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ABSTRACT: 

 

Sandvik and Stamicarbon have introduced Safurex® as the ultimate corrosion resistance material for 

the urea synthesis in 1996. This so-called super duplex stainless steel is specially designed for the urea 

synthesis in a long tradition of revolutionary innovations. Today more than 80 plants worldwide have 

included over 200 pieces of high pressure equipment in Safurex® with a strong focus on safety, 

reliability and performance.  

 

This remarkable milestone for Safurex® is clarified in relation to the failure frequency of tubes 

applied in HP shell and tube heat exchangers. It is demonstrated how technical material knowledge, 

validating knowledge on ammonium-carbamate corrosion and high quality production standards 

work hand in hand. 

 

This paper demonstrates the fruits of a long lasting relationship and the commitment to improve the 

design of urea plants every day with innovative developments and a pioneering attitude.  

 

 

Stamicarbon webinar series:  

 

Stamicarbon will host a free webinar series that will discuss this and other technical topics. Are you 

curious to learn more about Stamicarbon’s fertilizer technology? Then sign up for one of their free 

webinars via www.stamicarbon.com/stamicarbon-webinars.  
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1. INTRODUCTION 

Sandvik and Stamicarbon have introduced Safurex® as the ultimate corrosion resistance material for 

the urea synthesis in 1996 as part of a long lasting partnership. The development follows as a natural 

step after earlier ground breaking discoveries by Stamicarbon in the past, as for example the 

introduction of passivation air by Mr. Joseph van Waes in 1953 and the development of 

X2CrNiMoN25-22-2 (commonly referred to as 25.22.2 or BC.05 in Stamicarbon’s specifications); also 

a joint developed together with Sandvik in the 1970-ties.  

 

As a result, material expertise and in-depth understanding of the corrosiveness of ammonium-

carbamate in the urea synthesis run through the veins of Stamicarbon and combined with the deep 

knowledge of steel making of Sandvik creates a unique combination with Safurex® in the field of 

urea.  

 

“Together fighting against corrosion since 1996” 

 

 

The reason for the introduction of Safurex® in the urea industry was to end the risk of active 

corrosion, to be less dependent on oxygen passivation, while solving also condensation corrosion, 

chloride stress corrosion cracking, cross-cut end attack, crevice and strain induced Intergranular 

cracking. Based on more than 20 years of operational experiences the majority of the corrosion issues 

mentioned above are not existing anymore using Safurex®. This results in less maintenance, repairs 

and inspections; i.e. reducing the plant’s OPEX costs considerably. On the process side the reduction 

of the need for passivation air makes the urea process more efficient, which has been incorporated in 

Stamicarbon’s historic Urea2000plus™ pool reactor and pool condenser plants. It allows a significant 

reduction of passivation air, increase safety of plant operations, reduce NH3 emissions and increasing 

capacity output of the urea synthesis. The introduction of Safurex® also offers high flexibility in plant 

operations such as for instance long blocking-in times. 

 

In addition the Safurex® material is much stronger compared to normal used construction materials 

in urea plants, which reduced the required schedule applied for high pressure piping from schedule 

160 for X2CrNiMo18-14-3 (commonly referred to as 316L Urea Grade (UG) or BC.01) or schedule 120 

for X2CrNiMoN25-22-2 (commonly referred as BC.05) materials to schedule 80 for Safurex®. The 

advantage is reflected by the reduced weight and thus reduced need for materials compared to 

conventional materials of construction. The improved mechanical and physical properties of 

Safurex® also allows to reduce weight and dimensions of the critical high pressure static 

equipmentwhich is beneficial in designing large capacity urea plants. In high pressure piping 

replacements it has therefor proven to be a competitive alternative compared to 316L UG.  

 

Finally Safurex® makes it possible to replace radioactive source for level measurement by radar 

technology in urea plants, improving their safety and reliability.  

