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Development of electrical powerless system for blood separation
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Background: In recent years, developing low-cost point-of-care diagnostics for the areas where the
spread of disease is fast, and where resources are limited, is becoming a vital topic of research. In this study,
a blood separation and the determination of blood condition without using power was studied. A powerless
centrifuge using finger spinner for Red blood cell separation and a self-powered plasma coagulation time
measuring device have been developed. The finger spinner was designed and made by 3D printer. After cells
are separated, the plasma will be obtained. A self-powered micro-channel device which is able to generate
electrical signals by using triboelectric phenomenon was developed. When fluid flows through a solid surface,
potential difference between the liquid and the solid surface is generated by friction. The device can be used
to determine the coagulation time of the plasma. When the coagulation happens, the induction potential will
be decreased. Combined the finger spinner centrifuge and a self-powered micro-channel, a blood condition
detecting system without power can be obtained.

Methods: This study used 3D computer aided design (CAD) to design the finger spinner, and used 3D
printer to make a four-arm finger spinner centrifuge to achieve blood separation without electricity. Then
we used the triboelectric effect between solid and liquid, and combined with the design of the micro-channel
and the gold electrode to form a system that can detect self-powered electrical signal when plasma flow in
microfluidic channel. First, the sample was loaded in a syringe, and a stable flow rate is supplied through a
syringe pump into the device. When the fluid flow in the micro-channel flow, because of the triboelectric
effect, the charge is generated and accumulated at a thin dielectric layer covering on the electrode and
channel wall. The voltage difference between electrode and the fluid was measured. In this study, we use
different kinds of fluid to test, such as deionized water, glycerin with different concentrations, plasma, and
plasma mixed thrombin. In the end, we collect different electrical signals by changing different viscosity to
summarize the utility of the measurement wafer.

Results: The results show that the four-arm finger spinner centrifuge has a better effect to centrifuge than
the dual-arm finger spinner centrifuge. Through the result of glycerin with different concentrations and
plasma mixed thrombin, the increase in viscosity and plasma coagulation leads the decrease of the voltage
difference.

Conclusions: In this study, the increase of the moment of inertia by weight design was investigated to
improve the centrifuge effect for blood separation. For triboelectric effect at liquid-solid interface, the
increase of the viscosity resulted in decrease of voltage difference. When plasma start to coagulate, the

viscosity of plasma will decrease, and the voltage difference decrease.
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Introduction

To determine blood physiological status of hospitalized
patients, rapid and efficient centrifugation of blood and
measurement of coagulation time is vital. Unexpected and
unconstrained coagulation of blood may cause blood clots
during surgery, leading to serious medical complications such
as thromboembolism and arteriosclerosis (1). Conversely, if
the patient is given anticoagulants too early, serious problems
such as massive bleeding may occur after surgery (2).
Therefore, it is highly relevant to be able to determine the
blood coagulation potential during the operation. However,
the current way to measure the coagulation time is through
blood sample analysis within cuvette (1) or using optical
instruments to measure the signal of the scattered light
output, and obtain the coagulation time by the maximum
difference obtained (3). Although these methods may be
effective, they have drawbacks which need to be overcome.
Those drawbacks include the requirement to have typically
large equipment that consumes a lot of energy.

Traditional mechanics can use hand-powered paper
centrifuge (4), but is not very stable. Therefore, we used
the concept of moment of inertia to make a finger spinner
centrifuge to achieve the effect of blood separation without
power.

Recent new inventions make it easy to carry and use in
homecare. It measures the rate of the change, or the value,
of capacitance or impedance between two electrodes situated
on either sides of the microchannel (5). But this invention
only observes impedance, it is not comprehensive for the
factors to measure coagulation time. Thus, we combined the
ideal of triboelectric effect, using the voltage difference signal
generated by the friction between the solid and the fluid (6),
to discuss the factors affecting the blood coagulation time,
and to attempt to modify the surface of the microchannel (7)
to enhance the effect and get larger signal.

The experimental process is showed in Figure 1. The
developed finger spinner was used to separate the blood
components, and the plasma was loaded into the sensing
device by syringe for testing the coagulation time. A
stable flow rate is supplied through a syringe pump into
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the microfluidic device. The induction electrical voltage
generated by the triboelectric effect occurs when the fluid
flows through the electrode, and the voltage difference
between the fluid and the electrode was measured by using
a voltmeter.

Methods
Fabrication of finger spinner and blood separation

We used a 3D computer aided design (CAD) to design
our finger spinner. In order to allow the centrifuge tube to
be embedded in the finger spinner, grooves for setting the
centrifuge tubes on the rotating arms were designed (Figure 2).
Figure 24 is our first design, which is a dual-arm finger spinner.

A four aim finger spinner, two for setting capillaries and
two for counter weight by embedding bearing. By increasing
the weight, the moment of inertia can be increased and the
problem of the weight can be solved. Therefore, a four-
arm finger spinner centrifuge was designed (Figure 2B). We
designed two holes in the additional rotating arms to place
the ball bearings to adjust the weight.

