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Abstract 

Operating a urea plant poses challenges in managing the corrosive environment, especially 
in the  high-pressure synthesis section.  
Several mitigation strategies have been developed successfully to minimize severe corrosion 
and,  subsequently, loss of containment scenarios. Nevertheless, loss of containment still 
occurs occasionally, for instance, due to a tube rupture in a high-pressure urea heat 
exchanger. The severity of such a mishap will result in the release of a large cloud of toxic 
ammonia.  
Stamicarbon introduced Safurex® stainless steels as the material of construction more than 
20 years ago, and to date, the failure rate for a rupture of a single Safurex® heat exchanger 
tube is less than 10-7. The application of Safurex® steels significantly improves the safety, 
reliability and availability of critical high-pressure urea equipment. This is also the case when 
exposed to severe process upset conditions and it offers excellent flexibility in plant 
operations. This paper presents some case histories to demonstrate this impressive 
achievement. 
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Introduction 

ne of the main challenges in operating a 

urea plant is managing the corrosive en-

vironment, especially in the high-pres-

sure synthesis section. Ammonium car-

bamate is known for its extreme corrosiveness, 

and proper mitigation strategies are required to 

minimize the risk of a loss of containment sce-

nario.  

Several technologies have been developed suc-

cessfully by different urea licensors, such as the 

introduction of passivation air and special urea 

grade stainless steels. Nevertheless, loss of con-

tainment scenarios still do occasionally occur, for 

instance, the rupture of a tube in a high-pressure 

urea heat exchanger due to (active) corrosion. 

Such an event typically results in the release of a  

huge amount of toxic ammonia.   

Stamicarbon introduced Safurex® duplex stain-

less steels as a material of construction in 1996 

[1], and to date, the failure rate for a rupture of a 

single Safurex® heat exchanger tube is less than 

10-7. These impressive statistics are obtained 

with more than 200 Safurex® heat exchangers in 

operation for more than 20 years worldwide with 

on average 2500 tubes per heat exchanger. This  

also includes heat exchangers exposed to severe 

upset conditions, as will be demonstrated in the 

following case studies. 

Safurex® stainless steel  

Safurex® INFINITY steel [2] is a super duplex 

stainless steel developed in cooperation with 
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Sandvik Sweden and introduced in the urea mar-

ket in 1996. The first Safurex® high-pressure 

urea heat exchanger was commissioned in 1998, 

and the first complete greenfield plant containing 

Safurex® equipment was licensed in 2003. Sa-

furex® INFINITY steel is a so-called super-du-

plex stainless steel having optimized corrosion 

resistant properties in ammonium-carbamate. It 

has proven its excellent performance in urea 

plants for many years, not only in Stamicarbon 

but also in non-Stamicarbon urea plants. 

 

 
Figure 1: Safurex® stripper  

 

Compared to austenitic stainless steels tradition-

ally used in Stamicarbon urea plants like 316L 

UG and X2CrNiMo25-22-2, Safurex® steel is su-

perior in performance with respect to passive 

(and active) carbamate corrosion, condensation 

corrosion, crevice corrosion, stress corrosion 

cracking, strain-induced intergranular cracking 

and under deposit corrosion. Passive corrosion 

rates are as low as 0.01 mm/y (0.0004 Inch/y), 

significantly lower rates compared to the tradi-

tional austenitic stainless steels, which have pas-

sive corrosion rates ranging between 0.05 mm/y 

(0.0019 Inch/y) up to 0.15 mm/y (0.0059 Inch/y).  

 

Also, Safurex® steel does not require oxygen for 

passivation, allowing oxygen levels to be signif-

icantly reduced in Stamicarbon CO2 stripping 

plants built with complete Safurex® high-pres-

sure equipment. These urea plants operate at ox-

ygen levels varying from 0.1 to 0.3 vol % provid-

ing significant advantages in operations, plant 

performance and safety. 

