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Introduction 

 

This is the second part of a series of technical papers comparing Stamicarbon and Saipem Urea Stripping 
Technologies as per today (May 2017). This part focuses on the applied materials of construction and 
typical failure modes of its latest references.  
Mr. Friedrich Wöhler discovered in the 18th century that it was possible to make from NH3 and CO2 Urea. 
In the 1930’s, Mr Carl Bosch working for BASF developed the urea process in such a way that it became 
possible to produce on a commercial scale urea. Then BASF in Germany build a plant producing 40.000 
tons of urea per year; at that time the urea synthesis took place in an autoclave. This autoclave was 
originally a naval gun that was modified into an autoclave and as alloy of protection the inside of the 
autoclave was lead lined. Until the 1950’s, small-scale urea plants were in operation.  
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History of materials of construction 

The urea process became of interest from commercial point of view when in 1953 Mr Joseph van Waes 
working with DSM discovered that the addition of oxygen reduces the corrosion rates of stainless steels 
in urea synthesis. This invention allowed the production of urea on a larger scale with X2CrNiMo18-14-
3 as alloy protection, the material was called 316L-Urea Grade (UG) or 316: Modified (Mod). 316L-UG 
is an optimized 316L.  
The severe corrosion of the synthesis solution was the reason for urea licensors to specify very strict 
demands on the quality and composition of construction materials. The austenitic stainless steel in a 
corrosive medium owes its corrosion resistance to the presence of a protective oxide layer on the metal. 
As long as this passive layer is intact, the stainless steel corrodes at low rates. This is called passive 
corrosion. Passive corrosion rates of 316L-UG are typically between 0,01 and 0,1 mm per year on 
stream. When this passive chromium-oxide layer is damaged active corrosion will set in and can reach 
values of 50 mm per year or even higher.  
An important factor that has a big impact on the corrosion is temperature; an increase in temperature 
means an increase in corrosion rates. According to the Arrhenius equation, the corrosion rate doubles 
for every 10oC increase in temperature.  
 
That was why, when in 1967 Mr. Petrus Kaasenbrood of Stamicarbon the CO2 stripper invented and it 
appeared that in this stripper and more specific the 316L-UG heat exchanger tubes were not good 
enough because of too high corrosion rates. It was not only the high temperatures but also the lower 
oxygen partial pressure and the high carbamate concentrations in the upper portion of the stripper tubes 
that made the use of 316L-UG too critical under these conditions. These conditions even lead to active 
corrosion because of spontaneous activation of the passive stainless steel.  
 
This observation has led to the development of X2CrNiMoN25-22-2. This higher-alloyed austenitic 
stainless steel appeared to be better resistant to the stripper conditions than 316L-UG stainless steel. 
It is obvious that also under milder conditions X2CrNiMoN25-22-2 show better corrosion resistance and 
some of the typical 316L-UG typical failure modes are eliminated.   
 
While Stamicarbon patented the CO2 Stripper, Saipem patented the NH3 stripper. In the first NH3 stripper 
titanium tubes were used but erosion/corrosion problems and as a consequence a low lifetime of these 
strippers in combination with the high costs for this material led to the development of bi-metallic tubing. 
In first instance a combination of an X2CrNiMo25-22-2 outer tube drawn around with a thin zirconium 
inner sleeve.  Later Saipem together with the American tube mill ATI Wah Chang developed another 
kind of bi-metallic stripper tubes made from an outer titanium tube with an extruded bonded zirconium 
inner tube, the so called OmegaBond™ stripper tubes. In 2010 the first stripper with OmegaBond™ 
tubes came on line. 
 
Later Stamicarbon looked for alternatives, better, cheaper and easier weld able materials. The 
implementation of duplex (austenitic/ ferritic) stainless steels and good experiences in the European 
offshore industry opened an opportunity. It became obvious that standard duplex material could not be 
used and that modifications with respect to microstructure were needed like the austenite / ferrite 
content and also the distribution of the austenite and ferrite in the matrix is important from corrosion 
point of view. 
 
This research and development resulted in the year 1999 to the installation of the first Safurex® HP 
Carbamate Condensers and in the year 2000 a first Safurex® HP Stripper.  
In 2006 the first complete, so including high-pressure piping, valves and accessories, Safurex® HP 
synthesis in a Stamicarbon Stripping plant was taken into operation. Since that time the material of 
construction of the HP synthesis in a Stamicarbon urea plant is standardized to be Safurex®.   
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The main advantages of these new developed duplex stainless steels is that they require considerable 
less oxygen to remain resistant against carbamate corrosion and do have higher strength.  
 
