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1. Introduction

This is the first part of a series of technical papers comparing Stamicarbon and Saipem Urea Stripping
Technologies as per today (October 2016). With urea stripping technologies we mean urea melt
technologies producing a urea melt suitable for prilling or granulation. This paper mainly discusses
the latest process schemes applied in the high pressure synthesis section and medium pressure
recirculation section as these are the two sections containing the major differences. But also peculiar
differences in other sections will  be highlighted. The paper will  discuss the current and expected
future developments in these process schemes for single line large capacity plants.
Other future technical papers will focus on the applied materials of construction and typical failure
modes, Safety Health & Environments aspects, operational aspects, revamp technologies and latest
references. These papers will contain information as far as known in the public domain and reference
documents are provided.
We focus on Stamicarbon and Saipem stripping process technologies as these represent the largest
market shares today with respectively 24 and 16% of all urea plants in operation. Figure 1 shows
the market shares of  all  urea process technologies of  urea plants in operation in 2010. The CO2

stripping technologies resemble the Stamicarbon urea process with a falling film high pressure
carbamate condenser.

Figure 1: Market share of all urea process technologies of the urea plants in operation in 2010.
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2. Historical milestones influencing the conceptual process scheme

There are two main reactions involved in the synthesis of  urea starting from carbon dioxide and
ammonia; the formation of ammonium carbamate from carbon dioxide and ammonia, and the
conversion of ammonium carbamate into urea and water. The reactions involved can be represented
by the following equations:[1]

CO2  + 2 NH3 ó NH2COONH4 [reaction 1]

NH2COONH4 ó  NH2CONH2 + H2O [reaction 2]

The first reaction is a quick, exothermic reaction releasing a lot of heat.
The second equilibrium reaction is a slow reaction meaning it requires a relatively long period to
reach equilibrium explaining the large size reactor vessel in every urea process. This second
endothermic, dehydration reaction requires somewhat heat. Due to the equilibrium position of the
second reaction, in every urea process significant amounts of unconverted ammonium carbamate
need to be separated from the final product urea and the byproduct water and is recycled back to
the synthesis section.

Conventional Total Recycle urea processes are based on the principle that downstream the reactor a
decrease in pressure and increase in temperature facilitate the separation of ammonium carbamate
from urea and water. Figure 2 shows the process scheme of a typical conventional urea process.

Figure 2: Typical flow sheet of a conventional urea plant[3]

a) CO2 compressor; b) High-pressure ammonia pump; c) Urea reactor; d) Medium-pressure decomposer; e)
Ammonia–carbamate separation column; f) Low-pressure decomposer; g) Evaporator; h) Prilling; i) Desorber
(wastewater stripper); j) Vacuum condensation section
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In 1967 Mr. Petrus Kaasenbrood of DSM / Stamicarbon invented the High Pressure CO2 stripper,
which made it possible to separate ammonium carbamate from urea and water at synthesis
pressure.[2] This lead to the following benefits:

1. The unconverted ammonium carbamate could be recycled at synthesis pressure; so no extra
water needed to be added to recycle the carbamate;

2. As a stripper efficiency of some 80% (related to an ammonia concentration of some 6-8 wt%
in the stripper bottom outlet) could be reached, no medium pressure recirculation section
was needed anymore;

3. With the condensation of strip gasses in the high pressure carbamate condenser low pressure
steam is produced, which was used in the downstream sections leading to a reduction of the
overall steam consumption of a urea plant with a factor two.

The N/C ratio at the outlet of the CO2 stripper is about 2 and the ammonia concentration is some 6
wt%, which means one can send the liquid outlet of the CO2 stripper directly to a low pressure
recirculation section. In a Stamicarbon process one does not need a medium pressure recirculation
section and there is no pure ammonia recycle. These facts have a significant impact on the chosen
process parameters in the urea synthesis reactor. Without a pure ammonia recycle both the CO2 as
well as the NH3 conversion in the reactor are equally important as all non-converted NH3 and CO2

needs to be recycled back to the synthesis as an ammonium carbamate solution in water. In all urea
processes  it  is  important  to  minimize  the  water  content  in  the  reactor  to  realize  maximum urea
conversion figures (the equilibrium position of reaction 2 moves to the right side with a minimum
water content).
In case a pure NH3 recycle is available, one is able to recycle NH3 without adding extra water to the
reactor and thus in these process schemes the emphasize is to maximize the CO2 conversion. This
means that in these urea processes one is able to operate the reactor at higher N/C ratios without
influencing the urea conversion level.

