
Indian J. Fert., Vol. 10 (12), pp.54-57 (4 pages) 

Sandvik Lean Duplex SAF2304 
A Solution for Heat Exchanger Tubings in 

Ammonia Condensers and Coolers 
M. Venkat Ramesh 

Sandvik Asia Private Limited 
Mumbai-Pune Road, Dapoli, Pune - 411012 

venkat.ramesh@sandvik.com 

Carbon steel is the most commonly used material for construction for heat exchanger tubing's in Ammonia plants 
primarily because of its low cost. However, more than 50% of the yearly maintenance replacements are in carbon 
steel, which means that the initial low cost does not always justify the high maintenance cost. Over the years, many 
Corrosion Resistant Alloys have been developed for moderate to severe corrosive environments, resulting in reduction 
of maintenance costs. 
There have been many studies by various organizations to find a middle path between a low cost I low corrosion 
resistance carbon steels and high cost I high corrosion resistance alloys. Lena duplex is one such solution . 
SAF 2304'" has been one such development .This material has fairly good pitting and chloride stress corrosion 
cracking resistance to cooling water in coolers and condensers. They also have good stress corrosion cracking 
resistance and exceptional corrosion resistance against ammonia, caustic and other weak acids and salts. This 
material also has very good erosion corrosion resistance. 
This paper will focus on corrosion properties of lean duplex in comparison with carbon steel and normal austenitic 
stainless steels. This paper also presents a case to compare the life cycle costs and return on investments with lean 
duplex against Carbon steel. 

INTRODUCTION 

Carbon steel is the m ost 
commonly u sed material for 
construction of heat exchanges in 
an ammonia plant followed by 
304L. These heat exchangers 
namely waste heat recovery 
boilers, shift conversion heat 
exchangers, lean amine coolers, 
carbon dioxide stripper 
overhead condenser, sync gas 
compression coolers, ammonia 
condensers, convertor effluent 
coolers etc. play a vital role in 
ammonia production process and 
any premature failures of tubes 
can lead to a loss of production, 
higher maintenance and 
replacement costs and not the 
least safety risk of equipment and 
plant. 

The corrosion failures have been 
reported in past from ammonia 
p lant of several fertiliser units in 
India and abroad in these h eat 
exchanger tubes. Some have been 
due to pitting or crevice 
corrosion due to high chlorides in 
cooling water and some have been 
due to s tress corrosion cracking 
caused by process media. 

SAF 2304'" is a duplex stainless 
steel which has been developed 
specially for ammonia and 

alumina plants. Like any other 
stainless steel from duplex 
family this grade is also 
characterized by very good 
resistance to chlorides in cooling 
water. This is due to high 
chromium and nitrogen content. 
This grade a lso h as very good 
resistance to stress corrosion 
resistance as all other duplex 
stainless steel grades. This is 
because of dual phase of duplex 
steels (50% austenitic and 50% 
ferrite) where trans granular 
corrosion initiated by one grade 
nullifies the intra granular 
corrosion initiated by other 
phase. 

This grade also has very high 
mechanical strength which is 
because of dual phase, small 
grain size and nitrogen in 
duplex stainless steels. This means 
that when replacing the carbon 
steel tubes by duplex tubes, the 
wall thi ckn ess can be reduced 
which brings down the overall 
weight of equipment and also the 
cost. 

This paper also tries to bring out 
the cost comparison over a life 
cycle (life cycle cost analysis) of 
lean duplex vs. carbon s teel. 
Reduction of overall maintenance 
costs in critical heat exchangers 
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have been the need of the hour at 
many fertiliser units. The tubes 
u sed in heat exchangers 
constitute more than 60% of the 
cost of these heat exchangers. 

Duplex stainless steel due to its 
superior properties has been used 
extensively in many ch emical 
companies. The initial investment 
cost has been m ajor hindrance 
for shift from the traditional 
carbon steel or standard 
austenitic steel. However as can 
be seen from paper, lean duplex is 
a better solution to reduce the tube 
replacement cycle and thereby 
achieve reduced maintenance 
cost. 

The Grade Chemical 
Composition 

Lean duplex stainless steel UNS 
532304 has two phase 
microstructure with about 50% 
ferrite. The duplex s tru cture 
accounts for yield strength twice 
that o f austenitic stainless steels. 
This steel characterized by its 
good resistance to general 
corrosion and very good 
resistance to stress corrosion 
cracking. High chromium content 
of 23% is one of the drivers for 
high corrosion resis tance. 
Nitrogen is added to further 










