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Experimental and Simulation Study on Polyesterimide Modified Epoxy Resin
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Abstract: Bisphenol A epoxy resin (DGEBA) and methyl nadic anhydride (MNA) were used as raw materials to prepare
the epoxy-anhydride resin (EP-A). N,N'-4,4'-diphenylmethane bismaleimide (BMI) was introduced to prepare the BMI-
modified anhydride epoxy resin (EP-B). A comparative study was conducted on the molecular structure, elemental
composition, thermal stability, density, coefficient of linear thermal expansion (CTE), and thermal diffusivity of the two
resins. Concurrently, simulation studies were carried out using Materials Studio (MS) software, in which a crosslinking
reaction mechanism was designed and a crosslinking program was written to construct a three-dimensional network model
for calculating density and CTE. FTIR spectroscopy and elemental analysis confirmed that BMI formed a co-crosslinked
network with DGEBA and MNA through chemical reactions. Thermogravimetric analysis demonstrated that EP-B
exhibited significantly enhanced thermal stability and a distinct change in the thermal decomposition mechanism. Basic
physical property measurements showed that EP-B exhibited higher density, lower CTE, and slightly increased thermal
diffusivity compared to EP-A. The density and CTE calculated by MS simulation were in good agreement with the
experimental results, thereby validating the reliability of the simulation method. The findings of this study provide a
reference for the design and performance regulation of analogous modified systems.
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EP-B 203.1 396.9 10.5
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Tab.3 Density, CTE and thermal diffusivity of EP-A and EP-B

g B /(g-em®)  CTE/(10°K") P HER/(mm’s™)
EP-A 1.14 56.5 1.10
EP-B 1.28 21.8 1.17
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Tab.4 Density calculation results of EP-A and EP-B
at different temperatures #45.geem?
B
250K 300K 350K 400K 450K 500K

G

EP-A 1.140 1.131 1.107 1.081 1.051 1.021
EP-B 1.277 1.274 1.258 1.243 1.226 1.215
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%5 EP-AMEP-BfEa.b.cF ) L&y &3k

Tab.5 Lattice constants of EP-A and EP-B in the a, b and ¢ directions #45 .nm
EP-A [t i 4L EP-B H iR 4
TLBE/K
a b a b c

250 42353 42353 42353 3.184 1 3.184 1 3.184 1
300 4.268 3 4.268 3 4.268 3 3.1916 3.191 6 3.1916
350 43591 4.359 1 43591 32321 32321 3.2321
400 4.461 8 4.461 8 44618 32712 32712 32712
450 4.586 6 4.586 6 4.586 6 33165 33165 33165
500 4718 5 4718 5 4.718 5 3.346 5 3.346 5 3.346 5

22.6 PRI RBGTRAR

PRI v 8] R BRI S G T A 5 Pk R B0
Wb e 25, AP SO S bl 1 2 AR Ak
2R, 0] B R W RIS AS ) Al 1] 0 ks AU K AR E S R
HAEDBR AT EE I 3l 5 & B i ks ROT 9k S8 e 2%
6 N EP-AFIEP-BAE a b .cJ5 1] FEIPIZAK H1H) R %L

1 6 IT AL #E 250~500 K AT EE X 6] ), EP-A 5 EP-B
Wi 2 PR v 8] 22 508 S 0 52 4 0 4 1) [ PEARAE
a.b.c 37 I EE 582 — 50, X 5 PR g Y oh =4
TEHRASHRI TCE T I L8 5 A 1 S PERESA) ) R
W&o XL WIRMA 20T WL, EP-A BRI Ak 1) 225044
A EP-BH)2.8f%.

%6 EP-AFeEP-BfEa.b.c7 o) Loy #J Ik P 18] & 4

Tab.6 Intermediate coefficient of thermal expansion of EP-A and EP-B in the a, b and ¢ directions # 45 am-K!
EP-A IRk HiTa) 24 EP-B A ha) R 4
/K
a b a b c

250 0.001 984 8 0.001 984 8 0.001 984 8 0.000 701 0.000 701 0.000 701
300 0.001 984 8 0.001 984 8 0.001 984 8 0.000 701 0.000 701 0.000 701
350 0.001 984 8 0.001 984 8 0.001 984 8 0.000 701 0.000 701 0.000 701
400 0.001 984 8 0.001 984 8 0.001 984 8 0.000 701 0.000 701 0.000 701
450 0.001 984 8 0.001 984 8 0.001 984 8 0.000 701 0.000 701 0.000 701
500 0.001 984 8 0.001 984 8 0.001 984 8 0.000 701 0.000 701 0.000 701
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AR, Pr R AE SRR T R IS | A SR
L. DR TTLLE T, & 0 BRI, FES
CTE ZHIR K. HH EP-A ) CTER K, FEXIR T(300 K)

IKF) T 55.79x10° K3 1fi] EP-B ) CTE W3 AL, 75 300 K
B} 422.16x10° K,

5363 0 LS5 AR, & Blid s MS 15 BT it
LIS R IS5 R ok I BT A 45 SR
CIETAC

%7 EP-A#EP-Bf a.b.c7 %1 L#jCTE

Tab.7 CTE of EP-A and EP-B in the a, b and ¢ directions #45.10°K!
EP-A Y CTE EP-BJ CTE
{LBE/K
a b a b c
250 56.23 56.23 56.23 22.01 22.01 22.01
300 55.79 55.79 55.79 22.16 22.16 22.16
350 54.63 54.63 54.63 21.68 21.68 21.68
400 53.38 53.38 53.38 21.42 21.42 21.42
450 51.92 51.92 51.92 21.13 21.13 21.13
500 50.47 50.47 50.47 20.94 20.94 20.94
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3 %Fig

