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Abstract— This article demonstrate a simple method to use 

of three-dimensionally (3D) printed molds that are 

chemically decomposable for rapid fabrication of complex 

and arbitrary microchannel geometries. These complex 

microchannel are unachievable through existing soft 

lithography techniques. The molds are printed directly from 

hand held 3D printing pen that can print in midair, making 

rapid prototyping of microfluidic devices possible in hours. 

PLA based copper filament is used to print the arbitrary 

channels. The printed channels are then placed inside 

PDMS and PDMS is cured. The cured sample is then 

immersed in chemical solution (Acetic Acid + Sodium 

Chloride+ Hydrogen peroxide), which decomposes the PLA 

based copper channel thus leaving an empty channel inside 

the PDMS block. This method enable precise control of 

various device geometries, such as the profile of the 

channel cross-section and variable channel diameters in a 

single device. 

Keywords— Micro Channel, Arbitrary, 3D Micro 

Channel, Lab on a Chip. 

 

I. INTRODUCTION 

Microfluidics is anunceasinglydeveloping field of great 

importance in drug discovery[1], physics[2], [3], biology[4], 

[5], biomedical research[6], and organs-on-chip[7]. The 

slightvolumes of liquid required fortrials, the behavior of 

fluids at the micro domain and the lab-on-chip method 

make microfluidics one of the interdisciplinary field par 

excellence[8]. For the fabrication of microfluidic devices, 

polydimethylsiloxane (PDMS) is the most general material 

in research laboratories because of its low cost, gas 

permeable and has refractive index of 1.4 

(transparent)[9]–[15]. Conventional fabrication strategies 

for the fabrication of microfluidic micro channels are 

essentially two-dimensional (2D) which confine the 

geometries of micro channels within 2D planes. A master is 

designed first which is usually obtained by clean-room 

lithography of silicon wafers. PDMS is poured on the 

master, and after curing, the rubber is peeled off from the 

master and subsequently chemically bonded to another 

surface after activation with oxygen plasma or using 

chemical solutions. The main limitations with PDMS is that, 

the fabrication method of PDMS is considered too complex 

for many junior scientists without any experience in 

microfabrication[16]. There are a lot of alignment issues 

when multiple layers of PDMS are stacked and sealed using 

oxygen plasma treatment[17]. 

The ability to make 3D micro channels is complex and 

standard fabrication method cannot achieve precise and 

accurate results. 3D micro channels also adds functionality 

in devices such as micro valves and mixers. Another benefit 

of 3D structures is that it can increase the areal density of 

micro-components by vertical stacking, to replicate the 

complex microvasculature found in living creatures, and 
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ease integration of electronics and optics. 

Recently there has been progress towards employing 

3Dprinting to fabricate microfluidic devices of desired 

complexities[18]–[22]. This method involves the creation 

of 3D objects using layer by layer deposition approach. 3D 

printing is successfully employed in tissue engineering to 

develop scaffolds based on hard polymericmaterials and 

hydrogels[23].However such techniques require the use of 

manual assembly for producing large scale structures. Thus 

the fabrication of 3D microfluidic channels with defined 

microarchitectural details in cost-effective, scalable manner 

remains a challenge. Another method involves, sacrificial 

mold or fugitive ink for the fabrication of PDMS 

microfluidic devices[18], [24]–[26]. Although the use of 

sacrificial mold is a step forward in simplifying the 

fabrication of microfluidic devices, it still requires either 

harsh condition like the use of high temperatures for 

creatingor removing, a template, applying heavy swelling 

for pulling out the template, or the use of complex mold 

fabrication. 

Taken in sum, most fabrication processes generally 

involves 2D micro channels[27]–[30], but with some effort, 

can form 3D channels by bonding multiple layers. Bonding 

involves the need for challenging alignment of layers at 

micro-scale.Each of these fabrication technique adds 

additional steps, time, expertise and cost in the fabrication 

process. In addition, the bonded interface is typically a 

weak-point in the device that is prone to leakage. Moreover, 

embedding other functionalities such as sensors, valves and 

mixers is extremely hard or even impossible using these 

methods. 

Here we present an easy two-step chemically 

decomposablePLA based copper filament removal method 

for achieving arbitrary 3Dmicrometric channels in a single 

block of PDMS. The PLA based copper filament is 3D 

printable. A microchannel structure is first 3D printed and 

then immersed in PDMS block and cured. The cured PDMS 

is then placed inside an organic solution of acetic acid, 

sodium chloride and hydrogen peroxide. The organic 

solution decompose the PLA based copper structure inside 

the PDMS block thus leaving a hollow 3D channel. The 

channel is then washed with water to remove 

impurities.Using the chemically scaffold-removal method, 

there is no need of lithography steps nor silicon masters, no 

need of bonding the PDMS on surfaces nor of repetitive 

procedures for obtaining multi- level channels, making the 

fabrication of microfluidic devices easy, low-cost and 

opening up the field for a plethora of scientists working in 

different areas.  

 

II. EXPERIMENTAL 

An easy two-step chemically decomposable 3D printed 

PLA based copper structure-removal method for achieving 

3Dmicrometric channels in a single block of PDMS. Using 

the thiscopper removal method, there is no need of 

lithography steps nor silicon masters, no need of bonding 

the PDMS on surfaces nor of repetitive procedures for 

obtaining multi-level channels, making the fabrication of 

microfluidic devices easy, low-cost and opening up the field 

for a plethora of scientists working in different areas.  
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Fig,1(a) Properties of PDMS with its molecule (b) Illustration of microchannel design process with PDMS. The conventional 

casting and bonding steps are replaced with 3D printing. 