 

 

“No more active corrosion” 
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Today more than 80 plants worldwide have included over 200 pieces of high pressure equipment in 

Safurex®, while the first high pressure (HP) stripper with Safurex® pilot tubes were taken into 

operation in 1997. Safurex® has been well adopted over time and is the  standard for the urea 

synthesis and for melamine applications and is currently finding its way in urea plants of other urea 

technology licensors to replace equipment and piping in the urea synthesis.  

 

In the past 20 years of operational experiences with Safurex® equipment, plant operators have 

reported several upset conditions which would have led to active corrosion if the equipment and high 

pressure piping had been manufactured from austenitic stainless steels (i.e. BC.01 and BC.05).  

The upset conditions reported include: 

 

1. The flooding of heat exchanger tubes in HP stripper due to high plant load or improper liquid 

distribution (occurred in a high pressure stripper installed in a non-Stamicarbon license plant with 

higher operating temperatures than plants operating with Stamicarbon technology). 

2. Too low liquid load in heat exchanger tubes of a HP stripper as a result of fouling or too low plant 

load at minimal turn down load.  

3. Loss of or insufficient concentration of passivation air. As a result of a blocked air blower due to 

freezing temperatures, a plant operated for 3 weeks without passivation air in a plant with a full 

Safurex® synthesis section. 

4. Too high steam pressure at the shell side of HP stripper (high tube wall temperature). 

 

None of these upset conditions led to active corrosion of the Safurex® equipment, as supported by 

thorough plant inspections after they occurred.  
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2. PURE KNOWLEDGE 

After more than twenty years of operation the first-ever 

Safurex® pilot tube installed in a BC.05 HP stripper has 

been recovered, the BC.05 HP stripper had reached its 

economic life and is now replaced with a state-of-the-art, 

larger Safurex® HP stripper. In collaboration with the 

client, Stamicarbon and Sandvik have managed to 

successfully extract, test and recycle this pilot tube from 

the BC.05 HP stripper. The extraction of the pilot tube 

provides an unique opportunity to research a Safurex® 

tube, which had been in operation for 22 years. 

 

The evaluation of this first-ever installed Safurex® pilot 

tube showed the following: 

 

The original wall thickness of the BC.05 and Safurex® 

Infinity HEX tubes are 3.3 mm and 2.95 mm respectively. 

Upon decommissioning, the minimum wall thickness 

measured for the HEX tubes are BC.05 1.70 mm (BC.05) 

and 1.50 mm ( Safurex®). 

 

The minimum allowable wall thickness of stripper tubes 

made from BC.05 materials is 1.45 mm and that for Safurex® Infinity is 0.8 mm. The better 

mechanical properties of Safurex® compared to the austenitic grade of stainless steel, allows it to 

have a lower minimum wall thickness. 

 

Microstructural analysis of the Safurex® material after 22 

years of service showed no abnormal corrosion behavior. 

Also the comparison with a reference BC.05 tube from the 

same HP stripper, exposed to the same conditions has 

been analyzed. The main conclusion is that the BC.05 tube 

(31 x 3.3 mm) reaches its technical life in 25 years, while 

the Safurex® pilot tube (31 x 2.95 mm) still had more than 

8 years of additional lifetime; i.e. 33 years.  

 

Therefore, despite the Safurex® Infinity tube having a 

starting wall thickness 0.35 mm less than the BC.05 tube, 

with similar corrosion rates, Safurex® Infinity has a longer 

service life than the BC.05, as demonstrated by the figures 

above. 
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3. PROBABILITY OF FAILURE 

Since the introduction more than 80 urea plants are 

currently worldwide operating with Safurex® HP 

equipment with currently over 200 pieces of 

equipment in operation. These are mainly applied in 

Stamicarbon urea plants, but Safurex® is also 

applied in equipment used in plants of all other urea 

technology licensors.   

 

A recent milestone was triggered by a customer, which had requirements in relation to the reliability 

of heat exchanger tubes in HP shell and tube heat exchangers. In an answer to this request, an 

investigation has been conducted to determine the failure frequency of Safurex® heat exchanger 

tubes. 

