
Liquid Ammonia tank



Transportation of ammonia
• The tank was used to transport liquid ammonia. 
• In order to contain the liquid ammonia the pressure had 

to be equal to the saturation pressure (the pressure at 
which a mixture of liquid and vapour is in equilibrium). 

• The saturation pressure increases rapidly with 
temperature: at 20°C the absolute pressure is 8.57 bar; 
at 50°C it is 20.33 bar. The gauge pressure at 50°C is 
19.33 bar, or 1.9 MN m-2. Because of this the tank had to 
function as a pressure vessel. 

• The maximum operating pressure was 2.07 MN m-2

gauge. This allowed the tank to be used safely to 50oC, 
above the maximum temperature expected in even a hot 
climate.



Failure in HAZ



Observations
• The normal operating pressure of the compressor was 1.83 MN m-2; 

the maximum pressure (set by a safety valve) was 2.07 MN m-2.

• The initial crack, 2.5mm deep, had formed in the heat-affected zone 
between the shell and the circumferential weld. 

• The defect went some way around the circumference of the vessel.

• The cracking was intergranular, and had occurred by a process 
called stress corrosion cracking. 

• The final fast fracture occurred by transgranular cleavage.

• This indicates that the heat-affected zone must have had a very low 
fracture toughness.



Material

• The tank was made from high-strength low-alloy 
steel with a yield strength of 712MPa and a 
fracture toughness of 80MPa m-1/2. 

• The heat from the welding process had altered 
the structure of the steel in the heat-affected 
zone to give a much greater yield strength (940 
MPa) but a much lower fracture toughness

• (39MPa m-1/2).
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