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Oz

Bu makale 3B baskilanmis bir mikro kanalada damlacik olusumunun sivi basinci ile olan iliskisini inceler. SLA (stereyolitografi)
3B yazic ile regineden sefff mikroakiskan ¢ip imal edilmistir. Yag icinde su mikro damlacikari sivi odaklama tasariminda
olusturulmustur. Yag ve su girisleri sabit basing kayanag ile siiriilmiistiir. Mikroakigkan ¢ipin mikrodamlacik olusturma basarimi
mikroskop vasitasiyla gozlenmistir. Mikrodamlaciklarin boyutlari sivi basincina gore belirlenmistir.

Anahtar Kelimeler
“Mikroakiskanlar, 3B baski, Mikrodamlacik”

Abstract

This paper reports the droplet formation performance of a 3D-printed microfluidic chip according to fluid pressure. SLA
(stereolithography) 3D printer was employed for manufacturing the transparent microfluidic chip from resin. Water in oil
microdroplets was produced on a flow-focusing design. Oil and water inlets were driven by a constant pressure source. The droplet
production performance of the microfluidic chip was monitored through a microscope. The size of water droplets was determined
according to pressure values.
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1. Introduction

Microfluidics open an era for fast and more inexpensive analysis systems which are known as micro total analyzing systems (LTAS).
Disease diagnosis (Wu, et al. 2017), determination of antibiotic resistance (Ghorbanpoor, et al. 2022), molecular tests such as PCR (Li,
et al. 2023) and LAMP (Oliveira, et al. 2020), as well as organ on a chip (Wu, et al. 2020), are among the applications of microfluidics.
Microchannels, which are at the core of pnTAS have challenging fabrication methods that require a cleanroom process. Yet, the
invention of soft lithography enabled more researchers to access the field of pTAS technology. However, the need for clean rooms
remained a drawback of soft lithography. Therefore, recently developed methods started to enable the clean room-free fabrication of
microchannels.

Laser machining is one of the most widely adopted alternatives for microchannel manufacturing. It is possible to machine microchannel
down to 1 um resolution (Kim, et al. 2005) through a femtosecond laser. In comparison to soft lithography, which offers 0.5 pm
resolution, femtosecond laser machining is a good but expensive alternative that also enables 3D engraving. CO; laser machining offers
arelatively cost-effective microchannel manufacturing from thermoplastic (Bilican and Guler 2020) or PDMS (Guler 2022). It is also
possible to engrave microchannel mold from PMMA (Guler, et al. 2021) or PDMS (Isiksacan, et al. 2016) by CO; laser machining.
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The invention of 3D printing led the researcher to employ 3D printers to make microchannels. Fabrication of transparent microchannel
was shown employing a Fused deposition modeling (FDM) 3D printer (Nelson, et al. 2019). In another work, multi-jet modeling (MIM)
3D printing was shown to make a T-junction microchannel (Donvito, et al. 2015). Also, SLA 3D printing method was used to fabricate
transparent microchannels for biological application (Kecili and Tekin 2020; Lepowsky, et al. 2018). Alternative materials, such as
perfluoropolyether, were also shown to be useful in SLA 3D printing of transparent microchannels (Kotz, et al. 2018).

Droplet production in T-junction and flow-focusing geometry has been shown for FDM 3D-printed microchannels (Morgan, et al.
2016; Tsuda, et al. 2015). Bhargava et. al. showed the fabrication of microfluidic elements via SLA 3D printer to produce and sense
microdroplets (Bhargava, et al. 2014). Jans et. al. showed the fabrication of parallelized 3D microchannel for multiple productions of
microdroplets via SLA 3D printing. This paper presents the droplet production performance of an SLA 3D-printed microchannel.
Constant pressure sources generated a flow of oil and water phase inside the channel. According to the pressure value, droplet size was
investigated. The upper and lower pressure value of water for a fixed oil pressure value was determined.