 

A tube rupture event in a HP heat exchanger will result in an instantaneous pressure increase of the 

low(er) pressure shell side containing steam or boiler feed water. To protect the shell side against a 

too high pressure the complete inventory of the HP synthesis section will be released to atmosphere 

directly or via a dedicated blow down system. This causes high emissions to the environment and can 

only be approved by the legislator under the strict condition that he event has very low probability of 

occurrence.  

 

In 2020 the cumulated on stream time of all Safurex® heat exchanger tubes has reached a milestone 

of 1.5 million years without any tube rupture recorded!  

 

This impressive milestone is not only reached by operating the Safurex® heat exchangers under 

standard operating conditions, but in some urea plants Safurex® heat exchangers were operated in 

more severe process conditions including up-set conditions, which would result in tube rupture in 

case of traditional austenitic steels were used.  

 

The 1.5 million years million milestone includes: 

 

1. HP Stripper operated more than 5 years in flooding condition.  

2. Urea plant with full Safurex® synthesis operated three weeks without oxygen passivation due 

to break down of the air blower.  

3. HP Stripper operated with poor liquid distribution due to oil fouling, almost 30 % of the heat 

exchanger tubes received too little process fluid. 

4. Record block-in period for the high pressure urea synthesis of 30 days, including successful 

restart. 

5. Plant design at the lowest addition of passivation air.  

6. Operations at high temperature (210°C) in non-Stamicarbon thermal stripping plants 

7. Zero records of active corrosion 

8. Zero records of tube rupture. 
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4. HIGHEST SAFUREX® PRODUCTION STANDARDS 

In order to achieve the required quality and consistency, Sandvik is following specific production and 

quality control requirements dedicated for Safurex®. 

 

Apart from Sandvik’s quality requirements also Stamicarbon has strict requirements specific in 

relation to the corrosion resistance of Safurex® in ammonium-carbamate. These are stated in several 

Stamicarbon specifications. On top of this Stamicarbon regularly visits Sandvik mill to counter check 

Safurex® material to assure constant high quality. 

 

Next to the high quality standards set for the Safurex® base materials, the reliability of the Safurex® 

equipment is also depending on the fabrication technologies such as welding. Also in this respect 

Stamicarbon has stringent requirements and actively monitors the welding quality by meticulous 

inspections at the manufactures shop.  

 

“Dedicated production and highest quality control standards” 

 

Sandvik’s steelmaking and processing is very unique. 

Steel scrap is carefully selected to minimize inclusions. 

Using Sandvik’s 75 tonne 70MVA electric arc furnace 

the stainless steel scrap is melted.  

 

Next important step is adjusting alloying elements. The 

steel is transferred to a 75t AOD converter (Argon 

Oxygen Decarburization) to reduce carbon content 

while retaining chromium in the melt, the argon 

diluting the decarburizing oxygen to reduce oxidation 

of the chromium. There are various processes for 

producing tube products, including hot extrusion and cold pilgering, also known as hot and cold 

working. The mill secures full traceability from melt to final tube, allowing any customer to trace any 

product in every step of the production process back to the individual melt, heat and lot. This gives 

full control over their product, empowering the customers to install or modify the material with full 

knowledge of its production history. 

 

“1.5 million years accumulated on stream time of Safurex® tubes” 
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5. CONCLUSION  

Safurex® has proven to be the most reliable material under all circumstances for all urea plants. 

Together with the expertise and quality control of Sandvik and Stamicarbon it allows plants to run 

smooth for long periods even in unforeseen conditions. The Safurex® equipment installed so far has 

led to a maximum return on investment for our clients and an unmatched milestone in the urea 

industry of 1.5 million years accumulated on stream time of Safurex® tubes. 

 

For more information on this paper and other technical topics, sign up for one of 

Stamicarbon’s free webinars via www.stamicarbon.com/stamicarbon-webinars.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


