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Abstract

In this Technical Paper, we discuss the major problem of leakage in the high-pressure stripper of urea
production units. The main conclusions and recommendations are:

Thickness measurement should be done by Eddy Current method in the first upcoming overhaul and
at regular time intervals depending on the findings;

All liquid dividers should be tested and checked and the diameter of liquid divider holes should be
measured according to the Licensor procedures;

Plugging of tubes with a too low thickness to operate safely until the next turnaround should be done;
If the number of plugged tubes increases, the purchase order of stripper with Safurex material should
be made for replacement. Although Safurex also experiences a passive corrosion rate and thus will
reach an end of lifetime situation, its main benefit is that it does not suffer from active corrosion and
thus allows for more operational flexibility;

Also a larger number of stripper tubes is recommended in order to assure that the realized plant
capacity with the old stripper can be realized again with the new stripper;

Stamicarbon’s safety study known as the Y2K-paper to support the DHS 2004 showed that due to the
fact that the shell side of the stripper is vapor/steam filled there is more than enough time for a
pressure safety valve to respond on the pressure increase as result of a tube rupture. Therefore since
Stamicarbon’s DHS 2004 the rupture discs on the HP — and the LP steam saturator are removed. The
only rupture disc still present in Stamicarbon plants is on the (liquid filled) shell side of the HP
scrubber heat exchanger. Also, as a result of gas cloud dispersion calculations carried out at that time,
it was decided to point the discharge of the pressure safety valve ,upward” (min. 75° to horizon)
instead of horizontal.
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Introduction

In this Technical Paper, we discuss the major problem of leakage in the high-pressure stripper of urea
production units. A leak incident occurred in one of the most basic synthesis equipment of the urea
unit, the high-pressure stripper of Petrochemical Urea Unit. During it, one of the stripper tubes
ruptured, which led to an emergency stop of the synthesis and loss in production. Analyzing and
investigating this incident can lead to the prevention of similar incidents as well as minimizing
collateral damage in possible similar incidents. A rupture of one of the high-pressure tubes of the
stripper led to the leakage of the high-pressure contents of the process into the shell of the stripper as
well as the steam drum connected to it. which caused the emergency stop of the unit and halted
production for three days. The leakage was so high that it caused the pressure safety valve installed
on the steam drum connected to the shell stripper to operate at a pressure of 26 bar and the contents
of the urea process leaked into the environment through the pressure safety valve path. The
emergency stop of the unit was done to control the situation. The purpose of this article is to highlight
the things necessary to detect the leakage and rupture of the stripper tubes during the operation of
the unit, as well as to solve possible problems after this incident.

This petrochemical complex is operating with an annual production capacity of 660,000 tons of urea
fertilizer. This company is based on the technology of Stamicarbon in the Netherlands. In the
synthesis part of the urea unit, one of the most important process equipment items is the high-
pressure stripper. The stripper is a vertical shell and tube heat exchanger that has medium pressure
steam inside the shell of this heat exchanger. Inside the tubes of this heat exchanger, process solution
from the urea synthesis reactor flow downwards in the form of a thin liquid film, and the flow of
carbon dioxide gas from the bottom of the tubes to the top is in mutual contact with the thin liquid
film. The carbon dioxide gas exiting from the top of the stripper is rich in ammonia, which is the result
of the surface evaporation of the falling liquid film and also the decomposition of ammonium
carbamate into ammonia and carbon dioxide. As the liquid film gets closer to the bottom of the
stripper, the concentration of ammonium carbamate decreases. Liquid distribution inside the tubes is
done through special parts called liquid dividers. The more uniform the distribution of the liquid film
inside the tubes and the smaller of the thickness of the liquid film, the higher the performance and the
efficiency of the stripper. The exiting gas from the top of the stripper enters the high-pressure pool
condenser to condense ammonia and carbon dioxide and produce ammonium carbamate and urea.
Urea stripper is actually the main pillar of urea production unit and its proper operation guarantees
continuous production and improvement of urea production efficiency. The reaction products after
leaving the reactor are sent to the stripper tubes to decompose the ammonium carbamate and
concentrate the produced urea. Medium pressure steam (20.3 bar) is used to provide the heat for the
endothermic decomposition reaction of ammonium carbamate. The stripper is the most critical high-
pressure equipment of the synthesis production loop. The pressure inside the stripper tubes is about
143 bar and the pressure in the stripper shell is about 20.3 bar. The temperature of the top of the
stripper is about 182 degrees Celsius and the temperature of the bottom of the stripper is about 172
degrees Celsius. At this temperature, about eighty percent of the ammonium carbamate in the
solution is decomposed and the rest of the ammonium carbamate will be decomposed in the LP
recirculation section. The water inside the urea solution is separated from the urea solution in the LP
rectifier tower and two vacuum evaporators. The decomposition reaction of ammonium carbamate is
as follows:

