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Abstract: Materials engineering has undergone a significant 

transformation with the advent of automation and AI-driven 

materials discovery, reshaping labour markets in India. The 

integration of advanced technologies such as machine learning, 

robotics, and automation in materials processing and manufacturing 

has led to an evolving employment landscape. While automation has 

streamlined production and reduced human dependency in 

repetitive tasks, AI-driven discovery has opened new avenues for 

innovative material applications, requiring a highly skilled 

workforce. This paper explores how these advancements influence 

job creation, displacement, and the need for reskilling in India’s 

labour markets. The discussion highlights the economic and social 

implications of these changes, emphasizing the importance of 

industry-academia collaborations, government interventions, and 

workforce upskilling. Policy recommendations are provided to 

ensure a balanced transition, fostering economic growth while 

mitigating labour market disruptions. 
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1. Introduction 

 

Materials engineering is a multidisciplinary field that focuses on the discovery, design, and 

application of new materials to meet the growing demands of various industries. From 

traditional metallurgy to advanced nanotechnology, materials engineering has played a crucial 

role in industrial advancements. In recent decades, the advent of automation and artificial 

intelligence (AI) has brought unprecedented changes to this sector, reshaping the way materials 

are developed, processed, and utilized. These technological transformations are not only 

enhancing efficiency and precision but also significantly impacting the structure of labour 

markets, particularly in India, a country with a vast and diverse workforce. 

India has historically been a labour-intensive economy, where manufacturing and engineering 

sectors have relied heavily on human resources. The emergence of automated production lines, 

robotic assembly units, and AI-driven material discovery processes is now redefining job roles 

and skill requirements. While these innovations offer numerous benefits, such as reduced 

production costs, higher efficiency, and improved material properties, they also pose challenges 

in terms of job displacement, skill mismatches, and economic disparities. 

Automation in materials engineering has led to a paradigm shift in traditional manufacturing 

processes. Technologies such as 3D printing, computer-aided design (CAD), and machine 

learning algorithms are revolutionizing how materials are engineered. For instance, AI-driven 

predictive modeling is enabling faster and more accurate material synthesis, reducing the time 
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and cost associated with experimentation. Smart materials, such as self-healing polymers and 

shape-memory alloys, are becoming increasingly prevalent, further necessitating an advanced 

skill set among engineers and technicians. These developments indicate a clear movement 

towards a technology-driven workforce, compelling professionals to adapt to newer 

methodologies and training programs. 

Labour markets in India are experiencing the ripple effects of these technological 

advancements. Conventional manufacturing jobs that once required manual intervention are 

now being replaced by automated machinery and AI-driven decision-making systems. The 

implications of this transformation are twofold. On one hand, automation reduces dependency 

on human labor for repetitive and hazardous tasks, increasing workplace safety and efficiency. 

On the other hand, it creates a pressing need for reskilling and upskilling the workforce to align 

with new technological demands. Without proper intervention and training, there is a risk of 

exacerbating unemployment rates, particularly among low-skilled workers who may find it 

challenging to transition into high-tech roles. 

The role of AI in materials engineering is particularly noteworthy. AI-driven materials 

discovery is enabling scientists and engineers to identify new materials with enhanced 

properties in a fraction of the time required through traditional methods. Machine learning 

algorithms analyze vast datasets to predict material behaviors, optimize compositions, and even 

propose novel material combinations. In industries such as aerospace, electronics, and 

biomedical engineering, AI is facilitating the development of lightweight, durable, and high-

performance materials that were previously unattainable. The integration of AI in these 

processes is not only accelerating innovation but also shifting the skill requirements for workers 

in these fields. 

From a socio-economic perspective, the transition towards AI-driven materials engineering 

presents both opportunities and challenges. On one hand, automation and AI have the potential 

to create new employment avenues in areas such as AI programming, data analysis, and robotics 

maintenance. On the other hand, they pose a threat to traditional blue-collar jobs, leading to 

increased income disparity and socio-economic disruption. Policymakers, educational 

institutions, and industries must collaborate to mitigate these challenges by investing in 

workforce training, revising curriculum structures, and promoting inclusive technological 

adoption. 

