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ABSTRACT

Additive manufacturing (AM) technologies, also known as 3D printing, which offer advantages such as
design flexibility, short lead time and cost effectiveness compared to traditional production methods,
are used in many different areas. With the exponentially increasing technological developments,
complex structures at micron level can be produced and used in customized applications. One promising
unique application of AM is Lab-on-a-chips (LOCs). These microfluidic devices can effectively be used
in laboratory experiments carried out on a very small scale in biomedical, chemistry and clinical cases.
Lab-on-chip systems, which are time-consuming, specialization-required, and expensive to produce
with traditional 2D microfabrication technologies such as lithography and PDMS-glass bonding, have
become easily producible with AM methods. Although there are many different AM methods can be
used in 3D printing of microfluidics, Multi Jet Printing (MJP) method is frequently preferred because
of its high sensitivity and dimensional accuracy. MJP AM technology is based on spraying
photopolymer resins to a layer thickness of down to 16 pm, then curing with UV light. This paper
critically reviews relevant methods and materials used for 3D printing of microfluidics, especially for
the MJP based technologies. 3D-printed microfluidic chips with various microchannel structures were
fabricated using a commercial material jet-based 3D printer (Objet 30 Prime — Stratasys). 3D printed
samples were examined for surface roughness and dimensional accuracy by profilometer analysis. In
addition to the model material used in the study, the curing wavelengths of various photopolymer resins
were determined by spectrophotometer analysis. In line with the data obtained, the removal of the
support structures stuck in the micro-channels and the improvement of the surface properties were
discussed. The results show that the 3D printing of microfluidics is a promising area for often novel
applications.

Keywords: Additive Manufacturing. 3D Printing. Lab on a Chip. Microfluidics.

1. INDRODUCTION

Since the early 1990s, researchers from different disciplines have been working on laboratories systems
that can perform as traditional fully equipped laboratories analyzes but on the micro scale with improved
features like a smaller volume, faster, portable and cost effective [1]. This new technology, called Micro
Total/Integrated Analysis Systems (UBA) or Lab-On-a-Chip (LOC), has the potential to take place in
our lives by breaking new ground in chemistry [2], biology [3] and medical field [4]. In this manner
portable LOC systems used in many different applications such as glucose meters used by diabetes
patients [5] or detection of carcinogenic substances, biological pollutants, toxic chemicals [6]. These
portable tests, which can be performed without the need for user intervention, are based on the principle
of membrane and capillary principle. While capillary motion can be defined as the movements that occur
as a result of molecular interaction between the micro diameter cross section of solid surface. Thus,
while the liquid passes through the micro channel, the particles in the fluid can be separated thanks to
the membranes which are selective barrier allows some particle to pass through but stops others [7]. In
addition, the analysis of samples can be done using valves, channels, reactors, detectors and pumps on
a chip.
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The working principle of LOC is based on the microfluidic principle. Micro channels provide laminar
flow by decreasing Reynold number to below 1. Theoretical models and calculations can be precisely
defined in these fluids that move steady state conditions [8]. The regularity of the flow in LOCs allows
the control of interactions and molecular concentrations at the molecular level. Thus, LOCs can be used
in different physical and chemical processes that are not possible to investigate in large devices. So,
although LOC appears to be a scaled-down version of the laboratory system that performs the same task
on a large scale, microfluidic system designs need to be reconstructed because the micro-sized fluid
rheology differs significantly. When designing a LOC system case study must be clearly defined at the
first stage. Then, the most suitable production technique which have ensure the minimum number of
parts of the design, ease of production and cost should be chosen. The flow analysis of the system should
be calculated by finite element analysis or theoretical methods and then the system must be optimized.
The prototyped LOCs are then exposed to a series of tests, and the results are compared with analytical
solutions [9].

The ability to use LOCs in the desired application and obtain the required microchannel network is
directly related to the method of production as well as the material. Besides the production technique
depends on the material, LOCs’ material directly affects the flow regime as well as the device's
performance, production cost, reliability and ease of use [10]. Inorganic, polymeric and composite
materials are frequently used as LOC material [11]. Silicone and glass are known as the inorganic
material firstly used in LOC applications. Silicone can be used in LOCs due to its moldability, high
thermal conductivity and stable electroosmotic mobility [10]. However, due to the hard structure of
silicon, it is not suitable for making active microfluidic components such as pumps and valves. In
addition, silicon has a light-proof character at visible wavelengths of light. For this reason, the use of
silicon in LOCs may cause problems in the external observation of moving liquids or in the analysis
stage. With biocompatible, optically transparent and electrically insulating properties, glass is frequently
used in LOC applications such as Capillary electrophoresis (CE), which is the electrokinetic separation
method applied in sub-millimeter diameter capillaries and microfluidic channels [12]. However, similar
to silicone, there are many limitations in glass applications in microfluidics due to its hardness and high
production cost in consequence of the high temperature and pressure requirement during the
manufacturing process [13].