 
Corrosion in Urea plants  

Stainless steels can be used in the urea synthesis because of the presence a protective oxide layer that 
mainly consists of Cr2O3. This oxide layer however will slowly dissolve in hot carbamate solution. The 
loss of this protective oxide layer is compensated by the oxidation of chromium, in this way the oxide 
layer will be restored, that is the reason that oxygen continuously needs to be added to the carbamate 
solution. 
The overall corrosion rate depends on the balance of these reactions: too little oxidizing compared to 
the dissolution rate of the oxide layer results in a non-protective layer or even to activation. 
 
Ammonium carbamate solution behaves as an acid (Brönsted acid). The corrosion of stainless steels as 
well as titanium and Zirconium in urea synthesis is an acidic type of attack.  
In absence of oxygen will this result in high (active) corrosion rates with hydrogen evolution.  
 
High chromium content is beneficial: the more chromium in the stainless steel, the higher the re-
passivation capacity and the lower the passive corrosion rate will be. The presence of nickel is only 
important for achieving a stable, fully austenitic microstructure without d-ferrite when desired. 
 
 
Current standard Stamicarbon and its failure modes 

In the year 2002 Stamicarbon specified that the complete synthesis should be made with Safurex® alloy 
protection. A modern Stamicarbon urea plant consists of a synthesis with a PoolCondenser. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

By using Safurex® a lot of failure modes due to corrosion were eliminated. Of course the occurrence of 
corrosion due to applying wrong materials, bad welding, wrong heat treatments or fabrication and 
maintenance still exists. These corrosion forms are not part of the failure modes mentioned in this paper. 
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With help of schematic views the failure modes that occur at which locations in each individual HP 
equipment of the synthesis section of urea plants is shown.  
 

                                                                    

 
              Reactor            HP Stripper                PoolCondenser                           HP Scrubber 
 
 

               
 
                                     HP Piping             
 
 
Legend: 
1. Crevice corrosion              
2. Stress corrosion cracking 
3. Condensation corrosion 
4. Strain induced intergranular cracking          
5. Cross cut end attack 
6. Erosion Corrosion 
7. Baffle hammering 
 
 
Overall corrosion in the liquid phase 

In the complete synthesis, including in the HP Piping, a passive corrosion of Safurex® takes place in 
ammonium carbamate solutions. It is an overall attack resulting in a homogeneous thinning of plate, 
welds, wrought material or tubes in contact with the process fluid. This overall corrosion is a slight 
intergranular attack proceeding less than 0.01 mm per year on stream. Stamicarbon states that active 
corrosion has never occurred with Safurex®.  
In the top 3 meters of the heat exchanger tubes in the stripper however higher corrosion rates, up to 
some 0,09 mm per year on stream has been found; this as a result of the ruling process conditions, 
amongst others high temperatures and low oxygen partial pressure. 
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Cross cut end attack (5) 

In Safurex® equipment one observes in tube and plate material at the cross section, perpendicular to 
rolling directions somewhat higher corrosion rates. The severity of this type of corrosion varies with the 
purity of the material and with the manufacturing process. This kind of attack is found in the holes of 
the reactor trays and in the holes of the liquid distributors in the Stripper and PoolCondenser, resulting 
in oval shaped and enlarged holes. Also protruding and exposed tube and pipe ends show this corrosion. 
This corrosion rate is maximum some 0.05 mm per year on stream. 
 
In order to further minimize these corrosion phenomena, recently Stamicarbon introduced three 
different types of Safurex® for different locations in the HP Synthesis: 
For general use Safurex® infinity is recommended. To improve the passive corrosion at a fore mentioned 
stripping conditions Safurex® star is specified. For those parts where cross cut end attack corrosion can 
be expected or for parts with complex shapes, Safurex® degree is specified. 
 
The Safurex® infinity type is the workhorse and typically the original invented Safurex®. 
The parts made from Safurex® degree in turn are isoform hot isostatic pressed; This HIP manufacturing 
process reduces porosities of metals and increases the density. This HIP process makes the material 
more homogeneous, less sensitive for cross cut end attack and increases the mechanical properties 
including the ductility at lower temperatures.   
 