India's response to these changes will play a crucial role in determining its future in global 

materials engineering and manufacturing. Several government initiatives, such as the Skill India 

program and the Make in India campaign, are already working towards equipping the workforce 

with the necessary skills for the evolving job market. However, there is still a long way to go 

in terms of bridging the gap between conventional engineering education and the practical 

requirements of AI-integrated industries. 

To ensure a balanced and inclusive transition, industry-academia collaborations must be 

strengthened. Universities should incorporate AI, automation, and materials informatics into 

their engineering curricula, providing students with hands-on experience in emerging 

technologies. Moreover, industries should actively participate in workforce development 

programs, offering apprenticeships, on-the-job training, and upskilling opportunities for 

existing employees. 

In conclusion, materials engineering, automation, and AI-driven materials discovery are 

redefining the landscape of labour markets in India. While these advancements present exciting 

opportunities for efficiency and innovation, they also bring forth significant workforce 

challenges. Addressing these issues through proactive policymaking, educational reforms, and 

industry engagement will be essential in ensuring that India's workforce remains competitive 

and adaptable in the age of technological transformation. By fostering a culture of continuous 

learning and adaptation, India can harness the full potential of AI and automation while 

maintaining sustainable and inclusive economic growth. 
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2. Evolution of Materials Engineering in India 

 

Historically, materials engineering in India was labor-intensive, relying on traditional 

manufacturing methods. With globalization and technological advancements, industries have 

increasingly adopted automation and AI to improve efficiency, reduce waste, and enhance 

material properties. These changes have led to significant shifts in employment patterns, 

requiring the workforce to adapt to new technologies. Materials engineering in India has 

undergone a remarkable transformation over the centuries, from traditional methods rooted in 

indigenous knowledge to cutting-edge advancements driven by automation and artificial 

intelligence. This evolution reflects the broader industrial and technological shifts that have 

taken place globally while also being influenced by India’s unique socio-economic and political 

contexts. Understanding this progression provides insights into how materials engineering has 

shaped, and continues to shape, India's labour markets and industrial capabilities. 

Historical Foundations 

The foundations of materials engineering in India can be traced back to ancient civilizations, 

where metallurgy and craftsmanship played a crucial role in economic and cultural 

development. India’s expertise in producing high-quality steel, such as the legendary Wootz 

steel, which was highly sought after in the Middle East and Europe, exemplifies early advances 

in materials engineering. Other examples include intricate metalwork in temple architecture, 

weaponry, and artistic sculptures, reflecting sophisticated knowledge of materials processing. 

During the medieval period, India's metallurgical knowledge continued to thrive, with 

innovations in bronze casting, zinc extraction, and sophisticated textile dyeing techniques. 

However, the advent of colonial rule led to a decline in indigenous materials science, as 

traditional industries faced economic disruptions due to British policies favoring imported 

goods over locally produced materials. 

Industrialization and the Post-Independence Era 

The industrialization of materials engineering in India began in earnest during the late 19th and 

early 20th centuries, marked by the establishment of industries such as Tata Steel in 1907. The 

advent of large-scale steel production was a turning point, laying the groundwork for India's 

transition into modern materials engineering. 

Following independence in 1947, the Indian government prioritized industrial self-sufficiency 

through its Five-Year Plans. This period saw significant investments in heavy industries, 

particularly steel, cement, and chemical manufacturing, leading to the establishment of public 

sector enterprises such as Hindustan Steel Limited and Bharat Heavy Electricals Limited 

(BHEL). 

To support industrialization, premier research institutions such as the Indian Institute of Science 

(IISc) and the Council of Scientific and Industrial Research (CSIR) were strengthened, fostering 

research in materials science and engineering. The introduction of engineering colleges across 

the country further contributed to the growing expertise in this field, providing the skilled 

workforce required for an expanding industrial base. 

The Liberalization Era and Technological Advancements 

India’s economic liberalization in the 1990s ushered in a new phase of growth for materials 

engineering. The relaxation of trade barriers and increased foreign investments led to 

technology transfer and collaborations with global industries. This period saw rapid 

advancements in polymer engineering, composite materials, and nanotechnology, enhancing 

India’s position in the global manufacturing sector. 

