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Abstract - The urea reactor is one of the critical high pressure
equipment in a urea plants; Different types of liners are used
in urea reactors according to process conditions such as
pressure temperature, N/C ratio and passivation. 2RE69
(25/22/2) are now using in urea reactors in Stripping process.
The duplex stainless steel is also using in stamicarbon plant
and great achievements. Duplex stainless steel is an excellent
alternative to existing urea grades such as 316L (Urea grade)
and Sandvik 2RE 69(25/22/2) Urea reactor is the plug flow
type reactor with high conversion. During normal operation
of Urea Reactors common overall corrosion can be found on
the internals as well as on the corrosion resistant liner on the
reactor wall. While corrosion of the internals is not critical to
safety. After many years of operations the liner thickness
gradually will become less than needed to form an adequate
barrier against the corrosive ammonium carbamate. The life
time of the reactor of course strongly depends on the material
used for this protective layer. The design of the vessel,
construction materials used, as well as the layout of the leak
detection system, is to be considered before a re-lining job is
undertaken when liner to be changed after 25-30 years of
services. There are generally three main types of urea reactor
vessels which are built as follows: solid wall, multi-layer, or
multi-wall. Urea synthesis processes have been carried out at
relatively high temperature (160-270 °C) and high pressure
(120-250 bar). This paper intended how to increase life of
urea reactor liner and energy saving with low passivation air
and high N/C ratio, Ammonia is the noncorrosive and
ammonia to CO, Ratio is an important parameter for process
optimization occurring less losses and less explosion

probability in urea reactor because it affects the amount of
produced urea and corrosion to the material in the reactor.
Corrosion or erosion is particularly caused in urea reactors
by contact with solutions of ammonium carbamate at the high
temperatures and pressures necessary for the synthesis of
urea. There are numerous metals and alloys capable of
withstanding for sufficiently long periods, the potentially
corrosive conditions arising inside a synthesis reactor of urea.
In recent years, considerable progress has been made in
research of urea reactor liner and there is an increase in the
production of urea by reducing the liner leakage and fewer
breaks down has been observed throughout the world.
Generally we are using urea reactor liner 316L (urea grade),
now adopted 2REG69 for large capacity plant (world largest)
and Duplex stainless steel.

Keywords— Liner,Energy Saving, Passivation, Titanium,
Zirconium, Duplex, Safurex. urea Reactor.Vortex(NIIK)

INTRODUCTION
If the material of liner changed with 2RE 69 or Duplex material

instead of SS316(urea grade), then passivation air can be
reduced, resulting the energy saving because the inerts vented
from M.P section and loss of ammonia and problem of
pollution. To enhance capacity and energy of the existing plant
the internals like vortex mixture and HET may be changed the
capacity may increase up to 10-15%.HET, you can changed
with super cup.The CO, and feed top of the vortex mixture
nozzle and Ammonia plus carbamate feed from side of the
vortex mixture. In the mixing area the initial dispersion of gas
and formation of liquid — gas mixture are performed. This area
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comprises existing feeding nozzles and mixing device, design
and configuration of which is determined by original designer
and manufacturer. It is necessary to note that design of the
mixer is very significant because its efficiency is decisive for
bounding of original feedstock into ammonia carbamate. With
this regard the Mixer should have the following features: -

1. To set conditions at the inlet of reactor for efficient
contact of phases close to perfect mixing excluding
stagnant areas;

To ensure intensive dispersion of gases in order to
form homogenous small bubbles medium of liquid —
gas flow and extended inter phase surface.

2.

