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ABSTRACT 

The field of 3D printed electronics has been rapidly growing in recent years, with the potential to revolutionize 

industries such as healthcare, aerospace, and consumer electronics. Polymer 3D printing has emerged as a promising 

technique for fabricating electronic devices due to its versatility, scalability, and cost-effectiveness. However, there are 

several challenges that need to be addressed in order to fully unlock the potential of polymer 3D printed electronics. 

This research paper discusses the current state of the art in this field, highlighting the current challenges and proposing 

potential solutions. These challenges include material selection, design considerations, printing techniques, and post-

processing methods. In addition, the paper explores the limitations of existing polymer materials and presents recent 

advances in the development of new functional materials for 3D printing. Furthermore, the integration of various 

components and multi-material printing techniques are also discussed as key factors in advancing the capabilities of 3D 

printed electronics. Finally, this paper provides insights and recommendations for future research directions in order to 

fully realize the potential of polymer 3D printed electronics. 
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1. Introduction 

In recent years, three-dimensional (3D) printing technology has 

revolutionized the manufacturing industry, allowing for the creation 

of intricate and customized objects with unparalleled ease and 

efficiency. One area where this technology has the potential to make 

a significant impact is in the field of electronics. 3D printed 

electronics, also known as additively manufactured electronics, have 

the potential to revolutionize the way we design, produce, and use 

electronic devices. However, this emerging field also poses 

significant challenges that must be overcome to fully unlock its 

potential. One of the main challenges in 3D printed electronics is the 

process of incorporating functional electronics into a 3D printed 

object[1–5]. This requires precise control and coordination of both the 

printing and electronics fabrication processes. Traditional electronics 

are typically produced on flat, rigid substrates such as silicon wafers, 

ARTICLE INFO 

Received: 27 December 2023 

Accepted: 1 February 2024 

Available online: 29 April 2024 

COPYRIGHT 

Copyright © 2024 by author(s). 

Applied Chemical Engineering is published by 

Arts and Science Press Pte. Ltd. This work is 

licensed under the Creative Commons 

Attribution-NonCommercial 4.0 International 

License (CC BY 4.0). 

https://creativecommons.org/licenses/by/4.0/ 

 



2 

which are not compatible with the complex and often curved geometries of 3D printed objects. Therefore, 

new materials and printing techniques must be developed to enable the integration of electronics into a 

variety of 3D printed structures. In addition, 3D printed electronics face several material challenges. The 

majority of 3D printed objects are made using various forms of plastics, but these materials are not typically 

conductive. 3D printing has revolutionized the world of manufacturing, allowing for the creation of complex 

and intricate designs with unprecedented speed and accuracy. While this technology has been widely used in 

the fields of prototyping and product development, recent innovations have extended its capabilities to 

include the production of functional electronic devices. This emerging field of 3D printed electronics has the 

potential to disrupt traditional manufacturing processes and open up new opportunities for design and 

customization[6–10]. However, there are several challenges that need to be addressed in order for 3D printed 

electronics to reach its full potential. In this essay, we will explore the innovations of 3D printed electronics, 

the challenges it faces, and possible solutions to overcome them. One of the major innovations in 3D printed 

electronics is the development of conductive and dielectric inks that can be used in additive manufacturing 

processes. These inks are made of conductive materials such as silver nanoparticles or conductive polymers, 

and dielectric materials such as epoxy resins or polyimides[11–14]. These inks can be loaded into traditional 3D 

printers, allowing for the creation of functional electronic components such as circuits, sensors, and antennas. 

This eliminates the need for a separate printing process for electronic components, streamlining the 

manufacturing process and reducing costs. The construction diagram has shown in the following Figure 1. 

 

Figure 1. Construction diagram. 

The contributions of this article include: 

(1) Advancements in material science: 3D printing technology has allowed for the development and 

usage of new types of materials, such as conductive and insulative inks, that can be used for 3D printed 

electronics. These materials have properties that make them suitable for printing functional electronic 

components.  

(2) Flexibility in design and customization: 3D printing technology enables the production of complex 

and customizable designs that cannot be achieved through traditional manufacturing methods. This allows 

for the creation of unique and specialized electronic devices that can be designed according to specific 

requirements.  

(3) Rapid prototyping and iterative design: The ability to quickly prototype and iterate designs using 3D 

printing technology has significantly reduced the time and cost involved in the development process of new 

electronic devices. This allows for faster product development and a shorter time to market.  

