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Abstract-An Oxygen Concentrator is device which compress the air from atmosphere and specifically take out nitrogen to 

supply enriched oxygen. Oxygen Concentrator are widely used for oxygen provision in health care applications where liquid or 

pressurized oxygen is dangerous or inconvenient such as clinics and home. Pressure swing adsorption is a technology used to 

segregates gas species from a mixture of gases under pressure. The Excavation process is proposed to improve the 

performance of oxygen concentrator. Oxygen concentrator provides an economical source of oxygen for industrial purposes 

effectively. 
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I.INTRODUCTION 
 

Oxygen is the basic need of human beings. Nowadays 

there is a tremendous demand of the oxygen for the 
personal use in all over the world due to Covid-19 

pandemic. It is also used in various chemical and medical 

purposes. The primary supply of oxygen is done by 

transportation of oxygen cylinders from oxygen generating 

stations. The size and weight of oxygen cylinders are quite 

heavy and difficult to transport. So, it is necessary to 

provide uninterrupted oxygen supply for at least hospitals. 

 

Oxygen Concentrator is special devices that ensure the 

balance and enriched supply of oxygen from outlet to 

patient. There are two process that performs separation to 

achieve oxygen up to 90% of purity Pressure Swing 
Adsorption and Vacuum Swing Adsorption. Pressure 

swing adsorption (PSA) processes, first suggested by 

Skarstrom in the form of a „heatless drier‟.  

 

PSA is a technology used to separate some gas species 

from the mixture of gases under the pressure conditions, 

molecular characteristics and adsorption capacity of 

adsorbent material. In oxygen concentrator “5A Zeolite 

Molecule” is used as adsorbent which adsorbs nitrogen 

molecules at a high pressure and desorbs at low pressure. 

Use of zeolites in these processes help in energy 
efficiency, process efficiency, product quality, and the 

environmental impact of the oxygen purification process. 

 

II. REVIEW OF LITERATURE 

 
1. First Generation: 

Joseph priestly, an English chemist who discovered the 

oxygen molecule in 1774, published his findings three 

years before Scheele‟s. That being said, Scheele is still 

recognized as being the first man to even figure out what 

oxygen is. 

 

2. Second Generation: 

From there, it took a little under 100 years for scientists 

and doctors to understand how to use oxygen to help those 

with varying illnesses and diseases. In 1885, the first ever 

recorded use of oxygen was documented for a medical 
purpose. This medical procedure was to treat a patient 

with pneumonia. This revolutionary treatment was 

administered and pioneered by Dr. George holtzapple. 

 

3. Third Generation: 

At the turn of the twentieth century, a nasal catheter was 

used as the connection between the oxygen and the 

patient. It wasn‟t, however, until 1917 that jonscotthaldane 

invented the gas mask to protect and treat soldiers who 

had been affected by dangerous chlorine gasses during the 

first world war. 

 

4. Fourth Generation: 

Oxygen was mainly being used in hospitals to treat 

patients with a variety of respiratory issues. It wasn‟t until 

the 1950‟s that the first form of portable medical oxygen 

therapy was invented. This portable oxygen was used 

strictly in ambulances and on the scene of medical 

emergencies. 

 

5. Fifth Generation: 

The 1970‟s was revolutionary for medical grade oxygen 

therapy advancements. Finally, you could own your own 
oxygen therapy unit in your home. Over the next 30 years, 

oxygen concentrators began to shrink, due to the demand 

by younger and more active oxygen therapy patients who 



 

 

© 2021 IJSRET 
2054 

International Journal of Scientific Research & Engineering Trends                                                                                                         
Volume 7, Issue 3, May-June-2021, ISSN (Online): 2395-566X 

 

 

wanted smaller and more mobile machines. With these 

medical advancements came more knowledge on oxygen 
and various respiratory diseases. 

 

6. Sixth Generation: 

Presently, oxygen concentrators are small enough to fit in 

a purse, bring bike riding, or even store under your seat on 

an airplane! Nowadays, some concentrators can weigh less 

than 3 pounds, others have over 10 hours of battery life, 

and some home units have an oxygen output upwards of 

10,000 ml per minute! 

 

III. OBJECTIVE 

 
 To design and manufacture an oxygen concentrator 

which will differentiate the nitrogen from atmospheric 
air, leaving an enriched oxygen gas. 

 To optimize cost and size of an oxygen generator by 

making it portable. 

 

 
Fig 1. Block Diagram of Oxygen Concentrator. 

