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Abstract: In present situation there is acute shortage of medical oxygen. Producing large volumes of life saving oxygen  at high 

purity and low cost is of utmost importance . Some Methods of oxygen generation are Pressure Swing Adsorption, Cryogenic Air 

Separation, Ion Transport Membrane. PSA devices are suited for producing small volume of oxygen, on the order of 10 tonnes per 

day. Cryogenic Air Separation Unit is used for  producing  for large volume of oxygen but this method involves high cost. As 

compared with  Cryogenic Air Separation method Ion Transport Membrane is more efficient  and produces large volume of oxygen  

at low cost with highest purity oxygen (>99.5%)  
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Description of Oxygen Production Methods 

Pressure Swing Adsorption 

Pressure swing adsorbers (PSA) devices draw air from the atmosphere into a pressurised tank. Zeolites can be found inside 

the tank. Zeolites have the ability to distort and produce a dipole when put under strain. This dipole enables for the capture of 

nitrogen while allowing oxygen to pass depending on the zeolite used. The PSA is normally pressured to a minimum of 1.5 atm 

for oxygen enrichment. After the certain volume of air has been separated, the zeolite becomes nitrogen-saturated. It is 

necessary at this time to  be rejuvenated This is accomplished by lowering the tank's pressure to atmospheric levels. As a 

result, the polarity of the zeolite is restored. This allows the nitrogen to escape. The pressure in the tank is reduced to sub-

atmospheric levels by vacuum pressure swing adsorbers (VPSA), which improves the regeneration process. While one tank is 

regenerating in both processes, another tank is normally charging. This enables for continual oxygen generation. While PSAs 

can approach 99.9% accuracy, the expense of rising above 99.5 percent in a PSA device increases drastically. Furthermore, PSA 

devices are best suited for producing small volume of oxygen, on the order of 10 tonnes per day. Because the output of oxygen 

is mostly controlled by bed size in PSA systems, expenses climb linearly as more oxygen is required. 

Cryogenic Air Separation 

Cryogenic air separation units (ASU) is an old method of producing high purity oxygen in large quantities. The method is based 

on the fact that the boiling temperatures of air's elements vary. At around -300oF, this separation occurs. Further distillation is 

required if better purity oxygen or liquid oxygen is required. To chill liquid oxygen even further, nitrogen is employed as a 

heat transfer fluid.Cryogenic separation is effective when one or more of the following conditions is needed: high purity 

oxygen (>99.5%), large volumes of oxygen (>102 tonnes per day), or both. But only problem with cryogenic separation is its  

high cost [1] 

Low Cost Oxygen Supply Methods 

Along with Running costs and purity the intended volume is also a major factor in determining which air separation unit is 

ideal for a given industry. Fig.1,  shows which technology is most suited when all other factors are taken into account. 
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Fig.1 Analysis of Oxygen Supply Methods 

              Three factors are measured against each other (volume, purity, and cost). It should be emphasised that future 

improvements in zeolites will very certainly cut the cost of PSA systems [Smith 2001].Because there are few projected 

breakthroughs in cryogenic air separation, expenses are projected to remain stable. PSA/VPSA is ideal for low volumes and 

low purity oxygen requirements, as shown in Fig 1. When high flow rate and high purity oxygen are required, cryogenic 

separation is used. Finally, if the facility requires high purity oxygen at low rates, liquid oxygen supply option. The term 

"piggyback merchant plants" refers to a plant's ability to create enough high purity oxygen for both itself and local merchants 

who require it. When the plant only requires small amounts of high-purity oxygen, this is a viable option. But it is not suitable 

for high volumes of oxygen. 

Membrane  Technology 

                     Alternative technologies for O2 production were required due to the substantial efficiency penalty associated with 

using cryogenic O2 separation units in oxy-combustion systems. Ion transport membranes (ITMs) are one of these ways for 

separating O2 from air. These ITMs can extract oxygen from air at high temperatures (above 700 degrees Celsius). The kind of 

membrane, thickness, operating temperature, and differential in oxygen partial pressure across the membrane all influence 

oxygen permeability through ion transport membranes.Air is passed via a membrane filter in traditional membrane 

technology. Fast gases will pass through the filter, while slow gases will be trapped. Nitrogen and argon are considered slow 

gases, while oxygen is considered a rapid gas. By adjusting the amount of time the gas spends undergoing filtering, different 

levels of purity can be attained. Previously, membrane technology could only achieve purity levels of around 50%. Membrane 

technology provides a fast start-up time and works in close to ambient settings. Air Products and Chemicals, in collaboration 
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with the US Department of Energy and Ceramatec, developed the ion transport membrane (ITM). According to reports, this 

method can create 99 percent pure O2 at a fraction of the expense of cryogenic separation. [Dyer,2000] SEOSTM Oxygen 

Generator, ITM Oxygen, and ITM Syngas are three different ITM technologies that have been created. Electrochemical cell 

stacks make up the SEOSTM system.  

 

Fig.2. Ion Transport Membrane System 

                  A voltage is delivered to these cell stacks after they have been heated to about 600 0C. The oxygen in the feed air is 

ionised, recombined, and collected at an outlet under this electric potential. [Dyer,2000] ITM Oxygen can produce oxygen 

streams with extremely high purity (above 99.9%) and volume (equal to cryogenic slurry volumetric flow). It takes in air with 

a high pressure and a high temperature This air passes through a ceramic membrane constructed of oxygen-depleted metals. 

Because of the difference in oxygen partial pressures across the membrane, the oxygen is ionised and diffuses across the 

membrane. The procedure solely filters oxygen because the membrane is not drawn to any other chemicals [Allam 2002]. 

Cryogenic separation units face competition from ITM Oxygen. Air Products connected an ITM Oxygen supply to an IGCC plant 

and a cryogenic air separation unit to another.  

Area Description Ion Transport Membrane Oxygen 

Plant 

Cryogenic Air Separation Unit 

Oxygen Plant 41600 61200 

$/metric tonne per Day Oxygen 

produced 

14300 22200 

Table 1: Comparison of Ion Transport Membrane System and Cryogenic ASU 

(Costs are represented in thousand US Dollars) 

The cryogenic air separation unit cost $61.2 million to install, compared to $41.6 million for the ITM technology. Furthermore, 

the ITM plant produced oxygen for $14,300 per tonne of oxygen per day, in comparison with $22,200 per tonne of oxygen per 

day for the cryogenic facility. 
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Conclusion 

      Immense oxygen flow, high selectivity, and good integration with high-temperature energy applications are all advantages 

of ITM technology. The installation cost of the Ion Transport Membrane technology cryogenic air separation unit was very low 

as compared with cryogenic air separation unit .The ITM plant produced oxygen at a low cost in comparison with the 
cryogenic plant. Advancements in membrane materials will surely lower the costs of all membrane technologies 
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