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1. Summary

During the Stamicarbon Urea Symposium in 1996, the Urea2000Plus process was presented
featuring — amongst others — the Pool Condenser technology. At that time, one Pool Condenser
already had been in operation successfully for two years and a Pool Reactor project was on its way.
At the same occasion the novel austenitic-ferritic material Safurex® was introduced for the first
time. Since then, both Pool Condenser technology and Safurex® have become standard features of
the Stamicarbon Urea2000PIlus process.

Several plants are now in operation using Pool Condenser with conventional austenitic material for
corrosion protection. The same is true for Safurex® where more than 10 HP Strippers or HP
Carbamate Condensers made in Safurex® are now in operation.

The first replacement unit was installed in 1999 and has been in service successfully now for
almost 5 years.

It was only natural that Stamicarbon wanted to combine the two and succeeded in doing so in
2001 when the first Pool Condenser with Safurex® as corrosion resistant material was specified for
one new large capacity urea plant.

This paper describes the implementation of this novel concept and highlights the special features of
this particular project.

2. Introduction
2.1 General

In 2001, Stamicarbon licensee Chiyoda Corporation, Yokohama was awarded to build a urea plant
with large capacity for a client in lIran. Late spring of 2002, Schoeller-Bleckmann Nooter
Apparatetechnik GmbH (SBN) was selected by Chiyoda to manufacture all four high pressure
equipments in the synthesis section. The material chosen for the wetted parts was Safurex®. This
included the Urea Reactor, HP Stripper, HP Scrubber and Pool Condenser. While for the former
three, references existed for the main Safurex® components such as liner welding, nozzle welding,
tube-to-tube sheet welding for HP-Stripper and HP Scrubber, for the tube-to-tube sheet welding of
the Pool Condenser so far no equipment is yet in service with such configuration. There was,
however, extensive testing done beforehand and the results proved to be successful. With the
process fluid on shell side and to avoid any gaps or crevices, internal bore welding (IBW) is the
only welding method to ensure this.

With the given plant capacity, equipment sizes become very large and pose a new challenge in the
fabrication of such units. Due to restrictions for weight (by road transport) and diameter (by rail
transport), the most feasible and economical way to manufacture the Pool Condenser was to
fabricate sub-assemblies in the SBN shop in Ternitz and to do the final assembly in a shop located
close to the river Danube allowing to complete the vessel there and to ship it in one piece.

This paper will demonstrate the methods and techniques applied for the fabrication and we will also
share the experience we gained from the manufacturing in the given way.

2.2 SBN - Company profile

The company specializes in manufacturing equipment for the fertilizer and petrochemical
industries. Our products have a long established international reputation. Our main focus is on
apparatuses for ammonia and urea plants.

Our employees’ comprehensive know-how extends to the today’s most advanced materials. This
expertise, and our long experience in the design and fabrication of sophisticated high-pressure
equipment permit precise compliance with customer requirements. Top-quality design and
execution, and on-time delivery are a matter of course. We have ultra-modern production facilities,
a wide range of plant and machinery, and a highly skilled, motivated and flexible workforce.

We always strive to exceed our clients’ expectations in terms of planning, production, quality
testing and delivery dates - because complete customer satisfaction is our number one goal.

2.3 SBN's contribution to development of HP equipment for Stamicarbon Urea
Technology

SBN along with its predecessor companies has been serving the Stamicarbon urea world now for
more than 30 years — uninterrupted. Over the years SBN has diligently contributed to the quality
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improvement of fabrication, adapting itself to the ever changing requirements for the
manufacturing of high-pressure urea equipment, developing new methods and techniques for
welding and testing of urea grade materials and applying adequate fabrication methods as a
consequence of the increased sizes and weights of the various types of equipment.

Among these contributions are the successful introduction of semi-automatic tube-to tubesheet
welding for HP Strippers, HP Carbamate Condensers and HP Scrubbers in 1989 — an effort which
revolutionized the fabrication of HP heat-exchangers replacing manual welding by repeatable
automatic welding. This development was done jointly between Stamicarbon and SBN and is today
the state of the art. Also the real life application of an automated ultrasonic testing method
developed by Stamicarbon for tube-to-tubesheet welding was performed jointly between
Stamicarbon and SBN and still today is state of the art.

