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Abstract
A new grade SuperDuplex material for application in the High Pressure section of urea plants
environment is ready for the market. Saipem S.p.A. and Tubacex Innovación A.I.E. have developed
together a new grade SuperDuplex material for application in urea environment.
During the development the material has been thoroughly tested for resistance to corrosion at the
most severe conditions of the High Pressure section and it has been tested over long periods of time
both in autoclave and in real plants.
This article describes the inventive steps and all the results obtained during the development and
validation phases.
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A new grade SuperDuplex material for application in the High Pressure section of urea plants
environment is ready for the market.
Saipem S.p.A. and Tubacex Innovación A.I.E. have developed together a new grade SuperDuplex
material for application in urea environment.
During the development the material has been thoroughly tested for resistance to corrosion at the
most severe conditions of the High Pressure section and it has been tested over long periods of time
both in autoclave and in real plants.
This article describes the inventive steps and all the results obtained during the development and
validation phases.

INTRODUCTION
In the chemical industry the urea environment is acknowledged to be one of the most challenging for materials.
The reason of the above lies in the severe operating conditions to which the materials are exposed, namely the
pressure, temperature, and process medium composition.
In particular, along the process scheme of the Snamprogetti™ Urea Technology the urea stripper, operating above
200°C, at about 150 bar(g) and with a relatively high content of carbon dioxide, faces the most critical conditions.
It is on these bases that Saipem, as owner and licensor of the Snamprogetti™ Urea Technology, also thanks to the
synergies with its qualified Manufacturers and its End Users, has decided to focus on the improvement of the design
and manufacturing of its high-pressure (from now referred as HP) equipment so as to provide to the End Users a stateof-the-art technology.
Saipem’s process of improvement has been for long aimed at ensuring a proper manufacturing, by continuously
developing more stringent quality controls, reviews, and qualifications (which are collected in the 510-series of
specifications), and it considered the use of materials readily available on the market (such as 316L UG and 25/22/2
Cr/Ni/Mo).
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Nowadays the process of improvement is still ongoing with the intention of providing always better equipment, but,
having solved the major problems associated to the manufacturing, Saipem has lately decided to focus on the
development of a new material suitable for its challenging operating conditions.
Tubacex, worldwide supplier of seamless pipes, tubes and accessories in stainless steel and nickel-based alloys, was
selected as the ideal partner for this further step and a collaboration agreement was put in place.

Historical background
The experience of Tubacex and its capabilities in the R&D sector have been of outmost importance in the design and
development of a new material for application in the urea environment with associated requirements.
Thanks to the management of processes ranging from the upstream to the downstream of the oil & gas industry and
from the onshore to the offshore industry, Saipem has gained a wide experience in material selection not limited to
the fertilizers industry. In particular, acting both as licensor and EPC contractor for its proprietary urea technology,
Saipem is first-hand involved in the selection of the materials for its urea plants and has had the possibility to test them
extensively.
For what concerns the lining of the HP equipment (which is the most critical from the material selection perspective) it
all started with the 316L UG, whose ranges of composition were subsequently further refined, to arrive at the 25/22/2
Cr/Ni/Mo which, thanks to its characteristics, is currently the material of choice for new equipment and for relining
activities.
The stripper tubes, being exposed to the highest temperatures within the HP loop, require improved characteristics of
corrosion resistance compared to the lining material, resulting in a more articulated historical path.
Despite it had not yet been used as lining material, 25/22/2 Cr/Ni/Mo, granting higher resistance to corrosion compared
to 316L UG, was the selected material for the tubes of the early strippers, but it required particular attention during
operation (e.g., stripper bottom temperature to be strictly monitored) and inspection activities.
To allow for more flexibility during operation and for higher operating temperatures, with the consequential benefits
from the operational point of view, titanium material was soon considered as an alternative which led to the design
and manufacturing of the full-titanium strippers. However, whereas titanium ensures a full resistance to corrosion at
the operating conditions, it has the drawback of being prone to erosion issues hence particular care is required in
designing titanium strippers to minimize turbulences and splashes of solution which can affect the mechanical integrity
of the material.
The idea of using the 25/22/2 Cr/Ni/Mo for stripper tubes was again considered and, to improve the resistance to
corrosion of the tubes, a zirconium tube was added internally to the 25/22/2 Cr/Ni/Mo one by an extrusion process.
The tubes resulting from this process are the bimetallic tubes, the core of the homonymous strippers till used
nowadays.
The positive results achieved thanks to the internal zirconium tubes opened the way in the 2000s to the development
of the Omegabond® tubes where the zirconium is metallurgically bonded to the titanium (thus having the benefits of
a stripper in titanium) and to the manufacturing of a fully zirconium stripper.
Despite the availability on the market of new materials with proven application in urea environment, their applicability
to Snamprogetti™ strippers, due to the severe operating conditions, is not considered and still today, due to the
improvements in the design and manufacturing process, the good process performances recorded and cost/benefits
evaluations, the bimetallic stripper is the base choice for new strippers.
To complete the picture, all the materials listed above (apart titanium and zirconium) are also used for bulk items (e.g.,
piping and valves).

