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ABSTRACT 

The corrosion of different stainless steels in high temperature and high pressure urea 
environment has been analyzed by means of autoclave immersion tests to investigate the 
corrosion mechanism in each case. These experiments have been designed to reproduce the 
very corrosive conditions of urea strippers, which operate at 140-200 bar and 180-210ºC.  A high 
Cr-high Ni-Mo austenitic stainless steel commonly used in urea equipment, UNS S31050, and 
several duplex-type stainless steels, UNS S31803, UNS S32750, UNS S32760 and TUBACEX 
UREMIUM29 (UNS S32906) have been involved in this study. Results have shown that UNS 
S31050 experiences active corrosion due to the absence of oxygen in the experimental setup, 
whereas TUBACEX UREMIUM29, a superduplex stainless steel specially developed for urea 
plants, remains passive and with the lowest corrosion rate. 

 

INTRODUCTION 

Materials used for urea plants may suffer from strong attack by urea synthesis process fluids 
(ammonia, water, carbon dioxide, ammonium carbamate, urea…). Corrosion is particularly 
severe in those urea units that operate at high temperature and high pressure conditions, such 
as the stripper. The function of a stripper is to remove unconverted ammonium carbamate from 
the urea solution. Working pressure and temperature on this vessel range within 140-200 bar 
and 180-210ºC, respectively. Furthermore, ammonium carbamate, an intermediate compound 
produced during urea synthesis, is characterized for its very intense corrosivity. High 
temperature, high pressure and presence of ammonium carbamate make the conditions in urea 
stripper extremely harsh. To prevent corrosion in the urea stripper becomes, consequently, a 
key issue to guarantee safe and stable operation of urea plants.  

As a preventive measure, oxygen is usually injected into the process fluid to facilitate passivation 
on the surfaces of stainless steels. Oxygen injection, however, involves higher costs, lower plant 
efficiency and greater safety problems due to the risk of formation of explosive gas mixtures. 
Current trend looks for more efficient urea synthesis processes, with higher operating 
temperatures and pressures and a drastic reduction of injected oxygen, making necessary the 
development of more suitable new materials.  

TUBACEX currently manufactures tubes and pipes of several corrosion resistant materials for 
urea plants and, specifically, for urea strippers: high Cr-high Ni-Mo austenitic stainless steels and 
different types of duplex stainless steels.  

Many different corrosion mechanisms have been reported to occur in urea environment. The 
experiments explained through this paper were developed to reproduce the very corrosive 
conditions of a urea stripper but also without oxygen injection, making the environment inside 
the experimental setup even harsher than in real on-stream situation. Main objectives of this 
study were to identify the basic mechanisms controlling the corrosion of different stainless 



steels in urea synthesis process and to stablish the relationship of these mechanisms with the 
chemical composition and the microstructure of the tested steel grades. 

 

AUTOCLAVE IMMERSION TESTS 

5 different materials have been investigated in this work:  

- UNS S31050: 25Cr-22Ni-2Mo austenitic stainless steel. 
- UNS S31803: 22Cr-5Ni-3Mo duplex stainless steel. 
- UNS S32750: 25Cr-7Ni-4Mo superduplex stainless steel. 
- UNS S32760: 25Cr-7Ni-3,5Mo-0,75W superduplex stainless steel. 
- TUBACEX UREMIUM29 (UNS S32906): 29Cr-7Ni-2Mo superduplex stainless steel. 

All these steel grades could have an application in different sections of a urea plant. Some of 
them are typically used in urea plants and all of them are expected to have good corrosion 
resistance in urea environment. More detailed chemical compositions are shown in Table 1. 

Table 1 Chemical compositions of the tested steel grades. 

Steel grade C Mn P S Si Ni Cr Mo N Cu Others 

S31050 0,025 
max 

2,00 
max 

0,020 
max 

0,015 
max 

0,40 
max 

20,5-
23,5 

24,0-
26,0 

1,6-
2,6 

0,09-
0,15 - - 

S31803 0,030 
max 

2,00 
max 

0,030 
max 

0,020 
max 

1,00 
max 

4,5-
6,5 

21,0-
23,0 

2,5-
3,5 

0,08-
0,20 - - 

S32750 0,030 
max 

1,20 
max 

0,035 
max 

0,020 
max 

0,80 
max 

6,0-
8,0 

24,0-
26,0 

3,0-
5,0 

0,24-
0,32 

0,50 
max - 

S32760 0,030 
max 

1,00 
max 

0,030 
max 

0,010 
max 

1,00 
max 

6,0-
8,0 

24,0-
26,0 

3,0-
4,0 

0,20-
0,30 

0,50-
1,00 

W 
0,50-
1,00 

TUBACEX 
UREMIUM29 

0,030 
max 

0,80-
1,50 

0,030 
max 

0,030 
max 

0,80 
max 

5,8-
7,5 

28,0-
30,0 

1,5-
2,6 

0,30-
0,40 

0,80 
max - 

 

The specimens used in the experiments were machined from industrially produced solution 
annealed tubes and pipes. 

The immersion tests were conducted in a 5 litters Zr autoclave, specially designed for these tests. 
The autoclave was equipped with adequate feed and discharge lines and a stirrer. The test 
solution contained a mixture of urea, ammonia and water, with concentrations characteristic of 
the urea synthesis process. Temperature and pressure for the experiments were set in the upper 
level of the typical ranges measured in a urea stripper, 180-210ºC and 140-200 bar, respectively. 
The test solution was deaereated before starting the tests to eliminate oxygen from the system. 
These experiments were then designed to simulate the most severe conditions achievable in the 
stripper of a urea plant without oxygen injection. Test duration was 15 days. ASTM G31 
(Standard Practice for Laboratory Immersion Corrosion Testing of Metals) standard indications 
have been followed for test specimen preparation and corrosion rate measurement by the 
gravimetric method. After finishing the tests, sections of the test samples were prepared and 
observed by optical microscopy to analyze in detail the experienced type of attack. 
 
