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Abstract 

In  M/S.  Saipem  urea process  the  High Pressure synthesis section operation is very  typical 
with respect to HP stripper and Reactor N/C ratio, H/C  ratio and conversion of the reactor. 
The Medium Pressure section also is very typical from operation point of view with respect 
to the  level  of  Medium  Pressure absorber, which is fluctuating frequently when the urea 
plant starts  up  / shuts  down  or at any  process disturbances / upset.  This  Technical 
Paper intends how to tackle theses type of problems plus will discuss more in detail the MP 
absorber level measurement and why the level is so important?  Why  density  variates 
during  start up / shut down or any  upset  of  the process  by  any  reason.  Why  the  level 
transmitter of MP absorber is showing erratic level? How to prevent CO2 carry over to the 
ammonia receiver via the ammonia condenser. Can we replace the DP type transmitter with 
radar type in the HP stripper as well as MP absorber? 
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Abstract 
In M/S. Saipem process the HP loop 
operation is very typical including HP 
stripper and Reactor N/C ratio, H/C ratio 
and conversion of the reactor. The MP loop 
also very typical in operation point of view 
in which the level of Medium pressure 
absorber is fluctuating frequently when plant 
starts up /shut down or any process 
disturbances/upset. This article intended 
how to tackle theses type of problem and the 
MP absorber level and why the level is so 
important? Why density variation in 
startup/shut down or any upset of the 
process by any reason. Why the level 
transmitter of MP absorber is showing 
erratic level? How to prevent CO2 Carryover 
to ammonia receiver through ammonia 
condenser. Can we replace the DP type 
transmitter with radar type in stripper as well 
as MP absorber? 
Keywords 
Carryover, Corrosion, Saipem, MP absorber, 
Level transmitter, plant start up, 
temperature, molar ratio. Trouble shooting. 
Pre-Concentrator, Granulation. 
Introduction 
In M/S. Saipem Urea process the medium 
pressure level is very important because the 
excess ammonia is separated through this 

vessel. In startup/shut down or any upset 
condition of the process the N/C ratio 
variation the DP type transmitter goes to 
upset and showing erratic level. Because the 
DP type transmitter based on solution 
density. The sight glasses are also given in 
the vessel for seeing actual level in the field. 
The M/S. Saipem process is the popular 
world famous process and known as 
ammonia stripping process. In capacity wise 
then there is no comparison from other 
process. The HP loop also very important 
for reactor and stripper any variation in N/C 
& H/C ratio can cause disturbances in 
downstream specially MP absorber. Now 
5000TPD plant is ready and number of 
plants more than 4000TPD. Saipem is an 
advanced technological and engineering 
platform for the design, construction and 
operation of safe and sustainable complex 
infrastructure and plants. Saipem has always 
been oriented towards technological 
innovation and is currently committed, 
alongside its clients, on the frontline of 
energy transition with increasingly 
digitalized tools, technologies and processes 
that were devised from the outset with 
environmental sustainability in mind.  
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Description of the process 
Snamprogetti ammonia stripping process is 
characterized by a urea synthesis loop 
operating at about 160 kg/cm2 (g) with 
ammonia to carbon dioxide molar ratio at 
urea reactor inlet of 3.3 - 3.6. This allows a 
CO2 conversion into urea of 62 - 65% in the 
reactor itself, also thanks to the perforated 
trays which prevent back-flow and favor gas 
absorption by the liquid. There are two kinds 
of chemical reactions at the same time in the 
urea reactor: 

2NH3 + CO2  = NH2-COO-NH4 + 136230 
kJ/kmol of Carbamate (at 1.03 kg/cm2; 
25°C);  
NH2-COO-NH4    = NH2-CO-NH2 + H2O,- 
17575 kJ/kmol of urea (at 1.03 kg/cm2; 
25°C) 
NH2-COO-NH4  = 2NH3 + CO2 (- Heat)  
and, as can be inferred from the equation, it 
is promoted by reducing pressure and adding 
heat.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.: 

NH2-COO-NH4  2NH3 + CO2 (- 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 vapors 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, in the 
H.P. Carbamate condenser; thus producing 
the LS steam which is used in downstream 
sections. 
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Fig-1 

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 eje
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 Snamprogetti process. 
Downstream of the stripper residu
Carbamate and ammonia are recovered in 
two recycle stages operating at about 17.5 
kg/cm2 (g) (M.P. section) and 3.7 kg/cm2 
(g) (L.P. section) respectively. Ammonia 
and carbon dioxide vapors coming from 
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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-

condenser above mentioned, 
allow a horizontal layout, which is one of 
the main features of Snamprogetti process. 
Downstream of the stripper residual 

and ammonia are recovered in 
two recycle stages operating at about 17.5 
kg/cm2 (g) (M.P. section) and 3.7 kg/cm2 
(g) (L.P. section) respectively. Ammonia 
and carbon dioxide vapors 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 r
concentration of about 99.7
required to feed prilling section
Sections are characterized by 
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; 
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decomposition are condensed 
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 99.7% which is 
required to feed prilling section. Urea 
Sections are characterized by the following 

Urea synthesis and NH3, CO2 
recovery at high pressure;  
Urea purification and NH3, and 

recovery at medium and 
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Fig-2 
(a) Urea concentration;  
(b) Waste water treatment. Urea solution 

production unit is also provided with the 
following: 

(c)  Auxiliary installation;  
(d) Steam networks; 
(e)   Condensate Recovery & Flushing 

networks. 
Urea Synthesis and NH3, CO2 recovery 
at high pressure Urea is produced by 
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Waste water treatment. Urea solution 
is also provided with the 

Condensate Recovery & Flushing 

Urea Synthesis and NH3, CO2 recovery 
at high pressure Urea is produced by 

synthesis from liquid ammonia and 
gaseous carbon dioxide. In
reactor 10-R-01, the ammonia and 
carbon dioxide react to form ammonium 
Carbamate, a portion of which 
dehydrates to urea and water. The 
reactions are as follows:

