
Effects of Internal Lining Welds on
Safety of Urea Plant Equipment

Internal lining welds in contact with the process solution at high pressure and temperature can cause
defects and corrosion, which can lead to hazardous and disastrous situations in urea plants.

Snamprogetti offers the step-by-step solutions to these problems based on our extensive experience.
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Introduction

Snamprogetti, the international engineering con-
tractor and technology company of the Italian
ENI Group, is engaged worldwide in the devel-

opment, design and constuction of industrial facilities
and associated infrastructures that include pipelines
and plants for offshore processing, refining, gas treat-
ment, fertilizers, and chemicals.

With over 39 years of experience, Snamprogetti is
able to offer its customers highly qualified services
and support ranging from individual packages of inte-
grated services to complete turnkey projects. It pro-
vides assistance to customers with regard to corrosion
problems and general maintenance. For cases where
visual inspection is not sufficient, special nondestruc-
tive tests are performed in line with our evaluations
and the customer's requirements. For special repairs,
we are in constant contact with equipment manufac-
turers who can make their specialists promptly avail-
able. Snamprogetti urea technology is used in more
than 80 plants throughout the world.

Corrosion Problems in Urea Plants

Since the development of industrial urea plants
based on the direct reaction between ammonia and
carbon dioxide, urea plant designers and owners have
been faced with the corrosion problem. This has been
a serious problem for many years since it not only
endangers the performance of urea plants (safety,
onstream factor, and product quality) but also discour-
aged the improvement of the process. The situation
improved considerably, 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 a
careful selection of construction materials, as well as
adequate design. In addition, the equipment or its parts
must be manufactured with great care and in accor-
dance with specific procedures issued by the process
licenser.

Apart from material selection, it is therefore impor-
tant during the design stage to ensure that under all
circumstances the fluid dynamics inside the equipment
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is appropriate: both high fluid velocities and areas
with no fluid velocity (dead areas) are to be avoided.

Good maintenance is also an essential element. It not
only serves to increase the on-stream factor, but also
contributes to a long plant life. It should be recalled in
this connection that even in the absence of such prob-
lems, the high-pressure loop equipment must be sub-
jected to periodical inspections to check its general
condition.

One aspect of corrosion in urea plants is clear: even
though corrosion events have been studied for a long
time with an enormous amount of information
obtained from laboratory tests and industrial plants,
they are not yet fully understood and, to some extent,
retard the development of this technology.

Corrosion on Stainless Steel Welds of
High-Pressure Urea Equipment

As already stated, corrosion in general can be a seri-
ous problem that can involve huge expenses for rou-
tine or scheduled maintenance, resulting in great pro-
duction losses. Before going into the subject of vari-
ous aspects of the weld corrosion problem, we would
like to show some cases of corrosion (see Pictures A,
B and C).

Construction of High-Pressure Loop
Equipment

The pressure-resistant body is made of carbon or a
low alloy steel, while the lining in contact with the
process solution is made of urea-grade stainless-steel
material (see Figure 1).

The stripper and carbamate condenser tube sheet are
made of carbon or low alloy steel, and their lining in
contact with the process solution is made of an overlay
(see Figure 2).

Lining Welds Contacting Process Solution
High-Pressure Equipment

The design principle of welds takes two basic factors
into account: weld contamination and weld X-rays.

Weld contamination

Lining welds are not anchored on carbon or low
alloy steel, but always anchored on austenitic stainless
steel to avoid contamination and a consequent reduc-
tion of the anticorrosion properties (see Figure 3).

Weld X-rays

Welds that have not been X-rayed 100% shall have
suitable weep holes so that in case of a defect or corro-
sion of these welds the process solution can come out
of the above-mentioned weep holes with the aid of
grooves made of austenitic steel in the layer below the
weld. This creates a preferential outlet route and
reduces the chances of contact with the material of the
resistant body. Weep holes should be considered an
essential element of welds that have not been X-rayed
100%. Therefore, a seal weld in contact with the
process fluid that has not been X-rayed 100% is not
acceptable unless it is provided with appropriate weep
holes (see Figures 4 and 5).

It is easy enough to imagine what would happen in
the case of weld defects if there were no weep holes
(see Figure 6) or if there were no preferential outlet
routes protected by austenitic steel (see Figure 7a).

In the first case (Figure 6), the resistant body would
be attacked by the process solution and this would
only be detected after breakage had occurred.

In the second case, the process fluid coming into
contact with the material of the resistant body would
corrode it with the risk of plugging the escape route.
This would result (Figure 7b) in the same situation as
the one described above.

In any case, in the event of leakage of the process
solution it is absolutely necessary to shut down the
plant and to carefully inspect the equipment, including
the resistant body.

Welds of Supports and Internals on Lining
in Contact with Process Fluid

Welds of supports and internals in general on lining
(whether plate or overlay) would seem to be of minor
importance, but they are of the utmost importance as
they can give rise to serious damage. Since these
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Picture A. Corrosion in weld and HAZ. Picture B. Corrosion on weld of internal part.
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Picture C. Corroded
weld.