 

PDMS is widely used material because of various 

properties shown in Fig.1(a). The chemical decomposition 

method replaces the conventional fabrication of 

microchannel using PDMS. The two steps i.e. molding and 

bonding is replaced with 3D printing here as shown in Fig. 

1(b). The material used here is commercially available 3D 

printable PLA based copper filament. The technique is 

inspired by etching technique of printed circuit boards. The 

copper is decomposed in printed circuit board etching using 

acidic chemicals such as ferric chloride. Here in order to 

save the PDMS shape and microchannel architecture, a less 

sensitive organic compound of acetic acid, sodium chloride 

and hydro peroxide is used to decompose the copper. The 

decomposition time is long as compared to original 

decomposition chemical i.e. ferric chloride but there is no 

or negligible harm with organic solution. 
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Fig.2: Illustration of micro channel fabrication using chemically decomposable and 3D printed PLA based copper. (a) The 

channel shape is 3D printed using hand held 3D pen. (b) An arbitrary 3D channel of copper filament. The copper channel is 

then set inside PDMS mold and PDMS is cured. (c) The PDMS mold is then immersed in organic solution of acetic acid, 

sodium chloride and hydrogen peroxide. (d) The decomposition of copper inside the PDMS results in a hollow channel inside 

PDMS. The actual photograph of fabricated channel is also shown. 

 

 

III. RESULTS AND DISCUSSION 

A cross-section of an emptied microchannel has an exact 

circular profile. The circular profile arises from the shape 

because of midair 3D printing of PLA based copper using a 

hand held 3D printing pen which consists of a conical 

polypropylene needle. It is possible to control the width of 

the features simply by varying the diameter of the nozzle 

and that the line widths are uniform (e.g. a needle with a 

200 µm diameter produces lines with a standard deviation 

of 200 µm). If 3D printing of copper filament is done on a 

substrate or a FDM printer with stage, the cross section of 

an emptied micro channel in this case will be in 

semi-circular profile. The semi-circular profile is because of 

natural adoption of copper metal on straight surface. In this 

case, it is also possible to control the width by simply 

changing the diameter of the nozzle e.g. a nozzle with a 

200µm diameter produces lines with a standard deviation of 

7µm. The printed structure is the then cured inside PDMS 
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using acetic acid, hydrogen peroxide and sodium chloride. 

The chemical reaction and materials are shown in 

Fig.2(a)(c).  

Fig.3 shows the images of the fabricated micro channels 

inside PDMS using organic decomposition of PLA based 

copper. Two types of channels are fabricated. One a simple 

straight bridge shaped channel with single inlet/outlet and 

second is a complex helical structure with single inlet/outlet. 

The diameter of the both channels are 200 and 250µm 

respectively. The length of the bridge channel and helical 

channels are 6cm and 4cm respectively. A red color liquid is 

flown through these channels to verify the smooth flow. 

The SEM images shown in Fig. 3(b) is the cross sectional 

images of both channels. The images indicates a smooth 

channel with no or negligible harm to PDMS. A two inlet 

and one outlet helical mixer channel is then fabricated to 

proves the potential of various embedded concepts using 

the chemical decomposition method. The fabricated mixer 

channel shown in Fig. 3(c) is smooth and can mix two 

liquids if certain parameters are kept in control such as 

velocity of incoming liquids or viscosity of liquids etc.  

 

Fig.3 (a)Images of the fabricated micro channels inside PDMS using organic decomposition of PLA based copper. An 

arbitrary hanging bridge channel and a helical channel. (b) SEM Images of the cross section of a straight and helical 

channels (d) A two inlet one outlet helical mixer channel. 
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Fig.4 shows results of the cost comparison and copper 

decomposition duration between the conventional copper 

etching material Ferric Chloride and Organic Compound 

(Acetic Acid, Sodium Chloride, and Hydrogen peroxide). 

The results shown in Fig.4 proves that conventional 

material i.e. Ferric Chloride can decompose the copper 

much faster as compared to organic compound but the cost 

is high. Moreover, it’s not safe to use ferric chloride as 

main material to decompose the PLA based copper because 

it will damage the PDMS and overall purpose of the 

fabrication of complex micro channels will not met. 

 

Fig.4: Results of time comparison and cost comparison with ferric chloride (a conventional etching material) with organic 

compound (acetic acid, hydrogen peroxide and sodium chloride). (a) Duration comparison results (b) Cost comparison 

results (c) The linear behavior of the fabricated channel w.r.t. model in software proves the efficiency and accuracy of 

fabrication method. 

 

The consistency of dimensions of the fabricated 

microchannels in all directions, is shown in Fig. 4(c), 

although there is some unavoidable roughness resulting 

from the layer by layer nature of copper PLA printing as 

can be seen in Fig 3b however, the channel surface 

roughness was not considered for optimization in this work. 

 

IV. CONCLUSION 

Chemically decomposable 3D printed structures are used 

for the fabrication of PDMS channels demonstrating 

variable channel dimensions as small as 100s of 

micrometers in all-PDMS channels. The fabricated 3D 

arbitrary micro channel is expected to exactly mimic the 

human blood channels. These channels will be used in 

various applications such as LOC platforms. The 

fabrication of 3D arbitrary channels and investigation of 

fluidic motion inside them has laid a new foundation with 

promising applications in the area specially related to LOC, 

artificial organs, bio medical applications and implantable 

devices. 
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