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(7) ABSTRACT

Process for welding duplex steel in the presence of a
shielding gas without use being made of welding aids and
with nitrogen being added to the shielding gas and with an
austenitic-ferritic duplex steel with a chromium content of
between 28 and 35 wt. % and a nickel content of between 3
and 10 wt. % being used.
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PROCESS FOR WELDING DUPLEX STEEL

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of International
Application No. PCT/NL01/00117, filed Feb. 12, 2001,
which claims priority from Dutch Serial No. 1014512, filed
Feb. 28, 2000. These applications, in their entirety, are
incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] The invention relates to a process for welding
duplex steel in the presence of a shielding gas.

[0003] Duplex steel is a stainless steel with a ferritic-
austenitic structure with the two phases having different
compositions. The duplex structure means that chromium
and molybdenum are predominantly present in the ferrite
phase and nickel and nitrogen in the austenite phase.

[0004] Duplex steel is often used in corrosive environ-
ments on account of its corrosion resistance. Duplex steel is
successfully used especially in urea plants, where it comes
into contact with the corrosive ammonium carbamate solu-
tions and particularly in the high-pressure section of urea
plants. Here, the most critical items such as high-pressure
vessels, seals around manholes, piping, flanges and valves
are manufactured from duplex steel.

[0005] The use of duplex steel in a plant requires that
duplex steel components be able to be attached to each other.
The welding of duplex steel is a process known to those
skilled in the art for joining duplex metal parts. Duplex
metal parts are welded together in the presence of a gas, a
so-called shielding gas, that provides an inert atmosphere.
Generally, those skilled in the art will use gases such as
argon and helium as a shielding gas. These shielding gases
prevent oxidation during weld fabrication.

[0006] The drawback of duplex steel welding is that
duplex steel parts cannot be welded together without using
a welding aid that takes care of the welded joint if the
specific properties of the steel are to be retained. Specific
properties of the steel include mechanical properties, such as
tensile strength, ductility and corrosion resistance. Particu-
larly with welding techniques such as IBW (Internal Bore
Welding), laser beam welding or electron beam welding,
duplex steel cannot be used without impairing its specific
properties, because these welding techniques do not allow
the use of welding aids. These welding techniques are for
example needed for fabricating crevice-free tube-to-
tubesheet joints. Those skilled in the art will normally use
welding aids such as coated welding electrodes and solid or
filled filler metal.

[0007] The aim of the present invention is to eliminate the
above-mentioned drawbacks and to enable the welding of
duplex steel without welding aids, without the specific
properties of the duplex steel being impaired.

[0008] The applicant has found a process for welding
duplex steel in the presence of a shielding gas without use
being made of welding aids and with nitrogen being added
to the shielding gas. In particular, a process was found for
welding duplex steel in the presence of a shielding gas
without using welding aids and with nitrogen being added to
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the shielding gas and with an austenitic-ferritic duplex steel
being used with a chromium content of between 28 and 35
wt. % and a nickel content of between 3 and 10 wt. %.

[0009] Preferably an austenitic-ferritic duplex steel with
the following composition is used:

[0010] C: maximum 0.05 wt. %
[0011] Si: maximum 0.8 wt. %
[0012] Mn: 0.3-4.0 wt. %
[0013] Cr: 28-35 wt. %

[0014] Ni: 3-10 wt. %

[0015] Mo: 1.0-4.0 wt. %
[0016] N:0.2-0.6 wt. %

[0017] Cu: maximum 1.0 wt. %
[0018] W: maximum 2.0 wt. %
[0019] S: maximum 0.01 wt. %
[0020] Ce: maximum 0.2 wt. % the balance consisting

of Fe and common impurities and additives and the
ferrite content ranging from 30 to 70 vol. %.

[0021] More preferably the C content is maximum 0.03
wt. % and in particular maximum 0.02 wt. %, the Si content
is maximum 0.5 wt. %, the Cr content 29-33 wt. %, the Ni
content 3-7 wt. %, the Mo content 1-3 wt. %, in particular
1-2 wt. %, the N content 0.36-0.55 wt. % and the Mn content
0.3-1 wt. %.

[0022] The ferrite content is more preferably 30-55 vol. %.
The Cr content of the austenite phase is more preferably at
least 25 wt. % and in particular at least 27 wt. %.

