
Innovative applications of 3D-printed nanomaterials in the development of 
next-generation smart devices

MINI REVIEW

Eric Klein and Henry Ortega
Nanosciences and Nanoengineering Institute, University of California, Berkeley, USA

Introduction

© 2024 The Author(s). Published by Reseapro Journals. This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

*Correspondence:  Dr. Eric Klein, Nanosciences and Nanoengineering Institute, University of California, Berkeley, USA, e-mail: klein.e@gmail.com 

Next-generation smart devices have been made possible by the combination of nanomaterials and 
3D printing technology. High surface area, superior electrical conductivity, and remarkable 
mechanical strength are just a few of the special properties of nanomaterials that make it easier to 
create sophisticated, multipurpose devices with improved performance. Researchers have developed 
a number of cutting-edge applications, such as �exible wearable electronics, high-performance 
sensors, and energy storage systems, by leveraging the accuracy and versatility of 3D printing. This 
mini-review highlights notable advancements in the use of 3D-printed nanomaterials in a variety of 
industries, with a focus on renewable energy, healthcare, and environmental monitoring. Along with 
discussing potential future developments for hybrid materials and next-generation fabrication 
techniques, it also tackles the issues of material compatibility, scalability, and device reliability. The 
combination of 3D printing and nanotechnology has the potential to completely transform the smart 
device market, lead to new developments in customized electronics, and more.
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3D printing technology combined with cutting-edge 
nanomaterials has paved the way for the creation of 
next-generation smart devices. Because of their special 
qualities, which include a high surface-to-volume ratio, 
remarkable mechanical strength, and superior electrical and 
thermal conductivity, nanomaterials are pushing the 
boundaries of material performance [1,2]. When paired with 
3D printing's adaptability, these materials allow for the creation 
of intricate, multipurpose, and highly customized devices that 
were previously impossible to achieve using conventional 
manufacturing techniques. By building things layer by layer 
from digital models, 3D printing, also known as additive 
manufacturing, gives users exact control over the �nal product's 
geometry and structure. Scientists have developed new classes 
of smart devices with improved capabilities by adding 
nanomaterials to the printing process. �ese include biomedical 
implants, wearable sensors, �exible electronics, and energy 
storage systems [3]. Along with being more compact and 
e�ective, these gadgets can also do things like monitor in real 
time and react adaptively to external stimuli. Healthcare, 
consumer electronics, aerospace, and environmental 
monitoring are just a few of the industries that stand to bene�t 
greatly from this combination of 3D printing and 
nanomaterials. Wearable technology has been transformed, for 
instance, by the creation of �exible biosensors utilizing 
graphene-based nanomaterials [4,5].

Types of Nanomaterials Used in 3D Printing
�e use of nanomaterials in 3D printing has led to new 
possibilities for creating cutting-edge smart devices with 
improved functions. Due to their distinctive electrical, 
mechanical, and thermal characteristics, these nanomaterials 

signi�cantly enhance the performance and versatility of printed 
parts [6]. Below are several important categories of 
nanomaterials employed in 3D printing:

Carbon-based nanomaterials
Carbon nanomaterials, including graphene, graphene oxide 
(GO), and carbon nanotubes (CNTs), are commonly used for 
their outstanding electrical conductivity, mechanical strength, 
and �exibility [7]. Composites that include graphene are being 
developed for �exible electronics, while polymers infused with 
CNTs enhance mechanical properties and conductivity, making 
them ideal for wearable and stretchable smart devices.

Metallic nanomaterials
Metal nanoparticles such as silver, gold, and copper are utilized 
for their remarkable electrical and thermal conductivities. Silver 
nanoparticles are particularly valuable in creating conductive 
inks for printed electronics, while copper nanoparticles present 
a more a�ordable option. Gold nanoparticles are also being 
investigated for their potential in biosensing applications due to 
their compatibility with biological systems [8].

Polymeric nanocomposites
Nanocomposites are formed by embedding nanomaterials into 
polymeric matrices, resulting in materials with superior 
mechanical strength, �exibility, and thermal stability. �ese 
composites are crucial for applications demanding lightweight, 
durable, and multifunctional devices, such as smart wearables 
and energy storage technologies [9,10].

Ceramic nanomaterials
Nanoceramics like zirconia and alumina o�er high thermal 

stability, chemical resistance, and mechanical hardness. �ese 
materials are used in applications that involve high 
temperatures and biomedical �elds, such as 3D-printed bone 
implants and dental prosthetics [11].

 �e combined use of these nanomaterials with advanced 
3D printing methods facilitates the creation of bespoke, 
high-performance smart devices, setting the stage for future 
advancements across various sectors.