Elostomers, another material used in LOCs, come to the forefront with their flexible behavior. PDSM
(polydimethylsiloxane) is the most widely used elostomer material in LOCs with its easy
manufacturability, flexibility, bonding capability and optical transparency properties [13]. In addition,
unlike glass and silicon, it enables the production of elastic valves and pumps thanks to its low elastic
module (350-450 kPa) [14]. PDMS, which is preferred in cell culture applications due to its gas
permeability, can evacuate air that remains in the micro channels when the fluid initiates to fill into.
However, bubbles may form during the passage of gas through the PDMS [11]. Another type of material
that can be used in LOCs, Thermoplastic polymers are not suitable for cell cultures and microcomponent
production, due to their low gas permeability and rigidity respectively, although they are suitable for
microprocessing and show translucent properties [10].

Many different thermoplastic polymers can be used for LOCs production such as biocompatible, inert
and rigid polystyrene [15], durable and transparent Polycarbonate [16], cheap and hydrophilic Poly-
methyl methacrylate (PMMA) [17] or strong, resilient and elastomer Polyurethane [18] can be used in
LOC production. In addition, paper, hydrogel and composite materials are used to make LOCs [11]. A
comparison table regarding the materials and properties used in LOC production is given in Table 1.
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Table 1. Comparison of the properties of different LOC materials [11].

Property Silicon/glass Elostomer Thermoplastics
Young’s (tensile) modulus 130-180 / 50-90 ~0.0005 14-41
(GPa)

Fabrication method photolithography casting thermomolding
Smallest channel dimension <100 nm <lpm ~100 nm
Channel profile limited 3D 3D 3D
Thermostablity very high medium medium to high
Resistance to oxider excellent moderate moderate to good
Solvent compatibility very high low medium to high
Surface charge very stable not stable stable
Permeability to oxygen <0.01 500 0.05-5
(Barrer®)

Optical transparency no/high high medium to high

*Barrer is a non-Sl unit of gas permeability mostly used in the membrane technology [19]. The permeability
coefficient is defined as the flux of fluid passing through the unit membrane thickness under the influence
of certain pressure.

2. CONVENTIONAL MANUFACTURING OF LAB ON A CHIPS

While producing LOCs with customized equipment and specification, many different methods can be
used. In Laminate technique from these methods, independently cut layers are connected to each other
to form channels and obtain microfluidic properties [20]. Soft lithography technique is based on the use
of photolithography to produce molds on which a liquid polymer such as PDMS is poured and then
hardened. Figure 1 shows the production stages of LOC produced from PDMS material using Soft-
lithography method.
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Figure 1. Soft-lithography process for fabrication of LOCs. In the process; The photoresist layer is placed on the

wafer, and then the desired surfaces are obtained after the expose by using the photomask with unique patterns.

PDMS is poured on the obtained mold and then cured. The device is cleaned and covered with a glass coverslip
[21-22].

In the injection molding technique, the molten thermoplastic is injected into the space between the
female and male molds, and after cooling removed from the mold. In another molding technique, in hot
embossing, the thermoplastic film placed between the molds is heated and compressed so that casting
mold is created. With this technique material stress can be reduced by providing a smaller flow distance
of thermoplastic on the contrary of injection molding [23]. Hot embossing also has many production
advantages, such as reducing shrinkage and thereby ensuring that precision parts are produced.
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However, this technology also has different production limitations such as the limited availability of
thermoplastics and the difficulty of manufacturing complex three-dimensional structures. Figure 2
shows LOC production methods based on the molding method. In addition to the molding and
lamination method, LOCs can be produced with nanoscale lithographic methods (Nanoimprint
lithography, Electron Beam and Extreme Ultraviolet) and non-lithographic (Anodic Aluminum
Oxidation) micro production methods [20].
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Figure 2. LOC production methods based on the molding method [24].