As Stamicarbon patented the CO2 stripper, Saipem introduced the high pressure decomposer or also
called NH3 stripper  or  self-stripper  (hereafter  in  these  papers  called  NH3 stripper). Now also
ammonium  carbamate  can  be  recycled  at  synthesis  pressure  and  low  pressure  steam  can  be
produced in the high pressure carbamate condenser. Compared to the CO2 stripper, the NH3 stripper
is however less efficient. This lower efficiency requires the presence of a medium pressure
recirculation section to further separate sufficient carbamate from the urea/water mixture. Although
this means an extra process step, the benefit of a medium pressure recirculation section however is
that the medium pressure off gases can be condensed in an evaporation heater saving low pressure
steam consumption.
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Another difference between the Stamicarbon CO2 stripper  and  the  Saipem  NH3 stripper is the
temperature profile. Adding CO2 to the stripper shifts the composition of the liquid away from the
top ridge line (maximum temperature line) of its phase diagram leading not only to higher efficiencies
but also to lower temperature levels allowing the application of austenitic or duplex stainless steels.
The NH3 stripper experiences higher temperatures requiring titanium or zirconium as material of
construction. Figure 3 shows this phase diagram where the line USO to GUSO represents the path of
liquid compositions in a CO2 stripper. The composition moves away from the maximum temperature
line. The line X to Y represents the path of liquid compositions in a NH3 stripper. The composition
moves towards the maximum temperature line.

Figure 3: Phase diagram NH3-CO2-Urea.1H2O

In 1976 Mr. Mario Guadalupi of Snamprogetti (now Saipem) patented the low elevation concept,
which made it possible to put the high pressure carbamate condenser at grade level and move the
carbamate liquid from the condenser to the reactor by means of a high pressure ammonia ejector. [4]

This  leads  to  the  second  basic  difference  between  the  Stamicarbon  and  Saipem  synthesis;
Stamicarbon applying gravity in the synthesis loop resulting in a higher structure while Saipem is
able to install all high pressure equipment items at grade level by making use of the high pressure
ammonia ejector. Another advantage of the high pressure ammonia ejector is that one can operate
the high pressure stripper at a somewhat lower pressure than the reactor.
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Figure 4: Typical lay out of a Stamicarbon PoolCondenser plant and a Saipem plant

In  Figure  4  one  can  recognize  that  the  Saipem  reactor  is  located  at  ground  level  while  the
Stamicarbon reactor is located at a higher elevation within the structure. The Stamicarbon
PoolCondenser is located at the third floor (20 m), while the Saipem kettle type condenser is located
at ground level.

One more basic difference between Stamicarbon and Saipem is the high pressure scrubber in the a
Stamicarbon flowsheet, a piece of equipment that is part of the Stamicarbon synthesis. In a Saipem
process one is able to wash the inerts in the medium pressure section, while in a Stamicarbon
synthesis inerts are washed in the High Pressure (HP) scrubber. This leads to an extra high pressure
heat exchanger in a Stamicarbon synthesis but its  benefit  is  that one is  able to control  the inert
pressure independent from the synthesis pressure. In a Stamicarbon synthesis section also a High
Pressure  ejector  is  present,  which  allows  the  HP  scrubber  to  be  located  at  a  lower  elevation  by
transporting the ammonium carbamate recycle stream from the HP scrubber to the High Pressure
Carbamate Condenser.
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3. Comparison of the Stamicarbon and Saipem conceptual process schemes

Figure 5: Process scheme of the synthesis section of the Stamicarbon process with PoolCondenser

Figure 6: Process scheme of the synthesis and medium pressure recirculation section of a Saipem
process
a) CO2 compressor; b) Urea reactor; c) Ejector; d) High-pressure ammonia pump; e) Carbamate separator; f)
High-pressure carbamate condenser; g) High-pressure carbamate pump; h) High-pressure stripper; i) Medium-
pressure decomposer and rectifier; j) Ammonia–carbamate separation column; k) Ammonia condenser; l)
Ammonia receiver; m) Low-pressure ammonia pump; n) Ammonia scrubber.
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A Stamicarbon high pressure synthesis section consist of a reactor, CO2 stripper, carbamate
condenser and a scrubber, while a Saipem high pressure synthesis section consist of a reactor, NH3

stripper, carbamate condenser and a separator.