WELD OVERLAY IN
UREA GRADE MAT.

(NOT P.W.H.T.)
WELD BUTTERING

(P.W.H.T.)

RESISTANT BODY

Figure 2. Tube sheet.
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Figure 1. General concept for shell and heads.
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Figure 3. Incorrect and correct solutions.
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Figure 4. Weep holes.
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Figure 5. Weep holes typical for nozzles.
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Figure 6. No weep hole.
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Figure 7a. Weld defects.
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Figure 7b. Weld defects.
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Figure 8. Penetration weld
which is not full.
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welds cannot be provided with weep holes, the equip-
ment is damaged more or less seriously without this
being realized.

These welds can cause serious damage to the equip-
ment principally as a result of less than full penetra-
tion of the welds (see Figure 8) with the consequent
formation of areas where the process fluid does not
circulate at all or circulates with difficulty, thus creat-
ing nonpassivated areas.

Welds without Full Penetration

In welds made without full penetration (as shown in
the examples of Figure 8), the presence of microcracks
or pinholes can in a short time lead to piercing of the
lining due to corrosion and thus to the corrosion of the
pressure-resistant body. Figure 9 shows dead area.The
mechanism is simple. When the microcracks or pin-
holes (see Figure 10 and Picture D) have penetrated
through the whole weld, the process solution filters
into the space below the weld. The material of this
space is rapidly corroded (as there is no passivation)
and thus when the corrosion process has worked its
way through the lining the corrosion attacks the mater-
ial of the resistant body with consequences that can be
imagined.

It is therefore clear that all the welds have to be
made with full penetration as is shown in Figure 11.

Good Weiding Practice with Process Fluid
in High-Pressure Equipment

Generally, during all the equipment construction
phases and therefore also welding, it is necessary to
follow proper prescriptions for electrodes, preheating,
postheating, P.W.H.T., etc. In the case of welding of
stainless steel materials in contact with the high-tem-
perature process solution, other specific rales for urea
are obtained from experience of industrial plants, in
addition to the previous prescriptions valid for all
materials.

Type of filler material

The type of filler material (electrodes, flow rods,
flux, etc.) should be the one exclusively instructed by

the licensor. One should not be misled by the slight
differences existing in the chemical analysis between
filler materials commonly found on the market and
those prescribed by the above-mentioned specifica-
tions.

Welding operators

Welding operators, especially for manual and semi-
automatic welds, must be highly competent as the
welds must be dealt with the greatest care (cleaning,
absence of craters, absence of roughness, spatter, etc.).

Cleaning

Weld edges and the adjacent zones should be
absolutely clean. In the high-pressure loop equipment
of urea plants, pollution by foreign materials—particu-
larly iron or copper and copper alloys—is very harm-
ful. It is therefore necessary to avoid using brushes
and tools in general made of iron or copper and copper
alloys (see Picture E).

Weld craters

Weld craters must absolutely be avoided as they are an
easy target for corrosion attack (see Picture F).

Roughness

Welds have to be smooth and free from roughness
since roughness does not facilitate passivation (see
Picture C) and creates a propitious environment for
corrosion attack.

Weld splatter

Weld splatter is to be avoided. It attracts corrosion
and must therefore be eliminated.

Grinding

Weld grinding should be avoided, if possible, as our
experience has shown that ground zones are more
liable to be attacked by corrosion.
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Picture D. Defect (pinhole) in weld
of tray support bracket.

Picture E. Corrosion from iron inclusion.
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Figure 9. Dead area.

UNING IN
UREA GRADE MAT.

RESISTANT BODY

CORROSION ON
RESISTANT BODY

DEFECT IN THE
WEU)

UNING IN
UREA GRADE MAT

RESISTANT BODY

Figure 10. Microcracks and
pinholes.

Figure 11. Full penetration weld. Picture F. Corrosion in weld crater.
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Picture G. Weld not corroded.

Picture I, Corroded weld.
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Picture H. Corrosion in weld and HAZ.
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Picture J. Corrosion in weld and HAZ.

Picture K. Corrosion in weld
and HAZ.
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A void Heating over 40CPC except during welding First and second generation filler materials

We have noted that heating (except for welding
times) over 400°C causes considerable damage to
welds and to the base material because the chromium
carbides tend to precipitate and thus corrosion resis-
tance is greatly reduced. This applies both to 25/22/22
Cr Ni Mo and to Urea grade AISI 316L. In particular
corrosion resistance decreases dramatically for Urea
grade AISI 316L.

Corroded Welds

The inspection of urea equipment welds should be
made by expert inspectors as their judgment is deci-
sive as to whether a repair should be made or not.
Some judgment criteria are given below:

Weld color

A weld may not be passivated and therefore corrod-
ed independent of its color. In fact, dark silver, gray,
brown, dark brown, etc. welds can be corroded or not
corroded (see Pictures C and I).

Corroded welds

A weld is attacked by corrosion if its surface is
rough to the touch (see Pictures C and G). It is very
rare for a corroded weld to be smooth. This only
occurs in exceptional cases when the speed of the
process solution is very great.