3. ADDITIVE MANUFACTURING OF LAB ON A CHIPS

Additive manufacturing, also known as 3D printing, can radically change manufacturing methods.
Because even objects with complex geometry can be produced quickly and economically with 3D
printers [25]. Additive manufacturing is a unique manufacturing method that solid parts can be produced
directly by using computer aided design (CAD) model data. In this method, materials are printed layer
by layer using sliced CAD data. Thus, final parts can be created more easily, quickly and cost efficient
compared to traditional manufacturing methods [26-27]. Additive manufacturing technique differ
according to the type of materials and production methods. The most preferred of these techniques can
be listed as follows; SLA (Stereolithography Apparatus) solidifies the photopolymer resin by curing
[28], FDM (Fused deposition modeling) deposits the plastic filament in a semi-molten state [29], SLS
(Selective Laser Sintering) sintering metal powders with laser [30]. Thus, rapid prototyping has been
rapidly increasing in recent years in many fields such as aviation [31], automotive [32], medical [33]
architecture [34], education [35] and fashion [36].

In recent years, micro-scale structures and microfluidic devices have become producible with the
increase in printing quality and precision [37]. Complex microfluidic devices can be printed in one step
with AM methods. In a different approach, AM methods are used to create a master mold that can be
used for soft lithography. In both approaches, the use of 3D printing technology is feasible compared to
complex, difficult and costly traditional LOC production methods [38-39]. Also, thanks to AM's design
flexibility, changing design features is significantly easier compared to traditional methods. Thus, high
performance LOCs can be produced by making improvements with iterative design processes. In
addition, microfluidic technology, which has become more accessible by producing with AM methods,
can accelerate innovations in various fields [40].

3D printed LOCs can be used in various applications from biosensors [41] such as soft artificial skin for
hand motion detection [42] to chemical sensing [43]. Knowlton et al. have developed controllable 3D
cell culture environments for long-term cell culture and growth [44]. LOCs can be used in some medical
inspections that are difficult to treat for reasons such as the complexity of neurological system. Johson
et al. have developed a bio-inspired, customizable 3D printed chip to examine viral infection in the
nervous system [45]. In another study Adamski et al. also used Inkjet 3D printed LOC for DNA analysis
for the first time using the on-chip gel electrophesis method [46]. Additive manufacturing of Lab-on-a-
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Chip offers many advantages in field of biomedical, as well as some challenges [47-48]. For example,
one of the biggest limitations of using 3D printed LOCs in biotechnology and medical applications is
the biocompatibility, depending on the material [49]. Carve et al. have discussed methods to reduce
material toxicity as well as factors affecting material biocompatibility, thus promoting its application in
these research areas [50]. The another problem based on low optical transparency of LOCs polymers to
allow in vitro imaging of samples [51]. The types of materials used are directly linked to printing
techniques [52]. Process capabilities of the main 3D printing methods for using LOC production have
given in Table 2.
Table 2. Process parameters of main AM methods used in LOC production [52].

Process Parameter Inkjet SLA FDM
. . Rigid ABS, PLA,
Rigid, elastomeric, .
. and clear polycarbonate, ABS-  polycarbonate, semi-
Material translucent, opaque, . h . .
ABS-like photopolvmers like resin flexible or composite
pnotopoly semi-flexible resin filaments
) 16 (high resolution) 50-100 (high resolution) 50 Max
Layer thickness (um) . 120-150 (standard
30 (low resolution) resolution) 200 Average
250-380 (high
Min feature size (um) 600 (high resolution) .( : =
resolution)
Max build size (mm) 500 x 400 x 200 600 x 700 x 500 600 x 700 x 500

The most commonly used method for the production of LOCs is the photopolymer-based Polyjet (also
referred to as Multijet Printing (MJM)) method, which capable of producing precision models (up to 16
um) [53]. Figure 3 shows the SEM images of the channel produced with Polyjet and FDM technology.
As seen in the picture, stair steps are formed in low resolution FDM technology [54]. This situation
adversely affects the flow regime. However, Bauer et al. has designed and produced an affordable FDM
printed testing apparatus to detect malaria with a cost efficient [55]. Again, thanks to the pore structure
obtained by the lithography-based ceramic manufacturing (LCM) method, LOC acts as a membrane
with separating cell culture chambers at different levels, which imitates the typical configuration of
transwell assays [56]. Furthermore, in a SLA-based printer, an LOC capable of detecting H202 and
glucose can be produced under $1 [57]. Also by using AM techniques together with different methods
such as femtosecond laser nanofabrication, precious and advanced hybrid LOCs can be achieved [58].

