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Molecular Simulation and Experimental Study on
Thermodynamic Properties of DGEBA/OSC
Blending Modified Epoxy Resin
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(State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources, North China
Electric Power University, Baoding 071003, China)

Abstract: DGEBA/OSC cross-linked epoxy resin blend systems with different proportions were constructed by
molecular dynamics (MD) simulation using methyl tetrahydrophthalic anhydride (MTHPA) as curing agent, and
the blend system samples were prepared. The thermodynamic properties of the blending systems were studied by
simulation and experiment. The simulation and test results show that with the increase of the OSC proportion, the
glass transition temperature (7,) of the blend systems increases, when the molar ratio of DGEBA to OSC is 6: 4,
the 7, increases by 30.7 K. The elastic modulus and strength of the systems increase at first and then decrease, and
reach the optimum at 8:2 of molar ratio. The addition of OSC can reduce the fractional free volume (FFV) and
mean square displacement (MSD) of the systems, and weak the molecular segment movement ability. The calcula-
tion results of synergy rotational energy barrier and cohesive energy density (CED) show that the blend system
with stronger molecular segment rigidity and larger interaction force between segments has better thermodynamic
properties.
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Fig.1 Molecular model and structural formula of

epoxy resin monomer and curing agent
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Fig.2 Charge distribution and bonding level of

epoxy resin analyzed by Mulliken population
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Tab.1 Molecular model components of blending system
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Tab.2 Addition amount of each component in
blend system

Rk R
Ewil

10:0 911 8:2 73 6:4

DGEBA 55.25 50.29 45.21 40.02 34.71

OSC 0 3.97 8.03 12.19 16.44

MTHPA 44.20 45.18 46.18 47.20 48.25

DMP30 0.55 0.57 0.58 0.59 0.61




BEHR 2021,5403)

B LA : DGEBA/OSC LR i e 3R SR Mg #4027 VR RE R 20 T LU S IR ATT 9t 45

(3R Ty 2

oz e 53 B R FH R I 5 00 S 56 8 4% A BR A F D AR
P2 AR AE ] BT 5 B RIS AL, $% E GB/T 1040—
2006 HEAT IR, A S ALN 1A B 5 oy 5 B R FH 5F
i RHE AR I8 ML ¥ & A BR A B A2 77 19 XJJ-50 B4 18 32
bR, 2 18 GB/T 1043—2008 247 M1, i
FEIS RN T 2 ; 3% 3 40 3 A0 U 5 4 FH 35 [ TA A &)
A2 77 1 DSC Q10 A Z2 7R 14 2 # or Ar kAT MK
FAAE I B N 90~500°C , in #GHE K N
10°C/min, REEE N 1.0 mW.
12 ESXWER
1.2.1 BB TIRE

B AR R B (T & TR i A Rt mT DA P
(1) b PRI BE , RSB A AR R TE BB S AR
G A () I T2, 7 B B A A0 U B B T, A &R 1)
R P i 2 R AR B R AR AR o AR A E I A
1A ZR 38 K B R R 2R 4 B AT R ME LS,
BELNZHAT,. BANT3RRMNEE-RE
&l 4, B MARAG B S ME R T, a0 5
FiR o

1.18;
1.16]
21.14-
S 112
=1.10/
% 1.08
1.06]
1.04] :
300 350 400 450 500 550
BE/K
B4 73@FRBE-RERGHZ

Fig.4 Density-temperature fitting curve of 7:3 system
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Fig.10 MSD curves of different systems
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Fig.11 MSD of 9:1 system at different temperatures
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