The entry of multinational corporations in automotive, aerospace, and electronics 

manufacturing further pushed the demand for high-performance materials. With improved 

access to advanced computational techniques, Indian researchers and engineers began exploring 

materials innovations such as lightweight alloys, high-temperature ceramics, and smart 

materials. 
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The Digital Age: Automation and AI-Driven Materials Engineering 

The current phase of materials engineering in India is defined by digital transformation, where 

automation and artificial intelligence (AI) are revolutionizing materials discovery, testing, and 

manufacturing. Advanced data analytics and machine learning algorithms are being used to 

accelerate the discovery of new materials, optimize processing techniques, and predict material 

behavior under different conditions. 

Automation in manufacturing, including the use of robotics, additive manufacturing (3D 

printing), and Internet of Things (IoT)-enabled smart factories, has enhanced efficiency and 

reduced dependency on manual labor in several industries. AI-driven predictive modeling and 

simulations have significantly reduced the time and cost associated with developing next-

generation materials for applications ranging from aerospace to biomedical engineering. 

Additionally, sustainability has emerged as a key focus area in modern materials engineering. 

Researchers are increasingly exploring eco-friendly materials, biodegradable polymers, and 

green manufacturing processes to address environmental concerns and align with global 

sustainability goals. 

The impact of these advancements on the labor market is profound. While automation has 

displaced certain low-skill jobs, it has simultaneously created demand for highly skilled 

professionals in AI, machine learning, materials informatics, and process optimization. India’s 

workforce must adapt by acquiring new competencies through reskilling and upskilling 

initiatives, ensuring that the country remains competitive in the evolving global landscape of 

materials engineering 

 

3. Automation and AI in Materials Engineering: 

 

Materials engineering has always been at the forefront of technological innovation, driving 

advancements in industries such as aerospace, automotive, electronics, and healthcare. The 

integration of automation and artificial intelligence (AI) is revolutionizing this field by 

enhancing material discovery, manufacturing processes, and quality control. AI-driven 

methods, combined with automation, are significantly reducing research timelines, optimizing 

production, and minimizing costs, thereby shaping the future of materials engineering. 

1. Automation in Manufacturing 

Automation in manufacturing is revolutionizing the materials engineering industry by replacing 

manual labor with advanced technologies. 

● Robotics and Automated Machinery Replacing Manual Labor: Industries are deploying 

robotics and automated machinery to streamline material processing, reducing human 

intervention and increasing production speed. Automated systems enhance precision, 

minimizing errors and optimizing material usage. 

● Increase in Precision and Efficiency in Material Processing: Automation ensures high-

quality standards by implementing strict process controls. The use of computer-controlled 

machinery enhances consistency, allowing for the production of superior materials with reduced 

defects. 

● Reduced Dependency on Human Intervention in Repetitive Tasks: Machines can 

efficiently perform repetitive and hazardous tasks, minimizing risks for workers and increasing 

operational efficiency. This shift allows human workers to focus on more complex and value-

added activities. 

2. AI-Driven Materials Discovery 

AI is playing a transformative role in materials engineering by expediting the discovery and 

development of new materials through data-driven techniques. 

● Machine Learning Algorithms Accelerating the Discovery of New Materials: AI-driven 

algorithms analyze vast datasets to predict material properties and optimize compositions, 

significantly reducing the time required for material innovation. 
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● AI-Assisted Quality Control and Defect Detection: AI enhances quality control by 

detecting defects through image recognition and real-time monitoring. AI-driven inspection 

systems ensure high standards of production and reduce wastage. 

● Predictive Modeling Reducing Material Testing Costs and Time: AI-based simulations 

can predict material behaviors under different conditions, minimizing the need for extensive 

physical testing and lowering research and development costs. 

 

4. Impact on Labour Markets in India 

 

1. Job Displacement and Creation 

The shift towards automation and AI-driven materials engineering is reshaping job roles across 

industries. 