In 2015 and 2017, Stamicarbon introduced two 

new Safurex® Steel grades, i.e., Safurex® STAR 

[3] and Safurex® DEGREE [4], with improved 

corrosion resistant properties compared to the 

original Safurex® INFINTY steel grade; i.e., ap-

prox. 20 % lower corrosion rate. Both steel 

grades are applied in high-pressure Strippers, the 

heat exchanger tubes are the Safurex STAR 

grade, and the liquid dividers (also known as Fer-

rules or swirls) are the Safurex® DEGREE grade. 

However, all case histories described in this pa-

per refer to HP Strippers designed in the original 

Safurex® INFINITY steel grade. 

 

Safurex® HP Strippers 
  

The most severe conditions from a corrosion 

point of view are present in the heat exchanger 

tubes of the high-pressure stripper in both CO2 

stripping and in thermal stripping plants. The 

passive corrosion rate of the Safurex® INFINITY 

heat exchanger tubes in HP Strippers is compara-

ble to that of austenitic heat exchanger tubes 

(X2CrNiMo25-22-2) and is typically in the range 

of 0.08 mm/y (0.0031 Inch/y) to 0.10 mm/y 

(0.0039 Inch/y). However, Safurex® INFINITY 

steel outperforms the austenitic heat exchanger 

tubes when exposed to upset conditions such as 

high stripper loading (flooding), low stripper 

loading (tubes partly dry), temperature excur-

sions and loss of passivation air. These upset con-

ditions will result in active corrosion of the 

x2CrNiMo25-22-2 heat exchanger tubes and can 

subsequently lead to tube rupture. An example is 

presented below.  

 

Rupture of austenitic heat ex-
changers tube in HP Stripper  
 

After commissioning a Stamicarbon CO2 strip-

ping plant, an unexpected tube rupture in the HP 

Stripper occurred only 14 weeks after start-up. 

The plant was designed in the conventional aus-

tenitic stainless steel; i.e., the heat exchanger 



 

 

tubes were, X2CrNiMo25-22-2 with dimensions 

of: Ø 30 x 3.0 mm (Ø 1.18 x 0.118 Inch).  

The safety valve of the HP Steam Saturator con-

nected to the shell side of the HP Stripper which 

allowed the content of the synthesis loop to be 

released into the atmosphere, see figure 2. The 

rupture disk installed on the shell of the HP Strip-

per (set pressure 30 bar; 435 psi) did not rupture 

since the release of the full synthesis content was 

managed by the safety valve only (set pressure 25 

bar; 363 psi).  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Configuration of HP Stripper and HP 

steam saturator, including PSV safety valve 

 

60 tons of ammonia and CO2 vapors were vented 

into the atmosphere and 140 tons of liquid urea 

and carbamate, which crystallized inside the 

plant premises, see figure 3. Fortunately, nobody 

was injured during this incident. 

 

 
Figure 3: Ammonia-carbamate cloud released 

to the atmosphere. 

 

The complete synthesis hold-up was released via 

one ruptured heat exchanger tube. The rupture 

occurred just below the top tube sheet. Active 

corrosion reduced the wall thickness relatively 

quickly until loss of containment occurred due to 

the internal synthesis pressure of 140 bar (2030 

psi); see Figures 4 and 5. 

 

 
Figure 4: tube rupture just below top tube sheet 

 

 
Figure 5: ruptured tube; surroundings tubes not 

affected 

 

The root cause of the failure was the presence of 

a foreign object stuck inside the heat exchanger 

tube, most probably a steel brush left behind. 

This created a stagnant liquid level above the 

blockage. The stagnant ammonium-carbamate 

liquid level was slowly depleted of oxygen which 

resulted in the onset of active corrosion. The 

blockage prevented fresh CO2 and oxygen from 

entering the tube from the bottom. The ruptured 

heat exchanger tube corroded actively only in the 

area of the stagnant liquid build-up. Below the 

blockage, the wall thickness of the tube was not 



 

 

affected by corrosion. Also, all other heat ex-

changer tubes showed no abnormal corrosion as 

expected after only 14 weeks of on-stream time. 