BRIEF PROCESS DESCRIPTION
The urea process is characterized by a urea synthesis loop with
a reactor operating at about 140-175 kg/cm2 (g) with ammonia
to carbon dioxide molar ratio at urea reactor inlet of 2.8 - 3.9.
This allows a CO2 conversion into urea of 60 - 68% in the
reactor itself, the perforated trays which prevent back-flow and
favour gas absorption by the liquid. Under the normal operating
pressure of the urea reactor reactions proceed as follows; a part
of gaseous NH; and CO, are absorbed into the solution, which
includes formed urea and water, with rise of temperature which
promotes successive conversion to urea. There are two kinds of
chemical reactions at the same time in the urea reactor:
2NH; + CO, < NH2-COO-NH, + 136230 kJ/kmol of
carbamate (at 1.03 kg/cm2; 25°C);
NH2-COO-NH4 < NH2-CO-NH2 + H20 - 17575 kJ/kmol
of urea (at 1.03 kg/cm2; 25°C)
The First reaction is strongly exothermic and the second one is
weakly endothermic and occurs in the liquid phase at low
speed. Downstream the urea synthesis the decomposition (and
relevant recovery) of unconverted chemical reagents is carried
out in three subsequent steps: High Pressure Decomposition in
H.P. stripper; Medium Pressure Decomposition in M.P.
Decomposer and, finally, Low Pressure Decomposition in L.P.
Decomposer. The decomposition reaction is the reverse
reaction of the first one above showed, viz.: NH,-COO-NH, <
2NH; + CO, (- Heat) and, as can be inferred from the equation,
it is promoted by reducing pressure and adding heat. The urea
reactor effluent solution enters the stripper, under slightly lower
pressure than the urea reactor, where a fair part of the
unconverted carbamate is decomposed, due to the stripping
action of excess NH3, so that the overall yield of the H.P.
synthesis loop referred to CO2 is as high as 80-85% (on molar
basis). Ammonia and carbon dioxide vapours from the stripper
top, after mixing with the carbamate recycle solution from M.P.
section, are condensed at the same pressure level of the stripper,
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in the H.P. carbamate condenser; thus producing the LS steam
which is used in downstream sections.

After separating the inert gases which are passed to M.P.
section, the carbamate solution is finally recycled to the reactor
bottom by means of a liquid/liquid ejector, which exploits H.P.
ammonia feed to reactor as motive fluid. This ejector and the
kettle-type carbamate condenser above mentioned, allow a
horizontal layout, which is one of the main features of Saipem
process. Downstream of the stripper residual carbamate and
ammonia are recovered in two recycle stages operating at about
17.5 kg/em® (g) (M.P. section) and 3.7 kg/em2 (g) (L.P.
section) respectively. Ammonia and carbon dioxide vapours
coming from carbamate decomposition are condensed and
recycled to H.P. section. The solution leaving the L.P. section
arrives to the concentration section where process condensate is
removed in order to reach a concentration of about 96 — 97%
which is required to feed granulator. Urea Sections are
characterized by the following main process steps: a) Urea
synthesis and NH3, CO2 recovery at high pressure; b) Urea
purification and NH3, and carbamate recovery at medium and
low pressures; ¢) Urea concentration; d) Waste water treatment.

UREA REACTOR PRESSURE VESSEL

Urea reactor Pressure vessels are leak proof containers which
contain media under pressure and temperature. The term
pressure vessel referred to those reservoirs or containers, which
are subjected to internal pressure with liner and shell. For
higher operating pressures and higher temperature, new
technologies have been developed to handle the present day
specialized requirements. Multilayer Pressure Vessels have
extended the art of pressure vessel construction and presented
the process designer with a reliable piece of equipment useful
in a wide range of operating conditions for the problems
generated by the urea processes.

Classification of Urea Reactor Pressure Vessel

HIGH PRESSURE UREA REACTOR VESSEL

d
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Fig-1(Classification of Pressure vessel)
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treated in successively at lower pressure. In the CPI allied