[0023] Preferably 1-10 vol. % nitrogen is added to the
shielding gas, in particular 1-5 vol. % and more in particular
1-3 vol. %.

[0024] The advantage of the process according to the
present invention is that it allows duplex steel to be IBW-
welded, laser beam welded and electron beam welded while
retaining the specific properties.

[0025] A widely used embodiment of the welding together
of ferritic-austenitic steel comprises attaching the steel com-
ponents to each other via a so-called overlay weld. Here, a
contact surface is fabricated by applying a layer of the
ferritic-austenitic duplex steel to a base, generally a cheaper
carbon steel, using a known welding process. Another object
of duplex steel or with a duplex steel contact surface can be
attached to the said overlay weld using the welding process
according to the present invention. However, objects thus
welded often break off as a result of hairline cracks devel-
oping in the duplex steel of the overlay weld.

[0026] 1t has now been found that this drawback can be
eliminated by a process enabling two or more duplex steel
parts to be joined via an overlay weld. In the process, the
contact surfaces of the metal parts are partly or completely
fabricated from ferritic-austenitic steel with a chromium
content of between 28 and 35 wt. % and a nickel content of
from 3 to 10 wt. %, after which the topmost 0.1-1.0 mm,
preferably 0.2-0.8 mm and in particular 0.3-0.7 mm, of the
contact surfaces is removed, after which the metal parts are
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welded together. The said top layer can be removed by any
process known to those skilled in the art, such as grinding,
filing, using abrasives, etc.

[0027] The welding and overlay welding processes
according to the invention are particularly useful in the
manufacture of piping components such as flanges and
valves inasmuch as such piping components will be less
susceptible to crevice corrosion. Such components are fab-
ricated from a duplex ferritic-austenitic steel with a chro-
mium content of between 28 and 35 wt. % and a nickel
content of between 3 and 10 wt. % and are attached to each
other by means of a welding process or overlay welding
process without using welding aids and with 1-10 vol %
nitrogen being added to the shielding gas.

[0028] Especially welded joints in areas where flanges and
valves are present in a high-pressure section of a urea plant
can be advantageously fabricated according to the present
invention.

[0029] Accordingly, the invention relates in particular to
application of the welding process and overlay welding
process in a urea plant.

[0030] The aforementioned piping components are
sources of leakage. Where materials susceptible to crevice
corrosion are utilized, corrosion will in the course of time
develop in the cervices, which are inherent in the said piping
components, which results in leakage of process fluid. This
occurs especially in for example the high-pressure section of
a urea plant. The plant will then need to be shut down
because of safety and environmental regulations. If such
piping components are fabricated using the process of the
present invention, they will be much less susceptible to
crevice corrosion and leaks will be prevented.

[0031] Where the aforementioned duplex steel is utilized,
the reduced susceptibility to corrosion allows more pumps to
be used in place of gravitation for conveying process
streams. This obviates the need to position items of equip-
ment one above the other, such as the high-pressure car-
bamate condenser and the reactor in a urea plant. All
equipment items can be placed on the ground so that
considerable investment savings can be achieved.

[0032] Tt is important that the duplex steel used in the
present invention have a good ferrite-austenite distribution.
If the distribution is not optimal, then the properties of the
steel will decrease. This may lead to fracture of piping and
equipment and the steel will also be more susceptible to
corrosion. It has been found that the homogeneity of the
ferritic-austenitic steel can be readily tested by conducting
measurements with an eddy current coil. When a piece of
metal is passed through such a coil, the places where the
distribution is insufficient are directly revealed. The alter-
native for such eddy current coil measurement is a destruc-
tive process.

[0033] Urea can be prepared by introducing (excess)
ammonia and carbon dioxide into a synthesis zone at a
suitable pressure (for example 12-40 MPa) and a suitable
temperature (for example 160-250° C.), which first results in
the formation of ammonium carbamate according to the
reaction:

nNH,+CO,—H,N—CO—ONH, +(n-2)NH,
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[0034] Dehydration of the ammonium carbamate formed
then results in the formation of urea according to the
equilibrium reaction:

H,N—CO—ONH, «——H,N—CO—NH,+IL,0

[0035] The theoretically attainable conversion of ammo-
nia and carbon dioxide into urea is determined by the
thermodynamic position of the equilibrium and depends on
for example the NH,/CO, ratio (N/C ratio), the H,O/CO,
ratio and temperature, and can be calculated with the aid of
the models described in for example Bull. of the Chem. Soc.
of Japan 1972, Vol. 45, pages 1339-1345 and J. Applied
Chem of the USSR (1981), Vol. 54, pages 1898-1901.