 

IV. OXYGEN CONCENTRATOR 
 

Oxygen concentrators are devices which separates oxygen 
from the intake air to the purity rate of 90-95%. The 

easiest way to separate oxygen from atmosphere 

containing 21% oxygen, 78% nitrogen and 1% other gases 

is to use PSA (Pressure Swing Adsorption) technology. In 

this method, zeolite plays a vital role to eliminate nitrogen 

gas because of its nitrogen adsorption property. The air 

passes over zeolite molecules which placed in a container 

known as sieve bed. The block diagram of oxygen 

concentrator using PSA technology is shown fig. (1).  

 

The device consists of air filter, compressor, a molecular 

sieve, a 4-way solenoid valve, a product tank, pressure 
regulator and water container. 

 

In this system, air from atmosphere first passes through air 

filter and the compressed to high pressure using 

compressor. The pressurized air first passes through 

molecular sieve-1 where nitrogen adsorption takes place 

and leaves enriched oxygen mixture. When desired 

pressure inside sieve bed-1 reaches to set limit that means 

sieve bed-1 completely saturated with nitrogen and 

indicates no further passage of oxygen.  

This time period is known as switching time which 

obtained by 4-way solenoid valve operated on external 
time circuit. Then solenoid valve switches the flow to 

molecular sieve bed-2 and adsorption takes place in sieve 

bed-2. Meanwhile the first sieve bed is depressurized and 

regenerated by removal adsorbed nitrogen using exhaust 

system. When second sieve is saturated with nitrogen the 

pressurized air is given back to sieve bed-1 and sieve bed-

2 is depressurized and regenerated. 

 

Thus, pressurization and depressurization cycle continue 

alternatively during entire operation. This entire process is 

known as “Excavation Process”. The oxygen obtained in 

the product tank is of 90-95% of purity and brought to 
suitable pressure using pressure regulator. Then it is given 

to the patient through oxygen mask. 

 

The molecular sieves which contain chemical called “5A 

Molecular Sieve” are very important component of the 

system which affects performance of the system. Hence 

two molecular sieves are used to obtain uninterrupted 

supply of oxygen. The design of each molecular sieve 

depends upon bed length, bed diameter, and air pressure. 

To determine the quantity of zeolite, nitrogen removal 

design equations are used given as; 
 

QfCftx = qfMLx/Lb 

Where, 

Qf: Volumetric flow rate 

Cf: Concentration of solute 

tx: Time front has travelled at LX 

qf: loading per mass of adsorbent in equilibrium with the 

feed concentration 

M: total mass of adsorbent in the bed 

Lx: position in the bed less than or equal to total bed 

length 

Lb: length of bed 
 

Another important factor which affects oxygen purity is 

the volume of a product tank. The use of large volume 

product tank decreases purity of oxygen. Hence volume of 

the tank is determined by the size of sieve beds and 

compressor power. An air filter filters all harmful particles 

such as dust, humidity caused by environmental conditions 

up to 0.3microns. The compressor used to compress 

ambient air is a dry air compressor of single electric 

motor. Pressure regulator reduces the pressure from the 

product tank to oxygen mask in the range 5- 10 psi. 
 

V. CONTROL OF PROPOSED SYSTEM 

 
The control system of an oxygen concentrator consists of 

motor driving circuit, solenoid valve driving circuit, 

sensing circuits and microcontroller which controls all the 

system. The motor driving circuit connects the electric 

motor to AC line or cut- off depending upon data received 

from sensing circuits. The sensing circuits include 

pressure sensors, temperature sensor and oxygen purity 
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sensor.  The solenoid valve driving circuit uses IC555 as a 

timer circuit to operate solenoid valves at specified time 
interval. These all control circuits are centrally connected 

to a microcontroller which controls the performance of 

proposed oxygen concentrator. 

 

VI. CONCLUSION 
 

 
 

Fig 2. Circuit Diagram of Solenoid valve controller in 

resource limited environment. IC555 can be used for 

solenoidal valve controller. 

 

In pandemic situations like war, covid-19, the clinical 

specialists will always be challenged to provide advanced 

healthcare support to preserve human life. The modern 

medical system can provide highest standards of 

healthcare in such pandemics by giving mobility and 
modularity. The portable oxygen concentrator is one of the 

best examples of a modern medical system which is 

evidence based, highly recommended and time tested. It 

provides very economical and easily applicable solution to 

oxygen shortage 

 

FUTURE SCOPE 
 

A fault transfer system is to be designed for monitoring 

performance of oxygen concentrator at anywhere using 

GPRS technology. Any fault occur in the system will be 

notified to user and take respective action. It mostly 

divided into two parts hardware and software. The 

hardware includes sensors, GPRS modem and software 

includes microcontroller software, graphical user interface 

software. 
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