The targets
It is pointed out that all the discussed materials are nowadays applied in the presence of oxygen (normally provided
injecting in the system one or two streams of passivation air) which is required for the specific purpose of creating a
layer of oxide over the base material protecting the same from active corrosion. Whereas it is evident that materials
more resistant to corrosion may require less oxygen, it is also true that the amount of passivation air to be injected
also depends on the fluid dynamic of the system and on the necessity that oxygen reaches all the internal surfaces of
the equipment (either itemized or bulk); hence, it is the author’s opinion that oxygen should be always fed to a certain
amount, but that the final aim could be the possibility of not feeding dedicated oxygen to the most critical part of the
plant (i.e. stripper bottom). The complete elimination of oxygen from the urea plant is not a real aim as oxygen is
required also to passivate the Medium Pressure section.
On the basis of this consideration Saipem and Tubacex agreed that however the material should aim at minimizing
oxygen requirement end eventually not require it at all. And this was the aim of the research for the new material.
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The one above was the first requirement for the new material, additional to the base one of developing a material
specifically applicable in the urea stripper environment of Snamprogetti™ plants with better corrosion resistance than
25/22/2 Cr/Ni/Mo.
Another aspect taken into consideration, governed by the experience as EPC contractor of Saipem, was the need to
ensure for the new material better mechanical properties than those available on the market so that overall weights
could be reduced (thus having lower costs) and equipment dimension would not be affected (e.g., due to higher
thickness requirements for exchanger tubes) with consequent impacts on equipment layout.
More oriented to the manufacturing process were the initial requirements of having a material with excellent weldability
and machining properties which were included so as to avoid impacts on the manufacturing activities and schedule
and thus avoiding impacts on final costs.
All of the above topics were jointly agreed between Saipem and Tubacex when the development started.
During these years the material was developed starting from a numerical approach and simulations followed by
specific tests on laboratory heats and, after having confirmed the best composition, an industrial heat.
Autoclave tests of different durations were performed over these years to thoroughly test the material itself, its welded
coupons, and its different finishing.

CHEMICAL COMPOSITION
The new highly alloyed SuperDuplex, from now on referred in this paper as HD31, has been designed with high
chromium and nitrogen contents and moderate additions of molybdenum, tungsten, and cobalt. Such well-balanced
chemical composition ensures a final microstructure with approximately 50% austenite – 50% ferrite. This combination
of alloying elements has shown excellent resistance to urea solutions with or without oxygen addition and, furthermore,
guarantees a very high resistance to localized corrosion, such as pitting and crevice corrosion. In HD31, the pitting
resistance equivalent number, PREN (1), is higher than 45.
PREN = %Cr + 3,3 x (%Mo + 0,5%W) + 16 x %N (1)

TYPICAL MICROSTRUCTURE
Fig. 1 displays the microstructures of a pipe and a tube of HD31. As observed in the micrographs, ferrite and austenite
phases coexist in a well-proportioned ratio, evaluated at approximately 50/50. The microstructures are free of
intermetallic phases, such as sigma phase (σ-phase), chi phase (χ-phase) and chromium nitrides and carbides.
These microstructures are achieved with an adequate addition of alloying elements, as abovementioned, together with
an optimum solution annealing treatment.