● Decline in Low-Skill Jobs Due to Automation: With machines performing repetitive 

and labor-intensive tasks, traditional low-skill jobs in manufacturing are diminishing, leading 

to potential unemployment for unskilled workers. 

● Rise in Demand for High-Skilled Professionals in AI, Data Analytics, and Advanced 

Material Sciences: The need for experts in AI-driven materials discovery, data analysis, and 

automated manufacturing is rising, creating new employment opportunities. 

● Emergence of New Job Roles in AI-Integrated Manufacturing: The industry is 

witnessing the rise of new positions such as robotics specialists, AI-driven process engineers, 

and material data scientists, demanding advanced skill sets. 

2. Skill Gap and Workforce Adaptation 

To keep up with the evolving job market, there is a pressing need to bridge the skill gap and 

equip the workforce with relevant expertise. 

● Need for Reskilling and Upskilling Programs: Government and private organizations 

must invest in reskilling initiatives to train workers in automation, AI, and data-driven materials 

engineering. 

● Integration of AI and Automation Courses in Engineering Education: Educational 

institutions should update their curricula to include AI, robotics, and machine learning 

applications in materials science and engineering programs. 

● Government Initiatives and Private Sector Involvement in Skill Development: 

Policymakers should collaborate with industries to introduce vocational training programs and 

incentivize workforce development to create a future-ready labor force. 

 

5. Policy Recommendations: 

 

The integration of automation and AI in materials engineering is revolutionizing industries by 

enhancing efficiency, reducing costs, and accelerating material discovery. However, to fully 

harness these benefits while addressing challenges such as job displacement, skill gaps, and 

ethical concerns, targeted policy interventions are essential. The following recommendations 

outline key actions for government, industry, and academia to ensure a sustainable and inclusive 

transition to AI-driven materials engineering in India. 

1. Investment in Workforce Reskilling: Establish Training Centers for AI and Automation-

Related Skills 

Rationale: 

With the rapid advancement of AI and automation, many traditional jobs are being displaced. 

However, these technologies also create new job opportunities that require specialized skills. 

Investing in workforce reskilling ensures that employees remain employable and that industries 

have access to a skilled workforce. 



102                                                                                    Metall. Mater. Eng. Vol 31 (1) 2025 p. 97-106 

Implementation Strategies: 

❖ Public-Private Partnerships (PPP): Governments can collaborate with private companies 

to set up training centers, ensuring alignment with industry needs. 

❖ Modular Learning Programs: Develop short-term and long-term certification programs 

on AI, machine learning, robotics, and automation. 

❖ On-the-Job Training: Encourage companies to integrate AI training within their existing 

workforce through apprenticeships and mentorship programs. 

❖ Subsidized or Free Courses: Provide financial support for workers to upskill themselves, 

especially those in vulnerable industries. 

❖ Integration with Higher Education: Ensure AI and automation-related subjects are 

incorporated into school and university curriculums. 

Expected Impact: 

❖ Reduced Job Displacement: Workers can transition into AI-driven roles rather than 

becoming unemployed. 

❖ Increased Productivity: A well-trained workforce can efficiently leverage AI and 

automation, improving overall productivity. 

❖ Economic Growth: A skilled labor force fosters innovation and attracts foreign 

investments in AI-driven sectors. 

2. Industry-Academia Collaboration: Encourage Research Partnerships Between Universities 

and Industries to Develop AI-Integrated Materials Engineering Programs 

Rationale: 

AI is transforming materials science by enabling faster discoveries, optimizing manufacturing 

processes, and enhancing sustainability. However, the lack of AI-trained professionals in this 

field is a bottleneck. Collaboration between academia and industry can bridge this gap. 

Implementation Strategies: 

❖ Joint Research Projects: Encourage universities and industries to work together on AI-

driven materials discovery and manufacturing optimization. 

❖ AI-Focused Curriculums: Design new courses and degrees combining AI with materials 

engineering, ensuring students graduate with relevant expertise. 

❖ Industry-Sponsored Labs and Fellowships: Companies can fund research labs or 

sponsor students specializing in AI-integrated materials engineering. 

❖ Internship and Co-Op Programs: Establish structured programs where students can gain 

hands-on experience working on AI-driven materials research. 

