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1. Scope of the paper

The scope of this paper is to illustrate how to avoid corrosion on the resistant body of
f high pressure equipment in urea plants, caused by leaks in the welds in contact with
t the process fluid, both on equipment to be designed and on equipment already in
\ operation.
i Useful recommendations and criteria are therefore illustrated, which are to be

considered for the equipment at the design stage, while for the equipment already in
operation the maintenance actions to be taken in order to avoid corrosion on the
resistant body are described.



2. Brief profile of Snamprogetti

Snamprogetti, the international engineering contractor and technology company of the
Italian ENI Group, is engaged worldwide in the development, design and construction
of industrial facilities and associated infrastructures that include pipelines and plants
for offshore processing, refining, gas treatment, fertilizers and chemicals.
With a background of over forty years of professional experience, Snamprogetti is
able to offer its customers highly qualified services and support ranging from
individual packages of integrated services to complete turn-key projects.
Snamprogetti provides assistance to customers with regard to corrosion problems and
general maintenance. For cases where visual inspection is not sufficient,
Snamprogetti has qualified various organizations all over the world that can perform
special nondestructive tests in line with its indications and the customer's
requirements.
For special repairs Snamprogetti is in constant contact with equipment manufacturers
who can make their specialists and labour promptly available.
The Snamprogetti urea technology is well known internationally and already used in
more than 90 plants throughout the world.



3. Brief considerations on corrosion in Urea plants

Ever since the early development of industrial urea plants based on direct reaction
between ammonia and carbon dioxide, urea plant designers and owners have been
faced with the problem of corrosion.
This was a serious problem for many years since it not only endangered the good
performance of urea plants (safety, onstream factor, product quality) but was also an
obstacle to the improvement of the process itself.
The situation has now considerably improved, but the process conditions,
temperature, pressure, and particular fluid composition at the various operating stages
of the process (with the presence of intermediate compounds) still require not only a
careful selection of construction materials, but also adequate design. In addition, the
manufacture of the equipment or parts thereof must be carried out with great care and
in accordance with specific procedures issued by the Process Licenser.
Apart from material selection, it is therefore important during the design stage to
ensure that under all circumstances the fluid-dynamics inside the equipment is
appropriate: both high fluid velocities and areas with no fluid velocities (dead areas)
are to be avoided.
Good maintenance is also an essential element. It not only serves to increase the
onstream factor, but it also contributes to a long plant life.
It should be recalled in this connection that even in the absence of any problems, the
high pressure equipment must be subjected to periodical inspections in order to check
its general condition, thus avoiding unrepairable damage of equipment failure.
One aspect of corrosion in urea plants should be made absolutely clear: corrosion
events, even though they have been studied for a long time, and in spite of the
enormous amount of information obtained from laboratory tests and industrial plants,
are not yet fully understood and, to some extent, retard the development of this
technology.



4. Why and where corrosion can occur on the resistant body of high
pressure equipment in urea plants

It is known that in the long history of urea processes there have been lots of cases of
corrosion on the resistant body. Some of these cases were catastrophic and this is due
to the fact that, as is well-known, the process fluids of urea plants, especially those
containing the intermediate compound ammonium carbamate, are highly corrosive and
attack very quickly and easily carbon steel and low alloy steel. The necessary
precautions must therefore be taken.
A lot of corrosion events in the resistant body have occurred, and may occur, with
serious damage, not having performed what was necessary.
Hereafter we give two typical examples of where corrosion occurs:

Corrosion in the tubesheet

A typical case of corrosion is the one that occurs in the tubesheet (see Fig. 1 and
Pictures Al and A2).
This corrosion is originated by one or more defects or corrosion in the tube-tubesheet
weld, and then by the fact that the carbamate solution, before contaminating the steam
side, comes into contact with the material of the resistant body and corrodes it more or
less depending on the following conditions:

• amount of carbamate solution leak from tube-tubesheet weld
• type of tube-tubesheet expanding (see Fig. 2)
• period of time between the formation of the defect in the tube-tubesheet weld and

the contamination of the steam side
• period of time between the detection of the steam side contamination and the plant

shutdown.

It is evident that each of the above-mentioned conditions has a greater or lower
influence on the type and extent of corrosion: for example, with type B expansion as
shown in Fig. 2, the carbamate solution will find greater difficulty in reaching the
steam side and will have more time to corrode the tubesheet.
In any case this is one of the most hazardous types of corrosion, which is difficult to
quantify, and cannot be repaired unless the exchanger is disassembled (including the
tubes), involving high cost and long time, as can be easily imagined.

Corrosion on the shell, top and bottom heads, nozzles, etc.

Corrosion on the shell, top and bottom heads, nozzles, etc. (see Picture B) always
occurs near the lining welds, and is a consequence of defects or corrosion in the weld
itself.
These corrosion events obviously occur when the carbamate solution leak, before
going out through the weep hole (see Fig. 3), comes into contact with the material of
the resistant body and corrodes it more or less depending on the amount of carbamate
solution leak through the weld defect and on the distance between the weld and the
weep hole.
The above-mentioned corrosion is always very hazardous, and it is particularly severe
if it occurs near the welds of the resistant body itself.



We know from our experience that the smaller the amount of the leak, the greater the
damage that can be caused. The reason for this is due to the feet that a small leak
either takes more time to reach the weephole and, in the meantime, it corrodes, or (this
is the greatest risk) it does not reach the weephole at all because it forms corrosion
compounds that plug the outlet (see Fig. 5), with catastrophic consequences on the
equipment because corrosion continues in the resistant body without being detected
from outside.



