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Abstract: 
4D printing represents a phenomenal shift in additive manufacturing, introducing programmable 

transformation over time when exposed to specific external stimuli (such as heat, light, moisture, or magnetic 

fields), contrasting with traditionally static 3D-printed objects. This research explores the evolution from 3D 

to 4D ceramic printing, emphasising the integration of smart materials and stimuli-responsive behaviours to 

make self-transforming structures. Unlike traditional 3D printing, which produces complex, rigid objects, 

particularly in ceramics, 4D printing integrates dynamic functionality directly into materials, enabling 

printed structures to change shape, properties, or functionality after fabrication. This overcomes the 

limitations in post-production adaptability in 3D printing, significantly changing the concept of layer-by-

layer building and enhancing traditional ceramic properties like high hardness, compressive strength, and 

low brittleness. This is achieved through the development of smart integrated materials such as shape-

memory polymers, ceramic ink, elastomeric nanocomposites, elastomeric precursors and hydrogel-driven 

dehydration polymers, which allow for complex, high-strength ceramic structures through techniques like 

origami folding and hydrogel-assisted morphing and facilitate dynamic shape morphing in response to 

environmental stimuli. The research demonstrates a radical shift in ceramic additive manufacturing to 4D 

printing, expanding applications in biomedical, aerospace, and electronics fields. Despite its potential, 4D 

ceramic printing faces barriers such as material costs, design complexity, and scalability challenges. 

However, its energy efficiency, sustainability, and unique ability to merge structural durability with dynamic 

functionality position it as an advanced technology. This study highlights the shift from static fabrication to 

responsive manufacturing, confirming crucial future directions for smart material integration and widespread 

industry implementation. 

Research Problem: The primary research problem addressed in this study is the limitations of traditional 3D 

ceramic printing, which produces static, rigid structures with poor post-production adaptability. 3D printing 

lacks the ability for objects to change or adapt after fabrication, especially challenging for ceramics with 

their high firing temperatures and difficulty in moulding/deforming post-printing. Ceramics, despite their 

high strength and thermal stability, are brittle and difficult to shape using conventional methods. The 

transition to 4D printing aims to overcome these challenges by integrating smart materials that enable 

dynamic, stimuli-responsive transformations. 

Research Objectives: This research aims to investigate the transition from 3D to 4D ceramic printing while 

addressing key challenges in ceramic 4D printing and exploring the integration of smart materials in 4D 

printing. 

Research Significance: The significance of this research lies in introducing 4D capabilities to ceramics, 

merging structural durability with dynamic functionality, and expanding applications beyond static 3D-

printed objects. Overcoming material limitations specifically for ceramics, the research shows how 4D 

printing can overcome challenges like brittleness and poor deformability, allowing for the creation of 

complex, high-strength ceramic structures. 

Research hypotheses: The static nature of 3D-printed ceramics often results in traditional ceramic 

processing limitations, including brittleness and difficulty in deformation. 4D printing can overcome these 

challenges by integrating smart materials and enabling material adaptability, it allows ceramic structures to 

exhibit programmable transformation (in shape, properties, or functionality) in response to external stimuli. 

Research methodology:  The methodology employs case studies of ceramic 4D printing paradigms to 

overcome limitations in post-production adaptability of 3D printing by utilising advanced 4D printing 

ceramic materials, enabling dynamic shape-morphing capabilities and enhanced functionality in response to 

environmental stimuli. 

Paper History: 

Paper received May 18, 2025, Accepted July 25, 2025, Published on line September 1, 2025 

Keywords: 

mailto:nahla_rashwan@hotmail.com


 

4D Printing, Additive Manufacturing (3D Printing), Ceramics, Smart Materials. 

References:   

1- Tibbits, Skylar. 2014. “4D Printing: Multi-Material Shape Change.” Architectural Design 84 (2): 

119. https://doi.org/10.1080/17452759.2014.919852. 

2- Bajpai, Ankur, Anna Baigent, Sakshika Raghav, Conchúr Ó. Brádaigh, Vasileios Koutsos, and 

Norbert Radacsi. 2020. “4D Printing: Materials, Technologies, and Future Applications in the 

Biomedical Field.” Sustainability 12, no. 24 (December): 

10628. https://doi.org/10.3390/su122410628 

3- Aldawood, Faisal Khaled. 2023. “A Comprehensive Review of 4D Printing: State of the Arts, 

Opportunities, and Challenges.” Actuators 12, no. 3: 101. https://doi.org/10.3390/act12030101. 