With the introduction of Safurex® SBN had to develop new methods for welding of Safurex® to
enhance both quality and cost effectiveness - TIG hot wire process as another move to introduce
automatic welding to replace manual welding. For the internal bore welding of the tube-to-tube
sheet joint of the Pool Condenser SBN features the welding with the tube bundle in horizontal
position — a major step forward to simplify this most critical fabrication step and at the same time
ensure the quality of the weld as well as contribute to cost effectiveness.

SBN also uses other existing technologies to improve the manufacturing of high pressure vessels —
amongst other the application of the multilayer technology for the pressure retaining shell.

Last but not least we mention the final assembly of the very large and heavy vessels in a port
facility, which allows building larger and heavier equipments than ever.

2.4 Safurex® & Pool condenser (IWB, Multilayer Shell)

The newly developed Pool Condensers and Pool Reactors have reached a dimension, which
constitutes a major challenge even for experienced production facilities. For some years now,
multilayer has been a preferred technology for SBN pressure vessel shells. This technology is also
ideal for the manufacture of Pool Condensers and Pool Reactors. The actual challenge is in the U-
tube bundle projecting into the pressure vessel. For unlike the usual arrangement with urea heat
exchangers, here the tubes are not inserted through the tube sheet and welded with the front side
of the tube sheet, but backside welded gap-free. However, this is only feasible with so-called
internal-bore welding technology.

SBN pioneers also with respect to the manufacturing of HP equipment in Safurex®, a new material
developed by the Swedish steel and pipe manufacturer Sandvik AB together with Stamicarbon for
use in urea synthesis. Safurex® is a super-duplex type of material with proven properties, which
include excellent resistance to corrosion when exposed to carbamate solution as well as against
chloride-induced stress cracking corrosion.

3. Features of fabrication of Pool condenser in Safurex®
3.1 Design of Pool condenser

The Pool Condenser design, as any other pressure vessel has to follow statutory requirements as
well as those stipulated by Stamicarbon. All relevant Stamicarbon requirements are laid down in
process and equipment data sheets. Since the Pool Condenser is qualified as Stamicarbon
proprietary item, some information is disclosed to Stamicarbon qualified fabricators only.

The statutory requirements are essentially given in the design code which provides the framework
for the mechanical design of the vessel, both the pressure retaining parts in carbon steel as well as
in Safurex®.

This Pool Condenser was designed according to ASME Code, in this case Sect. VIII Div.2 allowing to
optimize the carbon steel pressure shell and minimize wall thickness and thus weight.

For Safurex® as pressure retaining parts the governing framework is ASME Code Case No 2295.
The applicable Stamicarbon specifications are as per A4-18005 - BE.06/MS 50.

One of the Stamicarbon requirements influencing massively the design of equipment and also
mode and sequence of fabrication is the maximum permissible temperature, which Safurex® can be
exposed to during PWHT. This is 400°C for maximum 15 hours.

This is different to BC.05 (510°C) and has a big impact on the fabrication. It basically means that
Safurex® materials must be introduced only after all PWHT’s are performed. It will be shown later,
how this requirement dictates the fabrication sequence and/or fabrication method.



3.2 Safurex® materials

Safurex® is a duplex stainless steel grade exclusively developed by Sandvik for the Stamicarbon
Urea and Melamine process. Safurex® is a high alloy ferrite-austenite stainless steel, combining the
good (stress) corrosion properties of the ferrite steel with the good ductility and weld-ability of
austenitic steel.

The duplex structure results in high mechanical properties and, in combination with the low
thermal expansion coefficient, results in great benefits with respect to the design and construction
of the HP urea equipment. Not only savings in equipment weight but consequently also in costs are
evident.

Safurex® is the standard material for Stamicarbon HP urea equipment, allowing the Stamicarbon
urea plants, in case all wetted parts in the HP synthesis section are made in Safurex®, to run with
very low oxygen in the carbamate solution.

