H F Materials Studio 9 F1&LH
H 25 1% BE 4> F &5 #31% it

FOBARREFEELE L EHRC, K R, T @Y BREFE

(1. P A £ AAFRAS, T ARZE 860000;2. HiT & & fe R A S H AR (LK) A A, LFE 100080;
3.AFHAER KT BAARNE, W@ #£8 618000;4. W X 5 & 5T HF 5 FT
AR ZHTFMHABREEZHE (W XF), N RmEE 610065)

B B HALLGAIE A KA L BIE K &0 XM, & T Rt A 35 3 RAK T 180 CHI K AR FA/
BAISRAM B XEAE AL, ILA B AL H B A A AR £ 5 B8, AT A AR - ik s, A K, A&, B,
My BE S - £ A HE S FEHTF 42 Rak &4, YA Materials Studio A - F AT &, 0% 4 b AP
REAM G5 3F B ALA] , MR B YA 2 R o F 8L A 4% B % Perl P R R IL3) &5 IR, R = E MR M), AT Ak
FERE OB TRE (o) ARS8 OERR A FHRERACFEF . EREN, KRR R ZHIK,
RAR G, B K, A RS T IREE AL L BLH LR LR #vh, L PARALIRE AR 0 E Ak SF 3 m
W B F A4k LM PTG A0 A2B2 SUIBRAK & 89 ¢ 3R 23X 2] 184 °C, BBt A1 F 5 A b b d it , L ILH B8 & 3800t

K T AN H B Mg ; BALA s B R IR R

FESHES: TB332 XEAARERD : A XEHS:1005-3360(2026)02-0162-07

DOI:10.15925/j.cnki.issn1005-3360.2026.02.029

Molecular Structure Design of H-grade Resin Based on Materials Studio
Molecular Simulation

WANG Chao', ZOU Maojuan’, QI Mengyao', ZHOU Jiang’, HUANG Huixin’, ZHANG Yue’*, KANG Jian*, CHEN Zhiyu*
(1. China Yajiang Group Co. , Ltd. , Linzhi 860000, China; 2. Yajiang Clean Energy Science and Technology Research
(Beijing) Co. , Ltd. , Beijing 100080, China; 3. Dongfang Electric Machinery Co. , Ltd. , Deyang 618000, China;

4. National Key Laboratory of Advanced Polymer Materials (Sichuan University),

Institute of Polymer Research of Sichuan University, Chengdu 610065, China)

Abstract: H-grade insulation resin is a key material for large-scale equipment such as large generators, which must meet
requirements including a thermal endurance index of at least 180 °C. Traditional F-grade/B-grade epoxy resins are
difficult to match these requirements. Existing commercial H-grade resins suffer from poor compatibility and other issues.
Moreover, the development of these resins relies heavily on experimental trial and error, resulting in long development
cycles and high costs. Therefore, elucidating the structure-property relationship at the molecular level and establishing a
molecular design platform are key to breaking through these challenges. Using Materials Studio as the molecular
simulation platform, two types of epoxy resins and three types of curing agents were screened. Amorphous molecular
models with different ratios were constructed. Dynamic cross-linking was achieved through self-compiled Perl scripts,
forming three-dimensional network structures. The system's density, glass transition temperature (¢,), elastic modulus, free
volume, mechanical properties, and dielectric constant were analyzed. The results showed that the cross-linking reaction
reduced the system's energy, caused volume contraction, and increased density. The free volume fraction was jointly

affected by the epoxy functionality and the type of curing agent. Among them, the A2B2 cross-linked system, which
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optimized the hybrid functionality of the epoxy matrix and increased the multi-branched structure of the curing agent,

achieved the highest #, of 184 °C. This system also exhibited excellent mechanical and dielectric properties, successfully

realizing the molecular design of H-grade resin.

Keywords: Molecular simulation; H-grade resin; Curing agent; Glass transition temperature
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Fig.1 Molecular structure of two epoxy resins
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Tab.1 Types and characteristics of common curing agents
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Fig.3 Non crosslinked amorphous molecular model
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A2B3 1723.8 820.2 14535 2217.4 15.6
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Tab.3 Density and volume characteristics of crosslinking systems
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Fig.9 Mechanical properties of crosslinking systems
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