Sr. Multi wall Coil Layer Multi-layer  process having 400 kg/cm2 pressure, the reactor liner used
No Vessel vessel vessel Zirconium; this is the first and unique process having
1 They are the | Required Required Zirconium liner in the reactor. Zirconium has a very tenacious,
proprietary thickness is | thickness is naturally occurring, passive oxide layer that is virtually
construction  of | calculated as per | calculated as [impervious to conditions inside a urea process plant. As
Struthers  Wells | solid wall | per solid wall compared to stainless steel, zirconium does not require any
Corporation, construction construction additional oxygen to be added to the process stream to remain
USA formulas formulas resistant to corrosion. Additionally, Zirconium has a much
subsequently no. | subsequently  higher temperature capability in the urea process solution
of layers and | no. of layers compared to other materials. Zirconium is extremely well
their thickness is | and their [suited to the urea processing environment; it has a very high
determined thickness is [tolerance for variable plant conditions and compositions. Very
determined little formal corrosion data has been generated for zirconium in
2 | Designed to | Unit  cylinders | Inner shells of his application beyond the numerous successful applications in
various consist of an | suitable operating plants. Numerous in-plant coupon tests have helped
international Inner shells, steel | material are [to confirm the operating plants’ experience.
codes. hoop (3 — 6 mm | used as per The material of liner in urea reactor essentially affects the
thick) coiled | process reliability, operability and maintainability of urea plant.
around the inner | requirement. Sr. | Material .of Advantages Disadvantages
shell in volute No I(ljonstructlo
and - split ~ outer 1 Titanium Good passivation | Susceptible to
shell of 6-to 12 properties with less air | Erosion
mm thickness. Difficult to
3 | Required Uninformative Then thin plates Weld
thickness is | priestess can be | of high T.S. are Costly
calculated as per | obtained by | wrapped on B Zirconium Zirconigm is extremely | Costly
solid wall | coiling of hoop | outside of inner well su}ted to the urea
. . ) processing
construction around inner | shell to obtain| environment. No
formulas shell. required passivation required.
subsequently no. thickness. 3 Stainless Immune to Erosion Large amount
of layers and their Steel Good Weld ability of passivation
thickness is require.
determined 4 316L(urea Excellent Weld ability | Large amount
4 | Cylindrical shells | Vent holes are | Vent holes are grade) Fair f:orrosion of passivation
. . . . ; Relatively less cost require
are. rolle.d to | provided 1n. all | provided 1n. all S 2RE-69 Excellent weld ability Susceptible to
desired Dia and | layered sections | layered sections| (Sandvik) Better Corrosion SCC by
welded ( plates | except for inner | except for inner resistance than chloride
THK in the range | shell lining. shell lining. 316L(urea grade)
of 1” to 25” Costly
. 6 Duplex Good Weld Costly
Table=1(Comparision of Pressure vessel) Stainless abilityExcellent
History of Urea Reactor Liner Steel Corrosion Resistance
In the sixties the convention or non stripping process are used| (SAFUREX) | Passivation air is not

having high pressure, the process based on the 1%principal o

required

decrease in pressure and increase in temperature” and then have
a series of decomposition stage where the Reactor discharge is
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Table-2(Material detail)

Zirconium is highly resistant to corrosion

in typical urea
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processing conditions. Sandvik 2 RE 69 is a fully austenitic
stainless steel with extra low carbon and impurity contents.
Excellent resistance to corrosion in ammonium carbamate
excellent resistance to inter granular corrosion, high resistance
to pitting and crevice corrosion and good weld ability.

