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Millireactors and milliseparators were fabricated by additive
manufacturing technology - stereolithography (SLA). In SLA, resin is
polymerized into the desired shape using a laser. Prior to fabrication,
the CAD software was used to design the models of the millireactors
and milliseparators. The aim of the work was to:
• design a millireactor system and coat the surface of the channel

with a pH-responsive sensor film, and
• fabricate a functional prototype of the flow milliseparator for a

two-phase immiscible liquid system.
The sensor film deposited in the milliseparator channels was
prepared using the sol-gel method.

Materials: Clear V4 resin was used for 3D-printing,
ethanol, tetraethoxysilane (TEOS), phenyltrimethoxysilane
(FTMS), hydrochloric acid, and methyl red (MR) were used
for sensor film preparation, hydrochloric acid and sodium
hydroxide were used as pH solutions for the sensor film
testing, water, oil and Nile blue were used as two-phase
immiscible liquid system.
Methods: CAD software Blender and Autodesk Fusion 360
were used for design and modeling, Formlabs Form 2 3D-
printer was used for fabrication, Color grab by Loomatix
RGB software was used for color analysis.

The functionality of the film was first tested
on test plates. The test was performed by
placing the test plates covered with the film
in five different solutions with different pH
values. After the test, it can be seen in the
picture (right) that the sensor film changes
color depending on the pH value.

After the cycles, only a
slight change in color
was noted, which was
difficult to see with
the naked eye. The
distinct color change
was noted after 24
hours, as shown in the
picture (right). Then
the difference was
clearly visible.

• The channel diameter inside the 3D-printed millireactor was
1.25 mm and was later coated with the sensor film.

• The milliseparator with different distribution and dimensions of
the pillars was successfully fabricated using Form 2 3D-printer.

The separation experiments were carried out by pumping water and
oil mixture as a two-phase immiscible liquid system with addition of
Nile blue for better observation (see figure below).
The tested mixture consisted of water and oil ratios given in the
table below. Each measured separation lasted 120 seconds.

The results were expressed using the separation factor KS

defined by the volume of each component that came out at
each output.
The results obtained are shown in the table above.

• As a first goal, a milli-scale reactor and separator were successfully 3D-printed on a
Form 2 printer using SLA technology.

• The sensor film was prepared and tested. Tests in the reactor showed a color change
after five minutes, but the change itself was small and difficult to see with the naked
eye. The RGB color identification software, on the other hand, could easily detect
the change.

• The mixture of oil and water was successfully separated. The oil to water ratio was
found to significantly affect the separation itself.
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Millireactors with sensor-
coated channels were tested
by pumping acidic and basic
solutions using peristaltic
pump. Between cycles, the
channels were flushed with
water. Photographs of the
reactors were taken every five
minutes. The photos taken
were later analyzed using RGB
software to detect the color
change.The RGB software
showed that there was a
significant color change, which
is shown in the graph (left).
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