This incident shows the vulnerability of austen-

itic stainless steels to upset conditions in ammo-

nium-carbamate service.  

 

Excellent performance of Safurex® 
heat exchanger tubes in upset 
conditions 
 

The previous example demonstrates the severe 

consequences of a tube rupture in a high-pressure 

Stripper. Austenitic stainless steel heat ex-

changer tubes are vulnerable to rupture if oxygen 

is depleted in the solution. In the next case, 

demonstrates the performance of Safurex® 

INFINITY heat exchanger tubes under similar 

upset conditions (i.e., oxygen depletion) but did 

not result in a loss of containment scenario.  

 

Case history 1: Blocked tube in 
Safurex® HP Stripper 
 

In a Stamicarbon CO2 stripping plant, having a 

Safurex® HP Stripper (replacement), the stripper 

efficiency gradually declined, and the plant was 

shut down to solve this issue.  

Following observations were made: 

1. Severe fouling of oil residues on the top tube-

sheet, including similar fouling of the liquid 

dividers. Approximately 30 % of the liquid 

dividers showed blocked holes, hampering 

the liquid entering the heat exchanger tubes, 

see figure 6. This fouling reduced the strip-

ping efficiency. However, this fouling did not 

result in increased corrosion of the heat ex-

changer tubes, as confirmed by eddy current 

measurement. 

 

 
Figure 6: severe oil fouling top tube-sheet, 

blocking liquid inlet holes 

 

2. One Safurex® heat exchanger tube was 

blocked entirely, and the origin of the block-

age is unknown but most probably clogged 

with oil residue. Figure 7 shows a video en-

doscope image of the blocked heat exchanger 

tube. 

 

 
Figure 7: blocked Safurex® heat exchanger tube 

 

However, the blocked Safurex® INFINITY 

heat exchanger tube did not rupture, and had 

no significant wall loss in the heat exchanger 

tube above the blockage, which was also con-

firmed by eddy current measurement.  

 

Case history 2: Poor liquid distri-
bution in Safurex® HP Stripper 
 

Stamicarbon was contacted in 2010 to replace a 

bimetallic HP Stripper in a thermal stripping 

plant  into a Safurex® HP Stripper. For this pur-

pose, the standard Stamicarbon liquid inlet sys-

tem (inlet from the side of the tube-sheet) needed 

to be modified into a central inlet design, see Fig-

ures 8 and 9. 

 



 

 

 
Figure 8: Modified central inlet system above 

the top tube-sheet 

 

 
Figure 9: Top view central liquid inlet system  

 

Unfortunately, the central liquid inlet box modi-

fication resulted in flooding of the heat ex-

changer tubes positioned in the first three rows 

around the central inlet box. The liquid entered 

these tubes via the liquid holes in the bottom and 

via the top of the gas risers due to too high fluid 

retention around the central liquid inlet. The ex-

treme liquid level height around the central liquid 

inlet box is visible in figure 10 by the absence of 

an oxide layer on the gas risers closest to the cen-

tral inlet box. 

  
Figure 10: tubes centered around liquid inlet 

box flooded due to fluid retention. 

 

The large volume of liquid entering the top of the 

heat exchanger tubes resulting in high vapor for-

mation, hampering the ingress of CO2 containing 

passivation air from the bottom. In this case, the 

flooding of the Safurex® heat exchanger tubes re-

duced the stripping efficiency but fortunately did 

not result in a tube rupture. The plant was shut 

down after a year to restore the stripping effi-

ciency. The problem was solved by implement-

ing additional modifications in the liquid inlet 

system. On this occasion, an eddy current meas-

urement was performed to check the wall thick-

ness of the heat exchanger tubes. Not only was 

the average corrosion rate as expected (0.08 

mm/y; 0.0031 Inch/y), but also the flooded heat 

exchanger tubes did not show any increased cor-

rosion. A similar central inlet design in a non- Sa-

furex® HP Stripper (X2CrNiMo25-22-2) having 

similar flooding problems resulted in a tube rup-

ture. 