Zirconium has a long successful track record in solving very
difficult corrosion problems in the urea industry. In an era
where urea plants are expanding and “mega” plants with
capacities approaching 5000 TPD in Saipem plants are
designed and built, plant downtime and corrosion issues in
general are greatly magnified in their significance regarding
process reliability and operation profitability. Increasing,
process designers and operators are looking to zirconium to
provide the materials performance necessary for these mega-
plants. By using zirconium, existing urea processes can perform
at a higher level. Increasingly capacity, energy savings,
reduction of corrosion products in the process stream, and
elimination of the requirement for additional passivation air,
and other environmental benefits in addition to longer
equipment life may be possible with the proper application of
zirconium. The zirconium also used in Omega Bond Tubing in
urea applications developed by Saipem Technology. However,
certain impurities are known to be deleterious to zirconium
even in relatively low concentrations. Fluoride, in particular can
cause rapid general attack on zirconium, especially in an acidic
environment. Additionally, some metal ions (i.e., Cu or Fe3+)
may promote the initiation of pitting in certain conditions. In
MTC process the reactor liner is used Titanium. Titanium is
used frequently in urea processing applications due to its
passivity in the urea processing environment. However the
oxide layer of titanium is not nearly as hard and tenacious as
that of zirconium, and it therefore suffers from localized
erosion / corrosion on the inside of heat exchanger and stripper
tubes, specifically where the fluid velocity is high. Titanium is
used in the relatively pure state .It has excellent corrosion
resistance but is one of the more costly and difficult alloy to
weld. Titanium corrosion resistance is due to the impervious
oxide film i.e.100% TiO2 film on surface. Titanium is resistant
to stress corrosion cracking and erosion corrosion, but it is
susceptible to crevice corrosion in stagnant chloride solutions.
Titanium is not maintenance friendly the difficult in welding
Titanium is due to high affinity for Hydrogen, Nitrogen and
oxygen in the molten state. Therefore, it must be welded by
such inert-gas welding method as the TIG or MIG process.
After a weld has been made, the inert-gas protection must be
maintained until the welding joint cool below 650°C, otherwise,
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the Titanium will react with the oxygen, Nitrogen and moisture
in the air, resulting in weld embrittlement. The conventional
process is generally not economical to maximize the percentage
conversion in the reactor since this would require an excessive
retention time. The aim therefore is to attain maximum quantity
of urea production per unit of time with due regard to the cost
of recycling un reacted CO, and NH; as well as the cost of
increased reactor size and corrosion difficulties which increase
with temperature and reduction of N/C ratio. Typical operating
conditions are: temperature, 180°-210°C; pressure, 140-250
kg/cmz; NH3 CO, mole ratio, 3:1 4:1; and retention time, 20-30
minutes. The MTC Process having pressure 240-250 kg/cm2
pressure, Liquid NH; and gaseous CO, are pumped to the urea
reactor at 200 atm. The temperature of the reactor is maintained
at about 185°C by proper balance of excess NH; and carbamate
solution recycles feed. About 100%-110% excess ~NHj is used;
about 70% of the NH; and 87% of the C0, are converted to
urea. The remaining 30% of the NH; will be recycled back to
reactor. Shortly after stamicarbon introduction of the CO0,
stripping process, Snamprogetti launched its ammonia stripping
technology. In this process stripping gas is ammonia and carbon
dioxide is introduced directly into the synthesis reactor. The
route is also distinguished by the use of two stage carbamate
decomposition, the first operating pressure~ at 17 kg/cm2 g and
the second at 3.5 kg/cm2 g. The synthesis conditions are
maintained at 185-190°C and 155-166 kg/cm®. Ammonia
corning from M.P section is raised to 230 kg/cm2 g and is used
as driving fluid in carbamate ejector where the recycled
carbamate is compressed up to synthesis pressure. The reaction
products leaving the reactor flow to the steam heated falling
film stripper which operates at 150kg/cm2 g .

Sr. | Material C Cr Ni Mo N, Others
No | Grade
1 SS 316L 0.03 16-18 10-15 2.0-3.0 P-<0.045
S-<0.03
2 SS 316L UG 0.02 16-18 13.0 2.0-3.0 | <0.1 P-<0.015
S-<0.01
3 2 RE 0.02 24-26 21- 2.0-2.6 | 0.10- | P<0.02;
69(Saipem) 23.5 1.5 S$<0.01;
B <
0.0015
4 Safurex(Stam | 0.03 28-30 5.8-75 | 1.5-2.6 | 0.3- Cu<0.8
icarbon) 0.4
5 DP28W(Toyo | 0.03 27-28 7.0-82 | 0.8-1.2 | 0.3- w: 2.1-
0.4 2.5

Table-3(MOC)

The carbon dioxide in the solution is reduced by stripping
action of ammonia which in fact boils out of the solution.
Overhead gases from the high pressure stripper and the
recovered solution from the medium pressure absorber all flow
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to high pressure carbamate condenser.The drawback of
Titanium When the material is heated during welding, oxygen
like that found in ambient air can infiltrate and corrupt
the weld. The oxide layer of titanium is not nearly as hard and
tenacious as that of zirconium, and it therefore suffers from
localized erosion / corrosion on the inside of heat exchanger
and stripper tubes, specifically where the fluid velocity is high.
As compared to stainless steel, zirconium does not require any
additional oxygen to be added to the process stream to remain
resistant to corrosion. Additionally, zirconium has a much
higher temperature capability in the urea process solution
compared to other materials. This makes the metal brittle and
prone to cracking or premature fracture in service, which is
clearly unacceptable in critical-use applications.2RE69 are also
used in conventional process.After development since sixties
the Stripping or non conventional process became very popular,
e.g. Ammonia stripping process and CO, stripping Process, To
reduce the partial pressure of product by swamping the system
by one of the reactant which reduce the partial pressure of other
reactant considerable without changing the total pressure either
CO, or NHj or both can be used as a stripping agent.”
Ammonia Stripping Process