2NH3 + CO2  NH2COONH

 NH2COONH4  NH2CONH
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synthesis from liquid ammonia and 
gaseous carbon dioxide. In the urea 

01, the ammonia and 
carbon dioxide react to form ammonium 
Carbamate, a portion of which 
dehydrates to urea and water. The 
reactions are as follows: 

COONH4 

CONH2 + H2O 
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Fig-3 

In synthesis conditions (T = 188
160 kg/cm2 (g)), the first reaction occurs 
rapidly and is complete, the second reaction 
occurs slowly and determines the reactor 
volume. The fraction of ammonium 
carbamate that dehydrates is determined by 
the ratios of the various reag
operating temperature, pressure and the 
residence time in the reactor. The mole ratio 
of ammonia to carbon dioxide is around 3.3 
- 3.6. 
The mole ratio of water to carbon dioxide is 
around 0.5 - 0.7. The liquid ammonia feed to 
Urea Unit, coming from Ammonia Unit, is 
filtered through NH3 filters 10
then enters into NH3 recovery tower 10
C05, and is collected in the ammonia 
receiver 10-V-05. From 10-V-05, it is drawn 
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(T = 188-190°C, P = 
160 kg/cm2 (g)), the first reaction occurs 
rapidly and is complete, the second reaction 
occurs slowly and determines the reactor 
volume. The fraction of ammonium 
carbamate that dehydrates is determined by 
the ratios of the various reagents, the 
operating temperature, pressure and the 
residence time in the reactor. The mole ratio 
of ammonia to carbon dioxide is around 3.3 

The mole ratio of water to carbon dioxide is 
0.7. The liquid ammonia feed to 

om Ammonia Unit, is 
filtered through NH3 filters 10-S-04 A/B, 
then enters into NH3 recovery tower 10-
C05, and is collected in the ammonia 

05, it is drawn 

and pumped to about 23.6 kg/cm2 (g) 
pressure by means of ammonia booster 
centrifugal pump 10-P-05 A/B. Part of this 
ammonia is sent to medium pressure 
absorber 10-C-01, the remaining part enters 
the high pressure synthesis loop. The 
ammonia to the synthesis loop is pumped by 
H.P. ammonia centrifugal pump 10
A/B, at a pressure of about 224 kg/cm2 
(g).Before entering the reactor, the ammonia 
is used as propelling fluid in the 
ejector 10-X-01. The liquid mixture of NH3 
and Carbamate from 10-X-01 enters the urea 
reactor bottom where it reacts with the 
carbon dioxide compressed feed. The carbon 
dioxide feed drawn to the Urea Unit battery 
limits,  
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and pumped to about 23.6 kg/cm2 (g) 
pressure by means of ammonia booster 

05 A/B. Part of this 
ammonia is sent to medium pressure 

01, the remaining part enters 
the high pressure synthesis loop. The 
ammonia to the synthesis loop is pumped by 
H.P. ammonia centrifugal pump 10-P-01 

re of about 224 kg/cm2 
Before entering the reactor, the ammonia 

is used as propelling fluid in the Carbamate 
01. The liquid mixture of NH3 

01 enters the urea 
reactor bottom where it reacts with the 

mpressed feed. The carbon 
dioxide feed drawn to the Urea Unit battery 
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Fig-4 

from the Ammonia Units, at about 0.5 
kg/cm2 (g) and 40 °C temperature, enters the 
CO2 compressor 10-K-01, and leaves it at a 
pressure of about 160 kg/cm2 (g). A small 
quantity of air is added to the carbon dioxide 
feed at the 10-K-01 suction in order to 
passivate the stainless steel surfaces of H.P. 
loop items, thus protecting them from 
corrosion due both to the reagents and 
reaction products. Another small quantity of 
air is added to the bottom of stripper 10
01, by 10-K-02 A/B compressor, in order to 
passivate it. The reaction products leaving 
the reactor flow to the upper part of stripper 
10-E-01, which operates at about 150 
kg/cm2 (g). 
 
The stripper is a vertical in tube falling film 
decomposer in which the liquid, distributed 
on the heating surface as a film, flows by 
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from the Ammonia Units, at about 0.5 
(g) and 40 °C temperature, enters the 

01, and leaves it at a 
(g). A small 

quantity of air is added to the carbon dioxide 
01 suction in order to 

passivate the stainless steel surfaces of H.P. 
loop items, thus protecting them from 
corrosion due both to the reagents and 
reaction products. Another small quantity of 
air is added to the bottom of stripper 10-E-

02 A/B compressor, in order to 
passivate it. The reaction products leaving 
the reactor flow to the upper part of stripper 

01, which operates at about 150 

n tube falling film 
decomposer in which the liquid, distributed 
on the heating surface as a film, flows by 

gravity to the bottom. In practice, it is a 
vertical shell-and-tube exchanger with the 
heating medium on the shell side, and an 
upper head on tube side sheet specially 
designed to permit the uniform distribution 
of urea and Carbamate solution. In fact, each 
tube has an insert-type distributor (ferrule) 
designed to put the feed uniformly around 
the tube wall in film form. The holes of the 
ferrule act as orifices and their diameter and 
liquid head control the flow rate. As the 
liquid film flows, it is heated and 
decomposition of Carbamate
evaporation occur. The carbon dioxide 
content of the solution is reduced by the 
stripping action of the ammonia as it boils 
out of the solution. Generated vapors 
(essentially ammonia and carbon dioxide) 
are removed by flowing to the top of the 
tube. The Carbamate decomposition heat is 
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gravity to the bottom. In practice, it is a 
tube exchanger with the 

heating medium on the shell side, and an 
de sheet specially 

designed to permit the uniform distribution 
solution. In fact, each 

type distributor (ferrule) 
designed to put the feed uniformly around 
the tube wall in film form. The holes of the 

orifices and their diameter and 
liquid head control the flow rate. As the 
liquid film flows, it is heated and 

