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Study on effect of molecular structure of anhydride on thermodynamic
properties of epoxy adhesive material for metal foil resistor
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Hangzhou 310000, China; 2. School of Electrical Engineering and Automation,
Hefei University of Technology, Hefei 230009, China)

Abstract: In order to obtain epoxy adhesive materials with high thermal stability for metal foil resistors, combining with
molecular simulation and experiment, we studied the effects of molecular structures of methyl hexahydrophthalic anhydride
(MeHHPA), methyl tetrahydrophthalic anhydride (MeTHPA), and hexahydrophthalic anhydride (HHPA) on the
thermodynamic properties of epoxy adhesive materials for metal foil resistors. Firstly, the cross-linking models of three
kinds of acid anhydride molecules and fluoren-based epoxy resin (DGEBF) were established, respectively, and the
macroscopic thermodynamic parameters of the cross-linking models were analyzed through molecular simulation
calculation. Secondly, the influence mechanism of the molecular structure of acid anhydride on the thermodynamic
properties of the cross-linking system was explained according to microscopic parameters. Finally, the simulation results
were verified by experiments. The results show that hexahydrophthalic anhydride system has the smallest free volume (FFV)
and mean square displacement (MSD), and the free volume proportion is only 15.15%. In the experiment, the change trend
of thermodynamic properties of the three kinds of curing anhydride system is consistent with the simulation results. The
hexahydrophthalic anhydride system has the best thermodynamic performance, and its glass transition temperature reaches
435 K, bending strength reaches 84.46 MPa, and volumetric thermal expansion coefficient is only 1.65x10™* K.
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Fig.1 Crosslinking reaction equation of acid anhydride
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Tab.1 Mass ratio of curing raw materials

g
FE i DGEBF MeHHPA MeTHPA HHPA
DF-MH 200 103.36 0 0
DF-MT 200 0 102.11 0
DF-HH 200 0 0 94.74
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Fig.4 Fitting curves of glass transition temperature of DF-HH
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Tab.2 Calculation resulats of mechanical modulus parameters

P il PEBBEE/GPa BYYIBIR/GPa 1 [WHEE/GPa
DF-MH 3.82 1.74 4.53
DF-MT 3.83 1.85 4.81
DF-HH 6.78 1.86 5.12
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Tab.3 Calculation results of free volume proportion
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M3 AT LLE H, AN E KB4 R (DF-HHD 1 H
FH AR AR & L AR T H 2R N SR BF 4 & (DF-MHD #
FH 35 PO S A BT 4R 22 (DF-MT) ¥/, 3X A& Ky MeHH-
PA #1 MeTHPA 73 - 1 Fi 5E () A7 72 22 {845 43 1 [A] 1Y)
PRES IR, o FREZMEG I, SBOXHI M A R A
BRI E BHARF S L. 1 MeTHPA #H %% T MeHH-
PA, HH T34+ 1 B — T XU LV 33047 N % » 4y
TR RS, S EUR R B AR RN,
SRS AN 0 NN B SR e R A
PEREAZAE — B IR, B EARAL b OB/, i R I
KL W TR, B T A A R B R TR S R
A 25 10 W 8 K, S 43 i B2 Bl 1 BELAS A P R

KRR )2 Rk Y, 1K 430 5 1B 5 T g s 4k
AR T BE AN ZR 2 v g e A P R 1 &5 S O
TR o
222 HyuifaA

¥ 77 AL % (MO 8 1 72 RL 1 7 7% - J7 197 1)
B, ] RAEAR R oy FEE LIS B RE 77, HoE X
X6 7R

1 N-1

M=W;[|R,-(r)—1e,<0)|2] (6)

6O H: R (N R(0) 77 7K s R G FE R — R
T i 7E ¢ B 2 A 46 0 2 B A7 78 2Rk 5 N o AR R
)k Ji 4

B 8 2 B N AT L N AR BT L Y AR
P 3 i e T 2] £ 7510 5 277 R A S 4 T A8 B AR AR P I
300 K NHEAT 30 ps £ FH 5 G (135 75 60 # il 28 ]
P 2 [ 4 B R R AR 1% O T, B B E B e 0 R N
FE A8 Tk A 2R 3L A B L B TR R MR TR 2%, 38 6
i1 22 A% SR B /0N, A R D L R R R, ) 2 P e
ot

15 20 25 30
5] 8] /ps
E8 A EEMWERETZBAIR R F A FErhL
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