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Project-Based Teaching Exploration on Improving the Breakdown
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Abstract: Against the strategic backdrop of the country advancing new industrialization and developing
advanced manufacturing industries, Shandong University of Petroleum and Chemical Technology, as a
local application-oriented university, aims to cultivate application-oriented talent as its core goal. To align
with the development needs of key industries in Dongying City and to strengthen students’ abilities to
integrate theory with practice and engage in innovative experimentation, the applied chemistry major of
the university launched the course “Open Innovation Experiments” constructed a project-based teaching
model, and explored new pathways for talent cultivation through the integration of industry-education
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and science-education. Taking the project “preparation and breakdown performance characterization of
hyperbranched polyimide” as an example, the project takes the acid-amine condensation reaction from
the “Organic Chemistry” course and the X-ray diffraction analysis from the Instrumental Analysis course
as its core knowledge components and adopts the implementation path of “laboratory preparation and
characterization + application performance comparison + mechanism simulation”. First, students were
guided to complete the preparation and characterization of hyperbranched polyimide films in the laboratory.
Second, students were led to explore the influence of test conditions on test results in a collaborative
enterprise. Finally, it digs deep into the internal mechanism of how test conditions affect test results
was investigated through multiphysics simulation, realizing the in-depth connection between scientific
research, teaching practice, and industrial needs. The project implementation not only effectively improves
students’ ability to solve practical industrial problems but also provides a referable practical paradigm for
science and engineering majors in application-oriented universities to deepen teaching reform, practice
industry-education integration and science-education integration, and cultivate high-quality applied talents.
Keywords: Industry-education integration; Science-education integration; Project-based teaching;
Hyperbranched polyimide; Breakdown performance
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Figure 1 Preparation of hyperbranched polyimide films
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Table 2 Material proportion for preparing polyimide

films with different branching degree

SALPE (Wt%)  mpypa (8)  mopa (2)

mypra (8)  Vpmac (mL)

0 1.000 0.909 0 19.1

5 0.500 0.432 0.022 19.1

10 0.500 0.409 0.044 19.1

15 0.500 0.386 0.066 19.1

20 0.500 0.364 0.088 19.1
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Figure 2 Characterization of laboratory prepared polyimide films: (a) X-ray diffraction patterns of polyimide films with

different branching degrees, (b) molecular chain spacing calculated according to the position of the strongest XRD peak,

(c) dielectric loss, (d) Weibull distribution of breakdown strength of polyimide films with different branching degrees
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Figure 3 Comparison of commercial polyimide films and 10 wt% branched polyimide films prepared in this project:

(a) dielectric loss, (b) breakdown strength
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