 

Case history 3: Extremely low liq-
uid level in Safurex® HP Stripper 
 

During normal operations of a Stamicarbon CO2 

stripping plant, the plant capacity gradually 

dropped well below the minimum design capac-

ity. The liquid distribution system in the Sa-

furex® HP Stripper was suspected. The plant was 

shut down for inspection, but no mechanical rea-

sons for the poor performance of the urea plant 

were observed. In this case, the root cause was 

related to a foam-forming in the top of the strip-

per due to contaminants present at the process 

side. 

 

However, during the inspection of the Safurex® 

HP Stripper, it became clear that the vessel was 

operated at extremely low liquid levels, as is seen 

in figure 11. The liquid level is clearly marked on 

the liquid dividers as a color change. 

 

  
Figure 11: Extreme low liquid level on top tube-

sheet, visible as color change. 

 



 

 

Again, this adverse condition, which was main-

tained for several months, did not result in high 

(active) corrosion and tube rupture. The eddy 

current inspection of the Safurex® heat ex-

changer tubes also confirmed that no abnormal 

corrosion occurred; i.e., the corrosion rate did not 

increase, neither active corrosion occurred. 

 

Safurex® steels allow higher flexi-
bility in operations 
 

The use of Safurex® steels reduces the risk for 

unwanted loss of containment scenarios, as 

demonstrated in the case histories above. In ad-

dition to this, the use of Safurex® steels also pro-

vides the plant operator with higher flexibility in 

plant operations without risking high (active) 

corrosion and, subsequent, loss of containment 

scenarios. 

 

Examples of such advantages are: 

1. Reducing the plant capacity beyond the de-

signed turn-down ratio (typically 60 % of the 

nameplate capacity). As presented in case 

history #3, even an extremely low plant load 

will not result in abnormally high corrosion 

in the stripper heat exchanger tubes.  

2. Longer blocking-in of the synthesis loop. For 

non-Safurex® plants, the synthesis loop can-

not be blocked in for more than 72 hours (3 

days) without the synthesis being drained and 

re-passivated. For Safurex® plants,  blocking-

in times of three weeks and longer are re-

ported by the plant owner without any onset 

of increased or active corrosion. 

 

Discussion 
 

More than 200 Safurex® heat exchangers have 

been in operation worldwide, some of them for 

more than 25 years without a single reported tube 

failure. This statistic also includes heat exchang-

ers exposed to severe upset conditions, as 

demonstrated in the three case histories. This 

equates to a failure rate of Safurex® heat ex-

changers in urea plants of less than 10-7. This is a 

remarkable achievement and is because Safurex® 

steels do not require oxygen for passivation com-

bined with the high mechanical yield strength of 

the material. Furthermore, its noticed that this 

achievement is obtained with the original Sa-

furex® INFINITY steel grade introduced in 1996. 

In 2017 Stamicarbon introduced the next genera-

tion Safurex® STAR steel grade for heat ex-

changer tubes in HP Strippers with improved cor-

rosion resistant properties compared to the 

original Safurex® INFINITY grade. 

-The application of Safurex® steels as materials 

of construction in the high-pressure synthesis 

section of urea plants makes the plant less vul-

nerable to process upset conditions and signifi-

cantly reduces the likelihood of a loss of contain-

ment scenario. The material is not only 

applicable in urea plants based on Stamicarbon 

technology but is also the best choice for non-

Stamicarbon urea plants like thermal stripping 

plants. Furthermore, the use of Safurex® steels 

not only improves the safety and reliability of the 

plant but also creates higher flexibility in plant 

operations and reduces inspection and mainte-

nance costs, i.e. reduces the total cost of owner-

ship. 
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