Carbamate and surface 
evaporation occur. The carbon dioxide 
content of the solution is reduced by the 

monia as it boils 
out of the solution. Generated vapors 
(essentially ammonia and carbon dioxide) 
are removed by flowing to the top of the 

decomposition heat is 
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supplied by means of condensing saturated steam at 219 °C. 
The gaseous stream, leaving the top of the 
stripper, after mixing with the recovered 
solution from the bottom of medium 
pressure absorber 10-C-01, enters the 
Carbamate condenser, 10-E-05. Except for 
incondensable gases, vapours are condensed 
and recycled to the urea reactor 10-R-01, by 
means of Carbamate ejector 10-X-01. 
Condensing vapours at high pressure and 
temperature allows the production of 
saturated steam at 3.5 kg/cm2 (g) in the 
Carbamate condenser 10-E-05. 
Incondensable gases, consisting of inert 
gases (passivation air plus inerts with CO2 
from B.L.) and containing a little quantity of 
NH3 and CO2, come out from the top of the 
Carbamate separator 10-V-01 and flow 
directly into the bottom of the medium 
pressure decomposer 10-L-02. 
Urea Purification and NH3 & CO2 recovery 
at medium and low pressure Urea 
purification and overhead vapours recovery 
take place in two stages at decreasing 
pressure, as follows: 

1. 1st stage at 17.5 kg/cm2 (g) pressure  
2. 2nd stage at 3.7 kg/cm2 (g) pressure 

It is pointed out that the exchangers where 
Urea purification occurs are called 
decomposers because in these apparatuses 
the residual carbamate decomposition 
takes place. 

1. 1st purification and recovery stage at 
17.5 kg/cm2 (g) pressure 
The solution, with a low residual CO2 
content, leaving the bottom of the stripper, 
E-01, is expanded to the pressure of 17.5 
kg/cm2 (g) and enters the upper part of 
medium pressure decomposer. This item is 
mainly divided into the following three 
sections: - Top separator, 10-V-02, where 
the released flash gases are removed before 
the solution enters the tube bundle. In tube 
falling film type decomposer, 10-E-02A 
(upper part) and 10-E-02B (lower part), 
where the carbonate is decomposed and the 
required heat is supplied by means of 
condensing steam at 5.3 kg/cm2 (g) (in the 
upper part of the shell, 10-E-02A) and 
cooling steam condensate, coming from 
the stripper 10-E-01 (in the lower part of 
the shell, 10-E-02B). - Urea solution 
holder, 10-L-02, where the 1st stage’s 
purified urea solution at 60 - 63 % wt. is 
collected. The NH3 and CO2 rich gases, 
leaving the top separator 10-V-02, are 
mixed with the carbonate solution coming 
from the recovery section at 3.7 kg/cm2 (g) 
and sent to medium pressure condenser 10-
E-06, where CO2 is almost totally absorbed 
and condensation / reaction heat is 
removed by cooling water coming from 
ammonia condenser 10-E-09. 
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Fig-5 

The mixed phase effluent from 10
flows into the medium pressure absorber 
10-C-01 bottom, where the gaseous phase 
enters the rectification section. This is of
bell-cap trays type and performs CO2 
absorption and NH3 rectification. In the 
column a reflux of liquid ammonia allows 
balancing the energy entering the column, 
and removing residual CO2

contained in the rising stream of gaseous 
ammonia and inerts. This reflux is drawn 
from the ammonia receiver 10
sent to the column by means of ammonia 
booster pump 10-P-05 A/B. A gaseous 
stream of saturated ammonia and inerts, 
with a few ppm of CO2 (20 
residue, comes out of the top of the 
rectification section and it is partially 
condensed in the ammonia condenser 10
E-09. From here two phases are sent to the 
ammonia receiver 10-V
uncondensed stream, saturated with 
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The mixed phase effluent from 10-E-06 
flows into the medium pressure absorber 

01 bottom, where the gaseous phase 
enters the rectification section. This is of 

cap trays type and performs CO2 
rectification. In the 

column a reflux of liquid ammonia allows 
balancing the energy entering the column, 

2 and H2O 
contained in the rising stream of gaseous 

. This reflux is drawn 
from the ammonia receiver 10-V-05, and 
sent to the column by means of ammonia 

05 A/B. A gaseous 
stream of saturated ammonia and inerts, 

(20 -100 ppm) 
residue, comes out of the top of the 

ication section and it is partially 
condensed in the ammonia condenser 10-

09. From here two phases are sent to the 
V-05. The 

uncondensed stream, saturated with 

ammonia, leaving the 10-
ammonia recovery tower 10
an additional amount of ammonia is 
condensed by means of the descending 
liquid ammonia stream coming from the 
B.L. The gaseous stream leaving the 10
05 top rises the medium pressure falling 
film absorber 10-E-11, where its residual 
ammonia content is drastically reduced by 
means of countercurrent stream of an 
ammonia water diluted flow which absorbs 
gaseous ammonia. The absorption of 
ammonia generates heat which increases 
the temperature of descending liquid, 
thereby tending to prevent further 
ammonia absorption. To maintain the 
temperature at a favorable level a cooling 
water flow is provided in the shell side of 
10-E-11. 
The M.P. inerts washing tower 10
connected to the upper part of 10
consists of three valve trays where the inert 
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-V-05, raises the 
ammonia recovery tower 10-C-05, where 
an additional amount of ammonia is 
condensed by means of the descending 
liquid ammonia stream coming from the 
B.L. The gaseous stream leaving the 10-C-
05 top rises the medium pressure falling 

11, where its residual 
s drastically reduced by 

means of countercurrent stream of an 
ammonia water diluted flow which absorbs 
gaseous ammonia. The absorption of 
ammonia generates heat which increases 
the temperature of descending liquid, 
thereby tending to prevent further 

a absorption. To maintain the 
temperature at a favorable level a cooling 
water flow is provided in the shell side of 

