
Week 13: Cryogenic processes

Mainly processes below -150 C

(123 K)



Cryogenic properties of some gases

Gas Boiling point C Melting  point C
He -268.9 -272.2
H2 -252.7 -259.1
N2 -195.8 -209.86
Ar -185.7 -189.2
O2 -183.0 -218.4
CH4 -161.4 -182.6 









Refrigeration

And the Joule-Thompson effect:

Isoenthalpic fast reduction of pressure



Joule Thomson coefficient

• The Joule-Thomson coefficient is a measure 
of the temperature of a gas with decreased

• pressure at constant enthalpy.

• µ = (dT/dP) at constant enthalpy

• If the coefficient is positive you get cooling

• If the coefficient is negative you have to

precool the gas below the inversion temp.



Some inversion temperatures at 
atmospheric pressure

• Nitrogen   621 K  =  348 C

• Oxygen     764 K  =  491 C

• Hydrogen  205 K  =  -68 C

• Helium       51  K  = -222 C

• A variety of other numbers may be found













Does not work so well for 
hydrogen and helium



Special for cryogenic systems

• Hardness and tensile strength are different

• Very good insulation is required

• Good heat integration is a must

• Cold box makes maintenance expensive

• Heat exchangers are a separate class

• Unusual thermodynamic behaviour.





OF HYDROGEN AND HELIUM
Unusual properties 











Helium II

• Liquid helium below the Lambda temperature 
(Tl = 2.172 K) behaves as a Non-Newtonian 
fluid. It can flow through narrow gaps or 
capillaries without any viscous dissipation. It 
also has unusually high thermal conductivity. 

• Other strange properties of superfluid include 
the Rollin film, mechanocaloric effect and 
fountain effect. 



Major cryogenic processes

• Separation of air

• Production of LOX*, liquid nitrogen, argon

• Separation of helium from natural gas

• Liquification of hydrogen

• Production of LNG**

• * liquid oxygen

• ** liquified natural gas



Air Separation Processes

• Cryogenic distillation (For large scale)

• Pressure Swing adsorption using molecular 
sieves

• Using ion transport membranes











Design

Do not trust computers absolutely











FOR AIR SEPARATION     

Non Cryogenic processes







Membrane separation



Other cryogenic processes





Hydrogen

















Helium











Helium liquification








