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Microfluidics, the science of the study and manipulation of small volumes of fluids, has played a 
fundamental role in the miniaturization of analytical devices. As a result, analytical microfluidic devices 
(AMD) can enhance portability, reduce costs, minimize sample and reagent consumption, increase analysis 
speed, and integrate and multiplex analytical steps. These features align with the principles of green 
chemistry and make AMD suitable for point-of-care diagnostics, environmental and remote monitoring, 
food safety, and many other applications.1,2

The development of AMD was boosted in the 1990s, and the first devices were usually fabricated on 
silicon or glass substrates using photolithography methods. However, these microfabrication techniques 
were expensive, laborious, and required complex and difficult-to-access facilities. Using polymeric 
substrates, microfabrication techniques such as micro-milling, embossing, and soft lithography made AMD 
fabrication more straightforward and affordable. Furthermore, better cost and fabrication simplicity were 
achieved using paper, thread, and fabric (cloth) as substrates for developing AMD.3–6 

In the last decade, another revolution in the fabrication of AMD has emerged: the use of three-dimensional 
(3D) printing.7 This additive fabrication method has transformed manufacturing in several fields, including 
analytical chemistry. Figure 1 illustrates the main steps required to 3D print an AMD. Initially, the microfluidic 
layout of the AMD is designed using computer-assisted design (CAD) software. Subsequently, the model 
is digitally sliced into layers, converted to a G-code, and sent to a 3D printer that builds the AMD layer by 
layer. The 3D-printing methods allow fast prototyping of AMD with complex and 3D architectures, which 
could be challenging to obtain by using the traditional microfabrication methods earlier cited. Thus, 3D 
printing has brought significant versatility for integrating diverse functionalities in AMD. As 3D printing is 
based on additive methods, there is less waste of material compared with traditional methods such as 
subtractive fabrication techniques. The most used 3D-printing techniques for fabricating AMD are the fused 
deposition model (FDM) and stereolithography (SLA), particularly digital light processing (DLP) and liquid 
crystal display (LCD) methods. Several review papers have provided a comprehensive overview of the 
advancements, challenges, applications, and perspectives of AMD fabricated by 3D-printing methods.8–10
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Figure 1. Schematic illustration of the 3D-printing fabrication process of an AMD.

The FDM 3D-printing method, based on the extrusion of melted thermoplastic materials, is simple and 
affordable but shows resolution limitations for manufacturing AMD that contain structures with dimensions 
below 200 µm. Our group has employed FDM 3D printing to manufacture AMD for nanoparticle synthesis11,12 
and colorimetric detections.13 Additionally, we have improved this 3D-printing process by optimizing the 
geometry of the extrusion nozzles and the printing parameters to obtain microchannels with a width of 
about 70 µm.14 This achievement has allowed multi-material printing of an AMD to conduct capillary 
electrophoresis separations with capacitively coupled contactless conductivity detection (C4D).15 

DLP and LCD 3D printing are based on layer-by-layer photopolymerization of a photocurable resin using 
ultraviolet-visible (UV-vis) light. These 3D-printing techniques provide better print finishing and resolution 
than FDM: They are suitable for fabricating detailed AMD with dimensions below 100 µm. Our research 
group demonstrated that a DLP 3D printer could fabricate AMD with complex geometries, including devices 
containing microchannels and spiral electrodes around the separation channel for microchip electrophoresis 
and C4D.16 Additionally, a straightforward adaption of a DLP 3D printer allowed us to perform multi-material 
printing.17 There has been a marked decrease in the cost of DLP and LCD printers in recent years, making 
them affordable for research groups interested in manufacturing customized AMD. 

As perspectives, developing new materials for 3D printing with tunable features such as electrical 
conductivity, porosity, flexibility, and chemical functionality continue to be a hot topic. The constant 
advancements in the multi-material 3D-printing processes could allow the fabrication of AMD with different 
materials. These advancements will bring more functionality to AMD and facilitate the integration of sample 
preparation, separation, detection, and other analytical steps in these devices. The resolution and print 
speed of commercial 3D printers are constantly being improved, which indicates a promising future for the 
scalability of the production of AMD.

In summary, 3D printing has fostered a breakthrough in the manufacturing of AMD, allowing fast 
prototyping of customized, intricate, and multifunctional designs. The trends in developing new functional 
materials, multi-material printing processes, improved resolution, and faster print speed show much room 
for creating innovative AMD for several applications, including diagnostic, environmental monitoring, food 
safety, and more.