The M.P. inerts washing tower 10-C-03, 
connected to the upper part of 10-E11, 
consists of three valve trays where the inert 
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gases are submitted to a last washing step 
with clean condensate. The inerts, leaving 
column, are connected to energy saving 
back to the medium pressure absorber, 10
C-01, by means of the centrifugal pumps 
10- P-07 A/B. The 10-C-

Fig-6 
The Fluctuation of MP absorber level due t
the density variation because the DP type 
level transmitter can be replaced with radar 
type transmitter. These radar type level 
transmitters give accurate value no variation 
of N/C ratio. Some plants are implemented 
the same and also the stripper level 
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are submitted to a last washing step 
with clean condensate. The inerts, leaving 

cted to energy saving  or 

alternatively to continuous vent stack 10
V-12. From the bottom of 10
NH3/H2O solution is recycled 

ure absorber, 10-
01, by means of the centrifugal pumps 

-01 bottom 

effluent is recycled, by means of H.P. 
Carbamate centrifugal pump 10
to the synthesis recovery section.

The Fluctuation of MP absorber level due to 
the density variation because the DP type 
level transmitter can be replaced with radar 
type transmitter. These radar type level 
transmitters give accurate value no variation 
of N/C ratio. Some plants are implemented 
the same and also the stripper level 

transmitter are also replaced with radar type 
transmitter. If the level fluctuating then in 
DP type level transmitter also by 
Temperature element. When level is high 
then temperature rise because the bottom 
temperature is high, i.e, 75
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alternatively to continuous vent stack 10-
12. From the bottom of 10-E-11 the 

O solution is recycled 
effluent is recycled, by means of H.P. 

centrifugal pump 10-P-02 A/B, 
to the synthesis recovery section. 

 

ransmitter are also replaced with radar type 
transmitter. If the level fluctuating then in 
DP type level transmitter also by 
Temperature element. When level is high 
then temperature rise because the bottom 
temperature is high, i.e, 75-80 0C. 
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2. 2nd purification and recovery 
stage at 3.7 kg/cm2 (g) 

M.P. decomposer is expanded to the 
pressure of 3.7 kg/cm2 (g) and enters the 
upper part of low pressure decomposer. 
This item is mainly divided into the 
following three sections: - Top separator 
10-V-03, where the released flash gases 
are removed before the solution enters 
the tube bundle. 
Intube falling film type decomposer 10-
E-03, where the carbonate is 
decomposed and the required heat is 
supplied by means of condensing 
saturated steam at 3.5 kg/cm2 (g). - Urea 
solution holder 10-L-03, where purified 
urea solution at 69 - 71 % wt. is 
collected. The gases leaving the 10-V-03 
are firstly mixed with the liquid coming 
from reflux accumulator 10-V-17 of the 
distillation tower 10-C-02, and 
subsequently sent to L.P. condenser 10-
E-08, where the remaining NH3 and CO2 
vapours are totally condensed. 
Condensation heat is removed by 
cooling water flowing in the tube side. 
The carbonate solution at the outlet of 
10-E-08 is recovered into carbonate 
solution accumulator 10-V-06. From 
here the carbonate solution is recycled 
back to the M.P. absorber bottom 10- C-
01 by means of centrifugal pump 10-P-
03 A/B, passing through the shell side of 
M.P. condenser 10-E-06. The 10-V-06 is 
assembled with a low pressure washing 
tower C-04, in order to help the pressure 

control of L.P. recovery stage. L.P. 
section vent is connected to 
discontinuous vent stack 10-V-13.The 
solution coming from LPD then feed to 
pre-concentrator, here concentration 
achieved about 84-85 % urea. The MPD 
vapour heat is utilized for Pre-
concentrator solution heating. 
As it is necessary, for prilling unit, to 
concentrate the urea solution up to 
99.7% by wt., two vacuum concentration 
stages are provided. The urea solution 
leaving the pre concentrator section  
with about 83-85% wt. urea, is sent to 
the bottom of vacuum concentrator 10-
E-14 which operates at the a pressure of 
0.3 kg/cm2 (abs). Before entering 10-E-
14, the solution is mixed with the urea 
solution recycle coming from prilling  
unit and with urea solution recycle from 
10-P-09 on discontinuous basis. 
Saturated steam at 3.5 kg/cm2 (g) is 
supplied to the 10- E-14 shell side to 
concentrate the urea solution flowing in 
the tube side. The mixed phase, coming 
out from the process side of 10-E-14, 
enters the gas-liquid vacuum separator 
10-V-14, from where vapors are 
extracted by the vacuum system 10-PK-
01, while the urea solution (96 % by 
wt.), is sent 2nd stage of vacuum section 
through Pre heater H-15. This stage 
vacuum is 0.03 ata. Now concentration 
achieved 99.7% and 0.3% is water which 
is necessary for fluidity of the solution. 
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Fig-8 

Urea Concentration and vacuum section

 As it is necessary, for granulation unit, to 
concentrate the urea solution up to 97% by 
wt.,and for prilling  99.7% Urea 
concentration is required one vacuum 
concentration stage is provided for 
granulation and double stage vacuum are 
required for Prilling system. The urea 
solution leaving the Pre-Concentration 
through Concentrator Pump bottom with 
about 83-85% wt. urea, is sent to the bottom 
of vacuum concentrator 10-E
operates at the a pressure of 0.3 kg/cm2 
(abs). Before entering 10-E-14, the solution 
is mixed with the urea solution recycle 
coming from granulation unit and with urea 
solution recycle from 10
discontinuous basis. The Urea solution 
leaving from 1st stage is sent to 2
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Urea Concentration and vacuum section 

As it is necessary, for granulation unit, to 
concentrate the urea solution up to 97% by 
wt.,and for prilling  99.7% Urea 
oncentration is required one vacuum 

concentration stage is provided for 
granulation and double stage vacuum are 
required for Prilling system. The urea 