The good corrosion resistant properties of Safurex®, also in oxygen free carbamate solutions, have
been demonstrated in elaborate laboratory testing and field experiences with Safurex® equipment
in service for more than five years now (HP Carbamate Condensers and HP Strippers).

All material forms (plates, forgings, heat-exchanger tubes, piping) and welding consumables
needed to fabricate HP equipment in Safurex® are available and proven.

Also delivery time of these materials is comparable to other stainless steels grades.

SBN to date has fabricated more that 10 HP Urea equipment in Safurex® and the handling as well
as the welding is not more difficult compared to the fully austenitic stainless steels grades
traditionally used.

Since Safurex® is supplied by a single source supplier and Stamicarbon and Sandvik have a mutual
agreement with respect to the quality control and quality assurance on the Safurex® materials,
counter testing on Safurex® base materials is not necessary.

All Safurex® materials will be delivered fully tested according to the Stamicarbon specifications
(A4-18005, BE.06/MS50). To check the quality Stamicarbon performs doping tests on Safurex®
base materials under production at Sandvik. Furthermore for each project Stamicarbon must
qualify the welding procedures. Since Safurex® is a proprietary material, the Stamicarbon
involvement in inspections during the fabrication of HP equipment is therefore mandatory.

3.3 Fabrication sequence

The fabrication of a Stamicarbon Pool Condenser follows — like other high-pressure vessels - a
certain logic sequence. The Pool Condenser consists of the following subassemblies:

- Cylindrical pressure shell — multilayer design

- Tube sheet

- Tube bundle

- Hemispherical heads

- Internals
Some fabrication steps can be made simultaneously — e.g. multilayer pressure shell, tube sheet
overlay welding, fabrication of hemispherical heads. The further the fabrication progress is
advanced the more fabrication steps are sequentially. Before fabrication starts, welding procedure
qualifications must be done for overlay welding of the tube sheet, internal bore welding (IBW), liner
weld connections and welding of internals.
Fabrication starts with overlaying the tube sheet. After having completed the required number of
layers, tube holes will be drilled and hubs for the IBW machined.



Picture 1. Machining of hubs for the Internal Bore Welding

By this time the hemispherical head must be completed except the installation of the liner. The
weld bevel of the hemi-head (connection to the cylinder) must be buttered and stress relieved. This
to allow a connection weld between hemi-head and cylindrical shell without PWHT. Only by this
method, Safurex® liner can be installed later in both the hemi-head and shell prior to welding the
girth seam. Tube sheet and hemi-head are welded together, a local PWHT is executed on this
seam. Cooling of the tube sheet overlay is required after this PWHT, the Safurex® liner is installed
into the hemi-head.

The preparation for the tube bundle starts with the installation of the baffle plates where the U-
tubes will be inserted followed by sequential welding of each tube row.

Picture 2. Preparation of tube bundle; Internal Bore welding in progress



The multilayer pressure shell follows the fabrication sequence with preparation of the inner or core
shell, which will be buttered to provide areas for anchor welds and leak detection grooves. The
inner shell sections will be rolled and welded as well as stress relieved. The individual shell sections
are now welded together to arrive at the full cylinder length allowing starting the wrapping of the
multilayer plates. After completing the shell, the liner can be installed and all required internals are
welded in place.

e il
Picture 3. Insertion of liner segments and welding to shell

The completed tube bundle and cylindrical pressure shell will be joined together and internal
connection welds of piping are made. After completion, the second hemispherical head is docked
and the vessel is ready for the final fabrication and inspection steps.

a. Multilayer pressure Shell

The multilayer type is today's leading multiple layer process. It has significant advantages
whenever high pressures accompany large diameters and shell lengths.

The shell consists of concentric covering layers surrounding a conventionally manufactured core
shell. Each layer is made up of several segmented thin steel plates whose number per layer
depends on the diameter.

Picture 4. Multilayer pressure shell



The joining of the plates of an outer layer is carried out by longitudinal seam welding of so-called
triple-plate joints. The seams on the circumference are evenly distributed by staggering the
longitudinal seams from layer to layer. The ends are made from pressed plate ore forged steel, and
are welded to the shell cylinder.