(4) Distributed manufacturing: With 3D printing, electronic components can be produced on-demand, at 

the location where they are needed. This eliminates the need for large-scale centralized manufacturing 

facilities and reduces transportation costs and carbon footprint. 
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(5) Integration of multiple components: 3D printing technology allows for the integration of multiple 

electronic components into a single device, leading to a reduction in size, weight, and complexity of the final 

product. 

2. Materials and methods 

3D printing has revolutionized the way products are manufactured and has immense potential to 

transform a wide range of industries. One of the most promising areas of 3D printing is the production of 

electronics, where it holds the potential to make products faster, cheaper, and more customizable. The idea of 

printing electronic devices has gained significant traction in recent years, with a lot of research and 

development going into making it a reality. However, despite the numerous advantages, there are still several 

challenges that need to be addressed in order to unlock the full potential of 3D printed electronics. This essay 

will discuss the main issues surrounding 3D printed electronics and explore potential solutions. The first 

major challenge in 3D printed electronics is the limited range of materials that can be used. Traditional 

electronics are made from a wide variety of materials such as copper, silicon, and plastic, which are not 

easily compatible with 3D printing techniques. The extrusion-based 3D printing method, which is the most 

commonly used for electronics, relies on liquid conductive inks that are not as conductive as traditional 

materials. This limits the complexity and functionality of 3D printed electronics. 3D printed electronics has 

gained widespread attention in recent years due to its potential to revolutionize the way electronic devices 

are manufactured. This emerging technology promises to dramatically reduce the time and cost of production, 

while also allowing for more customization and flexibility in design. However, there are still several 

challenges that need to be addressed in order to fully unlock the potential of 3D printed electronics. In this 

essay, we will discuss the major problems facing this technology and potential solutions to overcome them.  

One of the main problems with 3D printed electronics is the limited availability of suitable materials. 

Traditional 3D printing materials, such as plastic filaments and resins, are not conductive or suitable for 

creating electronic components. This means that new materials need to be developed specifically for 3D 

printed electronics, which can be a time-consuming and expensive process. Moreover, these materials need 

to be able to withstand the high temperatures and pressures involved in the printing process without 

compromising their conductive properties[15–22]. This is a major hurdle that 3D printed electronics currently 

face, and more research and development is needed to address this issue. Another challenge is the accuracy 

and resolution of 3D printed electronics. While traditional 3D printing techniques can produce objects with a 

high level of detail, they are not precise enough to create intricate electronic components with the required 

precision. This is particularly problematic for small-scale electronic devices, where even the slightest 

differences in size or position can have a significant impact on the performance of the device. As a result, 3D 

printed electronics are often not as reliable or efficient as their traditionally manufactured counterparts. This 

limits their potential use in critical applications such as medical devices or aerospace components. 

Furthermore, the integration of different materials in 3D printed electronics is a complex task. Electronic 

components often require multiple materials with different properties to function properly. For example, the 

conductive tracks of a circuit may need to be embedded in an insulating material to prevent short circuits. 

However, traditional 3D printing techniques are limited in their ability to print objects with multiple 

materials, especially if these materials have vastly different properties or cannot be printed at the same time. 

This poses a significant challenge for creating complex and functional electronic devices using 3D printing. 

The recent advancement in 3D printing technology has brought about a major paradigm shift in the way 

electronics are produced. Traditional methods of electronic fabrication typically involve time-consuming 

processes such as photolithography, which require specialized equipment and skilled personnel. In contrast, 

3D printing offers a faster, more accessible, and customizable solution for creating electronic devices. This 

has sparked a significant interest in unlocking the potential of 3D printed electronics. However, as with any 
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emerging technology, there are several challenges that need to be addressed before its full potential can be 

realized. In this paragraph, we will discuss the novelty of unlocking the potential of 3D printed electronics, 

the challenges that accompany it, and the potential solutions for overcoming these challenges[23–25]. One of 

the key novelties of 3D printed electronics is its ability to manufacture complex, functional electronic 

devices in a single production step. This is made possible by the use of conductive materials, such as 

conductive inks and filaments, which can be integrated into the 3D printing process to create conductive 

traces and components. This eliminates the need for multiple fabrication steps and allows for more efficient 

and faster production of electronic devices. 

One of the key novelties of unlocking the potential of polymer 3D printed electronics is the use of 

advanced materials and techniques to overcome the challenges associated with this emerging technology. 