Concentration 
through Concentrator Pump bottom with 

nt to the bottom 
E-14 which 

operates at the a pressure of 0.3 kg/cm2 
14, the solution 

is mixed with the urea solution recycle 
coming from granulation unit and with urea 
solution recycle from 10-P-09 on 
discontinuous basis. The Urea solution 

stage is sent to 2nd stage of 

vacuum through E-15 Heater. Saturated 
steam at 3.5 kg/cm2 (g) is supplied to the 
10- E-14 and E-15 shell side to concentrate 
the urea solution flowing in the tube side. 
The mixed phase, coming out from the 
process side of 10-E-14, enters the gas
liquid vacuum separator 10
where vapours are extracted by the vacuum 
system 10-PK-01, while the urea solution 
(96 % by wt.), is sent to granulation unit by 
means of 10-P-08 A/B, after mixing with 
UF-85 additive. and for prilling 99.7% urea 
is sent to Prilling tower with urea melt pump 
P-8A/B. The most common event is choking 
of the exchangers. This happens when under 
vacuum the process side temperature falls 
down. By removing vacuum and sending 
water into the equipment the normal 
condition can be easily restored.
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15 Heater. Saturated 
steam at 3.5 kg/cm2 (g) is supplied to the 

15 shell side to concentrate 
the urea solution flowing in the tube side. 

he mixed phase, coming out from the 
14, enters the gas-

liquid vacuum separator 10-V-14, from 
where vapours are extracted by the vacuum 

01, while the urea solution 
(96 % by wt.), is sent to granulation unit by 

08 A/B, after mixing with 
85 additive. and for prilling 99.7% urea 

is sent to Prilling tower with urea melt pump 
The most common event is choking 

of the exchangers. This happens when under 
vacuum the process side temperature falls 

ving vacuum and sending 
water into the equipment the normal 
condition can be easily restored. 
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Fig- 9 

Fig-10 
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Fig-11 

For start –up sequence and time schedule 
refer to the diagrams below (Fig

Heating of HP Loop – Initial Heating up 
refers to heating up high pressure synthesis 
section to the temperature of about 150
160°C before introducing the process fluids 
at the rate of 30°C per hour Operation “B” 
Hot Bolting refers to tightening of the bolts 
in high pressure section.first of all heating 
started through LS steam . LS is given to 
CO2 line. When temperature reached 125
130 0C then KW heating to be done.For KW 
Heating the KW given through start up line 
to stripper and MS open in jacketing through 
three point and draing of condensate through 
traps. 

Ammoniation - Ammoniation refers to 
pressurization of H.P. loop with ammonia 
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up sequence and time schedule 
Fig-12 ) 

Initial Heating up 
ng up high pressure synthesis 

section to the temperature of about 150-
160°C before introducing the process fluids 
at the rate of 30°C per hour Operation “B” - 
Hot Bolting refers to tightening of the bolts 
in high pressure section.first of all heating 

ed through LS steam . LS is given to 
line. When temperature reached 125-
C then KW heating to be done.For KW 

Heating the KW given through start up line 
to stripper and MS open in jacketing through 
three point and draing of condensate through 

Ammoniation refers to 
pressurization of H.P. loop with ammonia 

vapours up to achieve about 80 kg/cm
the rate of 30 kg/cm2

Ammoniation to be done through start up 
line, first the condensate to be drained and 
all the drain of HP loop closed then 
ammoniation started first through Ammonia 
booster pum then HP ammonia Feed pump.

Feed In– Start-up refers to feeding NH
the reactor. Introduce CO2 into reactor either 
as soon as the reaction bottom temperature 
starts decreasing or in any event after about 
10 minutes from introduction of NH
Temperature  150 and pressure about 100 
kg/cm2 reached then Feed to be done.First 
given KW through CO2 
advantages of KW 
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vapours up to achieve about 80 kg/cm2 g at 
2 g per hour. 

Ammoniation to be done through start up 
line, first the condensate to be drained and 

HP loop closed then 
ammoniation started first through Ammonia 
booster pum then HP ammonia Feed pump. 

up refers to feeding NH3 to 
into reactor either 

as soon as the reaction bottom temperature 
in any event after about 

10 minutes from introduction of NH3.When 
Temperature  150 and pressure about 100 

reached then Feed to be done.First 
 line following 
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1. It is assured that line is cleared 
2. Heat of absorption is released by 

KW 
3. The dehydration of urea reaction can 

be occurred in liquid phase. 

Normal Operation– Normal Operation 
refers to adjusting the flow rates of NH3 and 
CO2 in order to adjust pressure and 
temperature of the system 

 
Fig-12 

HP loop Trouble Shooting 
Urea reactor 10-R-01 External 
inspection:  

1. Draw a map from the mechanical 
drawing for an easy identification of 
the weep holes. 
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2.  Verify if all the weep holes are 
accessible for inspection.  

3. Check proper position of 
thermocouples. 

4. Verify if the thermal insulation has 
been provided also in the bottom of 
the reactor. 

Internal inspection:  
1. Open the manhole and disconnect the 

inlet flange of the CO2 to the reactor 
to ensure good ventilation.  

2.  Remove the central sectors of all the 
trays.  

3.  Check the presence of scratches, 
spots in all the shell-courses or other 
visible irregularities.  

4.  Ensure for minimum gap between 
the trays and the solution outlet pipe, 
and ensure they are not touching  

5. Check if the outlet pipe has the 
possibility to slide inside their 
supports. 

6. Ensure for minimum gap between 
the trays and the wall of the reactor, 
and ensure the bolts are well 
tightened and with the relevant 
washers. 

7. Verify that the hole of CO2 and 
Ammonia feed nozzles at the bottom 
of the reactor are not plugged, and 
ensure their number and diameter is 
in conformity with the process data 
sheet.  

8. Remove foreign materials from 
bottom if any.  

9. Fix one by one the central sectors of 
all the trays and clean it. 

    

Variable 
Direction of  Effect of Change Corrective Action 

Change 
  

  
  

  
  Reactor (R-1): 

Temperature 

Lowering 
  
  

CO2 conversion lowers. 
PIC-7A opening will increase.  
  