4- Mahmood, Ayyaz, Tehmina Akram, Huafu Chen, and Shenggui Chen. 2022. “On the Evolution of 

Additive Manufacturing (3D/4D Printing) Technologies: Materials, Applications, and 

Challenges.” Polymers 14, no. 21 (November): 4698. https://doi.org/10.3390/polym14214698. 

5- Mallakpour, Shadpour, Farbod Tabesh, and Chaudhery Mustansar Hussain. 2021. “3D and 4D 

Printing: From Innovation to Evolution.” Advances in Colloid and Interface Science 292 (June): 

102482. https://doi.org/10.1016/j.cis.2021.102482. 

6- Wan, Xue, Zhongmin Xiao, Yujia Tian, Mei Chen, Feng Liu, Dong Wang, Yong Liu, Paulo Jorge 

Da Silva Bartolo, Chunze Yan, Yusheng Shi, Ruike Renee Zhao, Hang Jerry Qi, and Kun Zhou. 

2024. “Recent Advances in 4D Printing of Advanced Materials and Structures for Functional 

Applications.” Advanced Materials, March 4, 2024. https://doi.org/10.1002/adma.202312263. 

7- Liu, Guo, Yan Zhao, Ge Wu, and Jian Lu. 2018. “Origami and 4D Printing of Elastomer-Derived 

Ceramic Structures.” Science Advances 4, no. 8 (August 17): 

eaat0641. https://doi.org/10.1126/sciadv.aat0641. 

8- Wang, Rong, Chao Yuan, Cheng Jianxiang, Qi Ge, et al. 2024. “Direct 4D Printing of Ceramics 

Driven by Hydrogel Dehydration.” Nature Communications 15, no. 1 (January): 

758. https://doi.org/10.1038/s41467-024-45039-y. 

9- Liu, Bo, Hui Li, Fengzhen Meng, Ziyang Xu, Liuzhi Hao, Yuan Yao, Hao Zhu, Chenmin Wang, Jun 

Wu, Shaoquan Bian, William W. Lu, Wenguang Liu, Haobo Pan, and Xiaoli Zhao. 2024. “4D 

Printed Hydrogel Scaffold with Swelling-Stiffening Properties and Programmable Deformation for 

Minimally Invasive Implantation.” Nature Communications 15, no. 1587.  

10- Net 1: Analog IC Tips. “What Are the Applications of 3D and 4D Printed Electronics? (FAQ).” 

Accessed [15-5-2025]. https://www.analogictips.com/what-are-the-applications-of-3d-and-4d-

printed-electronics-faq/. 

11- Net 2: City University of Hong Kong. “CityU Develops World’s First-Ever 4D Printing for 

Ceramics.” Press release, August 30, 2018. Accessed [28-5-

2025] https://www.cityu.edu.hk/research/stories/2018/08/30/cityu-develops-worlds-first-ever-4d-

printing-ceramics. 

CITATION 

Nahla Rashwan (2025), From Static to Dynamic: The Transition from 3D to 4D 

Ceramic Printing, International Design Journal, Vol. 15 No. 4, (September 2025) pp 

559-568 

 

https://doi.org/10.1080/17452759.2014.919852
https://doi.org/10.3390/su122410628
https://doi.org/10.3390/act12030101
https://doi.org/10.3390/polym14214698
https://doi.org/10.1016/j.cis.2021.102482
https://doi.org/10.1002/adma.202312263
https://doi.org/10.1126/sciadv.aat0641
https://doi.org/10.1038/s41467-024-45039-y
https://www.analogictips.com/what-are-the-applications-of-3d-and-4d-printed-electronics-faq/
https://www.analogictips.com/what-are-the-applications-of-3d-and-4d-printed-electronics-faq/
https://www.cityu.edu.hk/research/stories/2018/08/30/cityu-develops-worlds-first-ever-4d-printing-ceramics
https://www.cityu.edu.hk/research/stories/2018/08/30/cityu-develops-worlds-first-ever-4d-printing-ceramics