Figure 3. SEM images of printed channels. polyjet-printed on the top and FDM-printed channel on the bottom
[54].
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In addition to biomedical applications, many electronic applications from micro electromechanical
systems (MEMS) for acoustofluidic applications [59] to piezoelectric polymer actuators [60] has been
conducted using AM of LOCs. Sochol et al. have examined MJM 3D printed fluidic components
including fluidic capacitors, fluidic diodes, and fluidic transistors. Afterwards, they have evaluated the
potential of using these equipments on LOC via geometric modification of component parameters [61].
Su et al have produced fully inkjet printed LOCs for electrical and sensing applications. While horizontal
resolution up to 5 um and printing precision up to 4.6 um / layer in vertical direction, SU-8 was used as
the main and PMMA for support material and silver reinforced ink was used to print the electrodes [62].
Takenaga et al. have proposed a new microfluidic design for semiconductor based biosensors. The
microfluidic produced by the 3D printer in a short time can be mounted on a light-addressed
potentiometric sensor (LAPS) chip as shown in Figure 4 for propose of cell growth [63].

inlet cell-culturing area

= TeN ‘,,A.

Figure 4. LAPS chip with attached microfluidic channels for culturing cells [48].

As mentioned above AM of LOCS can be used wide spreading field of applications such as electronic,
biomedical [64], tissue, membrane [65], pump, valve [65], flow micro reactor [66]. So, it is predicted
that this technique will prevent traditional methods thanks to its features such as fast, reliable and
inexpensive [67].

LOC consists of several sections specialized for different processes. These process sections are divided
into two as active and passive components. In active components fluid needs to be driven by the external
forces, while in the passive components capillary effect or external actuation are used to manipulate the
fluid flow [68]. The design, manufacture, and integration of microfluidic components of LOCs requires
a considerable amount of effort and time [69]. Thanks to the ability to produce passive components with
AM, LOCs with different functionality such as micro mixer [70], gradient generator [71] or reaction
ware [72] can be produced. In addition, active microfluidic components such as membrane-based valves
and pumps can be produced using AM methods [73].

4. MATERIALS AND METHOD

A case study was conducted 3D printing of microchannels effectively used in very small-scale laboratory
experiments in biomedical, chemistry and clinical situations. Although there are many different Additive
Manufacturing methods for 3D printing of microfluidic channels, the Multi Jet Printing (MJP) method,
which is based on depositing photopolymer resins down to 16 pm layer thickness, is often preferred due
to its high precision and dimensional accuracy [74]. 3D printed microfluidic Lab-on-a-chip (LOC) of
various designs using a commercial material jet based 3D printer Objet 30 Prime — Stratasys is shown
in Figure 5. Vero White photopolymer resin was used as model material. Geometrically critical
locations for microflow performance were evaluated from the dimensional accuracy perspective. It was
also important to produce samples without support materials as post removal of supports from the small
channels is extremely difficult if not impossible in many ways.
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Figure 5. 3D printed microchannel samples.

4.1. Sample Characterization

3D printed samples were compared with the 3D CAD models using various technics including optical
scanner based reverse engineering, optical microscope, and 3D profilometer. Data obtained from the
result of optical scanner based reverse engineering method was poor due to not enough reflected rays
from microchannels features. However, it is suggested that gold plating can be applied to the sample
surface to solve this problem. The critical points of the sample were marked in Figure 6 to be examined
under the optical microscope, those points were detailed in the examinations and the channels were
observed in general.

3mm

&
Q¥

BN

Figure 6. Multipurpose LOC design. Critical points highlighted in red.

Figure 7 shows the CAD data of the structure containing microchannels in different diameters and the
optical microscope image of the sample produced with Polyjet AM technology. It has been determined
that geometries with sharp edges and sudden diametrical changes are produced as smooth transitions in
3D printing.
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Figure 7. Microchannel structure in (a) CAD model and (b) 3D printed sample.

Figure 8 shows the junction points of the microchannels. Joints are of critical importance for micro
channels. In order to ensure a flawless and homogeneous flow, the channels must come together in equal
clearance. Moreover, by using structures such as the junction chamber, the homogeneity of the mixture
can be achieved while eliminating the production-related errors.

Figure 8. Junction points of the microchannels. While the direct connection is seen on the left side, the right side
has a junction chamber connection.

It was observed that there was a difference between the canal sizes obtained from the microscope images

and those measured on the CAD model. The channel dimensions of the additively manufactured sample
were found to be approximately 50% larger than the CAD model (Figure 9).
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Figure 9. Comparison of additively manufactured LOC samples dimensional with CAD model measurements.