Advantages

- Manufacturing the shell from thin plates allows the use of materials of improved
metallurgical properties such as higher tensile strength and yield strengths.

- Even in highly aggressive processes it is only necessary for the core shell or loose lining to
be of a corrosion-resistant material.

- The higher the operating pressures and vessel diameter, the greater will be the weight
saving as compared to a monowall design.

- The safety factors are considerably higher owing to the more elastic overall behaviour of
the cylindrical shell, to the vent holes in the layer plates, and to a special leak detection
system at the longitudinal and circumferential weld seams which means that any leakages
from the core shell are detected instantly.

b. Internal bore welding

The tubes of the U-bundle are connected to the inner side of the tube sheet (overlay welded) by
means of the so-called internal bore welding technique.

Welding the tubes of Safurex® material with approx. 3 mm thick tube wall without filler metal from
the inner side of the tube demands both perfect preparation of the tube ends and tube sheet and
precise positioning of the welding torch. In addition, careful attention must be paid to the influence
of gravity on the welding puddle. SBN developed a welding procedure that allows internal bore
welding of Safurex® without using filler wire, which results in sound weld connections meeting all
Stamicarbon requirements (from corrosion point of view) as well as the statutory requirements
(strength).

Particular importance is given to the welding and testing cycle with this production technology. Due
to the restricted accessibility of the U-tube ends, every row of tubes must be tested immediately
after welding. The required scope of non-destructive test procedures is considerable, but not
different to IBW of BC.05 materials, including in addition to the visual check a helium leak test as
well as radiographic test of every single weld.

In this project the repair rate of the Safurex® internal bore welding did not differ from other
projects where IBW welds were made in BC.05 material quality. Also the time needed for
completing all internal bore welding (41 days for welding and testing) is comparable to other
projects.

3.6 Final assembly

Due to the transport restrictions on both rail and road, the final assembly had to be performed in a
different location next to a port on the river Danube. The individual subassemblies such as the
cylindrical shell (in 2 sections), the tube bundle and the top hemispherical head were shipped to
the SBN external shop and the completion works including all the testing were carried out there.
After completion the Pool Condenser along with the other vessels for this project was lifted onto
the river barge and transported to the seaport, in this case Antwerp.



Picture 5. Pool condenser ready for shipment

Picture 6. Pool condenser on river barge




3.7 Transportation

The transportation from the final assembly shop to the seaport was carried out by river barges.
Due to the number and weight of all 4 pieces of equipment originally 2 barges were needed. Due to
the severe drought in August of 2003 and subsequently the low level of the rivers an additional
barge was chartered in order to reduce the load on the other barges. With this, the journey of the
barges through Danube river, Rhine-Main- Danube Canal, Main river and Rhine river had become
possible and the equipment loaded on to the seagoing vessel in Antwerp port.

Picture 7. Loading on seagoing vessel Antwerp port

4.

Conclusions

The first Safurex® Pool Condenser for new Stamicarbon large capacity urea plant posed big
challenges to SBN. Not only with respect to the first IBW weld connections to be made in
Safurex® without filler wire, but also with respect to the big dimensions and heavy weight
of the vessel.

SBN succeeded to fabricate this vessel meeting all Stamicarbon and statutory
requirements.

IBW was done without any problems during welding and testing. Repair rate and welding
time is comparable with other projects.

This was possible since SBN already gained experiences with fabrication of Pool Condensers
(in conventional stainless steels) as well as with the fabrication of Safurex® heat
exchangers.

The IBW at SBN is done with the tubes in horizontal position, a major step forward to
simplify this most critical production step, which also proved to be most cost effective.

To cope with the large sizes and heavy weight of this huge vessel SBN decided to use the
Multilayer shell concept and to assemble the vessel at an shop facility near the river in
order to overcome transport limitations.

Manufacturing HP urea equipment in Safurex® has big consequences with respect to the
fabrication sequence and method, due to the limit temperature (400°C) Safurex® can be
exposed to during PWHT. SBN solved this problem elegantly by adapting the fabrication
sequence in such a way that all Safurex® materials will be installed after all PWHT'’s have
been done. This has no negative effect on the quality of the vessel as well as fabrication
time.