5. Some useful criteria for the design of high-pressure equipment of urea
plants

It is absolutely necessary that, when noticing carbamate solution leak from the weep
holes or from steam side, the plant be immediately shut down and the defect repaired.
This is very important, regardless of any other consideration, for the safety of the
equipment and of the operators.
Subject to the above, we provide hereafter some criteria for the design of high-
pressure equipment in urea plants; we consider these criteria useful to avoid or
mitigate corrosion on the resistant body in case of carbamate solution leak from the
welds:
• Tube-tubesheet expanding (even light expanding) must be avoided so that, in the

event of carbamate solution leak from the tube-tubesheet weld, the leak can
immediately contaminate the steam through the gap of few decimillimeters that
exists between the tube and the relevant hole (see Fig. 6), thus activating the alarms
that are normally provided for this purpose. It is also known that the expanding in
the tubes causes work-hardening in the tube itself, which may affect its corrosion

'i resistance.
• If possible, tube-tubesheet welds must always be provided with projecting tubes

(see Fig. 7); in this way the repair of possible defects is simpler, particularly in
case of porosity caused by weld corrosion, and the risk of further leaks from the
repaired welds is minimized.

• Easily accessible welds must always be provided, particularly in consideration of
possible future repairs.

• Welds too close to gasket seats (see Fig. 8) must be avoided, because repair to
these welds may damage the gasket seat.

• Welds of the lining of supports and internals in general must always be full
penetration.

• Solid-wall resistant body must be preferred, because multilayer or multiwall
resistant body makes the check for corrosion extent difficult or almost impossible
(using non-destructive methods).

• It must be ensured that any carbamate solution leak from the welds of the lining in
contact with the process fluid (including lining of nozzles, etc.) which are not
100% X-rayed, can easily reach the weep holes without coming into contact with

\ the material of the resistant body.
• Adequate checks must be provided on the weep hole welds, which must ensure full

tightness (see Fig. 4) to avoid that, in case of carbamate solution leak, this
carbamate flows through the gap between the tube and the resistant body.

Some of the above-mentioned recommendations have been already detailed in Paper
No. 4d. which we presented at Aiche 95 Ammonia Safety Symposium in Tucson.
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6. Maintenance actions to be performed in order to avoid corrosion on the
resistant body of high-pressure equipment in urea service

In Paragraph 4 we have described why and where corrosion occurs in the resistant
body of high-pressure equipment in urea plants, while paragraph 5 provides some
useful practices to be followed in the design to avoid the problems mentioned under
paragraph 4.
It is evident that, when the welds of the equipment in operation are as shown in Fig. 3,
the equipment is certainly in an unsafe condition.
Our experience over several decades of work in the field of urea brings about the
conclusion that, unfortunately, 90% of the high-pressure equipment in urea
service has one, more, or all welds in an unsafe condition, as is shown in Fig. 3.
This unsafe condition, in our opinion, should worry the plant owners as well as
the designers of the equipment.
In Snamprogetti we have examined the problem in order to reach a satisfactory
solution without having to put the equipment out of service.
In feet, our aim was to recover the safe operation of the equipment by a simple repair,
which can be made in a few days of work during a scheduled shutdown.
The action to be taken (see Fig. 9a; 9b) consists in covering all the equipment lining
welds (nozzles included) that are not 100% X-rayed and are exposed to the process
fluid, with strips of material resistant to the corrosion of the process fluid, if any (see
Picture C). These strips in turn must be properly connected either to the existing weep
holes (suitably modified) or to new weep holes. The strips will obviously be welded
and, below them, grooves will be made, which will easily convey any leaks to the
weep holes (see Pictures Dl and D2).
By this simple repair all the original welds will no longer be in contact with the
process fluid, while the new welds of the strips will. However, in the event of leaks
from these, the carbamate solution flowing from the point of leakage of the weld to the
weep hole can never be in contact with the material of the resistant body of the
equipment, but it will always be in contact with corrosion resistant material. The
above-mentioned repair is obviously carried out by leaving the equipment in-situ,
using the existing manhole as access.
The strips must be sized and properly pre-shaped on the basis of the existing manhole.
Their junction is made by special connection pads (see Picture C), which are purposed
to keep the communication groove connected to the weep holes (see Fig. 10).
Similar repair actions have already been carried out during the last years, based on
our design and under our supervision, on some high-pressure equipment for urea with
excellent results.
We can say that the above described actions seem to be extremely useful and
viable for all the high-pressure equipment in urea service because, after the
repair, it is possible to run the equipment in a safe condition since the resistant
body does not risk any longer being damaged by carbamate solution in case of
leaks.



7. Conclusion

The aim of this paper is to offer the contribution of Snamprogetti's experience in the
field of Urea plants. What we have stated has been verified by us on industrial plants.
We believe that in this paper we have treated, analysed and given solution to some of
the phenomena giving rise to problems that can be very serious indeed.
By the described simple repair, existing high-pressure urea equipment can be put in
safe condition both for the equipment and for the people working around, overcoming
by that also the fact that some phenomena in urea plants still have to be better grasped
and explained.
We will not fail to persevere in our efforts to gain greater and greater knowledge in
this specific field.
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