[0036] In the conversion of ammonia and carbon dioxide
to urea there evolves as a reaction product a urea synthesis
solution which consists essentially of urea, water, ammo-
nium carbamate and unbound ammonia.

[0037] Besides the urea synthesis solution, there may
evolve in the synthesis zone a gas mixture of unconverted
ammonia and carbon dioxide along with inert gases. Ammo-
nia and carbon dioxide are removed from this gas mixture
and are preferably returned to the synthesis zone.

[0038] In practice, various processes are used for the
preparation of urea. Initially, urea was prepared in so-called
conventional high-pressure urea plants, which at the end of
the 1960s were succeeded by processes carried out in
so-called urea stripping plants.

[0039] A conventional high-pressure urea plant is under-
stood to be a urea plant in which the ammonium carbamate
that has not been converted into urea is decomposed, and the
customary excess ammonia is expelled, at a substantially
lower pressure than the pressure in the synthesis reactor
itself. In a conventional high-pressure urea plant the syn-
thesis reactor is usually operated at a temperature of 180-
250° C. and a pressure of 15-40 MPa. In a conventional
high-pressure urea plant, following expansion, dissociation
and condensation at a pressure of between 1.5 and 10 MPa,
the reactants that are not converted into urea are returned to
the urea synthesis as a carbamate stream. In addition, in a
conventional high-pressure urea plant, ammonia and carbon
dioxide are fed directly to the urea reactor. The N/C ratio in
the urea synthesis in a conventional high-pressure urea
process is between 3 and 5 and CO,, conversion between 64
and 68%.

[0040] Initially, such conventional urea plants were
designed as so-called ‘Once-Through’ processes. Here, non-
converted ammonia was neutralized with acid (for example
nitric acid) and converted into ammonia salts (for example
ammonium nitrate). It did not take long until these conven-
tional Once-Through urea processes were replaced with
Conventional Recycle Processes, in which all non-converted
ammonia and carbon dioxide are recycled to the urea reactor
as carbamate streams. In the recovery section, non-con-
verted ammonia and carbon dioxide are removed from the
urea synthesis solution obtained in the synthesis reactor, in
which process a urea in water solution evolves. Next, this
urea in water solution is converted into urea in the evapo-
ration section by evaporating water at reduced pressure.

[0041] A urea stripping plant is understood to be a urea
plant in which the ammonium carbamate that has not been
converted into urea is largely decomposed, and the custom-
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ary excess ammonia is largely expelled, at a pressure that is
essentially almost equal to the pressure in the synthesis
reactor. This decomposition/expulsion takes place in a strip-
per with or without addition of a stripping agent. In a
stripping process, carbon dioxide and/or ammonia may be
used as stripping gas before these components are added to
the reactor. Such stripping is effected in a stripper installed
downstream of the synthesis reactor; in it, the urea synthesis
solution coming from the urea reactor, which contains urea,
ammonium carbamate and water as well as ammonia, is
stripped with the stripping gas with addition of heat. It is also
possible to use thermal stripping here. Thermal stripping
means that ammonium carbamate is decomposed and the
ammonia and carbon dioxide present are removed from the
urea solution exclusively by means of the supply of heat.
Stripping may also be effected in two or more steps. In a
known process a first, purely thermal stripping step is
followed by a CO2 stripping step with addition of heat. The
gas stream containing ammonia and carbon dioxide exiting
from the stripper is returned to the reactor whether or not via
a high-pressure carbamate condenser.

[0042] In a urea stripping plant the synthesis reactor is
operated at a temperature of 160-240° C. and preferably at
a temperature of 170-220° C. The pressure in the synthesis
reactor is 12-21 MPa, preferably 12.5-19.5 MPa. The N/C
ratio in the synthesis in a stripping plant is between 2.5 and
4 and CO, conversion between 58 and 65%. The synthesis
may be carried out in one or two reactors. When use is made
of two reactors, the first reactor, for example, may be
operated using virtually fresh raw materials and the second
using raw materials entirely or partly recycled, for example
from the urea recovery.