Heat + NH,COONH, < 2NH; + CO,

The point that can be inferred from the above relationship is that decreasing the pressure and
increasing the temperature increases the decomposition of ammonium carbamate.
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Figure 1: Urea synthesis loop
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Figure 2: Stripper input and output flow streams
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Figure 3: General schematic of urea stripper

Ammonium carbamate leakage incident due to the rupture of stripper tubes

Examining the history of the leak of the stripper of this Petrochemical Urea Unit shows that this
equipment has already led to the production stop and emergency shot down of the unit due to the
rupture of one of the other tubes. Currently, four of the stripper tubes are plugged and some other
tubes have lost their thickness and need to be replaced as soon as possible. corrosion is mostly
observed in the upper part of the tubes. This urea stripper has been in operation for almost 16 years.
Decomposition at high pressure also requires high temperature, which leads to the formation of more
biuret and also more corrosive properties of the process solution. The use of suitable alloys prevents
this corrosion to some extent. Passivation air is also used to prevent corrosion in the stripper and
other synthesis equipment. The passivation air is about 2 tons per hour is added to the carbon dioxide
compressor inlet and it is controlled in such a way that the amount of oxygen along with carbon
dioxide at the output of the dehydrogenation reactor is about 0.6% by volume. This passivation air
forms a protective chromium-oxide layer on the stainless-steel surface inside the stripper tubes and
other synthesis equipment and prevents excessive (active) corrosion by ammonium carbamate. One
of the biggest factors in the increase in the corrosion rate in the stripper is the increase in
temperature. High temperatures cause the passive layer to dissolve at a higher rate than the
formation of the passivation layer and the corrosion rate increases greatly according the Arrhenius




UreoakKmowHow.com

equation (10 degrees higher temperature doubles the corrosion rate). Also, if the rate of decrease and
increase of temperature during warm-up and cooling of the equipment is not observed, it will cause
damage to the tubes (according to the manufacturer's recommendation, the appropriate rate of
temperature increase and decrease is 30 degrees per hour). The first thing that comes to mind about
the corrosion of the stripper is where the corrosion and consequently leakage can occur. Three
surfaces have the most contact with the corrosive ammonium carbamate:

1. Tubesheet

2. The tubes themselves

3. The tube to tubesheet welds

SYNTHESIS
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Figure 4: Urea stripper process and control parameters

Outlet steam condensate from the shell of the stripper is collected in the associated steam drum. An
online analyzer is installed on the output of this drum to measure the conductivity of the steam
condensate. In case of any possible leakage in the stripper tubes or tube sheets, the leakage can be
noticed immediately by the rise of the conductivity at the outlet of the stripper steam condensate.
Constant monitoring and supervision of this analyzer and monitoring of the increase in conductivity is
very important, and you can find out the extent of possible leakage by measuring the increase in
conductivity.