Innovative Applications in Smart Devices
�e integration of nanomaterials with 3D printing has ushered 
in a new era of cutting-edge smart devices. By utilizing the 
distinctive features of nanomaterials, such as a large surface 
area, high conductivity, and enhanced mechanical strength, 
3D-printed gadgets are evolving to become more intelligent, 
e�cient, and customizable [12]. Here are several noteworthy 
innovative uses:

Wearable electronics
Devices that use nanomaterials and are 3D-printed are 
spearheading advancements in personalized health monitoring. 
�ese wearable devices, featuring sensors cra�ed from 
conductive nanomaterials such as graphene or carbon 
nanotubes, can monitor vital signs, sense environmental shi�s, 
and wirelessly relay data [13]. �eir adaptable and stretchable 
nature makes them ideal for prolonged, continuous wear.

High-performance sensors
�e 3D printing of nanomaterials has facilitated the 
development of highly sensitive sensors applicable in 
environmental surveillance, chemical identi�cation, and 
biomedical analysis. Sensors constructed from metallic 
nanoparticles like silver or gold provide exceptional precision 
and quick response times, making them well-suited for 
detecting minute quantities of gases or biological indicators 
[14].

Energy storage and harvesting devices
Batteries and supercapacitors enhanced with nanomaterials 
through 3D printing exhibit increased energy density, quicker 
charge-discharge cycles, and extended longevity. Moreover, 
nanostructured materials, such as 3D-printed graphene, can be 
utilized in energy harvesting devices like solar panels and 
piezoelectric systems, paving the way for self-sustaining smart 
technologies [15].

Biomedical devices
In the �eld of biomedicine, devices based on 3D-printed 
nanomaterials, including implants and prosthetics, provide 
enhanced biocompatibility and functionality. Additionally, 
drug delivery systems developed with nanomaterials allow for 
controlled and localized release of medications, thereby 
improving treatment e�ectiveness while minimizing adverse 
e�ects.

 �ese advancements illustrate how the combination of 
nanomaterials and 3D printing is revolutionizing the 
technology behind smart devices, propelling progress in 
healthcare, environmental monitoring, and energy e�ciency. 
As research progresses, we can anticipate the emergence of even 

more advanced and multifunctional devices in the near future.

Challenges and Future Directions
Despite the encouraging potential of 3D-printed nanomaterials 
for applications in smart devices, several obstacles still exist. A 
signi�cant challenge is the scalability of the printing methods, 
as existing technologies �nd it di�cult to generate large 
quantities of high-quality, uniform nanomaterial structures 
[16]. Moreover, when compared to conventional manufacturing 
methods, the mechanical properties and compatibility of 
3D-printed nanomaterials o�en do not meet expectations. 
Problems such as limited resolution, material strength, and 
conductivity in printed nanocomposites need to be resolved. 
Looking forward, upcoming innovations may prioritize the 
development of hybrid materials that integrate various 
nanomaterials for improved characteristics, as well as 
enhancing multi-material 3D printing techniques to create 
more intricate and functional devices. Additionally, research 
aimed at optimizing printing processes for quicker, more 
cost-e�ective production will be crucial for the widespread 
acceptance of these technologies in future smart devices.

Conclusions
�e incorporation of 3D-printed nanomaterials has shown 
signi�cant promise in transforming the creation of advanced 
smart devices. By merging the adaptability of 3D printing with 
the distinct characteristics of nanomaterials, a diverse range of 
applications has been developed, including wearable 
technology, sensors, energy storage solutions, and biomedical 
implants. �e capacity to design and produce tailored devices at 
the micro and nanoscale, featuring improved mechanical, 
electrical, and chemical properties, paves the way for 
groundbreaking solutions in healthcare, electronics, and 
environmental assessment. 

 However, obstacles like scalability, material compatibility, 
and the need for precise control over the printing process pose 
major challenges to the widespread use of 3D-printed 
nanomaterials. As research advances in the discovery of new 
materials and hybrid methods, upcoming innovations are 
anticipated to enhance the quality, performance, and 
functionality of smart devices. 

 In the years ahead, the synergy between nanotechnology, 
3D printing, and smart device engineering is expected to herald 
a new period of customized, high-e�ciency devices that can 
respond to individual user preferences and surrounding 
conditions. Ongoing investigation and re�nement of 
3D-printed nanomaterials will not only propel the future of 
smart devices but will also broaden their capability to tackle 
urgent global issues related to health, sustainability, and 
connectivity.
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drug delivery systems developed with nanomaterials allow for 
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3D-printed nanomaterials o�en do not meet expectations. 
Problems such as limited resolution, material strength, and 
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Looking forward, upcoming innovations may prioritize the 
development of hybrid materials that integrate various 
nanomaterials for improved characteristics, as well as 
enhancing multi-material 3D printing techniques to create 
more intricate and functional devices. Additionally, research 
aimed at optimizing printing processes for quicker, more 
cost-e�ective production will be crucial for the widespread 
acceptance of these technologies in future smart devices.