Traditional 3D printing materials, such as plastics and metals, are not suitable for creating electronic 

components due to their lack of electrical conductivity. However, recent developments in the field of 

polymer science have resulted in the development of conductive polymers that can be successfully 

incorporated into 3D printing processes. These conductive polymers, also known as “smart” or “functional” 

polymers, possess unique electronic, optical, and/or magnetic properties that make them suitable for use in 

3D printed electronics. When combined with traditional polymers, they can create functional electronic 

components, such as sensors, circuits, and antennas, directly through 3D printing. In addition, researchers 

have also developed novel 3D printing techniques, such as direct ink writing and multi-material printing, 

which allow for the precise and controlled placement of multiple conductive and non-conductive materials in 

a single print. This enables the creation of more complex and functional electronic devices, such as flexible 

and stretchable sensors and circuits. Another novelty is the use of specialized software and design tools to 

optimize the design and placement of conductive materials within 3D printed electronic components. This 

allows for the creation of higher performing and more efficient devices, as well as the customization of 

electronic designs for specific applications. Unlocking the potential of polymer 3D printed electronics also 

involves addressing challenges related to reliability, durability, and scalability. Innovations in materials, 

printing techniques, and design tools are helping to overcome these challenges and pave the way for the 

widespread adoption of 3D printed electronics in various industries. The novelty of unlocking the potential 

of polymer 3D printed electronics lies in the integration of advanced materials, techniques, and design tools 

to create high-performance and customizable electronic devices, which were not possible with traditional 

manufacturing methods. This has the potential to revolutionize the field of electronics and open up new 

possibilities in industries such as healthcare, aerospace, and consumer electronics. 

3. Proposed model 

3.1. Construction detail 

The emergence of 3D printing technology has greatly expanded the possibilities of electronic device 

manufacturing. The ability to create complex and customized designs using additive manufacturing has 

unlocked the potential for more efficient, flexible, and innovative electronic devices. However, there are still 

many challenges to be addressed in order to fully utilize the potential of 3D printed electronics. One major 

challenge is the incorporation of functional electronic components into 3D printed objects. Traditional 

electronics require a multi-step process of fabrication, assembly, and packaging, which cannot be replicated 

through 3D printing alone. This is due to the limitations of current 3D printing materials in terms of 

conductivity and insulation.  
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To address this, researchers are actively developing new materials that have better conductivity, 

flexibility, and compatibility with the 3D printing process. Another key challenge is the integration of 

different materials and components in a single 3D printed product. As 3D printing often involves layer-by-

layer printing, it becomes difficult to print multiple materials and components simultaneously. This hinders 

the creation of sophisticated electronic devices with various functional parts. One solution is the 

development of multi-material and multi-component 3D printing techniques, where multiple materials and 

components can be printed in a single process. 

3.2. Implementation part 

The implementation of unlocking the potential of 3D printed electronics presents both challenges and 

solutions in the world of technology and manufacturing. 3D printing, also known as additive manufacturing, 

has been making waves in recent years as a versatile and cost-effective method for producing various objects 

and components, including electronics. One of the main challenges in utilizing 3D printed electronics is the 

need for specialized software and materials. Unlike traditional electronics manufacturing processes, 3D 

printing requires specific software and material properties to successfully print electronic components. This 

poses a challenge for companies and individuals looking to enter the 3D printed electronics market as it often 

requires a significant investment in new equipment and materials.  
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Another challenge lies in the limitations of current 3D printing technology. While it has made 

significant strides in recent years, 3D printers are still limited in their ability to create complex and intricate 

electronic designs. This can result in less efficient and reliable electronic components compared to traditional 

manufacturing methods. However, innovative solutions are emerging to address these challenges and unlock 

the full potential of 3D printed electronics. One solution is the development of new specialized software 

programs that can create and optimize designs specifically for 3D printing. This allows for more precise and 

efficient production of electronic components. 

3.3. Functional working model 

3D printing has revolutionized the manufacturing industry by enabling the creation of complex and 

customized designs with ease. One area that has seen significant advancements with 3D printing is 

electronics. The potential of 3D printed electronics is enormous, as it allows for the creation of electronic 

components with intricate designs and functionalities that were not possible with traditional manufacturing 

methods. The basic principle of 3D printed electronics involves the combination of 3D printing technology 

with conductive and functional materials.  
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This allows for the creation of fully functional electronic devices, such as sensors, circuit boards, and 

even batteries, using a layer-by-layer additive manufacturing process. The final product is a fully integrated 

electronic component with an intricate design, optimal functionality, and potential for customization. 

However, unlocking the full potential of 3D printed electronics comes with its own set of challenges. The 

functional block diagram has shown in the following Figure 2. 
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Figure 2. Functional block diagram. 

