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Alignment of Microbeads Using Spinning Helical Minichannel Cartridge

Subin Kim, Bibin Prasad and Jung Kyung Kim

Abstract Separation of particles based on different sizes, detection of pathogenic bacteria and isolation
of leukocytes from whole blood are typical applications of spiral or helical microchannels. The present
study focuses on developing a CD4+ T-cell counting device for monitoring HIV/AIDS patients with
the aid of a helical minichannel used for a sample cartridge. For the experiment, 10 pm sized
microbeads were used for visualization with a fluorescence imaging system. Alignment of microbeads
was investigated in a stationary and spinning sample cartridge filled with glycerol-water mixtures of
different densities. The helical minichannel was spun using a DC motor controlled by an Arduino
board with a Bluetooth shield. It was found that when the sample cartridge was made stationary, no
bead alignment was achieved for a medium with density (0% and 20% glycerol) lower than that of
the beads, but when it was spun at 2000-3000 rpm for 1-4 min, an alignment was obtained at the
top of the channel facilitating optical detection and enumeration of those microbeads. Since an
alignment of microbeads was achieved for a medium with density as that of blood plasma, the same
approach can be applied for aligning and counting CD4+ T-lymphocytes in whole blood samples
collected from patients.
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Figure 1. (a) 3D physical model of helical
minichannel (b) Overall view of sample cartridge
(scale bar = 10 mm) (c) Sample injection using a
syringe (d) Helical minichannel filled with a red-
colored sample solution (e¢) Fluorescence imaging
setup and motor control system (f) Magnified
view of helical minichannel cartridge (g)
Smartphone application for motor control
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Table 1. Viscosities of blood and glycerol-water
mixtures

Component Viscosity (mPa-s)
blood (37°C) 3~4
distilled water (20°C) 1.002
10% glycerol solution 1.310
20% glycerol solution 1.615
40% glycerol solution 3.686

Table 2. Densities of blood components, glycerol-
water mixtures and microbead

Component Density (g/mL)

plasma 1.025

lymphocyte 1.06~1.1

red blood cell 1.09~1.2
distilled water 0.998
10% glycerol solution 1.0221
20% glycerol solution 1.0425
40% glycerol solution 1.097
microbead 1.06
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Figure 2. Particle images (a) before and (b) after
spinning (scale bar = 0.2 mm) (c) Estimated
distribution of particles across the cross section of
helical minichannel filled with distilled water
before and after spinning of the sample cartridge
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Figure 3. Particle images (a) before and (b) after
spinning (scale bar = 0.2 mm) (c) Estimated
distribution of particles across the cross section of
helical minichannel filled with 20% glycerol
solution before and after spinning of the sample
cartridge

e B kel B9 87 S5 3000 pmos 2}
Zh 4 g 1 SIAAA dAke] Ad o] EXEE
3le] Fig. 2, Fig. 3 2 Fig. 40 YeRAATE 5

e

0
= )
B
c 1 .
° - ]
= 40
o
2 )
_g 60
2 )
s
o 80
1]
a ]

100 T T
stationary spinning
©

Figure 4. Particle images (a) before and (b) after
spinning (scale bar = 0.2 mm) (c) Estimated
distribution of particles across the cross section of
helical minichannel filled with 40% glycerol
solution before and after spinning of the sample
cartridge
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Figure 5. Effect of spinning time on particle count
at 20% particle concentrations suspended in 10%
glycerol solution. The reference is the particle
count measured with C-Chip plastic
hematocytometer chamber.
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Figure 6. Effect of spinning on particle count at
three different particle concentrations. The
reference is the particle count measured with
C-Chip plastic hematocytometer chamber.
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