(a)
Fig. 1:

(b)
Microstructure of HD31 pipe (a) and tube (b)

MECHANICAL PROPERTIES
The new SuperDuplex HD31 possesses very high mechanical strength. As illustrated in Fig. 2, the yield strength of
HD31 doubles the yield strength of the austenitic grades typically used in the HP synthesis section of urea plants
based on Snamprogetti™ technology, 316L UG and 25/22/2 Cr/Ni/Mo. The higher strength of HD31 will allow
significant reductions in pipe and tube thicknesses, lowering the weight and total cost of the plant. Ductility of HD31 is
Nitrogen + Syngas 2022 International Conference & Exhibition (Berlin 28-30 March 2022)
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also high, so that the new SuperDuplex is readily formable through fabrication processes such as bending or
expansion.

Fig. 2: Mechanical properties of different stainless steel grades used in the HP synthesis section of urea
plants based on Snamprogetti™ technology including the new highly alloyed SuperDuplex HD31

Fig. 3 shows the evolution of the yield and tensile stresses with the temperature. The high mechanical strength of
pipes and tubes of HD31 is maintained up to 300°C, the maximum recommended temperature of use for duplex
stainless steels.

Fig. 3:

High-temperature mechanical strength of pipes and tubes of HD31

Although it is well known that duplex stainless steels are embrittled at low temperatures, HD31 possesses very good
impact resistance. The minimum absorbed energies during V-notch Charpy tests at -46ºC and 20ºC in longitudinal
samples extracted from solution annealed pipes have been 100 and 200 J, respectively. Very good impact strength
remains at - 46°C, indicating that the ductile to brittle transition temperature of the new highly alloyed SuperDuplex is
below this temperature.
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CORROSION RESISTANCE IN HP UREA SYNTHESIS CONDITIONS
The corrosion resistance of the new highly alloyed SuperDuplex HD31 at high-temperatures and in a solution
characterizing the HP section has been studied by immersion tests in autoclave. Moreover, in the course of this
development, samples of HD31 pipes and tubes have been installed in industrial strippers and analysed after years
of exposure.

Autoclave immersion tests
During this development, a new autoclave test methodology has been designed. The tests have been conducted in a
5-liter Zr-lined autoclave equipped with suitable feed and discharge lines and a stirrer (see Fig. 4). Test samples have
been immersed into a mixture of ammonia, carbamate, water, and urea with concentrations aimed at simulating an
environment even more aggressive than that of the Snamprogetti™ Urea Technology stripper bottom, which faces the
most severe corrosive conditions in the urea plant. The temperature and pressure for the tests have also been set
accordingly, above 200°C and 150 bar, respectively. As explained in the introduction, the main goal of this research
has been to develop a new material applicable in the urea stripper environment of Snamprogetti™ plants and,
furthermore, that does not require oxygen addition to remain passive. In view of the above in some tests the solution
was deaerated, whereas, being the presence of some oxygen required in industrial urea plants, some tests have been
performed under a partial pressure of oxygen. Different test times have been used, 312 h, 720 h and 4.320 h.

Fig. 4: Set-up for the autoclave immersion tests

The overall results of the autoclave immersion tests are presented in Fig. 5 and Table 1. Different HD31 pipe and tube
sizes have been tested. Samples extracted from butt-welded pipes manufactured with two different welding processes,
GMAW and GTAW, have also been included in the tests. During the production of the welded samples, two different
filler metals have been applied, HD31 and 25/22/2 Cr/Ni/Mo.
Table 1 Results of the autoclave immersion tests conducted on samples of
HD31 pipes and tubes.
Product

Corrosion rate (mm/y)
312 h - Oxygen

4.320 h - Oxygen

720 h - No Oxygen

8" pipe

0,0386

0,0428

0,0493

2" pipe

0,0346

0,0419

0,0537

Carbamate condenser tube

0,0369

0,0465

0,0978

Stripper tube

0,0405

0,0433

0,0717

Weld - GTAW - HD31 filler metal

0,0403

0,0471

0,0926

Weld - GTAW – 25/22/2 filler metal

0,0322

0,0612

0,4643

Weld - GMAW – 25/22/2 filler metal

0,0423

0,0492

0,0693

Weld - GMAW – 25/22/2 filler metal

0,0257

0,0893

0,6619

All the HD31 samples have experienced very low corrosion rates (below 0,1 mm/y) in the tests in presence of oxygen,
even after 4.320 h of exposure. Although higher corrosion rates have been measured in the HD31 samples tested
without oxygen during 720 h, still very low weight losses (< 0,1 mm/y) have been quantified in most of the HD31
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products, with the exception of the welded samples produced by GTAW and GMAW processes with 25/22/2 Cr/Ni/Mo
as filler metal.