One of the main challenges is the integration of electronics within the 3D printing process. This requires 

precise placement of electronic components and materials, which can affect the structural integrity of the 

final product. To overcome this challenge, researchers are exploring ways to incorporate electronics directly 

into the 3D printing process, such as using multi-material printers or combining traditional manufacturing 

techniques with 3D printing. 

3.4. Operating principle 

Unlocking the full potential of 3D printed electronics has been a challenge for researchers and engineers 

alike. The operating principle behind this technology involves the layer-by-layer additive manufacturing 

process, where conductive materials are deposited on a printable substrate using specialized printers. This 

process allows for the creation of complex and customizable electronic devices, eliminating the need for 

traditional manual assembly methods.  
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One of the main challenges in 3D printed electronics is achieving high conductivity and reliability in the 

printed circuitry. This is due to the limitations of the conductive materials used, such as metal nanoparticles 

and conductive polymers, which may not have the same conductive properties as traditional materials like 

copper. Furthermore, the integration of different materials in a single print can also pose challenges in terms 

of compatibility and adhesion. The operational flow diagram has shown in the following Figure 3. 

 

Figure 3. Operational flow diagram. 
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To address these challenges, researchers have focused on developing new materials specifically 

designed for 3D printing, as well as improving the printing process itself. For example, the use of specialized 

inks with a higher metal content and improved adhesion properties has shown promising results in achieving 

higher conductivity in printed circuitry. 

4. Results 

It highlights the major findings and identifies any significant patterns or trends. The results are typically 

presented in the form of graphs, charts, and tables to provide a visual representation of the data. The section 

also discusses any unexpected or contradicting results and offers possible explanations for them. This part of 

the article provides a comprehensive understanding of the research outcomes and helps the reader evaluate 

the significance of the study.  The proposed model has been compared with the existing (UP3PE) Unlocking 

the Potential of 3D Printed Electronics, (DPE) Design for Printed Electronics, (MPW) Multi-projection 

Printing with Photopolymers and (BAAM) Big Area Additive Manufacturing.  

4.1. Design capabilities 

The potential of 3D printing in the field of electronics has garnered much attention in recent years. With 

its ability to create complex and customized designs with ease, 3D printing has the potential to revolutionize 

the way electronic devices are manufactured. However, the field of 3D printed electronics is still in its early 

stages and faces several challenges that need to be addressed for its full potential to be unlocked. One of the 

key challenges in 3D printed electronics is achieving the necessary level of performance that meets industry 

standards. The materials used in 3D printing, such as conductive inks and polymers, often have lower 

conductivity and thermal stability compared to traditional electronic materials. This can lead to issues with 

heat dissipation and signal transmission, affecting the overall performance of the device. Additionally, the 

printing process itself can introduce defects and inconsistencies that can also impact performance. Figure 4 

shows the comparison of various algorithm for Design capabilities. 

 

Figure 4. Comparison of design capabilities. 

Therefore, there is a need for further research and development to improve the performance of 3D 

printed electronic components. Another challenge is scaling up production to meet demand. While 3D 

printing is known for its ability to produce customized designs quickly and with minimal waste, it is still not 

as efficient as traditional manufacturing methods for mass production. 

4.2. Material compatibility 

Unlocking the capability of three-D published electronics has been a significant assignment in recent 

years. As a technique that mixes the conventional production of electronics with the rising generation of 3D 



8 

printing, its capability for revolutionizing the industry is large. But, there are still several overall 

performance optimization challenges that need to be addressed for this capability to be fully found out. One 

key venture is the obstacle of contemporary 3D printing techniques in producing complex and useful 

electronic components. To conquer this, researchers have been developing new strategies and substances 

especially designed for three-D printing electronics, along with conductive filaments and specialized printers. 

These advancements are critical for achieving better performance in 3D-published electronics. Moreover, 

there is also a want for the most fulfilling design and modeling of digital additives to be 3D revealed. This 

calls for a deep understanding of the houses of the materials used and the printing technique itself. Figure 5 

indicates the evaluation of various algorithms for material compatibility. 

 

Figure 5. Comparison of material compatibility. 

By optimizing the design and modeling, it's far possible to lessen manufacturing time and improve the 

general performance of 3D published electronics. Another key component of overall performance 

optimization is the submit-processing of 3D-published electronics. This entails the removal of assist 

materials, floor remedy to improve conductivity, and checking out to ensure the functionality of the final 

product. 