2. Materials and Methods

2.1 Fabrication of microchannels

Microchannels were designed at a computer-aided design program (Fusion 360). The microchannels were printed using an SLA 3D
printer (Formlabs, Form 3) from clear resin (Formlabs, Clear V4). The design file was transferred to the SLA slicer (Formlabs, Preform
3.28.1) in STL format. The designed microchannel and its orientation in the Preform are shown in Figure 1. Microchannels were printed
directly over the build platform without any raft; 25 pm layer thickness was adapted in legacy print settings. Fluid inlet outlet holes
were designed as 2.3 mm in diameter. Microchannels were designed as 400 x 400 um square profiles.
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Figure 1 (a) View of the microchannel in CAD file (b) microchannel directly placed over the build platform in Preform software.

The 3D-printed parts were taken from the build platform via scalpel and dipped into isopropyl alcohol (IPA) for 30 minutes. Generally,
the vent of the holes that are on the side, stuck to the build platform, were closed with a very thin layer of cured resin. The vent was
opened using a pick and the 3D printed parts were washed under tap water and DI water respectively and dried with pressurized air.
The 3D printed parts were dipped into the IPA again for 5 minutes and then washed with DI water and dried with pressurized air. The
3D printed parts were post-cured with a 405 nm wavelength UV lamp for 2 hours. After curing, 3D-printed microchannels were sealed
with tape (3M crystal) from one side.

2.2 Flow in Microchannels

Fluid connections were done using silicon (Cole Palmer) or Tygon tubing (Cole Palmer) that have 0.094 inches outer diameter as
shown in Fig. 2. For the connection of silicon tubing, the tip of the tubing should be cut inclined in order to fit into the hole. As the
Tygon tubing is not as smooth as silicon, it doesn’t need such a cutting process. DI water was mixed with red food dye to provide better
monitoring. SF 100 silicon oil (Ultrakim, Ultrasil) was used as the other phase of the flow. Both DI water and silicon oil were put
inside a 20 ml vial and connected to a computer-controlled pressure pump (Elveflow, OB1). Flow through the microchannel was
monitored through an optical microscope.
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Figure 2 3D printed microfluidic chip with fluidic connection
3. Results and Discussions

3.1 Effect of pressure on droplet formation

Microdroplets were formed in flow-focusing geometry for several oil and water pressures. 100 mbar oil pressure was determined as
the oil pressure for this work as it is neither too low nor too high. The produced water in oil microdroplets is shown in Fig. 3a. The
droplets were formed at four different pressures of water from low to high. The low water pressure was 45 mbar and the high-water
pressure was 60 mbar. On a fixed oil pressure of 100 mbar, when the water pressure was increased, the length of water droplets was
increased; when the water pressure was decreased then the length of droplets was decreased as shown in Fig 3b. Above 63 mbar and
below 45 mbar no stable droplet formation was achieved. Below 45 mbar water flow stopped and above 63 mbar two-phase flow
evolved to continuous flow. This phenomenon can be explained by the hydrophilicity of the resin microchannel, unlike the PDMS
microchannel. At the PDMS microchannel, the pressure range is wider which enables more different droplet sizes.
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Figure 3 Water in oil droplets in a microchannel (a) Microscope photo microdroplets inside the channel for several water pressures.
(b) Droplet size across water pressure.

A similar pattern showed itself at different oil pressure. At higher or lower oil pressure, by tuning the water pressure, droplet size
increased or decreased which is similar to the experiment shown in Fig. 3. The only difference was the droplet formation frequency
which is the out of scope of this work. Therefore, relative oil and water pressures affected the ratio of oil to water inside the
microchannel.

Conclusion

Microdroplets were produced in a microchannel that has a flow-focusing geometry. Due to the hydrophilic composition of the 3D
printed microchannels droplet production performance was lower than PDMS microchannels. The dripping regime was comparatively
narrower than the hydrophobic channels too. The relative pressure of the water across oil pressure affected the droplet length inside
the microchannel directly proportional. The total pressure of both fluids affected the droplet production frequency directly proportional
as well.
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