UreoakKmowHow.com

Figure 5: Steam and condensate system of the shell of the stripper

Table 1: Urea stripper production specifications

Sr.No. parameter Tube side Shell side

1 Pressure design 165 barg 30.1 barg

2 Pressure working 146 barg 20.1 barg

3 Temperature In/Out 188 °C 213 °C

4 Temperature design 240 °C 240 °C

5 Fluid Urea Solution Steam

6 MOC BC.05 (100) AA.01
25-22-2 acc Stamicarbon | Carbon steel
specification

7 PSV set value - 26 barg

8 No of pass 1 1

9 No of tube 2810

10 Heat transfer area 1642 m2

11 Tube length (effective) 6000 mm
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12 Tube ID 25 mm
13 Tube OD 31 mm
14 Pitch 41 mm triangular

Important reasons for leakage in the stripper

The main reason for leakage can be related to the end of life conditions of the equipment.

The second reason for the leakage can be related to the temperature rise more than the normal range
and a sharp increase in the corrosion rate.

The third reason for leakage can be related to the low amount of passivation air or temporary
interruption of air during operation due to technical problems.

The fourth reason for leakage can be related to fouling and sedimentation of the inner part of the
stripper tubes. Also, the widening of the holes of the liquid dividers and the non-uniform distribution of
the liquid film can also cause corrosion.

How to detect leakage and changes of important parameters at the time of rupture ?

The first change observed when the stripper tube ruptured was the popping up of the safety valve on
the steam drum of the stripper at a pressure of 26 barg. Usually, this safety valve pops up when one
experiences sudden changes in steam consumption of the stripper. According to previous experiences,
in case the liquid level in the reactor is low and the process solution flow to the stripper is cut off, the
steam consumption by the stripper for the stripping operation has been greatly reduced. This causes
the pressure of the associated steam drum to increase and the associated safety valve to pop up. But
in this particular case, at the time of popping up of the safety valve, the liquid level in the reactor and
the liquid level in the bottom part of the stripper were both in the normal range. Until this time, no
specific change was observed in the condensate steam output from the shell stripper. Therefore, the
people in the control room were still not sure about any rupture of the stripper tubes.
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Figure 6: Sudden increase in steam pressure of stripper

The second observed change was the sudden increase in the flow of carbon dioxide entering the
stripper. This gas flow in normal mode and at 102% capacity on the day of the accident was about 62
tons per hour, which increased to 67 tons per hour all at once without changing the control
parameters of the carbon dioxide compressor. It indicates the escape of carbon dioxide gas to a lower

pressure shell section compared to the normal path of the considered process, i.e. going up the
stripper tubes and entering the pool condenser.
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Figure 7: Sudden increase in carbon dioxide feed flow

The third observed event was a sudden increase in the measured conductivity in the outlet from the
shell of the stripper. In normal mode, the conductivity has humbers of about 5Ms, but at the time of
the mentioned incident, the conductivity first showed an average peak up to about 20Ms and then a
sudden increase to the numbers of about 500Ms. The reason for the delay in the rise of the
conductivity can be attributed to the residence time of the condensate collected in the steam drum of
the stripper. Because the conductivity is measured at the steam drum outlet. If it was possible to
change the location of the conductivity measurement analyzer in the condensate outlet line of the
stripper, it would be possible to observe the increase in conductance much faster.
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Figure 8: The sudden increase in the conductivity of the steam condensate outlet of the stripper

The next observed event was the sudden loss of the liquid level inside the reactor with a very strong
decreasing trend, which can be attributed to the strong decrease in pressure inside the stripper due to
the escape of carbon dioxide into the stripper shell. In this case, with the reactor outlet valve being
fixed due to the difference in the high pressure of the reactor compared to the pressure inside the
stripper, it is like opening the control valve completely at once. The outlet flow from the valve is a
function of the pressure difference between the two sides of the valve.
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Figure 9: Sudden loss of reactor level