REFERENCES
(1) Aryal, P.; Hefner, C.; Martinez, B.; Henry, C. S. Microfluidics in Environmental Analysis: Advancements, 

Challenges, and Future Prospects for Rapid and Efficient Monitoring. Lab Chip 2024, 24, 1175–1206. 
https://doi.org/10.1039/d3lc00871a

(2) Mousaabadi, K. Z.; Vandishi, Z. T.; Kermani, M.; Arab, N.; Ensafi, A. A. Recent Developments toward 
Microfluidic Point-of-Care Diagnostic Sensors for Viral Infections. TrAC, Trends Anal. Chem. 2023, 
169. https://doi.org/10.1016/j.trac.2023.117361

Braz. J. Anal. Chem. 2025, 12 (46), pp 14-17.

https://doi.org/10.1039/d3lc00871a
https://doi.org/10.1016/j.trac.2023.117361


16

(3) Zhao, Z.; Li, Q.; Chen, L.; Zhao, Y.; Gong, J.; Li, Z.; Zhang, J. A Thread/Fabric-Based Band as a 
Flexible and Wearable Microfluidic Device for Sweat Sensing and Monitoring. Lab Chip 2021, 21 (5), 
916–932. https://doi.org/10.1039/d0lc01075h

(4) Agustini, D.; Caetano, F. R.; Quero, R. F.; Fracassi Da Silva, J. A.; Bergamini, M. F.; Marcolino-Junior, 
L. H.; De Jesus, D. P. Microfluidic Devices Based on Textile Threads for Analytical Applications: 
State of the Art and Prospects. Anal. Methods 2021, 13 (41), 4830–4857. https://doi.org/10.1039/
d1ay01337h

(5) Carrilho, E.; Martinez, A. W.; Whitesides, G. M. Understanding Wax Printing: A Simple Micropatterning 
Process for Paper-Based Microfluidics. Anal. Chem. 2009, 81 (16), 7091–7095. https://doi.
org/10.1021/ac901071p

(6) Murray, L. P.; Mace, C. R. Usability as a Guiding Principle for the Design of Paper-Based, Point-
of-Care Devices – A Review. Anal. Chim. Acta 2020, 1140, 236–249. https://doi.org/10.1016/j.
aca.2020.09.063

(7) Nielsen, A. V; Beauchamp, M. J.; Nordin, G. P.; Woolley, A. T. 3D Printed Microfluidics. Annu. Rev. 
Anal. Chem. 2020, 13, 45–65. https://doi.org/10.1146/annurev-anchem-091619-102649

(8) Pradela Filho, L. A.; Paixão, T. R. L. C.; Nordin, G. P.; Woolley, A. T. Leveraging the Third Dimension 
in Microfluidic Devices Using 3D Printing: No Longer Just Scratching the Surface. Anal. Bioanal. 
Chem. 2024, 416 (9), 2031–2037. https://doi.org/10.1007/s00216-023-04862-w

(9) Wang, L.; Pumera, M. Recent Advances of 3D Printing in Analytical Chemistry: Focus on Microfluidic, 
Separation, and Extraction Devices. TrAC, Trends Anal. Chem. 2021, 135. https://doi.org/10.1016/j.
trac.2020.116151

(10) Esene, J. E.; Nasman, P. R.; Akuoko, Y.; Tahir, A.; Woolley, A. T. Past, Current, and Future Roles 
of 3D Printing in the Development of Capillary Electrophoresis Systems. TrAC, Trends Anal. Chem. 
2023, 162. https://doi.org/10.1016/j.trac.2023.117032

(11) Bressan, L. P.; Robles-Najar, J.; Adamo, C. B.; Quero, R. F.; Costa, B. M. C.; de Jesus, D. P.; da 
Silva, J. A. F. 3D-Printed Microfluidic Device for the Synthesis of Silver and Gold Nanoparticles. 
Microchem. J. 2019, 146, 1083–1089. https://doi.org/10.1016/j.microc.2019.02.043

(12) Bressan, L. P.; Lima, T. M.; da Silveira, G. D.; da Silva, J. A. F. Low-Cost and Simple FDM-Based 
3D-Printed Microfluidic Device for the Synthesis of Metallic Core–Shell Nanoparticles. SN Appl. Sci. 
2020, 2 (5). https://doi.org/10.1007/s42452-020-2768-2

(13) Bressan, L. P.; Adamo, C. B.; Quero, R. F.; De Jesus, D. P.; Da Silva, J. A. F. A Simple Procedure 
to Produce FDM-Based 3D-Printed Microfluidic Devices with an Integrated PMMA Optical Window. 
Anal. Methods 2019, 11 (8), 1014–1020. https://doi.org/10.1039/c8ay02092b

(14) Quero, R. F.; da Silveira, G. D.; da Silva, J. A. F.; de Jesus, D. P. Understanding and Improving FDM 
3D Printing to Fabricate High-Resolution and Optically Transparent Microfluidic Devices. Lab Chip 
2021, 21, 3715–3729. https://doi.org/10.1039/d1lc00518a

