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Abstract To study the effect of stereoisomeric structures of curing agents on curing
behaviors, thermal and mechanical properties of epoxy resins, DGEBA(diglycidyl ether of
bisphenol A) epoxy resin and 3,3'- and 4,4'-DDS(diaminodiphenyl sulfone) curing agents

were selected. The curing initiation temperature and activation energy of DGEBA/3,3'-
DDS was lower than DGEBA/4,4'-DDS. DGEBA/3,3'-DDS has a faster curing rate and
higher degree of cure than DGEBA/4,4'-DDS, suggesting that 3,3'-DDS has higher reac-
tivity than 4,4'-DDS. Tensile strength and fracture toughness of DGEBA/3,3'- DDS was
lower than those of DGEBA/4,4'-DDS, indicating that mechanical properties of the epoxy
resin can be different only by the stereoisomeric difference in chemical structure of the
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curing agent.
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Scheme 1. Chemical structures of epoxy resin and curing agents.
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Figure 1. Heat flow from dynamic DSC of (a) E33 and
(b) E44.,
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Table 1. Initiation temperature(Tonset), maximum peak temperature(To) and heat of reaction of the prepared samples

Heating rate(’C/min)

Heat of reaction

Sample T(°C)

2 5 10 20 40 (W/g)

s Tore 137 155 171 188 205 20
To 174 198 217 236 258
Tore 149 167 187 205 200

E44 T 188 213 231 250 273 284.9
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Ea : Activation energy
R : Ideal gas constant(8.314J/K - mol)
Ty . Peak temperature

0 . Heating rate

Figure 2+ 22 Ozawa’s method®} Kissinger's
methodol @} plot g+ Axfoln Tz o] 7| &7 &
&oto] B YA E =563 L IS Table 2
9} Table 39l YEFH Itt. Ozawa's methodol 9]¢t
E333 E449] &4 3tol v A= 727 12.77kJ/mol,
14.49kJ/molZ YEFG S  Kissinger's methodoll

183

= E33

5.5 o E44

-

5.0 2 g

1T,
(1/1000K)

4.5

4.0 4 .

Y T

3.5 T T T T T T
05 1.0 15 20 25 3.0 35
In8
(Kimin)

4.0

= E33
® * E44

-8.5- .

In(e/T,?)

9.0+ .

-9.5 4

<o

-10.0 T
3.5 4.0

45 5.0
'|/Tp (1/1000K)

55 6.0

(b)

Figure 2. Plots of (a) 1000/To vs In6 from Ozawa’s
method (b) 1000/Tp vs In( 0 /To?) from Kissinger's method.
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Table 2. Activation energies of the prepared samples from Ozawa’s method
Kinetic Heating rate(C/min) Ea
Sample factors 2 5 10 20 40 (KJ/mol)
£33 1/To(1/1000K) 5.75 5.05 4.61 4.24 3.88 12.77
N6 (K/min) 0.69 1.61 2.3 3 3.69
1/T(1/1000K) 5.32 4.69 4.33 4 3.66
Faa In® (K/min) 0.69 1 61 23 3 3.60 14.49
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Table 3. Activation energies of the prepared samples from Kissinger's method

Kinetic Heating rate(‘C/min) Ea
Sample factors 2 5 10 20 40 (KJ/mol)
£33 1/To(1/1000K) 5.75 5.05 4 .61 4.24 3.88 9.79
In(0/Tp?) -9.62 -8.97 —-8.46 -7.93 ~7.42
1/Tp(1/1000K) 5.32 4.69 4,33 4 3.66
E44 In(6 /Te?) 978  -911  -859  -805  -7.53 11.37

ZA3pubgo] wEA dojuh= AS & 4 qlot. E339]
220C G212 s T8 SEofA Y SO X}
@2 Heat flowoll A AlZFge, Wi o] E449] 220C
TRIAY I GE LAY FRIAYZHEYG =2
Heat flowol| Al AJZF3It}E, o] A& 200/ min 52 4
TR 52 A ARE T2 ko BEsh] A ¥4

——160'C
——180'C
2 ——200°C
w 220C
E
-
"
)
I
v
)
°
=
i
0 20 40 60 80 100 120
Time(min)
(a)
——160'C
I 180'C
[°] \ ——200C
] \ 220'C
2 ||
AN
.\é /’/\T‘_“‘H—_“‘ —
I.I:.[ \\R = —;\H_'H—__T_—_*i—.
T T T T T T T T T T ¥
0 20 40 60 80 100 120
Time(min)
(b)

Figure 3. Heat flow from isothermal DSC of (a) E33
and (b) E44.
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Figure 4. Degree of cure calculated from isothermal
DSC results ; (a) E33 and (b) E44.
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Figure 5. Rate of cure calculated from isothermal DSC
results ; (a) E33 and (b) E44.,
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Figure 6. TGA thermograms of E33 and E44,
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where,

A’ . The ratio of the total area under the ex—
perimental curve defined by the TGA
thermogram

K" : The ratio of the total area under the ex—
perimental curve defined by the TGA
thermogram

Ti : The initial experimental temperature

Tr : The final experimental temperature
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Table 4. Thermal stability of E33 and E44
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Figure 7. Stress—strain curves from tensile test results
of E33 and E44.
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where,
E : The elastic modulus of the material
o . The strength

¢ . The strain

o q ok q Residual

Sample IDT(C) Tmax(C) A*-K IPDT(C) weight(%)
E33 371.88 42408 0.8013 645.50 16.48
E44 364.41 412.35 0.8139 654.35 18.35

S A7 8}3) A A 302 A 35



ZetH| o Y| Ol dEH FEIL | ZA| +X[2] F=

A7} = E447F B33t oF 1 9u) =A Vebyt
i, A& E330] oF 12% =A UEsT

A3 287] 30l w2 o EA) 27 9] 714
= Hlsk7| 1—]0}‘34 Azl 2 st Dol tiet A3
S et = dAS G A5 (critical stress in—
tensity factor, Kic)& SENB(single edge notched
bending) A< o] §atol Faroict. S sy
£ (Kio)= 3 do] & o] Wl g&:;of 717l 1=
S R2RE P 4= Q= AU A F FHUE, A(9)9h
A)(10) o= 5E Hshoitt,

PQ a
K[C KQ ( BW1/2 )f(W) ............... (9)
Flgp) =
s 199~ (45 (1= 22)[2.15-3.93(<5) +2.7(50)°)
W [1+2(%V)](1_%V)3/2
............... (10)
where,

Kic @ The critical stress intensity factor
P : The loading weight

B : The thickness of the specimen

W The width of the specimen

a : The crack length®
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Table 5. Tensile properties of E33 and E44
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Tensile strength

Tensile modulus Tensile strain

Sample (MPa) (GPa) (%)
E33 29.5 1.01 3.3
E44 56.2 0.89 7.9
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