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Abstract— This paper describes the process used to create a 

portable system capable of generating Non-Thermal Plasma 

inside of a flowing tube path, while filtering out byproducts 

created by the discharge used to create the plasma. This system 

was created for the purpose of eventual connection to a portable 

ventilator, where it would be used to disinfect air being supplied 

by said ventilator to the patient. 
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I.  INTRODUCTION 

The spread of SARS-CoV-2 during the COVID-19 
Pandemic had been amplified by the nationwide shortage of 
hospital ventilators. Cross-patient infection occurred as a 
result of ventilators not being thoroughly disinfected in 
emergency rooms. The team designed a solution using a novel 
form of disinfection known as Non-Thermal Plasma (NTP). 
During operation, a high voltage AC discharge is applied 
through a gas such as air. Plasma is generated consisting of 
ions and free electrons – these short-lived reactive species are 
used as disinfection agents. Viral aerosol then passes through 
the discharge, interacting with the reactive species and safely 
inactivating. However, the air’s interaction with the reactive 
species generates ozone, which is harmful to humans. There 
is a limited exposure amount set by Occupational Health and 
Safety Administration (OSHA): 0.05ppm over the course of 8 
hours [1]. The team used the NTP concept to design and 
fabricate a disinfection system with ozone filtration that 
connects to a portable ventilator.  

II. REACTOR DESIGN 

A. Chamber 

 The NTP reactor’s chamber design went through 

several iterations before its final configuration. Consistent 

among each iteration was the use of a 1-inch inner diameter 

(ID) and 1.25-inch outer diameter (OD) tube to ensure 

compatibility with the selected portable ventilator (NASA’s 

VITAL). Two diametrically opposed rectangular openings 

are cut into the tube for the electrode plates. Different 

electrode configurations were considered as each geometry 

resulted in a different discharge. The electrode plates were 

initially both made of copper. 12 nails of ¼” lengths were 

used on the positive electrode plate. The pointed ends of nails 

were suited to the small area ideal for discharge to occur. On 

the grounding electrode plate were acrylic beads and BaTiO3 

powder (Barium Titanate) fastened with double-sided acrylic 

tape, each a dielectric material. The nails were eventually 

replaced with ½” length ones to shorten the distance for the 

discharge. The acrylic beads were found to be ignored by the 

discharge and therefore removed. The ½” nails were replaced 

by 18-gauge multithread wires. These wires were fed through 

a new 3D-printed plastic plate. By separating the wires using 

an insulated material the discharge became more distributed. 

This last configuration – 18-gauge multithread wires 

mounted on a 3D-printed plastic plate, diametrically opposed 

to the copper grounding electrode plate covered with double-

sided acrylic tape and Barium Titanate – generated stable, 

repeatable discharge within the reactor chamber, as shown 

below in Figure 1. 

III. ELECTRICAL DESIGN 

A. Power Supply 

To generate NTP, high voltage AC current from a neon 
sign transformer power supply took 120 volts from the wall 
and amplified it to the kilovolt (kV) range. The team had 
chosen to use a neon sign transformer as they are both cost 
effective and compact, which allowed the device to remain 
portable. Two neon sign transformers were considered: a 3kV 
90-watt supply and a 6.5kV 195-watt supply.  

 

 

 
Figure 1: Plasma Discharge 

 



B. Ozone Sensor Module 

To ensure ozone levels were below the 0.05ppm standard, 
a low concentration MQ-131 ozone sensor module was placed 
after the filtration system. The sensor increases its 
conductivity as more ozone is detected, which causes its 
voltage reading to increase. The sensor takes this voltage 
reading and converts it to an ozone level reading in ppb as it 
continuously samples the air. This was all coded and 
implemented through the Arduino environment. 

IV. MECHANICAL DESIGN

 

A. Materials 

The path for the airflow was made of different non-
conductive materials. The 1”ID hard tubing which held the 
reactor was made of clear, polycarbonate plastic. The 
transparency was desired so the discharge inside the tube was 
visible. Two slots were cut opposite of each other on the 
surface of the tube to insert the electrode plates inside of. This 
was connected to a tube reducer, which connected to a ½”ID 
firm blue PVC tubing. The flow here was reduced to allow 
connection to the filtration system, which used ½” ID PVC 
ball valves to divert flow. The system is shown above in 
Figure 2. 

B. Filtration System 

For the ozone at the outlet to remain under 0.05ppm, the 
system includes activated carbon filters which are effective at 
ozone adsorption. As the envisioned project was intended for 
use with a ventilator, a feature to allow in-service changing of 
filters was incorporated. This design uses two PVC ball valves 
to divert flow between one of two paths. While air flows 
through one path, the other path can be removed to exchange 
filters. These filters were prototyped as sections of a cut 
activated carbon pad hot glued onto a paper clip, as shown 
above in Figure 3. The ends are shaped to prevent the filters 
from sliding inside of the L-shaped connectors in the filtration 
design, as well as the filters themselves should they loosen.  

 

V. RESULTS & CONCLUSIONS 

During the testing phase, the team found the ideal 
electrode configuration for a stable NTP discharge. The team 
also found that the 6.5kV power supply was too powerful as 
unstable white arcs would form, burning the polycarbonate 
tubing. As a result, the team used the 3kV supply connected 
to a voltage regulator. The voltage regulator allowed the team 
to control the voltage output from the wall via a rotational dial, 
giving us a range where stable NTP could form. The team 
measured the amount of ozone being produced at different 
voltages at a flowrate of 1 m/s to simulate the breathing rate 
of a patient on a ventilator. As seen in the plot, as voltage 
increased, the average amount of ozone present increased in 
an exponential manner. Although further testing must be done 
with viral aerosols to measure disinfection, the team can 
assume a better disinfection rate as higher levels of ozone 
mean more reactive species being generated.  

 

 
Figure 4: Voltage vs Ozone Levels of the System 
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Figure 2: System Concept Art  

by Angela Patricia Bello Rodriguez 

 

 
Figure 3: Carbon Filter Setup 

 