After observing the above series of changes in a short period of time and in a chain-like manner and
after also checking the drain of the steam condensate from the drum of the stripper, which was done
by opening the outlet drain valve a little so that the smell of ammonia can be noticed. The people
present in the control room came to the conclusion that one or more of the stripper tubes had
ruptured and leaked. In coordination with the shift supervisor and head of the unit and the senior
guard of the complex, the unit was taken out of service as an emergency procedure. In order to
prevent contamination of the steam network, the steam paths exiting the unit were immediately
closed and isolated. In the recent incident in Petrochemical company, the amount of leakage was such
that the steam entering the stripper was almost cut off and the steam drum of the stripper was
pressurized to about 26 bar, which is its PSV set pressure. After shutting down the urea unit, the
synthesis section was completely drained and after about 24 hours, the equipment was ready to open
the top and bottom manholes and ready to perform the repair work. After cooling the equipment, the
top and bottom manholes of the stripper were opened. Then, to identify possible defective tubes, the
shell of the stripper was completely filled with steam condensate. After filling the shell of the stripper
with steam condensate, one tube (row 14, column 73) was found to have a leak. At first, it was
temporarily plugged with a teflon plug, and the shell of the stripper filling operation continued until the
top part of the shell of the stripper. Fortunately, no other leaks were observed. Then the draining of
the shell of the stripper condensate began, and after the complete draining, the operation of opening
the hold down plate No. 1 and the liquid dividers of the related part began. Next, before plugging the
defective tube, the video scope operation was performed to check the defective tube. It was observed
that the tube has completely ruptured at a height of 1.5 meters from the top and about ten
centimeters of the tube has been completely destroyed. In this case, the destruction mechanism was
loose thinning and thickness reduction. According to correspondence with the manufacturer of the
equipment, more corrosion occurs in the upper part of the tubes, where the metal is in contact with
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the highest concentration of ammonium carbamate and at the highest temperature. This happened
due to a decrease in mechanical strength, and the tube could not withstand the high pressure of urea
synthesis, and the rupture occurred. Corrosion in the said tube can also be related to previous thermal
stresses. Then plugging and seal welding were done. After the end of the welding operation, the
stripper leak test was performed with 2 bar nitrogen pressure and after repeating it twice (to repair
the lower plug weld) it was finally confirmed. After issuing the box up license and closing the
manholes, the equipment was ready for use again.

VRN ‘ n,

: Lo To "’ il
> a 1.

Figure 10: Severe rupture and complete destruction of a art of the stripper ube

In total, production was stopped for three days for the repair work to be done. Fortunately, during the
repair work, there was no health and safety problem for any of the people, and no other equipment
had any defect. After the end of the repair operations, the plant was put back into production.

Conclusions and recommendations

e Thickness measurement should be done by Eddy Current method in the first upcoming overhaul
and at regular time intervals depending on the findings;

e All liquid dividers should be tested and checked and the diameter of liquid divider holes should be
measured according to the Licensor procedures;

e Plugging of tubes with a too low thickness to operate safely until the next turnaround should be
done;

o If the number of plugged tubes increases, the purchase order of stripper with Safurex material
should be made for replacement. Although Safurex also experiences a passive corrosion rate and
thus will reach an end of lifetime situation, its main benefit is that it does not suffer from active
corrosion and thus allows for more operational flexibility;
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e Also a larger number of stripper tubes is recommended in order to assure that the realized plant
capacity with the old stripper can be realized again with the new stripper;

e Stamicarbon’s safety study known as the Y2K-paper to support the DHS 2004 showed that due to
the fact that the shell side of the stripper is vapor/steam filled there is more than enough time for
a pressure safety valve to respond on the pressure increase as result of a tube rupture. Therefore
since Stamicarbon’s DHS 2004 the rupture discs on the HP - and the LP steam saturator are
removed. The only rupture disc still present in Stamicarbon plants is on the (liquid filled) shell side
of the HP scrubber heat exchanger. Also, as a result of gas cloud dispersion calculations carried
out at that time, it was decided to point the discharge of the pressure safety valve ,upward” (min.
75° to horizon) instead of horizontal.
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Figure 11: Stamicarbon’s design for safeguarding against tube rupture since 2004.
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