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Abstract: With the rapid development of the global economy and technology, the chemical industry is facing numerous
opportunities as well as various challenges. To promote high-quality development in this sector, enhancing safety
and environmental management has become an important task. This study analyzes the existing issues in chemical
engineering experimental education and proposes strategies for improvement. The aim is to establish a comprehensive
experimental teaching system that cultivates high-quality professionals with both technical skills and a sense of social

responsibility, thereby supporting the sustainable development of the chemical industry.
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1. Introduction

In the rapidly evolving technological and economic environment, the role of the chemical industry is becoming
increasingly prominent. Chemical products are not only widely used in daily life, such as in pharmaceuticals,
cleaning agents, and plastics, but they also play a crucial role in industrial production, energy transition,
and environmental protection. However, as the industry expands, issues related to chemical safety and the
environment have become more pronounced. In recent years, several major chemical accidents, such as the
disastrous hazardous chemical accident at Hebei Shenghua Chemical Company in 2018, resulted in casualties
and caused irreversible damage to the ecological environment. These incidents have heightened public concern
regarding the safety of the chemical industry and corporate social responsibility !

In the field of chemical education, it is essential to cultivate students’ safety awareness and sense of
social responsibility. Traditional educational models often emphasize the transmission of knowledge and the
development of skills while relatively neglecting the focus on safety education and social responsibility .
Many students tend to concentrate on obtaining experimental results during laboratory work, overlooking the

fundamental principles of safe operation. This phenomenon not only affects students’ practical abilities but also
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increases safety risks in the laboratory. Research indicates that students lacking adequate safety education are
more prone to making errors during experimental operations, leading to accidents . Therefore, it is essential to
reflect on and improve chemical education, particularly by integrating the concept of “Responsible Care” into
experimental teaching.

The “Responsible Care” concept originated in the 1980s and was advocated by the International Council
of Chemical Manufacturers Associations (AICM). It emphasizes the comprehensive attention that companies
must give to environmental, health, and safety issues during their operations. By establishing safety standards
and implementing continuous improvement, companies can reduce accidents and enhance their sense of social
responsibility and market competitiveness '*!. In the field of education, the introduction of this concept can help
students develop a strong safety culture and awareness of social responsibility. Existing research indicates that
the implementation of the “Responsible Care” concept can effectively enhance students’ sense of responsibility
and safety awareness, enabling them to make more responsible decisions in their future careers .

In recent years, numerous scholars have conducted in-depth studies on the application of “Responsible
Care” in education. For instance, Yu et al. " noted that enhancing safety education can significantly improve
students’ experimental skills and safety awareness. Moreira et al. "' emphasized that incorporating a safety culture
into engineering education can effectively enhance students’ sense of responsibility. Furthermore, there has been
a growing body of research on reforming chemical education, exploring how to effectively integrate practice and
theory to promote students’ overall development ). However, chemical experimental teaching still faces several
challenges, such as safety hazards, low student engagement, and a lack of systematic safety education *. O’Neil
et al. " pointed out that traditional teaching models often focus on the transmission of theoretical knowledge
while neglecting the importance of safety education, resulting in weak safety awareness among students. This is
particularly concerning in high-risk chemical experiments, where a lack of systematic safety education can lead
to severe consequences.

This study aims to analyze the current issues in chemical engineering experimental teaching and propose
specific strategies for implementing the “Responsible Care” concept. A review of relevant literature and case
studies explores how to effectively implement this concept in chemical experimental education to enhance
students’ safety awareness and sense of responsibility. By establishing systematic educational content, transparent
responsibility systems, and effective feedback mechanisms, this paper seeks to provide new perspectives and
directions for the reform of chemical education. The introduction of the “Responsible Care” concept not only
represents a profound reflection on chemical engineering education but also serves as a proactive guidance for
students’ future career development and social responsibility. Through such educational reform, we are expected
to cultivate high-quality talent who possess both professional skills and a strong sense of social responsibility,
thereby contributing to the sustainable development of the chemical industry.

2. The analysis of current status

2.1. Current status and challenges of chemical engineering education

Chemical engineering education faces multiple challenges globally, particularly in cultivating students’ safety
awareness and social responsibility. Despite significant advancements in production efficiency and technological
innovation within the chemical industry, there remain considerable shortcomings in the educational framework.
According to an assessment of the safety culture in laboratories among academic and industrial partners, as well

as safety surveys conducted, the results indicated that many academic respondents had limited awareness of
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safety incident databases and were less inclined to use standardized safety review processes for new experimental
setups, with awareness at approximately 50% and usage around 70% "”. This lack of systematic safety education
hinders students’ ability to identify and respond to potential risks.