A5 LA DGEBA FIMNA A5}, 5 |\ BMIil#5 EP-B,
LLEP-AE Jy Xt B, ZRGE0F5T EP-A Al EP-B )3 14544 . IT
SO TR B CTE R BeR . #E— 25T MS
BAFATT BASAL, BT A B S W ALEE , 4 5 A B AR 4
R HERILE R+ EP-A 5 EP-B I ) CTE, FTIR
M5S0, X T EP-B A i, BMI AR S BIR A
T i A2 W 5 DGEBA \MNA JE i 238 B ) 4% , H:
FRIEE BB 5 N SR A T T A i 6 , IR
ZE A AR, TG IR KK, 5 EP-A fHEk , EP-B I
FMVERE RIL ARG R R BB T, SRR
AE T30 A K, RO R PRS0 (CTE FEAIG) s A%
BRE I ST . X EARA R T WA A BN - 3SR
SRS -TERE PRI R . T MS B4 AT,
DAL AR A SR AE AT T SAS B A 2 BE A CTE 555
Ik RT3, BT % R R 138 A, Al
SRR TR R RE SR AR YR . AT EP-B (1)
AR PR B S AR FHALER , A ) 25 S0 R & 1)
it SRRt

S Ak

[1] SRR, ik, RE, &5 ME R RFRLREARI]. FE
A, 2025, 40(4): 6-17.

[2] FRZHE, =R 400, BEAEAR, F . AHKIR R M A SR AN AT AT &
S FMEFE G 142, 2025, 41(3): 181-190.

[3] BEA, Bk, 33, F . —%a KA E R AR IS R R E T
HERBET]. & FAEFR S 142, 2025, 41(3): 172-180.

[4] #t228% . MXene/PEI % b 3R A IS B E 5 A M 409 R B A AT 20
[D]. &4 ixd K ¥, 2025.

[5] RWF &, 2, 2] 25F, 5 SRRMHIE b JE A B AL AR 69 BT 2 R[],
BT AEA 5 142, 2025, 41(2): 181-190.

[6] kKW, X RAE, SF KA, 5. &R A M IR ACES BOM IR A AT IR b
BB REBT RT[T]. 4% AT AL, 2020, 53(9): 19-23.

[7] FUR4 . SREM B A A A2 22 50 T A2 P 69 5 A BF 7 b ()], A s oH
Ak B A, 2025, 54(1): 69-72.

[8] B4R, & 25 B RAAM NG AR A B AL R B 5 8k & [J]. MAT AR
%5 8 A, 2025, 19(1): 136-147.

[9] =& . st M i AR ZACT A2 38 30 X Iy SR e I Fie o g 6 o) - B A
HFR[D]. KL KL T K, 2021,

[10] FLia6) . 5 v Jk A0 A2 33 A0 T sk B I8 e At 15 69 POME B A 3 R [D].
F M F 5 A2, 2025(6): 124-132.

[11] B30 . AR T 3h A= mpt o & i 2 R B T2 e A4 4 49 ) & 5 1 AR AF 50
[D]. % Ma: & da ALK 5, 2024

[12] ZwedE, HORAR, TRA A, 5. FRA-B 8- I ok Bh IR e = T 3k ikl 4
H) & BEREFTLT]. B A), 2024, 33(5): 57-62.

[13] &8, & ZM, A CF, 5.5 TG RO KA G 0 & af ol F 3
FAEIAL R B [T]. 2B MR RE, 2023, 38(4): 7-13.

[14] &5t 590k, 4 38 . BOM B A 7 IR IS et 2 AR 3R AH AR 0
[J]. & &4, 2023, 50(6): 52-55.

[15] ) & 3 . @ 303 28 A Ag AL o F 3 E A 69 ) & 5 1 4 AT T [D].
o R o RIEFE TR, 2023

[16] # B i, HA%, R P8, F . Saob & T o kb T RO/ R A
WG L8NS S AT R AR [T]. & e EHOR, 2024, 50(5): 2207-2216.

[17] 3k, o/, TR, . DG kBT LA AL XK
M 89 JRAL A FE ARV AR T]. B A AL S 2, 2022, 51(4): 1-5.

[18] 7Mi&, Mk 2, B2, 5 . BRI A IR R 09X 6 5T
A AT [T]. F B, 2024, 33(2): 28-34.

[19] B4E 4%, ik, AR, 5 . A R AL 5 28 M 2 2L 38 3% 3R A
R K LM AR 09 5T 20 A S AEBI]. P B EBCRE A, 2023, 32(9):
21-26.

[20] FMh AN, TR, IEH, 5. T3 A FHER T =R T 3R A IR
G AT R ET]. B ARAL T, 2022, 51(11): 2704-2708.

RUBHEE, ZHE, IMTF, F . RRRAR RS> T HF
BERAT]. AR AR, 2022, 50(12): 113-117.

[22] Z 3, TR 25 3%, iRt ok, & . 8 LUK AM IS L oMH H F s T
AEA[T]. 4 A TR FFIR(E RAFIR), 2025, 51(2): 197-208.

[23142%, kAL, 31 F 2, & . PEGDGE #4435 4F 1 3R M B 1 52 &
WF MR 0 0 5T 3 h FoA[)]. G AMAE, 2024, 57(12): 27-35.

[24] Z= 1, skueak, B3, % . GIL 2 X 4% F A MR AM I/ 6 BH ik &
e T30 N FEFR[T]. BARAL I, 2025, 54(1): 46-52.

251 2%, FEF, KR, F. ATHTHANFARAKEL BLA
B 18] g A AL B[], 45 Fik 5 73k, 2025, 42(3): 283-289.

[26] gL, &y, ki, F . RAMIEIK R R AT EFT A THAFHK
M[J]. kA, 2025, 56(8): 8008-8012.

Py