4.3. Cost-effectiveness 

The 3D printing era has revolutionized the manufacturing technique in recent years, with its capability 

to print three-dimensional objects with excessive precision and complexity. One region that has excellent 

capability for the application of 3D printing is electronics. 3D revealed electronics hold the promise of faster, 

greater efficient and price-effective manufacturing of digital devices. However, earlier than this turns out to 

be true, several demanding situations need to be addressed. One of the predominant demanding situations 

confronted in unlocking the potential of 3D printed electronics is the lack of suitable substances. 

Conventional 3D printers use plastic or metal materials, which are not conductive. This makes it tough to 

print practical electronic additives along with circuits, sensors, and antennas. In reaction to this challenge, 

researchers have been growing conductive and semi-conductive materials, particularly for 3D printing. 

Figure 6 indicates the evaluation of numerous algorithms for cost-effectiveness. 
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Figure 6. Comparison of cost-effectiveness. 

With the regular advancements in the generation, 3D printing has emerged as a recreation-converting 

technique for the production of complicated and custom-designed devices. However, with the developing 

name for added green and functional products, there has been a growing interest in exploring the potential of 

3D printing for electronics. This has brought approximately numerous traumatic situations and barriers in 

unlocking the complete potential of 3D printing electronics. But, with the help of modern answers, the 

overall performance of 3D discovered electronics may be appreciably greater. One of the main annoying 

situations in 3D printing electronics is the restricted fabric alternatives. 

4.4. Print quality 

With the consistent advancements in the era, 3D printing has emerged as a sport-converting technique 

for manufacturing complicated and custom-designed gadgets. However, with the growing call for extra 

efficient and functional products, there was a developing interest in exploring the ability of 3D printing for 

electronics. This has brought about several demanding situations and obstacles in unlocking the whole 

potential of 3D published electronics. However, with the assistance of modern answers, the overall 

performance of 3D revealed electronics may be appreciably enhanced. One of the main demanding situations 

in 3D printing electronics is the limited material alternatives. Maximum usually used 3D printing materials 

consisting of plastics and metals aren't conductive, which poses a problem in developing functional digital 

components. To conquer this mission, researchers have developed specialized substances in particular 

designed for 3D printing electronics. Those materials are conductive and may be used to create complex 

electronic circuits, sensors, and other additives. Every other undertaking is the compatibility of traditional 

electronic additives with 3D printing methods. Figure 7 shows the comparison of various algorithms for 

Print quality. 

Traditional digital additives aren't designed for 3D printing and might not work properly with the 

printing strategies and materials. To address this difficulty, there has been a considerable effort in developing 

new electronic components that might be optimized for 3D printing. 
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Figure 7. Comparison of print quality. 

5. Conclusion 

The conclusion of "Unlocking the Potential of 3D Printed Electronics: Challenges and Solutions" 

highlights the immense potential of 3D printing technology in the field of electronics. It discusses the various 

challenges that have hindered the widespread adoption of 3D printing in this industry, such as material 

limitations, process complexity, and cost. However, it also presents potential solutions to these challenges, 

such as the development of new materials and processes and the integration of 3D printing with other 

technologies like AI and automation. The paper emphasizes the need for collaboration and innovation in 

order to fully utilize the capabilities of 3D printing in electronics. It stresses the importance of 

interdisciplinary approaches and partnerships between various industries, experts, and researchers to 

overcome the challenges and drive the advancement of 3D printing in electronics. Additionally, the 

conclusion highlights the potential benefits of 3D printed electronics, such as faster prototyping, 

customization, and reduced waste and costs. It also acknowledges the potential impact of this technology on 

various industries, including healthcare, aerospace, and consumer electronics. Furthermore, the conclusion 

emphasizes the importance of continued research and development in this field to unlock the full potential of 

3D printed electronics. It also encourages the exploration of new applications and possibilities for this 

technology. Unlocking the potential of polymer 3D revealed electronics is a complicated and ongoing 

process. It poses numerous demanding situations which include fabric choice, compatibility issues, and 

procedure optimization. However, with innovative solutions along with superior substance development, 

publish-processing techniques, and layout optimization, these boundaries can be conquered to obtain 

excessive precision and practical 3D revealed digital devices. The advancements in polymer 3D printing 

technology have already brought about big breakthroughs in numerous industries, and its capacity for further 

innovation and boom is sizeable. With persistent studies and improvement, it is clear that polymer 3D 

printing will continue to play an essential role in shaping the future of electronics production, making it 

quicker, lower priced, and extra customizable. 
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