- Check and adjust N/C ratio. 
- Check NH3 temp. to R-1. 
- Check & regulate Water in  system 
Regulate temperature with NH3 and 
CO2 ratio. 

Rising 
  Corrosion rate may increase. 

Pressure 

Lowering CO2 conversion lowers. 

  
Check PIC-7 plugging / opening. 
Check LIC-2/HV-3 valve opening  
Check carbamate flow to HP loop. 
Reduce or stop ammonia & CO2 feed 
to R-1. 

Rising 
  
  
  
  

Rising of reactor pressure is  very 
Dangerous. Trip of HP Loop will 
occur. 
  
  
  

N/C mole Ratio 

Lowering 
  

- Temp. in reactor rises. 
- CO2 conversion lowers. 
- Load on recovery section incr. 

  
Regulate mole ratio with NH3 and 
CO2 flow.   

Rising 
  

- Temp. in reactor lowers. 
- more load on ammonia condenser. 

  
  

H/C Ratio 
Decreasing 

Solution will be concentrated.  
Conversion decreases & Temp/Pr 
lowers 

Correct Recycle Carb flow & Check 
Water ingress thru any injection valve 
  
  

increasing 
  Increases the water recycle. 
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CO2 conversion 

Lowering 
  
  
  
  
  
  
  
  

- The temp. At top of stripper 
increase. 
- more amount of steam is required 
  to decompose ammonium carbamate 
in stripper & MP Decomposer. 
-The temp. of carbamate condenser 
& MP Absorber  rises. 
-Load on MP Absorber increases. 
-CO2 concentration in recovered 
  solution increases.  

Determine the cause for decrease 
conversion and rectify as soon as 
Possible. 
  
  
  
  
  
  
  
  

Rising 
  

It is limited to maximum 
corresponding 
to equilibrium condition. 

Table-1 

 
Stripper 10-E-01 External 
Inspection:  
1. Draw a map from the mechanical 

drawing for an easy identification 
of all the weep holes on the top 
and bottom separators.  

2. Verify if all the weep holes are 
accessible for inspection. 

3.  Get sure that the plugs located 
on the expansion joint are 
tightened, if necessary fold them 
with Teflon tape and tight.  

4. Check that the expansion joint is 
not insulated and transportation 
TIE rods removed. 
Verify if it has been foreseen the 
clearance for maintenance below 
the bottom of the stripper. 

5.  Get sure that the space below the 
bottom of the equipment is 
enough for inserting the 
radioactive probe 

Preparation for internal 
inspection:  
1. Remove the nuclear source 

housing  
2. Open the man holes of the top 

and bottom.  

3. Remove the curve of solution 
outlet line.  

4. Disassemble the distributor ring, 
the two distributor trays, and the 
five gas risers putting them 
outside the equipment.  

5. Check if the distributor ring is 
clean. 
Internal inspection:  
1. Start removing hold down 

grid.  
2. Moving the ferrules by 

hands, check if all are well 
fixed into the tubes and 
ensure they are not loose.  

3. Perform spot check of 
ferrules holes in order to 
detect if some metal shaving 
is present due to the 
manufacture in workshop.  

4. Ensure that the ferrule ends 
are uniformly machined  

5. Check if each ferrule is below 
the grid and not displaced by 
it.  

6. Check if the tube sheet is free 
from dust, if necessary 
perform vacuum cleaning.  
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7. Check if the hold down grid 
is well fixed and all the stay 

bolts are tightened.  

8.  
9. Check if there is some visible 

defect of construction on the 
shell courses of the lining at 
the top and bottom of the 
equipment. 

10.  Check the thoroughness of 
the passivation air distributor 

header at the bottom 
separator. 

11.  Check in the bottom the lens 
gaskets and the outlet 
solution special pipe 
provided by Manufacturer. 

Stripper (E-
1): 

 Direction 
of 
Change Effect of Change Corrective action 

Temperature 

Lowering 
  
  
  
  
  
  

- Residual NH3 & CO2 in E-1 outlet 
   increases. Pressure of MP Section 
   increases hence more ammonia 
   losses along with inerts. 
- Temp at the top of MV-2  
 decreases. 
-  the amount of steam required in  

Regulate the temp. of solution to  
design value by steam flow  
to E-1. 
  
In no case, temp. difference in E-1 
top 
& bottom should exceed 30 Deg.C. 
  

  
Rising    MP Decomposer increases.   

  
  
  
  
  

- Corrosion and erosion increases 
   especially at  LV-2. 
- Residual NH3 & CO2 in E-1 outlet 
   decreases. 
- The temp. at the top of MP  
   Decomposer rises. 

Regulate steam to E-1. 
  
  
  
  
  

Level Lowering 
  

Gas can break into MP loop 
  

Control level with LV-2. 
If indication is faulty, check  

level 
  
Rising 
  

  
- Rise in level decreases difference 
   of top and bottom temp. 

Flushing water, if LR-2A in line. 
  
  

Table-2 

Description of the MP Absorber and 
Trouble shooting 
NH3-CO2-H2O mixture, partially 
condensed coming from 10-E07, enters 
in the bottom of the absorber. Gases 
consisting of NH3, CO2, H2O and inerts, 
rising from the bottom, are absorbed by 
cold liquid ammonia reflux sent to the 
top tray of the absorber. CO2 and H2O 

vapours will condense forming 
ammonium carbamate which falls back 
to the bottom. Absorption heat is 
removed by the evaporation of NH3 
coming from ammonia booster pumps, 
10-P-05A/B Thus a current of inert gases 
saturated with ammonia and containing 
just a few ppm of CO2 leaves the top of 
the rectification section at an operating 
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temperature of about 44 °C. The bottom 
level and temperature must be kept 

