}¢] o
A A9 w3 1S ghQlsklar wta| Q1A of Tt
AlS A1) A(2) o YrER S,

P,
Ko=K,= (Wéi/?)f(m) ........................ (1)
12) =6 12 1.99—[z(1—2)(2.15-3.93z+2.7x )]___ @)

(1422)(1—2)*?

where,

P ! Fracture load

B . Specimen thickness
W : Specimen width
xa/W

a . Crack length

Figure 62 9] 4% o3k AARSE o] ZA] 2] 9]
93] Q14 (Kic)& Yebdl Aatolch, DGEBAC PTSE
H7betH 1 g Skl whet g 2l A of
56~122% FAE o PESE H7bstd 1 gHeo]
Z 7kl whet 0~67% 3] Q14 0] Z71etgict,

ut2kA DGEBA o ZA] 4]0 PTSE H¥7}std
S5phro] F2 stgFo 2% 56% 571 1.4 MPa - m"?
o] 5] Q1A & LpE = ¥ | PESE H7}8kH 20phr

123

o] 2 FFORE 67% 57 1.5MPa - m'?2] 7t
101 4S e o] PTSO] 7Holst G} 7|29 739l
314129l PESET} £82 & 4= 9t} o] PTS7F v
A A9l p-BAB2} SPBE #71E o] DGEBAS} 4,4
-DDS9| A3} §h-g Foll oA =-U7] Sgtg o=
TUHER o EA 2] YollA semi-IPN(semi—
interpenetrating polymer network)+x& d A5}
7] W28l Aoz SRIHETHY,

=)

3.3 PTS &5t 0iIZA| X2 EX EM

thokst $Heko] PES E= PTS7F A 7HE of| ZA] 427
ol WaA wistsE 1LEstr] fjate To%} TGA A3}
£ Figure 7ol YEtY AL o] & 7|¥E o &2 7h7+o] d i
3 A=, 4 YA A, AR %E%éﬁ AP s
AArste] Table 10 Ve ¢let.

Table 1o Yetdl A& &) AP-2=(IPDT)=

TGA 12)39] HHu| S o] g3) 78 4 Sl < oy
100
(a) —— Ophr
—— 5phr PES
- —— 10phr PES
—— 20phr PES
)
< 604
-
r)
o
(]
2 40
20
0 T T T T T T T
100 200 300 400 500 600 700 800
Temperature (°C)
100
(b) Neat
—— 5phr PTS
80: —— 10phr PTS
—— 20phr PTS
Qg
< 604
=
<
=)
(]
2 40
20
0

r T T T T T T
0 100 200 300 400 500 600 700 800
Temperature (°C)

Figure 7. TGA curves of DGEBA/4,4' —DDS epoxy
resin with various amounts of PTS or PES(0, 5, 10,
20phr).

Textile Coloration and Finishing, Vol. 31, No. 2



124

il
0
o
2
=l
ro
=
40
(0}
10
0X

0% °

Table 1. Thermal stabilities of DGEBA/4,4' —=DDS epoxy resin with various amounts of PTS or PES(0, 5, 10, 20phr)

Toughening Content A% K* IDT IPDT Re.sidual
agent (phr) () (c) weight(%)

- 0 0.7999 377.46 641.91 15.93

5 0.8216 379.47 658.69 16.7

PES 10 0.8519 382.35 681.89 17.76

20 0.9267 381.00 739.54 20.85

5 0.8216 369.34 658.69 17.59

PTS 10 0.9097 357.56 726.49 20.53

20 0.8367 363.14 670.30 17.64
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Figure 9. Optical microscopic images of DGEBA with SPB: (a) 5phr SPB, (b) 10phr SPB, (c) 20phr SPB.
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