With the introduction of stripping technologies also a high pressure carbamate condenser has been
introduced in the high pressure synthesis section. Both Stamicarbon and Saipem started with a falling
film design high pressure carbamate condenser.  Strip gas from the stripper was condensed as a
falling film inside the vertical tubes and on the shell side low pressure steam was generated. Direct
condensation of ammonium carbamate at a dry tube wall leads to pronounced (condensation)
corrosion  and  has  to  be  avoided  by  means  of  adding  liquid  in  the  top  channel  of  the  carbamate
condenser.

The falling film carbamate condenser design has some process disadvantages: No residence time to
form urea leading to a relatively large reactor impacting the skyline of the Stamicarbon urea plant;
no possibility to balance out fluctuations in synthesis process conditions, which can lead to synthesis
pressure fluctuations. Further this design has some mechanical and reliability disadvantages, like
chloride stress corrosion cracking and condensation corrosion.
In 1996 Stamicarbon introduced pool condensation of ammonium carbamate in a horizontal
PoolCondenser, where strip gas now condenses in a pool of liquid while on the tube side low pressure
steam is generated. In a PoolCondenser there is  residence time available for the urea formation
reaction to take place lowering the skyline of the Stamicarbon urea plant. Further there is a buffer
to balance out fluctuations in process conditions leading to a much more stable synthesis pressure.
Also no risk of chloride stress corrosion cracking can occur due to the internal bore welding applied
for the tube to tube sheet connections.

Already  in  1976  Saipem  introduced  the  horizontal  kettle  type  condenser,  whereby  strip  gas  is
condensed in a horizontal U-tube and low pressure steam is produced on the shell side. Together
with the high pressure ejector, Saipem was able to significantly lower the skyline of the Saipem urea
plant.

Peculiar differences between Stamicarbon and Saipem in other process sections are the following:

Hydrolyser design
The  function  of  the  hydrolyser  is  to  reduce  the  urea  content  in  the  water  stream produced  as  a
byproduct in any urea plant. The Stamicarbon hydrolyser is a counter-current column operating at
about 20 bars. The Saipem hydrolyser is a horizontal vessel operating at about 30 bars.

Process – process heat exchangers
Typically one can see more process – process heat exchanger applications in a Saipem urea plant
than in a Stamicarbon urea plant. These process – process heat exchangers target to improve the
overall steam balance.
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Figure 7 shows the overall steam balance for a typical large scale grass root urea plant.

Figure 7: Overall steam balance of a typical large scale urea plant

The key players in the steam balance of a urea melt plant are the HP stripper consuming 20 bar (HP)
steam and the high pressure carbamate condenser producing 4-5 bar (LP) steam. The higher stripper
efficiency of the Stamicarbon CO2 stripper leads to a relatively large strip gas flow, which is for a
major part condensed in the PoolCondenser resulting in a relatively large LP steam flow. Typically
more LP steam is produced in the PoolCondenser than is required by the other steam users in the
urea melt plant and the excess is typically exported to the turbine of the CO2 compressor. In this
way the amount of HHP steam required for the turbine can be minimized. Another much smaller HP
steam user is the Stamicarbon hydrolyser, which accounts of only some 5% of the total HP steam
consumption. The HP steam condensate from the CO2 stripper is obviously a high value heat source
and is typically flashed to medium pressure level generating MP steam which is used for tracing in
certain critical areas and some heaters.
The Saipem NH3 stripper has a lower efficiency and thus produces less strip gas and less LP steam
is produced in the high pressure carbamate condenser. Furthermore the heater in the medium
pressure recirculation section requires a relatively high temperature heat source for which typically
HP steam condensate from the NH3 stripper is used.
The Saipem hydrolyser requires HHP steam although also here only a small amount relative to the
overall steam requirement.
In a Saipem urea plant it makes more sense to apply process-process heat exchangers as less LP
steam from the high pressure carbamate condenser is available. For example the condensation heat
of the medium pressure off gasses can be used for the evaporation of water in the evaporation
section saving LP steam and also an ammonia preheater and carbamate preheater lead to higher LP
steam production in the high pressure carbamate condenser.

