
3D Printing-Assisted Fabrication of Microfluidic 
Pneumatic Valves 

Abstract—Pneumatic valves have a crucial place in the fluidic 
control in microfluidic systems. Pneumatic valves containing 
polydimethylsiloxane (PDMS) membrane structures are used in 
microfluidic systems such as cell separation, and cell manipulation 
due to their flexible structure, and ease of production. This study 
demonstrates the rapid and straightforward fabrication of 
pneumatic valve structures using PDMS membranes, achieved 
through the utilization of 3D-printed molds. As a result of our 
experiments, we observed valve closure in a fluidic channel with a 
height of 150 µm. This closure was achieved by utilizing 400 µm × 
800 µm PDMS membrane with a thickness of 66 µm positioned 
between the fluidic and control channels, while applying 1.5 bar of 
pressure to the control channel. When the pressure is removed, the 
opening time of the valve is only 0.02 s, and this response time 
allows rapid valving function. The presented valve fabrication 
strategy would allow easy and low-cost production of sophisticated 
microfluidic chips. 

Keywords—Pneumatic valve; microfluidics; PDMS membrane; 
flow control 

I.  INTRODUCTION 
Microfluidic systems have played a remarkable role in a 

wide range of applications, from chemical analysis to 
biomedical diagnostics [1-2]. In the basis of microfluidic 
systems, pneumatic valves, especially valves in which 
polydimethylsiloxane (PDMS) membranes are used, provide 
microscale fluid manipulation play and an important role for 
fluidic automation [2-3]. Additionally, due to their excellent on-
off and leak-proof qualities, pneumatic valves are highly useful 
for lab-on-chip (LOC) devices that are often employed in 
biomedical applications [3]. The valves can also be used for 
drug delivery systems for the injection and adjustment of 
medication dosages [4]. 

Biological analytes such as protein can be purified and 
analyzed in microfluidic chips produced using multiple PDMS 
valve structures [5-6]. PDMS membranes are very 
advantageous thanks to their flexible structure and 
biocompatibility [7-8]. These membranes can have different 
sizes and thicknesses, fabricating using the soft lithography 
method [8-9]. In cell manipulation and cell sorting applications, 
these valves containing PDMS membrane offer controlled and 
easy analysis in microfluidic chips [10-11]. However, to 
fabricate these valves, expensive infrastructures and cleanroom 

environments are necessary that limits their usages. The 
fabrication strategy developed here with 3D printing offers 
rapid and low-cost fabrication of pneumatic valves with PDMS 
membranes using 3D printed molds. With this study, it is 
envisioned that affordable microfluidic chips with integrated 
valves can be realized for automated fluidic operations with the 
proposed fabrication strategy. 

 

II. METHODS 
     The pneumatic microfluidic valves in different sizes were 
realized in 2-layer PDMS composed of fluidic and control 
channels. When the air pressure is applied to the liquid-filled 
control channel, the flexible thin PDMS membrane at the top of 
the fluidic channel collapses and blocks the fluidic flow (Fig. 
1). The molds for PDMS layers were printed at a resolution of 
25 µm by a 3D printing system (Formlabs Form 3, High Temp). 
Afterwards, post-cure was carried out for 120 minutes at 80ºC. 
200, 400, and 800 µm channel widths were chosen for control 
and fluidic channels. Channel heights were 150 µm. The PDMS 
mixture was prepared by mixing the PDMS base and the curing 
agent with 10:1 (w/w) ratio [12]. The fluidic channels were 
fabricated by spin-coating PDMS mixture at 500 rpm, for 30 
second to realize 216 µm thick PDMS [13]. The control 
channels were fabricated by pouring PDMS mixture of 2 mm 
thickness. Then, PDMS mixtures on molds were cured in an 
incubator for 1 hour at 100ºC. The cured PDMS layer for 
control channels was peeled off from the mold, and holes were 
punched for inlets using 15-gauge needles. The air plasma was 
then applied for 1 min at 100 W and 0.5 Torr (ZEPTO, Diener), 
on PDMS layers of control and fluidic channels to bond them. 
By doing so, thin PDMS membranes with a thickness of 66 µm 
were realized on the overlapping control and fluidic channels. 
Then, holes were punched for the inlets and outlets of fluidic 
channels. Air plasma treatment was applied to bond PDMS 
layers and a glass substrate seamlessly for realizing a 
monolithic microfluidic chip (Fig. 2). To eliminate air 
penetration through PDMS membranes, the control channels 
were filled with deionized water. Pressurized nitrogen gas was 
applied on the control channels for valving purposes.  
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Fig 1. Pneumatic microfluidic valve structure a) without and with b) applied 

pressure on the control channel. 