 
Baffle hammering in heat exchanger tubes (7) 

This failure mode is a local mechanical damage of heat exchanger tubes mostly in a U-bundle and 
associated baffle hole. This phenomenum occurs due to vibrations in the U-bundle in combination with 
too large tolerances of the baffle hole, also a too thin baffle plate may initiate this damage.  
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Current standard Saipem and its failure modes 

Nowadays Saipem recommends 25-22-2 for the complete HP synthesis except for the HP stripper. 

 

 

 

Saipem offers different material options for the Stripper: 

Saipem specifies sometimes Bi-metallic heat exchanger tubes. A Bi-metallic tube is a combination of an 
X2CrNiMoN25-22-2 outer tube drawn around with a thin zirconium inner sleeve. When selecting this 
brand of tubes the remaining alloy protection in the Stripper is X2CrNiMoN25-22-2.  

A further development is the OmegaBondTM Stripper. This OmegaBondTM heat exchanger tubes consist 
of an outer titanium tube with an extruded bonded zirconium inner tube. Using these heat exchanger 
tubes means that the remaining alloy protection in the Stripper is Titanium. The first OmegaBondTM 
stripper came into operation in 2010. 

With help of schematic views the failure modes that occur at what locations in each individual HP 
equipment of the synthesis section of urea plants is shown.  
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              Reactor                               HP Stripper                   HP Stripper  
                                                         OmegaBondTM                 Bimetallic 
 

                                         

              Carbamate Condenser                                   Carbamate separator 
 

 

             

                             HP Piping 

 

 

Legend: 
1. Crevice corrosion     
2. Stress corrosion cracking 
3. Condensation corrosion 
4. Strain induced intergranular cracking          
5. Cross cut end attack 
6. Erosion Corrosion 
7. Baffle hammering 
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Overall corrosion in the liquid phase 

In the complete synthesis, including in the HP Piping, a passive corrosion takes place in ammonium 
carbamate solutions. It is an overall attack resulting in a homogeneous thinning of plate, wrought 
material or tubes in contact with the process fluid. Typically, this overall corrosion proceeds by a slight 
intergranular attack. The rate of the overall corrosion depends on the type of alloy protection used and 
the location in the synthesis but is typically maximum 0,05 mm per year on stream. This passive 
corrosion occurs also when using titanium or Zirconium as alloy protection only at far lower rates, less 
than 0,01 mm per year on stream. 
 
 
Crevice corrosion (1) 

In narrow crevices hardly any oxygen can enter and oxygen depletion will occur. In combination with 
stagnant carbamate solutions a more pronounced passive corrosion or even active corrosion would occur 
in X2CrNiMoN25-22-2 material. Critical in this respect are also flange connections in the HP piping, in 
case the gasket is not properly installed. 
Also underneath scaling onto X2CrNiMoN25-22-2 material is this corrosion likely to occur. 
A pronounced place where crevice corrosion could occur is in the bi-metallic stripper tubes as it consists 
out of two materials. However these risks have been deleted by an improved design, which has been 
applied since early year 2000. 
 
 
Cross cut end attack (5) 

In X2CrNiMoN25-22-2 tube and plate material (rolled products) at the cross section, perpendicular to 
rolling directions somewhat higher corrosion will occur, the severity of this corrosion varies with the 
purity of the material and with the manufacturing process. The corrosion rate is maximum some 0.1 
mm per year on stream locally. This type of corrosion has no effect on the lifetime of the equipment 
and it may have a minor effect on the process performance of the equipment. 
 
 
Erosion corrosion (6) 

Erosion corrosion is an accelerated form of passive corrosion associated with high velocities and/or with 
local turbulence, which removes the oxide layer from the surface of film forming metals thus exposing 
bare metal to the corrodent. As titanium is also a relatively soft material, titanium is prone to this type 
of failure mode and therefore included in this report as a possible failure mode for OmegaBondTM 
Strippers, although it has never been reported yet. 
 
 
Baffle hammering in Heat exchanger tubes (7) 

This failure mode is a local mechanical damage of heat exchanger tubes mostly in a U-bundle and 
associated baffle hole. This phenomenum occurs due to vibrations in the U-bundle in combination with 
too large tolerances of the baffle hole, also a too thin baffle plate may initiate this damage. 