Saipem Ammonia stripping Process, Pressure-156 Kg/cm?2

CO, Stripping Process

1. Stamicarbon CO2 Stripping Process, Pressure-140
kg/cm2

2. ACES CO2 stripping Process-Pressure-175 kg/cm2

3. ACES-21 Process Pressure-150 kg/cm2

Ammonia and CO2 Stripping Both
IDR Process
The stripping process generally uses reactor line SS316L and

316L (urea grade) and modified.
Basics of Fertilizers

The Fertilizers plants consist in the realization of am
Ammonia and Urea complex with associated facility.Natural
gas feed stock coming from batter limit containing minor
quantity of sulpur compound which have to be removed in
sulphur removing section and then gas feed in primary reform
which have 300 number of catalyst loading tubes primary
reformer process in an endothermic process heated with burner,
the natural gas unit for burner, 720=750 number burners are
used for heating in the plant, ammonia is produced from
synthesis gas containing hydrogen and nitrogen in the ratio of
approximately 3:1. Besides these components, the synthesis gas
contains inert gases such as argon and methane to a limited
extent. The source of H, is demineralised water and the
hydrocarbons in the natural gas. The source of N, is the
atmospheric air. The source of CO, is the hydrocarbons in the
natural gas.
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Fig-2(Conversion Comparision)

The process steps necessary for production of ammonia from
the above-mentioned raw materials are as follows: - The
hydrocarbon feed is desulphurized to the ppb level in the
desulphurization section. - The desulphurized hydrocarbon feed
is reformed with steam and air into raw synthesis gas (process
gas). The gas contains mainly hydrogen, nitrogen, carbon
monoxide, carbon dioxide and steam. - In the gas purification
section, the CO is first converted into CO,. Then the CO, is
removed from the process gas in the CO2 removal section. -
The CO and CO, residues in the gas outlet of the CO, removal
unit are converted into methane by reaction with H,
(methanation) before the synthesis gas is sent to the ammonia
synthesis loop.
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Urea Synthesis Reactor Bottom Modernization
Scheme to enhance the Capacity
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Fig-3(Vortex Mixture, NIIK)

The purified synthesis gas is compressed and then routed to the
ammonia synthesis loop, where it is converted into ammonia. In
order to limit the accumulation of argon and methane in the
loop, a purge stream is taken. The liquid ammonia product is
depressurised during which the dissolved gases, letdown gas
and inert gas, are flashed off. The raw material of Urea plant in
NH; and CO, sent to urea reactor for formation of Urea. The
conversion of reach is about 60% CO?2 is converted into Urea in
reactor and for purification stripping, MP decomposer LP
decomposer and Urea for decomposition and water and formal
in urea reaction, which have to be removed in vacuum
evaporation section now Urea come about 97%.and sent to
Urea Granulation section.
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Fig-4(Urea Process)
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Sectioning Diagram of Urea Synthesis
Reactor
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Fig-5(Urea Reactor modified by Vortex Mixture & Booster,
NIIK)

