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DESCRIPTION
Gas separation processes are essential in various industries, 
including petrochemical, pharmaceutical, and environmental 
sectors, where the efficient separation and purification of gases 
are paramount. Oxygen-rich polyimide membranes have emerged 
as promising materials for gas separation applications due to 
their unique combination of properties, including high 
selectivity, permeability, thermal stability, and chemical resistance. 
This overview searches into the utilization of oxygen-rich polyimide 
membranes in gas separation processes, highlighting their key 
characteristics, applications, and future prospects.

Properties of oxygen-rich polyimide membranes

Oxygen-rich polyimide membranes are composed of highly 
crosslinked polymer chains containing oxygen-containing functional 
groups, such as ether (-O-) or carbonyl (-C=O) moieties, dispersed 
throughout the polymer matrix.

These oxygen-rich groups play a crucial role in governing the 
membrane's gas separation performance. Key properties of oxygen-
rich polyimide membranes include:

High selectivity: Oxygen-rich polyimide membranes exhibit high 
selectivity towards specific gas molecules based on their size, 
shape, and affinity for the polymer matrix. This selectivity allows 
for the precise separation of gas mixtures into their individual 
components.

High permeability: Despite their high selectivity, oxygen-rich 
polyimide membranes also demonstrate high gas permeability, 
enabling rapid transport of gas molecules through the membrane 
matrix. This combination of selectivity and permeability results 
in efficient gas separation processes.

Thermal stability: Oxygen-rich polyimide membranes possess 
excellent thermal stability, allowing them to withstand elevated 
temperatures encountered during gas separation operations 
without degradation or loss of performance.

Applications of oxygen-rich polyimide membranes

Oxygen-rich polyimide membranes find applications in various 
gas separation processes, including:

Air separation: Oxygen-rich polyimide membranes are used to 
separate oxygen from air, a process crucial for generating high-
purity oxygen for industrial and medical applications, such as 
oxygen enrichment, oxy-fuel combustion, and medical oxygen 
therapy.

Hydrogen recovery: Oxygen-rich polyimide membranes enable 
the recovery of hydrogen from gas mixtures produced in 
industrial processes, such as steam methane reforming, ammonia 
synthesis, and petrochemical refining. This recovered hydrogen 
can be reused in various applications, including fuel cells, 
hydrogenation reactions, and industrial processes.

Carbon capture and sequestration: Oxygen-rich polyimide 
membranes are used in Carbon Capture and Sequestration 
(CCS) technologies to selectively capture carbon dioxide (CO2) 
from flue gas emissions produced by power plants and industrial 
facilities. This captured CO2 can then be compressed, 
transported, and stored underground to mitigate greenhouse gas 
emissions and combat climate change.

Natural gas processing: Oxygen-rich polyimide membranes are 
utilized in natural gas processing to separate methane from 
impurities such as carbon dioxide, nitrogen, and hydrogen 
sulfide. This purified methane can be used as a clean-burning 
fuel for heating, electricity generation, and transportation.

Despite their promising performance, the widespread adoption 
of oxygen-rich polyimide membranes in gas separation processes 
still faces several challenges, including membrane fouling, 
scalability, and cost-effectiveness. Ongoing research efforts focus 
on developing advanced membrane materials, optimizing 
membrane fabrication processes, and exploring novel membrane 
configurations to address these challenges and further enhance 
the efficiency and sustainability of gas separation technologies.
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CONCLUSION
In conclusion, oxygen-rich polyimide membranes represent a
versatile and effective solution for gas separation processes,
offering high selectivity, permeability, thermal stability, and

chemical resistance. As advancements in membrane technology 
continue to accelerate, oxygen-rich polyimide membranes are 
poised to play a pivotal role in addressing global challenges 
related to energy production, environmental protection, and 
sustainability.
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