In chemical engineering laboratory instruction, traditional teaching models often emphasize the transmission
of knowledge and the development of skills, while neglecting the cultivation of students’ safety awareness.
For instance, research indicates that a recent postdoctoral researcher, while focused primarily on experimental
knowledge, exhibited a lack of chemical safety awareness, which led to a hydrofluoric acid burn while handling
a lithium hexafluorophosphate carbonate mixture "', This phenomenon affects students’ practical abilities and
increases safety risks in the laboratory. For instance, in a chemical engineering laboratory course at a particular
university, students failed to adhere to basic safety regulations while handling hazardous chemicals, resulting
in several minor laboratory incidents. Surveys reveal that over 70% of chemical accidents are related to human

errors, which are often attributed to insufficient safety training and emergency response education ',

2.2. Current status and challenges of chemical engineering education

Internationally, there has been a growing recognition and active promotion of safety and social responsibility
education within higher education and industry settings. The European Federation of Chemical Engineering
(EFCE) has played a significant role in advocating for the integration of process safety into chemical engineering
curricula, as evidenced by their recommendations at the 8th European Congress on Chemical Engineering in
2011. A number of European universities, including French University Institutes of Technology (IUT) and several
Spanish institutions, have implemented dedicated process safety courses. Similarly, the Institution of Chemical
Engineers (IChemE) in the United Kingdom actively supports and contributes to the development of safety
education through comprehensive guidelines for course design and assessment " In contrast, China’s chemical
engineering education still lags in this area, urgently needing to adopt international best practices to improve
educational quality.

In the United Kingdom, the North Sea Continental Shelf oil and gas industry has significantly enhanced
its safety performance by implementing stringent Health, Safety, and Environment (HSE) regulations and
enforcement measures, encouraging operators to increase safety investments, and fostering a safety culture. The
introduction and implementation of the safety case regime have prompted operators to prioritize risk assessment
and mitigation strategies, ensuring operational safety and reducing the likelihood of accidents ""*. Such successful
cases provide valuable insights for the reform of chemical engineering education in China, highlighting the
importance of incorporating the concept of “responsibility and care” into the educational process.

2.3. Introduction and application of the concept of “Responsible Care”

The concept of “Responsible Care” originated in the 1980s, advocated by the International Council of Chemical
Associations (ICCA), emphasizing the comprehensive attention that companies must pay to environmental,
health, and safety issues during their operations. By implementing this concept, companies can not only reduce
accidents but also enhance their sense of social responsibility and market competitiveness *!. In the field of
education, the introduction of this concept can help companies develop a strong safety culture and a sense of
social responsibility. Research shows that the implementation of the “Responsible Care” concept effectively
enhances employees’ sense of accountability and safety awareness, enabling them to make more responsible
decisions in their future careers'”.

Overall, chemical engineering education currently faces significant challenges in cultivating safety
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awareness and social responsibility. By incorporating the “Responsible Care” concept, chemical engineering
education can seize new development opportunities that not only enhance students’ professional capabilities but
also lay a solid foundation for their future careers. To this end, both the education sector and industry should work
collaboratively to promote the reform and innovation of chemical engineering education, aiming to cultivate
high-quality talents who possess professional skills and a strong sense of social responsibility, thereby advancing

the sustainable development of the chemical industry.

3. Strategies for constructing the concept of “Responsible Care” in chemical
engineering experiments

To gain a deeper understanding of the specific application of the “Responsible Care” concept in chemical
engineering experimental education, this study proposes several strategies aimed at systematically enhancing

students’ safety awareness and social responsibility.

3.1. Systematic educational content

Designing a curriculum that encompasses laboratory safety knowledge, health regulations, and waste
management is the first step in constructing the “Responsible Care” concept. Educational content should include
fundamental topics such as chemical classification, safety operating procedures, and emergency response
protocols. Research indicates that systematic safety education significantly improves students’ safety operation
abilities and awareness "', For example, schools can implement assessments on learning management platforms
to ensure students acquire the necessary safety knowledge and skills before entering the laboratory. These
assessments should be combined with case-based teaching, using analyses of real incidents to help students
intuitively understand the importance of safe operations.

Moreover, the design of educational content should consider the varying needs of students from different
academic years and backgrounds, employing a tiered teaching approach. Beginners may focus on foundational
knowledge, while advanced students can engage with more complex safety management concepts and their
applications in industrial settings. Through this layered educational system, students can acquire theoretical

knowledge while continually refining their skills through practical experience !'”.

3.2. Signing safety responsibility agreements

Requiring students to sign a safety responsibility agreement before starting experiments clarifies their safety
responsibilities during laboratory activities. This behaviour helps reinforce students’ sense of responsibility
and fosters a safety culture, encouraging heightened vigilance during experiments. The process of signing the
agreement should be integrated with safety training to ensure that students fully understand relevant knowledge
and potential risks beforehand. The agreement should explicitly outline the safety regulations students must

follow during experiments. This form of accountability can enhance students’ engagement and self-discipline,
prompting them to consciously adhere to safe operating procedures throughout the experimental process.

3.3. Establishing feedback mechanisms

In the context of chemical engineering experimental teaching, a timely and effective feedback mechanism
is crucial. Regularly collecting feedback from both teachers and students not only helps identify issues and
shortcomings in teaching but also enhances student engagement and sense of responsibility ', By establishing
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such a feedback mechanism, educators can promptly identify and resolve teaching challenges, thereby continually
optimizing their instructional design.