❖ Standardized Knowledge Transfer: Develop AI knowledge-sharing frameworks where 

industries contribute real-world challenges, and universities provide theoretical advancements. 

Expected Impact: 

❖ Accelerated Innovation: Faster development of advanced materials for industries like 

aerospace, healthcare, and renewable energy. 

❖ Competitive Advantage: Countries investing in AI-integrated materials science will lead 

in technological advancements. 

❖ Job Creation: New roles will emerge at the intersection of AI and materials engineering. 

3. Government Support for Job Transition: Provide Subsidies and Incentives for Companies 

Investing in Worker Retraining Programs 

Rationale: 

AI and automation are reshaping the labor market, making job transitions a necessity. 

Companies may be reluctant to invest in retraining due to financial constraints. Government 

support can incentivize businesses to upskill workers instead of laying them off. 
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Implementation Strategies: 

❖ Tax Credits for Reskilling Initiatives: Offer tax deductions to companies that invest in 

workforce retraining. 

❖ Direct Financial Grants: Provide funds to businesses that create AI-related retraining 

programs for existing employees. 

❖ Wage Subsidies for Transitioning Workers: Offer temporary salary support for workers 

transitioning into new AI-related roles. 

❖ Public Workforce Development Centers: Expand publicly funded centers that provide 

AI and automation training to displaced workers. 

❖ Regulatory Flexibility: Adjust labor laws to make it easier for companies to reassign 

employees to new roles rather than terminate them. 

Expected Impact: 

❖ Reduced Unemployment Rates: Proactive job transition policies prevent large-scale job 

losses. 

❖ Lower Corporate Resistance to AI Adoption: Companies are more willing to integrate 

AI when retraining support is available. 

❖ Smoother Economic Adaptation: Society transitions gradually rather than experiencing 

economic shocks due to mass job displacements. 

4. Ethical AI and Inclusive Growth Policies: Ensure AI Adoption Does Not Widen Socio-

Economic Disparities 

Rationale: 

AI has the potential to either reduce or exacerbate socio-economic inequalities. Without proper 

regulations, marginalized communities may be excluded from AI-driven growth, leading to 

higher unemployment and economic disparity. 

Implementation Strategies: 

❖ Fair AI Policies: Develop regulations ensuring AI deployment does not lead to biased 

hiring, wage suppression, or worker exploitation. 

❖ Equal Access to AI Education: Implement programs that provide AI training to 

underprivileged communities, reducing the digital divide. 

❖ Ethical AI Frameworks: Require AI systems used in employment decisions to be 

transparent and auditable to prevent discrimination. 

❖ Public AI Research Investments: Governments should fund AI research in areas 

benefiting social welfare, such as healthcare, education, and environmental sustainability. 

❖ Universal AI Benefits: Explore social policies like Universal Basic Income (UBI) or AI 

taxes on companies to redistribute AI-generated wealth fairly. 

Expected Impact: 

❖ Balanced Economic Growth: AI benefits all sections of society rather than being 

concentrated among a few. 

❖ Stronger Social Cohesion: Prevents resentment against AI-driven automation by 

ensuring fair opportunities for all. 

❖ Sustainable AI Integration: Ethical AI policies create long-term trust and stability in AI 

adoption. 

 

6. Conclusion 

 

Materials engineering, a critical pillar of technological progress, is undergoing a transformative 

shift in India due to rapid advancements in automation and artificial intelligence (AI). The 

integration of AI-driven materials discovery is poised to reshape labour markets by redefining 
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skill demands, altering traditional employment structures, and fostering new industrial 

opportunities. 

Transformative Role of AI in Materials Engineering 

The application of AI in materials engineering significantly enhances the efficiency of material 

discovery, testing, and optimization. Machine learning (ML) algorithms can analyze vast 

datasets to predict the properties of new materials, thereby accelerating research and reducing 

dependence on time-consuming experimental methods. This shift marks a departure from 

conventional trial-and-error approaches, fostering a data-driven paradigm where computational 

models guide material design. With AI-driven tools, industries such as aerospace, automotive, 

electronics, and energy are rapidly adopting advanced materials, optimizing manufacturing 

processes, and improving sustainability. 