[0043] A frequently used embodiment for the preparation
of urea by a stripping process is the Stamicarbon CO,
stripping process as described in European Chemical News,
Urea Supplement, of Jan. 17, 1969, pages 17-20. The greater
part of the gas mixture obtained in the stripping operation is
condensed and adsorbed in a high-pressure carbamate con-
denser, after which the ammonium carbamate stream formed
is returned to the synthesis zone for the formation of urea.

[0044] The high-pressure carbamate condenser may de
designed as, for example, a so-called submerged condenser
as described in NL-A-8400839. The submerged condenser
can be placed in horizontal or vertical position. It is, how-
ever, particularly advantageous to carry out the condensation
in a horizontal submerged condenser (a so-called pool
condenser; see for example Nitrogen No 222, July-August
1996, pp. 29-31).

[0045] After the stripping operation, the pressure of the
stripped urea synthesis solution is reduced to a low level in
the urea recovery and the solution is evaporated, after which
urea is released and a low-pressure carbamate stream is
circulated to the synthesis section.

[0046] In both conventional urea processes and urea strip-
ping processes an oxidizing agent is added to the plant in
order to protect the materials of construction against corro-
sion. An oxide skin is formed on the metal parts, which
protects against corrosion. This process is known as passi-
vation. The passivating agent may be oxygen or an oxygen-
releasing compound as described in for example U.S. Pat.
No. 2,727,069. Normally, oxygen is used in the form of air.
The passivating agent is added for example to one of the raw
materials.
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[0047] Although this addition of oxygen/air protects the
materials of construction against corrosion, it has a number
of drawbacks:

[0048] the oxygen/air must be removed from the
process without ammonia and carbon dioxide leav-
ing the process. This requires expensive and energy-
consuming scrubbing systems for these gas streams;

[0049] the raw materials for urea production (ammo-
nia and carbon dioxide) as produced in a modem
ammonia plant always contain traces of hydrogen.
These traces, together with the passivating air sup-
plied, may lead to the formation of explosive hydro-
gen/air mixtures in some plant sections. To prevent
this or to protect against this, expensive provisions
are necessary.

[0050] Tt is known that such oxygen/air addition can be
considerably reduced, or can be omitted, by using duplex
steel, so that the drawbacks occur to a lesser extent, if at all,
while yet attaining a high degree of reliability. WO-95/
00674 teaches the application of a duplex steel grade in urea
plants and refers to the omission of passivating gas.

[0051] Furthermore, this process is very suitable for
improving and optimizing existing urea plants by replacing
piping and equipment items in areas where corrosion occurs
with piping and equipment items fabricated using the weld-
ing process and overlay welding process according to the
present invention. The process is particularly suitable for
revamping existing urea plants by using the jointing process
of the present invention in areas where hairline cracks are
formed in duplex steel overlay welds.

[0052] The invention may be applied in all current urea
processes, both conventional urea processes and urea strip-
ping processes. Examples of conventional urea processes in
which the invention may be applied are the so-called ‘Once-
Through’, Conventional ‘Recycling’ and Heat Recycling
Processes. Examples of urea stripping processes in which
the invention may be applied are the CO, stripping process,
the NH; stripping process, the self-stripping process, the
ACES (Advanced Process for Cost and Energy Saving)
process, the IDR (Isobaric-Double-Recycle) process and the
HEC process.

[0053] The invention is illustrated by the following
examples.

EXAMPLE I

[0054] In the pool condenser (a shell-and-tube heat
exchanger) of a urea plant based on the CO2 stripping
process, the high-pressure carbamate from the high-pressure
scrubber is passed through the shell side of the heat
exchanger and the cooling steam condensate flows through
the tubes of the heat exchanger. This presents on the shell
side the advantage of extra residence time, resulting in the
formation of urea, which yields a higher condensation
temperature and, thus, better heat transfer. It is advantageous
to fabricate the tubes and the tube-to-tubesheet joints from
duplex steel, since in that case less (or no) oxygen needs to
be added to the process. The duplex tube-to-tubesheet joints
must, however, be free of crevices. Such a tube-to-tubesheet
joint is made using IBW techniques according to the process
of the present invention with 2 vol. % nitrogen being added
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to the shielding gas, for example argon. This IBW technique
operates without welding aids.