4. Future Stamicarbon and Saipem process schemes for large capacities

The largest single line Stamicarbon PoolCondenser urea plant currently operates at a capacity of
4200 mtpd at Yara Sluiskil in The Netherlands. Standard, Stamicarbon applies the super-duplex
Safurex® as alloy protection for the complete synthesis section at an oxygen content in the CO2 feed
of 0.3 vol%. With the Medium Pressure Add-On Debottlenecking Technology Stamicarbon is able to
increase this plant size with another 40-50% reaching 6000 mtpd levels.
Saipem has the following large single line urea plants with capacities above 4000 mtpd in operation
and under construction: Profertil in Argentina, Wulan in China and Dangote in Nigeria. By adding a
parallel second high pressure carbamate condenser and making full use of the features of the Omega
Bond NH3 stripper also Saipem is able to reach 6000 mtpd levels.
In one of our next papers more details of the revamp schemes in Stamicarbon and Saipem process
schemes will be highlighted.

Urea melt process
LP steamHP steam

HP stripper / Stamicarbon hydrolyser

Saipem Hydrolyser
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CO2
compressor

turbine



9

5. Overall comparison of the Stamicarbon and Saipem process schemes

Table  1  provides  an  overview  of  the  process  complexity  of  a  Stamicarbon  and  Saipem  process
scheme.

Table 1: Process complexity

Parameter Stamicarbon Saipem

Synthesis lay out Vertical Horizontal

Synthesis loop driver Gravity High Pressure Ammonia Ejector

Number of high pressure
equipment items

4 4

Medium Pressure section no Yes

Pure ammonia recycle no Yes

Table 2 provides an overview of the typical synthesis process parameters of the Stamicarbon and
Saipem process scheme.

Table 2: Typical synthesis process parameters

Parameter Unit Stamicarbon Saipem

Reactor pressure bar-abs 140 158

Reactor outlet temperature oC 184 188

Reactor outlet N/C ratio - 3,0-3,1 3,3-3,6

Reactor outlet H/C ratio - 0,4 0,5-0,6

Reactor CO2 conversion % 60 64-67

Reactor NH3 conversion % 40-41 36-37

Minimum O2 content in CO2 vol% 0,3 0,4

Stripper pressure bar-abs 140 148-150

Stripper temperature range
(top-bottom)

oC 187-167 190-208

NH3 content in bottom effluent wt% 6-8 23-25

CO2 content in bottom effluent wt% 10-11 6-7

Synthesis CO2 conversion % 79-81 84-86

Synthesis NH3 conversion % 79-81 47-50

Duty CO2 compressor - Higher discharge pressure

Duty HP NH3 pump -
Larger flow and higher

discharge pressure

Duty HP carbamate pump -
Larger flow and higher

discharge pressure
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Table 3 provides an overview of  the typical  consumption figures of  the Stamicarbon and Saipem
process scheme.7)

Table 3: Typical consumption figures (100% prills)

Parameter Unit Stamicarbon Saipem

NH3 consumption  kg/mt 567 566

CO2 consumption kg/mt 733 735

Steam consumption
kg/mt

785
(23 bar, 330 oC)
excluding CO2

compressor turbine
plus 50 kg/mt LP

steam export (4 bar,
saturated)

730
(110 bar, 510 oC)

including CO2

compressor turbine
and hydrolyser

Power consumption  kWh/mt 20 21

Cooling water consumption
(delta-T =10 oC)

m3/mt 71 80

The NH3 and CO2 consumption figures in Table 3 are different for Stamicarbon and Saipem processes,
however we believe these figures actually are very similar as both processes are able to reach
stoichiometric design values by minimizing process losses in each design.
The steam consumption figures should be compared on an equal basis including the CO2 compressor
turbine.
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