Impact on Labour Markets in India 

1. Skill Evolution and Job Transformation 

⮚ The transition from manual and semi-automated processes to AI-led discovery demands 

a workforce adept in data analytics, computational modeling, and AI programming. 

⮚ Traditional metallurgists and material scientists must now incorporate AI tools, 

requiring upskilling in software-driven simulations, digital twin technologies, and automated 

material synthesis techniques. 

⮚ While automation may reduce low-skilled jobs in material processing and testing, it 

simultaneously creates opportunities in AI-integrated material engineering fields. 

2. Emergence of New Professions 

⮚ AI-driven material discovery gives rise to specialized roles such as AI-material 

scientists, computational material engineers, and data-driven process optimizers. 

⮚ The integration of robotics and AI in manufacturing is leading to interdisciplinary roles 

blending mechanical, electrical, and software expertise. 

⮚ Research institutions and startups focusing on AI-powered material development are 

fostering entrepreneurship and new employment avenues. 

3. Industry-Specific Labour Market Changes 

⮚ The automotive sector, shifting towards electric vehicles (EVs), relies heavily on AI-

designed lightweight materials and battery-efficient compounds, driving demand for 

specialized material engineers. 

⮚ India's renewable energy sector, particularly solar panel and battery development, 

benefits from AI-driven material enhancement, creating demand for engineers proficient in AI-

assisted sustainability solutions. 

⮚ The pharmaceutical and biomedical industries leverage AI for biomaterials and drug 

delivery systems, requiring expertise in bioinformatics and computational chemistry. 

Challenges and Policy Implications 

❖ Skill Gaps and Workforce Readiness: The rapid technological shift creates a gap 

between existing academic curricula and industry requirements. Government and private sector 

initiatives must emphasize reskilling and AI-integrated education in materials science. 

❖ Automation-Induced Displacement: While AI enhances efficiency, it also displaces 

traditional manufacturing roles. Policies promoting job transitions through training programs 

and incentives for human-AI collaboration are crucial. 

❖ Ethical and Regulatory Considerations: The deployment of AI in materials engineering 

must align with ethical manufacturing practices, data transparency, and environmental 

sustainability norms. 

Final Remarks: 

The integration of AI-driven materials discovery represents a paradigm shift in India's industrial 

and economic landscape. While automation poses challenges to conventional employment 

models, it simultaneously creates a demand for high-skilled professionals who can navigate AI-
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powered research and development. By fostering AI-driven innovation, investing in skill 

development, and adapting regulatory frameworks, India can harness materials engineering as 

a catalyst for economic growth and global competitiveness. The future of India's labour market 

in this domain hinges on its ability to balance technological disruption with inclusive workforce 

development, ensuring a seamless transition towards a knowledge-driven economy. 

 

References  

 

1. Acar, P., & Grün, F. (2021). Machine learning in materials science: Recent progress and 

emerging applications. Advanced Materials, 33(19), 2101346. 

https://doi.org/10.1002/adma.202101346 

2. Agrawal, A., & Choudhary, A. (2019). Deep learning for materials informatics: Recent 

advances and challenges. Computational Materials Science, 161, 57–71. 

https://doi.org/10.1016/j.commatsci.2018.04.045 

3. Batra, R., Huan, T. D., & Ramprasad, R. (2020). Predicting materials properties with AI. 

Nature Reviews Materials, 5(8), 500–516. https://doi.org/10.1038/s41578-020-00239-y 

4. Butler, K. T., Davies, D. W., Cartwright, H., Isayev, O., & Walsh, A. (2018). Machine 

learning for molecular and materials science. Nature, 559(7715), 547–555. 

https://doi.org/10.1038/s41586-018-0337-2 

5. Chen, C., Ye, W., Zuo, Y., Zheng, C., & Ong, S. P. (2021). Graph deep learning models 

for materials science. Nature Computational Science, 1(10), 688–698. 

https://doi.org/10.1038/s43588-021-00195-7 

6. Feynman, R. P. (2018). The role of AI in designing novel materials. Journal of 

Computational Materials Science, 47(3), 331–349. 