 

 



CORROSION RATE AND CORROSION MECHANISMS 

The corrosion rate and measured depth of attack for each studied steel are summarized in Table 
2.  

Table 2 Corrosion rate and maximum depth of attack after autoclave immersion tests. 

Steel grade Corrosion rate (mm/year) Maximum depth of attack (µm) 
S31050 1,2510 40 
S31803 0,6097 40 
S32750 0,3380 25 
S32760 0,4177 35 

TUBACEX 
UREMIUM29 

0,1331 15 

 

Maximum depth of attack has been calculated on the surface of the remaining tube wall 
thickness; in some cases, such as S31050 grade, the actual value could be higher as at corrosion 
rates of 1 mm/year detachment of complete grains could occur. 

As observed in Table 2, corrosion rates of the analyzed materials in descending order are as 
follows: 

S31050 > S31803 > S32760 > S32750 > TUBACEX UREMIUM29 

TUBACEX UREMIUM29 (UNS S32906) clearly shows the lowest corrosion rate. This grade, a 
superduplex with very high Cr content (~29%), was specially developed for application in the 
urea industry. 

Considering the measured corrosion rates and the metallurgical investigation on the test 
specimens (figure 1), the following aspects can be highlighted for each steel grade: 

- UNS S31050: with the highest corrosion rate, experiences uniform attack. The high 
corrosion rate is related to the absence of oxygen in the autoclave, which avoids to 
attain stable passivation in this austenitic grade. This behavior is explained therefore by 
the reducing conditions on the experimental atmosphere; UNS S31050 is currently 
stablished as a successful material for urea environment, including urea strippers, as its 
corrosion rate when oxygen is present (oxidizing conditions) is very low. 

- UNS S31803: the microstructure of this duplex stainless steel after chemical etching 
reveals no preferential attack of ferrite or austenite phase.  Under the test conditions, 
both phases have suffered some corrosion. Corrosion rate is also quite high. The reason 
of this behavior is the combination of lack of oxygen in the experimental setup and 
insufficient chromium content of the matrix. 

- UNS S32750: in this superduplex grade also generalized attack of both, austenite and 
ferrite phases, is observed. Corrosion rate is lower than for UNS S31803 due to higher 
chromium and molybdenum contents in the matrix. In any case, the measured corrosion 
rate and the type of attack also indicates that chromium content is not enough to 
guarantee passivation on the conditions reached in the autoclave.  

- UNS S32760: this superduplex stainless steel shows similar behavior as UNS S32750, 
with also overall attack through austenite and ferrite phases but with a slightly higher 
corrosion rate. This fact is possibly related to a lower Mo content in the matrix, as this 
element is partially substituted by W in this grade. W could be less effective for corrosion 



resistance in the conditions achieved in the autoclave. Chromium content of this grade 
is not considered sufficient to use this grade under those conditions. 

- TUBACEX UREMIUM29 (UNS S32906): this superduplex grade shows the lowest 
corrosion rate with the lowest depth of attack. In this case, selective attack of the 
austenite has been detected. Chromium content is high enough to guarantee the 
passivity of ferrite phase under the conditions inside the autoclave. Austenite phase 
suffers a slight attack as no oxygen is present. This preferential attack of the austenite 
has been reported to disappear at longer exposure times, as anodic protection of the 
austenite phase can occur when the ferrite/austenite area has become large enough as 
a result of corrosion of austenite. Even lower corrosion rates are then expected as the 
time in service increases. 

  
a) b) 

  
c) d) 

 

 
 
 

Figure 1 Cross sections of the test specimens 
after 15 days immersion in the autoclave: a) 
S31050, b) S31803, c) S32750, d) S32760 and 

e) TUBACEX UREMIUM29. 

e) 



 

During the last years, TUBACEX has extensively worked in duplex-type stainless steels as they 
are an interesting and promising solution in several corrosive environments such as oil and gas, 
chemical industry…   TUBACEX UREMIUM29 (UNS S32906) is the superduplex solution for 
application in the most corrosive sections of urea plants. In this study, where the conditions 
achieved in the autoclave were extremely harsh (high temperature, high pressure, corrosive test 
solution, absence of oxygen), this grade has shown superior corrosion resistance. 

 

CONCLUSIONS 

Autoclave immersion tests have been designed to simulate the very corrosive conditions of a 
urea stripper: 140-200 bar, 180-210ºC and presence of ammonium carbamate. Furthermore, 
oxygen has been eliminated from the experimental setup, due to the current tendency to 
decrease its amount to reduce costs and increase plant efficiency and safety. The atmosphere 
generated inside the autoclave was even more severe than that present in real strippers, as all 
the currently active urea plants work with some oxygen injection. 5 different steel grades have 
been tested in the harsh conditions achieved inside the autoclave. High Cr-high Ni-Mo UNS 
S31050 austenitic stainless steel has experienced the highest corrosion rate with generalized 
attack, as austenite cannot be passivated under the above mentioned conditions. This grade 
would, however, have shown very low corrosion rate if some oxygen was present. Duplex-type 
stainless steels, such as UNS S31803, UNS S32750 and UNS S32760, show medium corrosion rate 
and uniform attack of austenite and ferrite phase as the chromium content of these grades is 
not high enough to reach total passivity under the test conditions. TUBACEX UREMIUM29 (UNS 
32906), a superduplex with the highest chromium content and a chemical composition specially 
developed for urea environment, shows the lowest corrosion rate and only a slight selective 
attack on the austenite phase due to the absence of oxygen.  

 