Fig. 5:

Corrosion rates measured in the different autoclave tests conducted in samples of HD31 pipes and
tubes

These results show, on one hand, the need of oxygen addition to the austenitic matrix of 25/22/2 Cr/Ni/Mo weld metal
to persist passive. On the other hand, these results highlight the excellent corrosion resistance of all the products
developed in the new SuperDuplex HD31 in the most corrosive environment of urea plants based on Snamprogetti™
technology and with and without oxygen injection.
All the tested samples have been carefully analysed to identify the acting corrosion mechanism. An example of this
investigation is depicted in Fig. 6. The images correspond to samples of a HD31 8” pipe tested under different
conditions. As observed in the micrographs, when oxygen is present the attack progresses through both, austenite,
and ferrite phases, whereas in absence of oxygen the austenite phase is preferentially attacked.

4.320 h - Oxygen – Corrosion rate: 0,0428 mm/y
Fig. 6:

720 h - No Oxygen – Corrosion rate: 0,0493 mm/y

Microstructure of two samples of an 8” HD31 pipe after different autoclave immersion tests

In-field testing
In the last years, different samples of HD31 pipes and tubes have been installed at the bottom of real strippers in urea
plants based on Snamprogetti™ technology at different operating conditions, mainly in terms of severity of temperature
and quantity of oxygen. Fig. 7 depicts different samples that have been located inside the stripper for almost two years
(16.032 h).
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Fig. 7:

Samples of HD31 pipes and tubes after in-field testing in a real stripper

The corrosion rates measured on these samples are listed in Table 2. The general aspect of the surfaces of the HD31
pipes and tubes after the test in-field is illustrated in Fig. 8. The surfaces show very little damage.
Table 2 Corrosion rates measured on samples of HD31 pipes and tubes after
in-field testing for 16.032 h.
Product

Corrosion rate (mm/y)

8" pipe

0,0803

2" pipe

0,0435

Stripper tube

0,0521

In-field testing of HD31 pipes and tubes has also demonstrated the excellent performance of the new highly alloyed
SuperDuplex stainless steel in the most aggressive environment of a urea plant.

WELDING
The new highly alloyed SuperDuplex HD31 has been successfully formed to manufacture matching rod and wire for
GTAW/TIG and GMAW welding processes.
Butt-welded pipes and tube-to-tubesheet welds have been produced and validated with an appropriate test program.
Examples of different welding mock-ups are presented in Fig. 9. During welding, an exhaustive control of the key
process parameters, such as backing and shielding gases composition, heat input and interpass temperature, has
been carried out.
It is crucial to control the microstructure of the welds, as an incorrect microstructure will damage the mechanical
properties and corrosion resistance. In all the manufactured welded joints, the microstructures of the weld metal and
HAZ have consisted of a mixture of austenite and ferrite phases, with a maximum ferrite content of 65%. An example
of the type of microstructure achieved in the HAZ is depicted in Fig. 10.
The mechanical properties of the produced welds are high, with a maximum Rockwell C hardness of 350.
Corrosion resistance in HP urea synthesis conditions has also been proved to be excellent, as shown in the previous
section.
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8” pipe

2” pipe

Stripper tube
Fig. 8:

HD31 pipes and tubes surface examination after in-field testing for 16.032 h

Butt-welded pipes
Fig. 9:
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Tube-to-tubesheet mock-up

Different welds produced with the new highly alloyed SuperDuplex HD31
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Fig. 10: Microstructure in the HAZ of a tube-to-tubesheet welded joint

CONCLUSIONS
•
•
•
•
•

Tubacex and Saipem have thoroughly worked together in the development of the new highly alloyed
SuperDuplex stainless steel specifically for use in the HP synthesis section of urea plants based on
Snamprogetti™ technology.
The mechanical properties are very high, with a yield strength that doubles the yield strength of the grades
typically used in the HP synthesis section of urea plants based on Snamprogetti™ technology. This
fact provides important design and cost advantages.
The new material has shown outstanding corrosion resistance in a demanding environment with hightemperature and high carbamate concentration in both, presence, and absence of oxygen.
The superior corrosion resistance of the new material has also been proved in-field in operating plants based
on Snamprogetti™ technology, also in severe and extreme temperature condition.
The weldability of the new highly alloyed SuperDuplex has been also tested: high mechanical properties and
excellent corrosion resistance in urea environment are also achieved in the welds.
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