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Molecular Dynamics Simulation on Effect of
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Abstract: In order to explore the effect of compound anhydride curing agent on the cured product of epoxy resin,
we built crosslinking models of methyl tetrahydrophthalic anhydride (MTHPA)/phthalic anhydride (PA) (their com-
pounding ratio was 10:0, 9:1, 7:3, 5:5, 0:10, respectively) and bisphenol A-type glycidyl ether (DGEBA) by molec-
ular dynamics method. The effect of different compounding ratios on the structure, thermal properties, and mechan-
ical properties of the crosslinking epoxy resin with the same crosslinking degree was studied. The results show that
when the compounding ratio of MTHPA and PA is 10:0, the free volume proportion of system reaches maximum,
and the motion ability of molecular chains is the strongest. When the compounding ratio is 7:3, the comprehensive
mechanical properties of system reach the maximum. When the compounding ratio is 9:1 and 7:3, the glass transi-
tion temperature of system reaches the highest and the lowest, respectively.
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Tab.1 Number of molecules in different system models

A % =1 A DGEBA MTHPA PA
1 10:0 20 40 0
2 9:1 20 36 4
3 7:3 20 28 12
4 55 20 20 20
5 0:10 20 0 40
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Fig.1 Optimized molecular model
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Fig.2 Crosslinked models of different systems
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Tab.2 Free volume calculation for each system

AR SR ARVA BREBVA AR %
1 15 758.41 5612.15 26.26
2 15 709.41 41791.67 23.37
3 1531029 5080.75 2492
4 15 111.38 4476.23 22.85
5 14 325.74 3.800.85 20.97

Ve, St R Ge ok 7 IS SPIRAS , AT A I T %
MR &ZE. SRR R RNIET A
AL B AMTERE B, £ — R A & 5 7 0 B B A
HA R BL 60 % ~F 75 (17 3 E #%  MSD, W] H T4
W THEBLIEEN RE T, Kt R AR (2).
1
MSD = —

LSro-rof] @

2 R(O)VFI R ()53 W N R G AT — R F i (EH]
GRS RN £ B 220 (A0 B8 R B s NN TR R G 1 51

K38 5 MKk R TE 298 Kl 24T 40 ps J5 11
MSD & . M 30 LLE Bl BT84
B B B B EE B AN W K, 9F H MSD B HH R 3 /MK
PO 1.3.2.4.5,1X 558 2 1 FFV 1 K/ T
XERL o 1B A R R A B B AR EERR R R
PR A B AR R ECK o T EEBR M B RE )
R .

N w £

—
L

MSD/(x10°m?)

S

0 10 20 30 40
I [ /ps
E3 ARERERTHMSDE

Fig.3 MSD diagram of different systems
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Tab.3 Modulus values of different systems

&R (EFEE/GPa % [N /GPa B Y)HE/GPa
1 1.417 2.582 1.079
2 1.384 3.006 1.321
3 2.026 3.710 1.553
4 2.536 3.408 1.095
5 2.070 3.442 1.407
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Fig.4 Temperature-density diagram of

different cross-linking systems
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Tab.4 The test results of mechanical and

thermal properties of different systems

hE WAL E  fheRE EheRE T
/C /MPa /MPa /(kJ/m?)

1 131 65 125 18

2 158 68 134 12

3 102 79 140 22

4 132 80 139 19

5 135 79 137 16
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