Conclusions
�e incorporation of 3D-printed nanomaterials has shown 
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smart devices. By merging the adaptability of 3D printing with 
the distinct characteristics of nanomaterials, a diverse range of 
applications has been developed, including wearable 
technology, sensors, energy storage solutions, and biomedical 
implants. �e capacity to design and produce tailored devices at 
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electrical, and chemical properties, paves the way for 
groundbreaking solutions in healthcare, electronics, and 
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and the need for precise control over the printing process pose 
major challenges to the widespread use of 3D-printed 
nanomaterials. As research advances in the discovery of new 
materials and hybrid methods, upcoming innovations are 
anticipated to enhance the quality, performance, and 
functionality of smart devices. 

 In the years ahead, the synergy between nanotechnology, 
3D printing, and smart device engineering is expected to herald 
a new period of customized, high-e�ciency devices that can 
respond to individual user preferences and surrounding 
conditions. Ongoing investigation and re�nement of 
3D-printed nanomaterials will not only propel the future of 
smart devices but will also broaden their capability to tackle 
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e�cient, and customizable [12]. Here are several noteworthy 
innovative uses:

Wearable electronics
Devices that use nanomaterials and are 3D-printed are 
spearheading advancements in personalized health monitoring. 
�ese wearable devices, featuring sensors cra�ed from 
conductive nanomaterials such as graphene or carbon 
nanotubes, can monitor vital signs, sense environmental shi�s, 
and wirelessly relay data [13]. �eir adaptable and stretchable 
nature makes them ideal for prolonged, continuous wear.

High-performance sensors
�e 3D printing of nanomaterials has facilitated the 
development of highly sensitive sensors applicable in 
environmental surveillance, chemical identi�cation, and 
biomedical analysis. Sensors constructed from metallic 
nanoparticles like silver or gold provide exceptional precision 
and quick response times, making them well-suited for 
detecting minute quantities of gases or biological indicators 
[14].

Energy storage and harvesting devices
Batteries and supercapacitors enhanced with nanomaterials 
through 3D printing exhibit increased energy density, quicker 
charge-discharge cycles, and extended longevity. Moreover, 
nanostructured materials, such as 3D-printed graphene, can be 
utilized in energy harvesting devices like solar panels and 
piezoelectric systems, paving the way for self-sustaining smart 
technologies [15].

Biomedical devices
In the �eld of biomedicine, devices based on 3D-printed 
nanomaterials, including implants and prosthetics, provide 
enhanced biocompatibility and functionality. Additionally, 
drug delivery systems developed with nanomaterials allow for 
controlled and localized release of medications, thereby 
improving treatment e�ectiveness while minimizing adverse 
e�ects.

 �ese advancements illustrate how the combination of 
nanomaterials and 3D printing is revolutionizing the 
technology behind smart devices, propelling progress in 
healthcare, environmental monitoring, and energy e�ciency. 
As research progresses, we can anticipate the emergence of even 

more advanced and multifunctional devices in the near future.

Challenges and Future Directions
Despite the encouraging potential of 3D-printed nanomaterials 
for applications in smart devices, several obstacles still exist. A 
signi�cant challenge is the scalability of the printing methods, 
as existing technologies �nd it di�cult to generate large 
quantities of high-quality, uniform nanomaterial structures 
[16]. Moreover, when compared to conventional manufacturing 
methods, the mechanical properties and compatibility of 
3D-printed nanomaterials o�en do not meet expectations. 
Problems such as limited resolution, material strength, and 
conductivity in printed nanocomposites need to be resolved. 
Looking forward, upcoming innovations may prioritize the 
development of hybrid materials that integrate various 
nanomaterials for improved characteristics, as well as 
enhancing multi-material 3D printing techniques to create 
more intricate and functional devices. Additionally, research 
aimed at optimizing printing processes for quicker, more 
cost-e�ective production will be crucial for the widespread 
acceptance of these technologies in future smart devices.

Conclusions
�e incorporation of 3D-printed nanomaterials has shown 
signi�cant promise in transforming the creation of advanced 
smart devices. By merging the adaptability of 3D printing with 
the distinct characteristics of nanomaterials, a diverse range of 
applications has been developed, including wearable 
technology, sensors, energy storage solutions, and biomedical 
implants. �e capacity to design and produce tailored devices at 
the micro and nanoscale, featuring improved mechanical, 
electrical, and chemical properties, paves the way for 
groundbreaking solutions in healthcare, electronics, and 
environmental assessment. 

 However, obstacles like scalability, material compatibility, 
and the need for precise control over the printing process pose 
major challenges to the widespread use of 3D-printed 
nanomaterials. As research advances in the discovery of new 
materials and hybrid methods, upcoming innovations are 
anticipated to enhance the quality, performance, and 
functionality of smart devices. 

 In the years ahead, the synergy between nanotechnology, 
3D printing, and smart device engineering is expected to herald 
a new period of customized, high-e�ciency devices that can 
respond to individual user preferences and surrounding 
conditions. Ongoing investigation and re�nement of 
3D-printed nanomaterials will not only propel the future of 
smart devices but will also broaden their capability to tackle 
urgent global issues related to health, sustainability, and 
connectivity.
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