constant at about 40 % and 79 

°C respectively. In order to avoid that a 
temperature increasing on the trays of 
the column can result in CO2 carry over 
(with consequent failure of all the 
system due to plugs formation on top of 
this equipment); one thermocouple has 
been provided for each tray, in order to 
check constantly the operating value. In 
the event that the trays are clogged with 
carbonate, they can be washed with 
water to dissolve the solid by HW 
injection. 
The level of Carbamate solution in the 
absorber can be observed through the 
sight glasses installed in the lower part 
and it is controlled by the level controller 
which re-injects L.P. carbonate solution 
into the M.P. absorber feed upstream of 
10-E-07 by means of pumps 10-P-03 
A/B. 
Gaseous ammonia coming from the head 
of M.P. absorber, 10- C-01, is condensed 
in this water cooler and subsequently 
recovered in the ammonia receiver, 10-
V-05. Particular attention must be paid 
in the operation of 10-C-01 in order to 
avoid carbonate carry over which could 
clog the condenser. The liquid ammonia 
outlet temperature at operating 
conditions has to be maintained at 39 °C. 
Its function is to receive the ammonia 
coming from ammonia plant before 
being delivered to the reactor. From 
NH3 unit the liquid ammonia is sent to 
the ammonia recovery tower, 10-C-05, 
and falls into the ammonia receiver, 10-
V-05, cooling and condensing the NH3 
vapor coming out the receiver with the 

inerts. The ammonia receiver is utilized 
to store the ammonia recovered during 
the unit shut down when emptying of 
high pressure equipment is required. 
Ammonia condensed in the recovery 
system is also stored. - In order to 
recover all NH3 in case of unit shut 
down the receiver is to be normally kept 
at a minimum level (50 % max). The 
operating pressure of the system is about 
16.7 kg/cm2 g at a corresponding 
temperature of 39 °C, given by NH3 and 
inerts partial pressure. The inert gas 
saturated in NH3 vapors coming from 
10-V-05 / 10-C-05 is scrubbed with 
cooled steam condensate in M.P. 
ammonia absorber, 10-E-11, and M.P. 
inerts washing tower, 10-E-11, where an 
ammonia solution will form and 
subsequently it will be sent to fourth tray 
of M.P. absorber, 10-C-01, by means of 
ammonia solution pumps, 10-P-07 A/B. 
Level in 10-E-11 is controlled by level 
controller. Inerts from 10-E-11 are sent 
to the granulator dust scrubber or 
alternatively to continuous vent stack V-
12. 
M.P. Absorber 10-C-01 External 
inspection: 
 The external inspection will be done 
during the conformity check activities. 
Internal Inspection:  

1. Open the manholes of the top 
and bottom of the column.  

2. Check the internal trays by 
opening the relevant manholes.  
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3. Ensure that weir height and 
down comer clearance are as 
per drawing.  

4. Check that each thermo well is 
at minimum distance from the 
relevant tray.  

5.  Verify that liquid inlet pipe is 
welded and well supported.  

6. The branches of the solution 
distributor must be well fixed to 
the relevant supports

7.  
8. Check if the vortex breaker is 

positioned into the solution 
outlet pipe and if it has enough 
space from the bottom.  

9. Verify that the orientation of the 
nozzles of the column is 
according to the Mechanical 
drawing.  

Before reinstalling the internal 
parts, it is necessary to perform the 
sealing test of the trays. 

Sealing test of the trays:  
Start to install the manhole on the first tray 
(from bottom) and using adequate gaskets, 
make a level of 75 mm with demineralized 
water above the tray. If a level of 50 mm 
minimum holds for 40 minute, the test can 
be considered positive; otherwise it is 
necessary to improve the sealing and repeat 
again the test. Proceed to perform the same 
test also for the other trays. After cleaning 
the top of the column, box it up. 
Preparation of Medium Pressure Section 
This section includes: M.P. Decomposer, 
M.P. Condenser, MP Absorber, NH3 
Condensing and Recovery System. Use HW 
(cold) to carry out the seal test at 17.5 
kg/cm2 g. 
The test procedure is as follows:  

1. Close all drains on lines and 
equipment. Open all block valves 
and instrument connections to 

pressurize all lines and equipment 
simultaneously.  

2. Close following valve: 10-MOV-
1021 at the suction of Ammonia 
booster pumps 10-P-05, HP 
carbamate pump suction valves, 10-
LV-1015 isolation valve on the 
discharge of M.P. carbonate solution 
pumps (10-P-03) and also close other 
injection points from 10-P-03A/B to 
MP loop, Ammonia inlet valve at 
battery limits, Valve 10-HV-1012 on 
the connecting line from the bottom 
of M.P. absorber to the carbonate 
solution accumulator, 10-LV-1014 of 
urea solution outlet from M.P. 
decomposer, 10-PV-1021 A isolation 
valve,  

3. Keep open the high point vents on 
MPD vapour line, high point vent at 
10-C-01 vapour line and 10-PV-
1026A/B (ensure that 10-
PV1026A/B are lined up to vent 
header)  

4. If the steam headers are live, isolate 
steam to all tracings, PSV jacket and 
control valve jacket.  

5. Admit condensate to the system 
through the lowest points (upstream 
10-LV-1014, 10-C-01 bottom, 10-P-
05 A/B suction)  



www.researchgate.net 
                                                                                                                                 12th July. 2022 
                                                                                                               Research Gate is an academic social networking site 
 

 This is an open access article, Research Gate is a European commercial social networking site for scientists and researchers 
 

6. Close the respective vents when the 
condensate is coming out from the 

highest point.  

7. Slowly increase the pressure in the 
system up to the test value (17.5 
kg/cm2 g), keeping the pressure 
controller 10-PIC-1026 on the 
ammonia receiver 10-V-05 in 
automatic mode.  

8. Check all flanges and connections in 
order to identify leaks and eliminate 
them. If no losses are found, keep the 
pressure in the circuit over a period 
of minimum 4 hours.  

9.  If pressure does not fall appreciably 
the test can be considered 
satisfactory, otherwise it will be 
necessary to look for the losses, to 
eliminate them and then repeat the 
test. 

