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1 Summary 

This work provides the experimental evidence that consistent monodisperse 
droplets generation is possible using Fluidic Factory 3D printer technology 
for fast microfluidic prototyping. 

Microfabrication is a key step in the development of a new microfluidic 
device. Common microfluidic manufacturing techniques (wet-etching, soft 
lithography, micromilling plus bonding, etc…) are time-consuming and costly. 
This slows down research and the route to market due to unavoidable 
reiterations during the prototyping phase. In today’s highly dynamic 
research environment, the ability to flexibly, iteratively, and quickly 
prototyping microfluidic components is crucial (Figure 1). 

 

 

Figure 1. Microfluidic development work-flow 

 

The formation of droplets of oil-in-water or water-in-oil has a range of uses 
in science and industry. In this application, we present an inexpensive 
microfluidic prototype chip for the production of monodisperse water-in-oil 
droplets. The chip is first designed using commercially available CAD 
software. The file is then converted using the dedicated Fluidic Factory 
software in the phff format for the generation of the printing path, and 
finally, 3D printed. The chip is specifically designed to fit the standard 
Dolomite connectors and interface. Dolomite pumping systems are 
employed to dispense the fluids to the chip. Droplets characterization is 
carried out by means of the Dolomite Droplet Monitor software. Droplet size 
can be tuned in the microsize range by changing the oil and water flow ratio. 
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2 Microfluidic Chip Design 

Certain fluids such as polymer solutions can cause surface fouling in 
standard droplet chips, reducing production run duration and chip lifetime. 
Flow focusing chips are typically designed to reduce fouling by utilising a 
“pore” structure on the outlet side of the droplet-forming junction. This 
induces the droplet fluid to detach from the top and bottom walls well 
upstream of the breakoff point. As the length of the interface in contact with 
these walls is reduced, the rate of surface fouling is reduced, allowing much 
longer production runs. 

The microfluidic flow-focusing chip used in the present work is shown in 
Figure 2. Cyclic olefin copolymer (COC), which has been identified as an 
optimum polymer for the Fluidic Factory, is naturally hydrophobic and is 
therefore suitable for the formation of water-in-oil droplets. 

 

Figure 2. 3D flow focusing chip CAD design. 

The channel size has a rhomboidal cross-section (Figure 3a) of h = w = 400 
µm at the X-junction point. Whereas, the outer channel is larger with a size 
of h = w = 800 µm. The chip is specifically designed to fit the Dolomite Top 
Interface 4-way (4mm) (Part No. 3000109) and works in conjunction with 
the Linear Connector 4-way (Part No. 3000024), providing fluidic 
connections to the top surface of the COC 3D printed chips. The inlets and 
the outlet are designed on the top surface of the microfluidic device. 

  

Figure 3. Rhomboidal cross-section (a). Channel roughness by overhanging method 
(b). 

Fluidic Factory uses two different methods of creating closed channels 
without using a support material: overhanging method and bridging method 
(Figure 4). The Fluidic Factory software evaluates the slope of the tangent 
line to each point on the design perimeter. If the slope is ≥ 45º, the 
overhanging mode will be used. If the slope is < 45º, bridging mode will occur. 
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Overhang method needs fewer layers than flat roof for the same pressure 
sealing capability. For this reason, we decided to design the chip with a 
rhomboidal cross-section. 

  
Figure 4. Overhanging method (a). bridging method (b). 

The chip layout respects the Fluidic Factory design guidelines provided with 
the machine. The CAD geometry is saved as stl format to be processed by 
the Fluidic Factory software for the generation of the printing path (phff file). 
Fine printing mode is the selected design quality for the 3D printed chip. The 
chip is made of 26 layers of COC polymers packed together using the novel 
“FDM squashed bead method” (Figure 5). This printing mechanism ensures 
excellent adherence, optimal polymer quality and allows filaments to melt 
together when depositing on top of each other to achieve leak-free channels 
(Figure 6). 

 

Figure 5 Stl chip design (a). Printing path: beads layer 9 of 26 (b). Final 3D printed 
chip (c). 
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Figure 6 Traditional FDM method versus squashed bead FDM method. 
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3 Experimental Setup 

Two Mitos P-Pumps (Part No. 3200016) deliver mineral oil with 2% (v/v) 
Span80 surfactant and water red dye to the 3D printed chip. The P-Pumps 
are coupled with Mitos Sensor Interfaces (Part No. 3200200) and Mitos Flow 
Rate Sensors 1-50 µl/min (Part No. 3200095) which enable fast and 
accurate measurements of the flows. The Dolomite Flow Control Centre 
Advanced Software (Part No. 3200475) allows accurate and simultaneous 
control of the pumping systems via PC. 

FEP tubes (OD 1/16” x ID 0.25 mm, Part No. 3200063) are used to connect 
the pumps to the 3D printed chip. The oil flow is equally split by means of an 
ETFE T-Connectors (Part No. 3000397) and delivered to the chip side 
channels. The water red dye flows to the inner channel. 2-way in-line valves 
(Part No. 3200087) are placed between the pumps and the chip to easily 
stop the flow and avoid backflow during the priming of the system. Top 
Interface 4-way (4mm) (Part No. 3000109) works in conjunction with the 
Linear Connector 4-way (Part No. 3000024), providing fluidic connections 
to the top surface of the 3D printed microfluidic chip. 