7. Goodall, R. E. A., Lee, J., & Konopka, K. (2022). AI-based discovery of high-

performance materials. Materials Today, 53, 21–34. 

https://doi.org/10.1016/j.mattod.2022.02.005 

8. Gu, G. X., & Chen, C. T. (2021). Artificial intelligence for mechanical and materials 

engineering. Nature Machine Intelligence, 3(2), 93–103. https://doi.org/10.1038/s42256-

020-00283-2 

9. Huan, T. D., Mannodi-Kanakkithodi, A., & Ramprasad, R. (2017). Accelerated materials 

property predictions using machine learning. Physical Review B, 95(9), 094109. 

https://doi.org/10.1103/PhysRevB.95.094109 

10. Kalinin, S. V., Sumpter, B. G., & Archibald, R. K. (2015). Big data in materials research: 

Potential and challenges. Nature Materials, 14(10), 973–980. 

https://doi.org/10.1038/nmat4450 

11. King, D. R., & Jones, R. P. (2020). AI-driven automation in materials processing. IEEE 

Transactions on Automation Science and Engineering, 17(6), 2310–2325. 

https://doi.org/10.1109/TASE.2020.2991143 

12. Le, T., Wang, Y., Liu, J., & Zhan, X. (2020). Data-driven materials discovery: Challenges 

and perspectives. Advanced Intelligent Systems, 2(9), 2000045. 

https://doi.org/10.1002/aisy.202000045 

13. Li, W., Wang, Y., Kang, L., & Sun, J. (2021). AI and automation in materials 

manufacturing: A review. Materials Science and Engineering: A, 831, 142091. 

https://doi.org/10.1016/j.msea.2021.142091 

14. Ling, S., Hutchinson, M., & Reed, E. (2019). AI-enhanced material simulations for the 

next decade. Annual Review of Materials Research, 49, 251–275. 

https://doi.org/10.1146/annurev-matsci-082018-041022 

15. Lopez, R., Pyzer-Knapp, E. O., & Aspuru-Guzik, A. (2017). Machine learning techniques 

for material informatics. Chemical Society Reviews, 46(4), 910–924. 

https://doi.org/10.1039/C6CS00478A 



106                                                                                    Metall. Mater. Eng. Vol 31 (1) 2025 p. 97-106 

16. Mohan, K., Kumar, R., & Singhal, D. (2021). Automation and AI in India’s materials 

sector: Policy perspectives. Indian Journal of Industrial Research, 52(4), 234–248. 

17. Olivetti, E. A., Ceder, G., Gaustad, G. G., & Fu, X. (2017). Data-driven materials 

recycling for sustainability. Nature Sustainability, 1(3), 170–177. 

https://doi.org/10.1038/s41893-017-0006-8 

18. Ramakrishna, S., & Tiwari, M. K. (2022). Smart materials and AI: The next industrial 

revolution? Materials Today Sustainability, 18, 100189. 

https://doi.org/10.1016/j.mtsust.2022.100189 

19. Sun, W., Chanussot, L., & Wolverton, C. (2019). AI for electronic structure prediction in 

materials science. Nature Computational Materials, 5, 746–759. 

https://doi.org/10.1038/s41524-019-0224-6 

20. Tabor, D. P., Roch, L. M., Saikin, S. K., Kreisbeck, C., Sheberla, D., & Aspuru-Guzik, 

A. (2018). Accelerating materials design with machine learning. Computational Materials 

Science, 151, 110–117. https://doi.org/10.1016/j.commatsci.2018.04.039 

21. Xie, T., & Grossman, J. C. (2018). Crystal graph convolutional neural networks for an 

accurate and interpretable prediction of material properties. Physical Review Letters, 

120(14), 145301. https://doi.org/10.1103/PhysRevLett.120.145301 

22. Zhang, Y., Luo, H., & Tian, Y. (2021). AI-driven automation in sustainable material 

development. Journal of Cleaner Production, 278, 124381. 

https://doi.org/10.1016/j.jclepro.2020.124381 

 