4.2. 3D Profilometer Analysis

Another method used for the characterization of sample microfluidic channels 3D printed is 3D
profilometer analysis [53]. In this study; Stylus Dektak 150 type profilometer device was used. Stylus
profilometers use a probe to detect the surface, physically moving a probe along the surface in order to
acquire the surface height. This is done with a feedback loop, in which the force between the tip and the
sample surface is controlled while mechanically scanning across the surface. The 3D profilometer
analysis application has many different analytical functions to measure surface texture and other
parameters. Analytical functions are grouped according to applications as roughness, waviness, height
and geometric parameters. The red Reference (R) cursor and green measurement (M) cursor in the result
plots identify the section of the profile trace for leveling or performing analytical functions. It can be
adjusted to average the data points within the bandwidth of each cursor. This is useful for average step
height measurements. Among the parameters, ASH (Delta average step height); It is used to obtain step
height measurement in applications where there is roughness or noise in the profile trace. Calculates the
difference between two average height measurements. The ASH value is critical in determining the
channel diameters of the printed sample microfluidic channels.

Random measurement lines were determined from the 3D printed microfluidic chip piece with different
channel types (type A, type B and type C) shown in Figure 11, channels with the same diameters, and
measurements were made using a probe 3D profilometer device. Obtained values were compared with
the 3D CAD model.

Figure 10. Type A, B and C microchannels for which profilometer analysis was performed.

The cross-section profiles of the microfluidic channels designed in circular geometry are seen as valleys
in the graphs (a), (b), (c) in Figure 11. This profile difference in the result graphs is due to the
measurement time. During the application, the measurement time was chosen as 75 seconds, but it
should be noted that the scanning accuracy may differ according to the measurement time. As the
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measurement time increases, the scanning speed of the probe decreases, thus increasing the scanning
sensitivity. Depending on this, the profile shapes obtained can also change. The valley views in the
graphics can be converted into circular section profiles by increasing the measurement time.
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Figure 11. (a) Profilometer measurement\fkaphdceof channel type A (b) Profilometer measurement graphic of
channel type B (c) Profilometer measurement graphic of channel type C.

The analysis results of the chip whose 3D profilometer analysis measurement graphics are shown above
and the measurement parameters used during the application are given in Table 3. According to the ASH
values in the table; When the 0 line is based as the surface, the channel depths measured from the surface
are approximately 178 um for channels A and B, and approximately 183 pm for channel C. When
compared with the CAD model, it is seen that the microfluidic channel diameters are designed as 400
um, that is, the valley depths should be 200 um. These differences between the measurements may be
due to the measurement time during the application and the scanning sensitivity that changes

accordingly.

Table 3. 3D profilometer analysis measurement parameters and results of A, B and C microfluidic channels.

Scan Parameters Analytical Results Type A Type B Type C
Scan Type Standard Scan ASH 178486 nm 178607 nm 183075 nm
Profile Hills & Valleys Ra 10300.52 nm 28805.29 nm 27756.21 nm
Duration 75 sec Rq 13352.88 nm 31813.83 nm 30624.13 nm
Force 5.0 mg Rv -53240.18 nm  -54076.38 nm  -55298.38 nm
Lenght 2200.0 um Rp 15032.08 nm 42631.26 nm 42712.56 nm
Location 0.0 um, 0.0 um Rt 68272.26 nm 96707.64 nm 98010.94 nm
R. Cursor Pos: 974.9 um Skew -1.37 -0.08 0.01
Width: 43.4 um
M. Cursor Pos: 1582.9 um RzDin 22610.02 nm  49363.18 nm 48782.75 nm

Width: 485.4 um
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4.3. Spectrophotometer Analysis

The photopolymer resin is cured with specific wavelength UV light. Dimensional accuracy can be
achieved by determining the curing wavelength of the liquid resin that solidifies by curing [53]. Semi-
solid or rapid hardening resin can cause poor surface properties and dimensional misalignment. In
addition, the curing wavelength of the photopolymer resin that forms the support structures in the micro
channels has been determined. These support structures, which are very difficult to remove from the
micro channel when completely solidified, can be cured at the appropriate UV wavelength to remain in
a loose state. In addition, in case of determining a wavelength in which the model material is permeable
and the support structure is absorbent, it can be easier to remove the support structure with UV post-
printing after printing. Spectrophotometer analysis was performed to determine the wavelengths of
different photopolymer resins (support material, Verowhite and transparent material) used in Polyjet
AM technologies. Spectral scanning was performed with a UV Spectrophotometer in the wavelength
range of 200-999 nm. Test results for different materials are shown in Figure 12.