Visualization was achieved using High Speed Camera and Microscope 
System (Part Number: 3200531). Snapshots and videos of droplets 
production are recorded at 30 fps focusing on the straight section of the 
outer channel. The chip is placed between the microscope and an extra light 
probe which ensures sufficient illumination within the channel due to the 
light reflection created by the several polymer bead layers. 

 

Figure 7. Experimental setup. 

 

Figure 8. Droplet production using 3D printed flow focusing chip. 
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4 Results and Conclusions 

The designed X-junction chip is able to produce droplets in a reliable and 
reproducible way at the flow rates reported in the flow pattern of Figure 9. 
Droplets average size <D>, droplet-droplet average spacing <s>, average 
droplet velocity <v> and average frequency of droplet generation <f > are 
calculated using the Droplet Monitor Software and reported in Figure 9. An 
example of the droplet analysis with the software is reported in Figure 10. 
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10 

 

<D>=455 µm, <s>= 600 µm 

<v> = 40.1 mm/s, <f>=1.4-1 

 

<D>=365 µm, <s>= 710 µm 

<v> = 50.4 mm/s, <f>=2.2-1 

 

<D>=345 µm, <s>= 715 µm 

<v> = 60.1 mm/s, <f>=3.5 s-1 

30 

 

<D>=585 µm, <s>= 210 µm 

<v> = 80.5 mm/s, <f>=2.4 s-1 

 

<D>=410 µm, <s>= 300 µm 

<v> = 90.4 mm/s, <f>=4.2 s-1 

 

<D>=395 µm, <s>= 405 µm 

<v> = 100.2 mm/s, <f>=5.3 s-1 

50 

 

<D>=685 µm, <s>= 45 µm 

<v> = 120.3 mm/s, <f>=2.8 s-1 

 

<D>=535 µm, <s>= 285 µm 

<v> = 130.0 mm/s, <f>=5.3 s-1 

 

<D>=535 µm, <s>= 285 µm 

<v> = 141.3 mm/s, <f>=7.1 s-1 

70 

 

<D>=765 µm, <s>= 15 µm 

<v> = 160.7 mm/s, <f>=3.1 s-1 

 

<D>=580 µm, <s>= 45 µm 

<v> = 170.4 mm/s, <f>=6.1 s-1 

 

<D>=495 µm, <s>= 65 µm 

<v> = 180.3 mm/s, <f>=8.0 s-1 

Figure 9. Chart showing flow regimes at varied flow rates, droplet average size 
<D>, droplet-droplet average spacing <s>, average droplet velocity <v> and 

average frequency of droplet generation <f>. 
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Monodisperse droplets formation can be achieved with the 3D printed flow 
focusing chip with a relatively low standard deviation σ varying between 10 
and 25 µm depending on the flow rates adopted (Table 1). Results show that 
water-in-oil droplets move with an average velocity <v> which is slightly 
higher than the average flow velocity �̅� calculated as a ratio between the 
total flow rate and channel the cross section. This demonstrates the 
occurrence of a shear (slip velocity) at the interface between the droplets 
and the continuous phase. Thus, we proved that typical conditions of liquid-
liquid stable Taylor flow regime obtained with accurate PDMS and silicon-
glass technology can be reproduced using 3D printed microfluidic 
technology. 

 

Figure 10. Droplet monitor software: example of droplet analysis for 10 µl/min oil 
and water flows. 
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10 <D>=455 µm, σ = 22.2 <D>=365 µm, σ = 21.2 <D>=345 µm, σ = 17.8 

30 <D>=585 µm, σ = 25.1 <D>=410 µm, σ = 19.8 <D>=395 µm, σ = 15.2 

50 <D>=685 µm, σ = 22.2 <D>=535 µm, σ = 12.5 <D>=535 µm, σ = 18.3 

70 <D>=765 µm, σ = 24.5 <D>=580 µm, σ = 16.8 <D>=495 µm, σ = 13.9 

Table 1. Standard deviation σ of droplet average size <D> for different flow rates. 

The mechanical resistance of the FDM squashed beads method is finally 
tested. To this end, the outlet of the chip is closed using a 2-way in-line valve 
and increasing values of pressure are set using the two P-Pumps. Both 
pumps are filled up with water red dye which is left within the channels at 
high pressure for 10 mins. Results show that no leakage occurs below 5 bar. 
The channels appear clean and transparent and the dye does not spread 
across the several bead layers. 
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5 Appendix A: System Component List 
 

Part No. Part Description  Qty 

3200016 Mitos P-Pump 2 

3200200 Mitos Sensor Interface 2 

3200095 Mitos Flow Rate Sensors 1-50 µl/min 2 

3200475 Flow Control Centre Advanced Software 1 

3200063 FEP tubing (10 m, OD 1/16” x ID 0.25 mm) 1 

3000397 ETFE T-Connector 1 

3200087 2-way in-line valve 2 

3000109 Top Interface 4-way (4mm) 1 

3000024 Linear Connector 4-way 2 

3200531 High Speed Camera and Microscope System 1 

 Droplet Monitor Software 1 

 