Detail of Urea Reactor Liner

The reactor has a volume designed to allow the residence time

necessary for carbamate conversion into Urea and water.
Reactor is equipped with 18 sieve trays. Their function is to
prevent escape of gaseous CO, and prevent internal recycle of
products with higher specific gravity from top part toward the
bottom. For a correct operation, the reagent rates to the reactor
are kept as constant as possible; this will ensure that reactor
temperature, molar ratio, conversion ratio and production
remain constant. In particular bottom and top temperature
during reactor normal conditions maintained not less than 175
-179 °C and 188-190 °C respectively.Most of the urea reactor
vessels currently in service involve a multilayered shell
equipped with a different stainless steel/Titanium lining. The
lining, which is more properly referred to as an inner shell,
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forms a pressure tight membrane. During the fabrication of a
multilayered pressure vessel, the lining generally represents
the first component completed. The outer shell, which is made
up of multiple layers or wraps of carbon steel plate material, is
then constructed around the lining. Care is taken to ensure that
the lining is only attached to the shell at the point of closure
and selected nozzle locations. This design ensures that the
inner shell or lining is fully supported by the outer shell, but is
still able to freely expand and contract. As shown in the figure
6&7.

The reactor has a volume designed to allow the residence time
necessary for carbamate conversion into Urea and water.
Reactor is equipped with 18 sieve trays. Their function is to
prevent escape of gaseous CO, and prevent internal recycle of
products with higher specific gravity from top part toward the
bottom. For a correct operation, the reagent rates to the reactor
are kept as constant as possible; this will ensure that reactor
temperature, molar ratio, conversion ratio and production
remain constant. In particular bottom and top temperature
during reactor normal conditions must be not less than 175 -179
°C and 188-190 °C respectively. Reactor must be heated up to
~150°C with steam before pressurization with ammonia
vapours according in preparation to start-up procedure. Because
the critical temperature of ammonia is 132.4°C. During heating,
quick changes in reactor temperature must be avoided to
prevent possible ruptures in lining welds. Leak Detection
System is provided on the reactor shell to detect possible
leakages in the lining. In case of any leakage is detected the
unit must be immediately shut-down. To protect the reactor in
case a sudden pressure increase occurs, an automatic interlock
system has been provided to stop fluids inlet.

Urea Reactor detail

Sr. | Parameters Value | Units

No.

1 Urea Reactor Design | 170 Kg/em’g
Pressure

2 Operating Pressure 155 Kg/em’g

3 Design Temperature 218 °c

4 Operating Temperature 188 °c

Table-4(Reactor parameters)

1. Reactor liner material-2RE69(Sandvik), 5 mm thick

2.  Number of Trays-18

3. Liner thickness-5 mm

4. Material of Trays/nut, bolts-2RE69(Sandvik).

5. Shell material- SA-533 Gr B Cl2, 97 mm multilayered.

Ehis is an open access article , ResearchGate is a European commercial social networking site for scientists and researchers .



www.researchgate.net

Holes on Trays
1. Trays 1 to 6 number of holes- ¢ mm

2. Trays 7 to 12 number of holes- ¢ mm
3. Trays 13 to 18 number of holes- ¢§ mm.
Tray numbering from top.

SHELL AND LINER
| ///f/)/% __Multilayered

97 mm
Material of Construction
SA-533 Gr B Cl2 (CS)

Liner

2RE 69(25/22/2)
(Sandvik)

THK-5 mm

Fig-6(Urea reactor Shell and Liner detail)

Conclusion

To operate a urea plant with energy saving and with optimum
addition of oxygen and thus to realize an intrinsically safe urea
plant is only possible to Duplex stainless steel and Sandvik
(2RE69). Many issues arise over material selection and
corrosion abatement in modern fertilizer plants. With
developments of metallurgy, and usage of newer corrosion-
prevention techniques, it is possible to cost-effectively energy
saving and, more important, safely operate and maintain large-
scale plants. All this means that the efficiency and profitability
and energy saving long life of equipments of a urea plant is
upgraded to a maximum level; one can easily talk about a
maintenance free urea plant. Variations in corrosion properties
have been found especially on ASTM 316L type materials for
urea applications Safurex (Duplex) is a guaranteed material
that withstands the severest corrosive conditions in the
carbamate solution combined with high strength and excellent
corrosion cracking resistance. Past experience has showed that
a high corrosion rate in service corresponds to a high corrosion
rate in the Huey test. . For the long life of liner the reactor
inspections should be performed at regular intervals. Necessity
of repair can be planned during a scheduled turnaround Loss of
or insufficient concentration of passivation air.
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