According to the test result, a peak was observed at 360 nm for support and transparent materials. A
second peak is visible at 390 nm for the transparent material. This shows that the absorbent material is
cured by absorbing light at the relevant wavelength. Since the solidified material in further wavelengths
does not allow light to pass, no value is seen. Similarly, the Verowhite model material is opaque, so
measurement could not be done by the device and no peak was observed. For the analysis of the solid
samples produced, measurement with a refractometer is required. Alternatively, XRD and XRF analysis
have been proposed.
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)t ,“. .
3,500 " 3.500 ., Verowhite model
3,000 T material
‘s 3,000
2,500 3 s
22,000 22500 S,
+ - .
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0,000 e ettt 0,000 e ittt
200 300 400 500 GOO 700 800 900 1000 200 300 400 500 600 700 800 900 1000
‘Wavelength(nm) Wavelength(nm)
44,0000,
3,500
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200 300 400 500 600 700 800 900 1000
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Figure 12. Spectrophotometer analysis results of photopolymer resins used in Polyjet AM methods.

4.4. Different Microfluidic Channel Geometries

Recently, microchannels with different cross-section geometries have been fabricated for both
commercial and scientific applications. The examination of fluid flow in microchannels with different
cross-sections, including circular, elliptical, rectangular, rhombic, triangular and hexagonal, is important
in terms of velocity distribution and pressure drop of fully developed laminar flow [75]. A more linear
and homogeneous flow can be achieved by choosing the appropriate one among the different channel
geometries. In addition to its performance characteristics, microchannel geometry is also crucial for AM
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of chips. Since it is very difficult to remove the support structures from the microchannel, support-free
microchannel structures should be performed.

Blocks with different channel geometries were printed to evaluate the printing characteristics and
limitations of the printer and AM technique used. The samples were designed with all channel walls
angles of 45 degrees or less, thus eliminating the need for a support structure. As employed in the study,
some AM machines utilize a support structure for each overhang. In this case, microchannel profiles at
different scales were used to observe the effect of channel size on the removal of supports and on surface
and geometric properties. The images in Figure 13 and Figure 14 show sample channel prints have
square, triangular and waterdrop profiles.

(a) (b)

3mm

Figure 13. (a) CAD model of the sample with square and triangular channel geometries designed in different
sizes (b) Image of 3D printed sample (¢) Showing the channel dimensions and channel wall angles of the
designed channels in the CAD model (d) Image of 3D printed channel profiles.

The dimensional accuracy of the microchannel decreases as the profile size gets smaller. In the MJP
AM process, the resin is jetting through micro nozzles. Nozzle diameters determine the minimum feature
size and part accuracy. In addition, the dimensional accuracy in sharp corners is considerably poor due
to the circular cross-section nozzles. While support materials can be easily removed from 2 mm wide
profiles, a long process and various chemical solutions are required for smaller microstructures. The
water drop profile (Figure 14) is very effective in preventing turbulence thanks to its curve structure. It
is also very suitable for providing unsupported structure in AM production methods [76].

Figure 14. (a) CAD model of the sample with waterdrop channel geometries designed in different sizes
(b) Image of 3D printed sample (c) Showing the channel dimensions and channel wall angles of the designed
channels in the CAD model (d) Image of 3D printed channel profiles.

703



Eren et al./NTERNATIONAL JOURNAL OF 3D PRINTING TECHNOLOGIES AND DIGITAL INDUSTRY 5(3) 2021 692-708

5. CONCLUSION

With AM technology, LOCs can be produced quickly, cost effectively and without expertise compared
to traditional methods. Despite all these advantages, it is important to consider the limitations of AM
method in the production of LOCs. Considering the design criteria, possible obstacles encountered in
the production of microchannels are explained by design for additive manufacturing (DfAM) approach.
The surface roughness and dimensional deviations seen in the 3D printed samples were examined within
this scope. Sharp edges should be avoided in the LOC design for AM. In addition, the design of
microchannels should be scaled precisely to improve surface quality and ensure dimensional accuracy.
Curing wavelengths of various photopolymer resins were determined by Spectrophotometer Analysis.
Thus, surface properties can be improved by providing smooth and precise curing during printing. In
addition, the appropriate wavelength can be determined to facilitate the evacuation of support structures
stuck in micro channels. By using different microfluidic channel geometries, a linear and homogeneous
flow can be achieved and the difficulty of removing support structures can be eliminated by producing
microchannels that do not require support.
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