After completion of seal test the section 
will be depressurized and all the water 
will be drained by keeping all the high 
points’ vents open, then the Ammonia 
circuit will be dried completely by N2 
purging and kept under N2 pressure. 
Trouble shooting of MP Decomposer 
Its function is to decompose the 
carbamate remaining in the stripper 
outlet solution in order to increase urea 
concentration in the solution leaving the 

bottom holder 10-L-02. This reaction 
requires heat which is supplied by steam 
condensate flowing out the stripper 
steam condensate separator, 10-V-09, at 
219 °C in the lower part of the shell (10-
E-02B) and by LMS steam at 160 °C and 
5.3 kg/cm2 g in the upper part of the 
shell (10-E-02A). Ferrules installed on 
each tubes end top part provides a film 
distribution of solution inside the tubes. 
The bottom operating temperature of 
process solution is determined by the 
concentration of the urea needed at the 
outlet. Ammonia percentage at bottom 
outlet is 6-8 % wt, CO2 is 1.0-2.0 % wt 
and urea is 62-64 % wt. These 
concentrations are obtained with a 
bottom temperature of approx. 157 °C 
and 17.5 kg/cm2 g of pressure. If the 
operating pressure is higher, then the 
temperature must also be higher. The 
level of the solution at the outlet is 
controlled by level controller in M.P. 
decomposer holder, 10-L-02. Overhead 
gases are partially condensed in the M.P. 
condenser, 10-E-06, and ammonia is 
recovered in the M.P. absorber, 10-C01.  

MP  
Decomposer  
(ME-2): 

 Direction 
of Change  Effect of Change  Corrective Action 

  
Temperature  

  
Lowering 

- Residual NH3 & CO2 in MP 
 Decomposer effluent solution 
increases. 
   LP section pressure increases  
   Results in losses of ammonia. 
- Temp. at the top of LP Decomposer 
   (TI-132) decreases. 
- Steam consumption in LP 
 Decomposer increases. 

Regulate steam flow to E-2 by TIC-
102 
to required value. 
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 R
is

in
g 

- Erosion and corrosion proceeds. 
- Residual NH3 & CO2 in MP 
 Decomposer  effluent decreases. 
- Temp. at top of LP Decomposer 
rises. 
- Amt. of steam at LP Decomposer 
   Decreases. 
- Increase in gas velocity  resulting in 
   MV-2 liquid holds up. 
- The temp. of MP Decomposer  
   Vaporizes, much more H2O vapo- 
   rises, so efficiency of heat recovery 
   decreases increasing water recycle 
   to reactor. 

Regulate the temp. to design value 
by TIC-102 and MV-4 to E-2 
  
  
  
  
  
  
  
  
  
  
  

P
re

ss
ur

e 
 P

IC
-1

08
 

L
ow

er
in

g 

- Temp. at top of MP Decomposer 
   (TI-105) lowers. 
- Residual NH3 & CO2 in MP 
Decomposer effluent decreases & 
LP 
   system pressure decreases. 
- Amt. of steam to MP 
Decomposer 
   Decreases. 
- Amt. of steam to LP 
Decomposer 
   Decreases. 

Regulate pressure in MP section 
by 

adjusting water to E-9.  Also  
check 
Operability of PIC-108. 
  
  
  
  
  
  
  
  

Rising Same effects corresponding to  
lowering temperature. 

L
ev

el
 Lowering 

If level drops to bottom SG, 
chances 
of gas escaping to LP stage 
increases, resulting pressurization. 
Biuret content increases. 
  

Regulate level by LIC. 01 and 
check 
its operability. 
  
  
  

Rising 

Table-3 
 

MP  Absorber  (C-1): 

Variables 
Direction 

of 
Change  Effect of Change  Corrective Action 

Temperature 

Lowering The CO2 content in NH3 vapour from 
MP condenser (E-7) decreases. 

- Check CO2 concentration and temp. 
   in MP condenser (E-7). 

Rising 
The NH3 gas from MP condenser 
Contain too much CO2. 

Check temperature is CO2 concentration 
in MP condenser & amt. of solution from 
V-3.Check reflux and its temperature. 
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Pressure 

Lowering 
Sudden lowering temp. the recovered 
 solution may vaporize in HP  
Carbamate pump. 

  
  
  
Regulate pressure by CW to condenser 
E-9 & check operability of PIC-108. Rising 

- The temp. of overhead vapour 
   Slightly rises. 

    

Level Lowering 

- No problem as long it given head 
   to P-2 A/B. 

Open LIC- 202 more. 
  

- Chances of CO2 breakthrough in  
   NH3 Condenser E-9 increases. 

Transfer to V-3 by TIC-102. 
  

Table-4 

Conclusion 
The carbon dioxide and ammonia feeds from 
Urea Unit battery limits contain some inert 
gases ("inerts"), the quantity of which can 
vary during normal operation or upsets. The 
"inerts" are a mixture of H2, CH4, He, Ar, 
N2, etc. and are so called because they do 
not take part in the urea formation process, 
therefore these are to be vented together 
with the excess air. In case of plant upsets or 
operating conditions different from the 
normal, the contemporary presence in the 
mixture of flammable compounds (H2, CH4, 
and NH3) and oxygen can lead to the 
formation of an explosive mixture. The 
inerts composition of the M.P. vent is 
continuously monitored by the analyzer 10-
AT-1007 (gas chromatograph) which 
provides DCS indication of the quantity of 
each inert component and alarm in case of 
inerts composition inside the flammability 
range. In order to ensure the correct 
operation of every part of the plant, it is 
necessary to perform some analysis in 
different points and with a certain frequency. 
The analysis points and the frequency with 
which they have to be carried out, during 
start-up and under normal running 
conditions. Number of the instruments in the 
plant are equipped with passive alarms to 

warn the operators in the control room 
against deviating operating conditions which 
may lead to dangerous situations or which 
may cause damage to the equipment. 
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