Then we used 3D printer to fabricate the finger spinner,
as shown in Figure 2C and D. After polishing the surface,
the ball bearing was embedded in the middle of the finger
spinner. In addition, ball bearings were embedded in the
rotating arms of the four-arm finger spinner to adjust the
weight, as shown in Figure 34 and B.

Then we used four-arm finger spinner centrifuge to
separate the blood. First, through the capillary principle,
the blood is collected by capillary tube. Then we could use
vaseline to close both ends of the opening site and put it
into our finger spinner centrifuge. Finally, we could apply
an external force to start the finger spinner centrifuge to
separate the blood.

Self-powered coagulation time measurement device

A self-powered micro-channel device for measuring blood
coagulation time was developed. The triboelectric effect
between solid and liquid was used. The microchannel
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Figure 1 The device schematic. It conclude (I) centrifuge of finger spinner to separate the blood to get plasma, (IT) vacaum pump to get a
stable flow, (ITI) microchannel wafer ,and (IV) circuit board to read the signal.
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Figure 2 3D computer aided design (CAD) for (A) dual-arm and (B) four-arm finger spinner. 3D printing product for (C) dual-arm and (D)

four-arm finger spinner.
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Figure 3 Development of finger spinner. (A) Dual-arm finger
spinner and (B) four-arm finger spinner designed and fabricated by
3D computer aided design (CAD) and 3D printer.

Figure 4 Self-powered coagulation time measurement device
includes microfluidic channel with gold electrode covering with

Cytop.
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Figure 5 Concentrations of glycerin versus voltage difference.

and gold electrode to form a system was designed. In the
microfluidic channel, the Cytop was coated in the channel

wall as a dielectric layer (Figure 4).
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The sample was injected into microfluidic device
with stable flow-rate. When the fluid flew through the
electrode covered with Cytop, the charges were generated
and accumulated at the dielectric layer. By measuring
the potential difference between electrode and fluid, the
properties of fluids could be determined.

In this study, we used different kinds of fluid to test, such
as deionized water, glycerin with different concentrations,
plasma, and plasma mixed thrombin. In the end, we
collected different electrical signals by changing different
viscosity to summarize the utility of the measurement wafer.

Results

The four-arm finger spinner had two additional rotating
arms embedded ball bearings. It can solve the problem
of enough weight, and it still can reach 1,000 rpm. After
experiment test, blood could be separated in 10 minutes by
the four-arm finger spinner centrifuge.

For measuring the blood coagulation time, the viscosity
of fluids versus potential difference was carried out by using
different volume ratio of glycerol and deionized water
(Figure 5). The real-time potential difference of the human
plasma mixing with thrombin in the device was achieved
(Figure 6).

The results showed that when the flow-rate of 0.01 mL/min
was applied, and the glycerol concentration was given from
0% to 20%, the potential differences decreased from 0.108
to 0.096 mVDC (Figure 5). When the viscosity was raised
by using a higher concentration of glycerin, the voltage
difference decreased. In addition, in the plasma test, we
found that when we mixed plasma at pH7 with thrombin at
0.03 U/mL, the plasma began to coagulate at 3 minutes and
was fully clogged in 7 minutes (Figure 6). Comparing the
plasma without thrombin, the potential difference decreased
dramatically, and after 7 minutes, the potential difference
was stable at a low value.

Discussion

Blood-related tests used to require substantial medical
resources. From the sample acquisition to the analysis,
instruments such as centrifuges and blood condition
analyzers are needed. These instruments are not only huge
and expensive, but they also consume lots of energy. For
these reasons, their use in low-resources countries is often
affordable, especially outside the capital city.

In comparison to conventional blood separation
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Figure 6 Comparison to mix plasma with pH of 7 and thrombin at
0.03 U/mL or not, the potential difference decreased dramatically

at the test of the plasma w/o thrombin.

methods, our finger spinner features some advantages of
being cheap, easy to carry, and not consuming electricity.
Although the centrifugal efficiency is not necessarily better,
but it still can separate blood, providing a better choice in
areas lacking medical resources.

In the measurement of the blood coagulation time,
our device works by measuring the voltage difference. In
terms of accuracy, the optical detection used by the blood
condition analyzer may be better, but our device can reduce
the blood consumption and it is faster and easy to test.
Therefore, it can achieve more effective rapid detection that
is crucial for the safety of surgical procedures.

Through the experiment, we demonstrate the effects on
electrical signal of some coagulation-related fluid properties,
so we may be able to apply the technology to other clinical
test, such as PT and APTT test in the future.

Conclusions

In this study, a finger spinner centrifuge was designed to
separate the blood by moment of inertia without power.
In addition, a self-powered plasma coagulation time
measurement device was developed by using triboelectric
effect through the solid and the fluid friction. We found that
the lower viscosity resulted in larger potential difference.
Therefore, the coagulation time can be determined by
comparing the potential difference of the plasma without
the thrombin in the same flow-rate.
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