EXAMPLE II

[0055] In the stripper located downstream of the reactor in
the CO2 stripping process, the urea synthesis solution com-
ing from the reactor is stripped with carbon dioxide, with
addition of heat, and with ammonium carbamate being
decomposed and the gases being removed. The top com-
partment (stripper head) of this stripper contains what is
known as internals consisting of relatively thin (5-10 mm)
sheet steel, which need to be attached to the wall of the
stripper column. It is advantageous to fabricate this stripper
head from carbon steel provided with a duplex overlay weld
preventing corrosion of the carbon steel. Only through the
overlay welding process of the present invention is it pos-
sible to attach the internals to this overlay weld by means of
a welding process.

EXAMPLE IIT

[0056] Practice indicates that, according to current expe-
rience, a urea plant can be kept up and running for about half
a year on average. This means that a urea plant must be shut
down every half year because of leaks in piping components
in the high-pressure section caused by crevice corrosion.
This shut-down frequency is reduced to a minimum by
consistently fabricating such piping components from
duplex steel applied via the process of the invention. Pro-
duction runs lasting several years are then possible, which
presents a considerable economic advantage through
reduced production outage.

1. Process for welding duplex steel in the presence of a
shielding gas, characterized in that no use is made of
welding aids and that nitrogen is added to the shielding gas.

2. Process according to claim 1, characterized in that an
austenitic-ferritic duplex steel with a chromium content of
between 28 and 35 wt. % and a nickel content of between 3
and 10 wt. % is used.

3. Process according to claim 1, characterized in that
austenitic-ferritic duplex steel with the following composi-
tion is used:

C: maximum 0.05 wt. %
Si: maximum 0.8 wt. %
Mn: 0.3-4.0 wt. %

Cr: 28-35 wt. %

Ni: 3-10 wt. %

Mo: 1.0-4.0 wt. %

N: 0.2-0.6 wt. %

Cu: maximum 1.0 wt. %

W: maximum 2.0 wt. %
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S: maximum 0.01 wt. %
Ce: maximum 0.2 wt. %

the balance consisting of Fe and common impurities and
additives and the ferrite content ranging from 30 to 70
vol %:

4. Process according to claim 1, characterized in that
austenitic-ferritic duplex steel with a Cr content of 29-33 wt.
% 1is used.

5. Process according to claim 1, characterized in that
austenitic-ferritic duplex steel with a Ni content of 3-7 wt.
% 1is used.

6. Process according to claim 1, characterized in that
austenitic-ferritic duplex steel with a Cr content in the
austenite phase of at least 25 wt. % is used.

7. Process according to claim 1, characterized in that 1-10
vol. % nitrogen is added to the shielding gas.

8. Process for joining two or more metal parts via an
overlay weld, characterized in that the contact surfaces of
the metal parts metals are partly or completely fabricated
from ferritic-austenitic steel with a chromium content of
between 28 and 35 wt. % and a nickel content of from 3 to
10 wt. % after which the topmost 0.1-1.0 mm is removed and
after which the metal parts are welded to each other.

9. Process for fabricating piping components, character-
ized in that such piping components are fabricated from a
duplex ferritic-austenitic steel with a chromium content of
between 28 and 35 wt. % and a nickel content of between 3
and 10 wt. % and are attached to each other by means of a
welding process or overlay welding process without using
welding aids and with 1-10 vol. % nitrogen being added to
the shielding gas.

10. Use of the welding process and overlay welding
process according to claim 1 in a urea plant.

11. Process for improving and optimizing existing urea
plants by replacing piping and equipment items in areas
where corrosion occurs with piping and equipment items
fabricated using the welding process and overlay welding
process according to claim 1.

12. Process for revamping existing urea plants by using
the jointing process according to claim 8 in areas where
hairline cracks are formed in duplex steel overlay welds.

13. Use of the welding process and overlay welding
process according to claim 8 in a urea plant.

14. Process for improving and optimizing existing urea
plants by replacing piping and equipment items in areas
where corrosion occurs with piping and equipment items
fabricated using the welding process and overlay welding
process according to claim 8.

15. Use of the welding process and overlay welding
process according to claim 9 in a urea plant.

16. Process for improving and optimizing existing urea
plants by replacing piping and equipment items in areas
where corrosion occurs with piping and equipment items
fabricated using the welding process and overlay welding
process according to claim 9.
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