(15) Quero, R.; Costa, B.; Fracassi da Silva, J.; de Jesus, D. P. Using Multi-Material Fused Deposition 
Modeling (FDM) for One-Step 3d Printing of a Microfluidic Capillary Electrophoresis Device with 
Integrated Electrodes for Capacitively Coupled Contactless Conductivity Detection. Sens. Actuators, 
B 2022, 365, 131959. https://doi.org/10.1016/j.snb.2022.131959

(16) Costa, B. M. C.; Coelho, A. G.; Beauchamp, M. J.; Nielsen, J. B.; Nordin, G. P.; Woolley, A. T.; 
da Silva, J. A. F. 3D-Printed Microchip Electrophoresis Device Containing Spiral Electrodes for 
Integrated Capacitively Coupled Contactless Conductivity Detection. Anal. Bioanal. Chem. 2021, 
414, 5–8. https://doi.org/10.1007/s00216-021-03494-2

(17) Quero, R.; de Jesus, D. P.; da Silva, J. A. F. Simple Modification to Allow High-Efficiency and High-
Resolution Multi-Material 3D-Printing Fabrication of Microfluidic Devices. Lab Chip 2023, 23 (16), 
3694–3703. https://doi.org/10.1039/D3LC00356F

Quero, R. F.; Fracassi da Silva, J. A.; de Jesus, D. P. How is 3D Printing Revolutionizing the 
Design and Fabrication of Analytical Microfluidic Devices? 

https://doi.org/10.1039/d0lc01075h
https://doi.org/10.1039/d1ay01337h
https://doi.org/10.1039/d1ay01337h
https://doi.org/10.1021/ac901071p
https://doi.org/10.1021/ac901071p
https://doi.org/10.1016/j.aca.2020.09.063
https://doi.org/10.1016/j.aca.2020.09.063
https://doi.org/10.1146/annurev-anchem-091619-102649
https://doi.org/10.1007/s00216-023-04862-w
https://doi.org/10.1016/j.trac.2020.116151
https://doi.org/10.1016/j.trac.2020.116151
https://doi.org/10.1016/j.trac.2023.117032
https://doi.org/10.1016/j.microc.2019.02.043
https://doi.org/10.1007/s42452-020-2768-2
https://doi.org/10.1039/c8ay02092b
https://doi.org/10.1039/d1lc00518a
https://doi.org/10.1016/j.snb.2022.131959
https://doi.org/10.1007/s00216-021-03494-2
https://doi.org/10.1039/D3LC00356F


17

Reverson Fernandes Quero graduated with a master’s and PhD in 
Chemistry, and completed a post-doctoral fellowship in Analytical 
Chemistry at the State University of Campinas. His expertise is in additive 
manufacturing of microfluidic devices. Over the past 8 years, he has 
focused on the research and development of 3D-printed analytical 
microfluidic devices, the optimization of additive manufacturing systems, 
and the development of new polymers for 3D printing, and has contributed 
to academic publications and patent development.

 Scopus Author ID: 57205677091

José Alberto Fracassi da Silva graduated with a degree in Chemistry 
from the Sao Paulo State University in 1996, where he also received his 
Ph.D. in Analytical Chemistry in 2001. This was followed by a postdoctoral 
position at the Laboratory of Integrated Systems, Polytechnic School, the 
University of Sao Paulo (Brazil). In 2004, he obtained a position at State 
University of Campinas (Brazil). In 2010, he was a visiting scholar at the 
Ralph Adams Institute for Bioanalytical Chemistry, University of Kansas 
(USA). At present, he is an Associate Professor at the Chemistry Institute 
and Head of the Department of Analytical Chemistry, the State University 
of Campinas. His main research interests are bioanalytical applications 
involving oxygen and nitrogen reactive species, instrumentation and 
methods for capillary electrophoresis, and microfabrication strategies and 

materials for lab on a chip microsystems and integrated sensors. 
 Web of Science ResearcherID: B-6384-2012

Dosil Pereira de Jesus received his MS (1999) and PhD (2003) in 
Analytical Chemistry from the Institute of Chemistry at the University of 
São Paulo (Brazil), where he was a postdoctoral research fellow (2004–
2005). From 2009 to 2010, he was a visiting scholar at the Department of 
Chemistry and Chemical Biology, Harvard University (USA). He is an 
Associate Professor at the Department of Analytical Chemistry – Institute 
of Chemistry at the State University of Campinas (Brazil). His research 
focuses on capillary electrophoresis separations, 3D printing, and the 
development of microfluidic devices for applications in chemical analysis 
and nanometrology.

 Web of Science ResearcherID: I-8398-2012

Braz. J. Anal. Chem. 2025, 12 (46), pp 14-17.

https://www.scopus.com/authid/detail.uri?authorId=57205677091
https://www.webofscience.com/wos/author/record/B-6384-2012
https://www.webofscience.com/wos/author/record/I-8398-2012