Extent of corrosion

It is not easy to establish the extent of corrosion in a
weld, and in any case the judgment must be made by
an expert inspector. It should be kept in mind that
when a weld displays signs of generalized, visibly
deep corrosion attack (see Pictures C and H), corro-
sion progresses very rapidly. It is therefore necessary
to make the repair as quickly as possible.

Filler materials made before the 1980s (which we
call the first urea generation) are undoubtedly less
resistant to corrosion attack than the filler materials
made after the early 1980s (which we call the second
urea generation). According to our experience, the cor-
rosion resistance of urea grade filler material AISI
316L made after the 1980s is 50% greater than the one
made earlier.

Criteria for Repair of Corroded Welds

Corrosion in welds can be on the weld only (see
Pictures A, C, D) or it can be accompanied by corro-
sion in the heat affected zone (HAZ) (see Pictures H,
J, and K).

In the second case, hazards are certainly greater as
corrosion progresses very rapidly in the groove that
has formed between the weld and the base material.

In both cases, it is necessary to grind all the corrod-
ed surface, and in the second case the groove must be
completely eliminated. These operations are to be per-
formed without overheating and should be followed
by a liquid penetrant test. Next, apply an appropriate
filler material and perform the liquid penetrant test
again.

The repair of corroded welds should be made by
qualified welders monitored by specialist supervisors.

Conclusion

The objective of this article is to offer our experi-
ence in the field of urea plants, giving solutions to
serious problems we have experienced.

Unfortunately, many phenomena in urea plants
remain to be better grasped and explained.
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DISCUSSION
W. Verduijn, Kemira: Mr. Miola, remarking on urea
reactors, we had a urea reactor in operation from 1968
to 1979 with a 316L internal liner and we have another
reactor in operation from 1979 to today with a liner of
316L modified. Our experience is that the rate of cor-
rosion of 316L modified in this particular service is a
factor of 2 to 3 lower than for our 316L.
Miola: Yes, this is correct. The 316L modified is a bet-
ter material than 316L. 316L modified is specific for
urea service — it is a new material. It is low carbon
controlled below that 0.03%.
Verduijn: I have two questions. One is on weep holes.
Weep holes are obviously necessary for safety reasons,
but they also can give you a false feeling of safety in
case they are plugged. In our specific situation as far
as the urea reactor is concerned, we test whether these
weep holes are open by putting a small stream of
nitrogen on one of them, and checking whether all of
them are blowing at that particular time. Would you
please comment on that practice? Are there different
methods to make sure that weep holes will indeed
weep in case that should be necessary?
Miola: If I clearly understood, you check that the
weep hole is clean by using nitrogen. This is correct.
Other methods are similar (soap test, air test, etc.). An
example of a possible false feeling of safety concern-
ing weep holes is a construction where there is no
stainless steel protection between the welds and the
route to reach the weep holes with a very small leak of
carbamate; this can form a corrosion block and
obstruct the route to reach the weep holes. In this case,
we can have corrosion on the carbon steel resistant
body without any indication from the weep holes.
This obviously falsifies the above check by nitrogen
and is extremely hazardous. The equipment designed
in this way must be put in a safe condition as per our
proper procedure.
Verduijn: Yes, I wouldn't doubt that.
Miola: If you have this case (a slide), the situation is
different because if you have leak on the welds, the
root is protected by stainless steel and so there is no

formation of corrosion part products and the carbon
does not come out. If your question is the procedure to
clean or check to see if the weep hole is clean, this
procedure is good.
Verduijn: Yes, I understand the problem that you
describe. In our particular urea reactor in Rozenburg
we have two stainless steel internal liners.
Consequently, if the first one fails, we cannot form
any corrosion products that would block weephole
entrances. I believe many reactors have only one
stainless steel layer and would not have the additional
stainless steel weld layer in between as you described
in your article. Would you go so far as to say that all
these urea reactors that have only one stainless steel
liner be intrinsically unsafe? Is that what I read in your
article?
Miola: Yes, in my opinion older reactors manufac-
tured with only one liner and with the weep holes, not
made with this concept, are valueless because in case
of a leak you cannot detect this problem, especially if
the leak is very small.
Bob Prescott, Consultant: Now you tell us. There has
always been a bit of conflict between what the
licensers want hi the way of welds and what is achiev-
able. For example, you want smooth welds; you don't
like to have them ground. Did I understand why you
don't like to have them ground? The low ferrite elec-
trodes that you require tend to have microcracks below
the surface of the weld, so it's best not to grind down
into these microcracks. However, the gray area is both
smooth and unsmooth, and a number of people do
grind these welds with bad results. Would you elabo-
rate on that? How smooth is smooth?
Miola: In principal we say grinding must be avoided,
because it is dangerous for corrosion resistance.
Clearly in order to avoid that, you must use an expert
welder and in case of the result of the welding we
would have a big defect. You must remove it because
it is more dangerous not to remove the defect than to
grind. It is not advisable to grind.
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