 

 
Fig 2. Photograph of fabricated microfluidic chip composed of control and 

fluidic channels filled with water and blue color solution, respectively. 

III. RESULTS AND DISCUSSION 
     Control and fluidic channels with different widths were 
fabricated on their 3D printed molds. The channel widths      
designed in the mold were 200, 400 and 800 µm.  However, the 
widths of fabricated PDMS channels were 346.031 µm,  
489.083 µm, and 887.311 µm for fluidic channel, and 310 ± 47 
µm, 468 ± 60 µm and 868 ± 64µm for control channels (Fig. 3).  
 
    Valving was realized by applying 1.5 bar pressure on 
different channel sizes without a fluidic flow (Fig. 4). Valve 
closure was observed in the configuration for fluidic channel 
with 800 µm width, and control channels with 400 µm and 800 
µm widths. As the PDMS membrane enlarged, the valves could 
be closed. We also checked the valving with fluidic channels 
having 800 µm width in different pressures while introducing 
0.5 mL/h flow rate in fluidic channels (Fig. 5). We observed 
that valving still was realized with 1.5 bar for control channels 
having 800 µm width and 2 bar for control channels with 400 
µm width. These pressure values are lower than the PDMS 
bonding strength of 4 bar [14]. It means that these valves can be 
safely used in microfluidic systems. Moreover, when the 
pressure is removed, the valve opening time is approximately 
0.02 seconds (Fig. 6). Thus, this valving strategy can also offer 
fast fluidic manipulation in microfluidic systems.  
 
     The valve with an 800 µm control and flow channel has a 
dead volume of approximately 96 nL. Therefore, these valves 
offer no significant samples losses. Elliptical channels were 
successfully worked for valving without the need of additional 

processing [15]. Unlike 3D printed channels [16], printed molds 
offer the advantage of reusability for the fabrication of 
channels. Furthermore, our fabrication strategy with 3D 
printing eliminates the need for a cleanroom environment and 
photolithography steps as in traditional soft lithography 
methods, which require long and expensive processes. 
Consequently, the integration of microfluidic valves into 
various designs becomes effortless, meeting the growing need 
for automating complex protocols at the chip level. 
 
 

 
Fig 3. Micrographs of cross-sectional area of PDMS channels. Scale bar: 100 

µm 

 

 

 
Fig 4. Micrographs of valves with 1.5 bar applied pressure on control channels: 

a) fluidic channel of with a width of 200 µm and control channels with widths 

of 200 µm, 400 µm, and 800 µm respectively, b) fluidic channel with a width 

of 400 µm and control channels with widths of 200 µm, 400 µm, and 800 µm 

respectively, c) for fluidic channel with a width of 800 µm and control channels 

with widths of 200 µm, 400 µm, and 800 µm respectively. Food dye solutions 

were filled in fluidic channels. Scale bar: 200 µm 
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Fig 5. Micrographs of valves under different control pressures and a fluidic flow 

of 0.5 mL/hr. The valves are composed of control channels with a width of 800 

µm and fluidic channels with a width of a) 400 µm and b) 800 µm, respectively. 

Fluidic channels are filled with a blue food dye solution. Scale bar: 200 µm. 

 

 
 

Fig 6. Micrographs of valves after pressure is removed. The valves are 

composed of control channel and fluidic channel with a width both of 800 µm. 

The fluidic channel is filled with a blue food dye solution.   

IV. CONCLUSION 
In this study, the rapid and affordable fabrication of 

pneumatic microfluidic valves from PDMS using 3D printed 
molds were shown. By using a thin (66 µm) and a wide (at least 
400 µm × 800 µm) PDMS membrane between control and 
fluidic channels, valving can be achieved with an applied 
pressure of ≥1.5 bar on control channels. The rapid recovery of 
the valve, when the applied pressure is removed, allows the 
repeated and instant usage of these valves. Since the fabrication 
of pneumatic microfluidic valves has been facilitated with 3D 
printing molds, as they do not require expensive and complex 
manufacturing methods, we expect that the findings presented 
in this study will contribute to the broader adoption and 
dissemination of pneumatic valves. 
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