Educators should maintain regular communication with students to understand their experiences and
suggestions during experiments. Feedback can be gathered through various methods, such as surveys and
focus groups, ensuring every student’s voice is heard. The design of surveys should encompass multiple
dimensions, including students’ understanding of safety education, the difficulty of experimental operations, and
the effectiveness of laboratory management. Combining quantitative and qualitative approaches allows for a
comprehensive grasp of students’ feelings and needs "’

Diverse feedback collection methods are vital for ensuring effective communication of information. Surveys
and focus groups can be employed to gather opinions and suggestions from both students and faculty, providing
essential data for teaching adjustments. For example, incorporating open-ended questions can encourage students
to express their views on the curriculum and their experiences with safety practices. Additionally, organizing
regular faculty-student meetings provides a platform for direct communication, enabling students to voice
their concerns and suggestions. This interaction helps educators understand students’ confusions and needs as
well as fosters trust and communication efficiency between faculty and students. Such a bidirectional feedback
mechanism allows for better alignment of teaching strategies with student learning.

Based on collected feedback, significant adjustments were made to a specific experimental course’s
curriculum, incorporating more case analyses related to laboratory safety. This approach aids students in
understanding the importance of safe practices in real-world contexts ™. For instance, by introducing historical
case studies of chemical accidents, students can engage in discussions about the causes of these incidents and
their societal impacts. Such case studies provide concrete scenarios that bridge theory and practice as well as
stimulate critical thinking and discussion, thereby enhancing students’ safety awareness.

Moreover, educators can utilize multimedia tools to showcase the consequences of accidents, including
their environmental impacts, to heighten student alertness. Visual materials, such as videos documenting accident
scenes and analyses by experts, can offer a comprehensive understanding that encourages students to make more
responsible decisions in their practical work.

4. Outlook

In future chemical engineering education, the integration of innovative teaching methods aligned with the
“Responsible Care” philosophy will provide students with more comprehensive educational support. This
approach not only aims to cultivate high-quality talents with professional skills but also promotes the sustainable
development of the chemical industry. The following discussion will focus on four key areas: innovative
teaching methods, the long-term construction of a safety culture, the expansion of international perspectives and
cooperation, and data-driven decision-making.

4.1. Innovative teaching methods

Future chemical laboratory education should actively adopt diverse teaching methods, such as flipped classrooms
and project-based learning, to foster students’ active participation and deep thinking. The flipped classroom model
allows students to learn foundational knowledge independently outside of class, while class time is devoted to
discussions and practical applications, thereby enhancing students’ understanding of safety and environmental

issues. Project-based learning encourages students to design experiments autonomously, emphasizing the safety
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and environmental impacts of their work, which in turn improves their experimental design capabilities and

awareness of social responsibility .

4.2. Long-term safety culture development

Educational institutions should continuously promote the construction of a safety culture over the long term,
ensuring that both students and faculty prioritize experimental safety through regular training and awareness
campaigns. Organizing safety knowledge competitions and lectures can effectively enhance the safety atmosphere
on campus. Conducting periodic safety culture weeks featuring expert training and discussions will help foster a
sense of understanding and commitment to safety management among students and faculty, thus creating a safer

laboratory environment.

4.3. International perspectives and collaboration

To better cultivate students’ global perspectives, educational institutions should establish collaborative
relationships with international chemical enterprises and educational organizations, engaging in joint experiments
and training projects. Through international exchanges, students can not only learn advanced experimental
techniques and safety management practices but also develop a deeper understanding of global issues.
Furthermore, encouraging student participation in international research projects will allow them to experience
the importance of safety management in real-world research environments, thereby enhancing their sense of
social responsibility **.

4.4. Data-driven decision-making

With the advancement of big data technology, educational institutions can utilize data analysis tools to conduct
in-depth investigations of laboratory safety incidents and identify potential risks. This approach will provide
scientific evidence for laboratory management, assisting institutions in formulating more effective safety
management policies. By establishing an incident database that records the causes, responses, and corrective
measures associated with each incident, regular data analysis can help identify weak points in safety management

and facilitate targeted improvements >

5. Conclusion

In the expansive realm of chemical engineering education, teachers are not only conveyors of knowledge but
also guides in cultivating students’ safety awareness and sense of social responsibility. In the face of challenges
within experimental teaching in chemical engineering, educators should engage in deep reflection and actively
explore solutions. By skillfully integrating the concept of “Responsible Care” into experimental teaching,
educators can ensure that students explore the intricacies of chemical engineering in a safe environment, enhance
their experimental skills, and effectively develop their social responsibility and teamwork spirit. Throughout this
process, teachers must continuously innovate their teaching methods, strengthen safety education, and emphasize
cultivating students’ social responsibility and problem-solving abilities. This approach aims to nurture high-
quality professionals equipped with both technical skills and a strong sense of responsibility, thereby supporting
the sustainable development of the chemical industry.
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