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3. Once the pressure is low enough, the power for 

the plasma ionizer is turned on for 1 - 1.5 

minutes. This ionizes the atom for the glass and 

PDMS to create a strong bond. 

4. After degassing the Harrick chamber, the PDMS 

is flipped onto the glass slide and gently pressed 

down carefully to bond successfully and 

eliminate any air bubbles.

Bead Sorting 

Abstract 
Microfluidic devices have  gained scientific interest for numerous applications because researchers can tightly 

control the microenvironment with minimal reagent/sample. Microfluidic devices are channel networks with cross-

sectional dimensions smaller than 1 millimeter that allow fluid flow through pressure gradients. A common pressure 

gradient to create flow is usually caused by diffusion using atmospheric pressure.3 In this study, the pressure 

gradient is controlled by a syringe pump. This causes a high pressure at one channel end versus the atmospheric 

pressure at the other end. A foil-embossed method was used to develop multiple designs to discover laminar flow. 

Continuous separation of color was observed between two different color liquid dyes. Channel widths and flow rates 

were altered to demonstrate the best devise to show laminar flow using controlled pressure.

Introduction 

Microfluidics is a relatively new scientific field that manipulates and analyzes small 

volumes of fluids. Microfluidics increases control of the microenvironment 

improves imaging capabilities, uses fewer cells and less drugs1. One of the greatest 

properties is that the channels have such a small diameter that laminar flow occurs 

which will allow separation of multiple liquids.4

In development of microfluidics devices photolithography is usually used to created 

the masks for the PDMS casting; however, this could be rather costly. A foil-

embossed method was used because of its simple and inexpensive process. The foil-

embossed method uses aluminum foil, hot glue, and vinyl paper cutouts which 

makes creating any device design cost effective2. 

In this study, a foil-embossed microfluidic device was created to analyze laminar 

flow by using of controlled pressure with a syringe pump. The diameter of the 

channels was varied to determine which would achieve the best laminar flow.
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Future Studies
● Further studies would include adding more channels to implement more colors to show 

laminar flow.

● With these new designs, the width of channels and size of the design will need to be 

studied.

● Curved channels will be designed to examine if laminar flow can be achieved and keep 

different colors separated.

For further information please contact krista.mcbride@belmont.edu

Foil-embossed method

1. Once cured, the PDMS design is then placed 

beside a 2 in x 3 in glass slide that inside a Harrick 

plasma machine.

2. The pump is then turned on until it reaches a 

pressure lower than 10-1 Torr.

1. Holes were inserted into the inlets and outlets 

of the microfluidic channels.

2. The device was first flushed through with 

water using a syringe.

3. Two colors of liquid food coloring were 

pumped into two different syringes. 

4. Tubing was connected to the syringes and 

tubing and inserted into the inlet holes of the 

device..

5. A syringe pump was set to a flow rate of  0.13 

ml /min. 

Controlled pressure

2. Two aluminum foil sheets were placed on the design 

and hot glue was placed between two sheets 

compressed for 2 minutes until the glue solidifies 

creating a mask.

3. Polydimethylsiloxane (PDMS) was formed by 

mixing Sylgard silicone elastomer base and curing 

agent in a 10:1 ratio and then placed in a Thinky

AR-100 Conditioning Mixer for 2 minutes to mix 

without bubbles. 

4. PDMS was poured over the aluminum mask and 

placed in an Acrylic Vacuum Chamber for 20 

minutes to further de-bubble. The devices were then 

placed in an oven at 150 ℃ overnight to harden.

Channel width affects the flow rate and the clarity of laminar flow.

Results 

Figure 3. Microfluidic design to analyze laminar flow. 

The total device dimensions were 1.728 in length and 

0.065 in width.

Figure 5. Laminar flow of green and yellow liquid 

food coloring.

Figure 6. Microscopic view of the color division. 

Methods

1. Microfluidic designs were designed using a 

Silhouette Studio cutter and etched onto a vinyl 

sheet.

Figure 1. Widest channel cutout, 0.0625 in width, 

gave the slowest flow rate.

Figure 2.  Thinnest channel cutout, 0.03125 in 

width, gave the fastest flow rate and which 

flowed more smoothly.

Discussion 

• A pressure gradient is used to create diffusion through the channels when a 

wide channel (higher pressure) opens up to a smaller channel (lower 

pressure). This is shown by the continuity equation.

• Through the exploration of different channel widths for a range between 

0.03125 in and 0.0625 in, the thinnest channel provided the best flow and 

this width was used to create the microfluidic devices channels to study 

laminar flow.

• By analyzing many microfluidic channel designs, the design with 3 channels 

inputs on top and  3 channel outputs on the bottom along with large holes for 

the outputs ensured successful flow. (Shown in figure 3)

• After using different flow rates from 0.30 mL to 0.10 mL, the best flow rate 

was found to be 0.13 mL/min. In using this rate, the dye was able to flow 

through the design uninhibited and accomplish laminar flow.
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Plasma Bonding

Laminar flow was accomplished using this design and with the syringe pump set at 

0.13 ml/min
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