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Abstract 

Special features of the Snamprogetti Urea Process are: 
ü Low pressure and temperature levels 
ü Stripping at reactor pressure 
ü Less recycle 
ü LS production 
ü Excess ammonia (Mole ratio=3.6) 
ü Less corrosion 
ü Higher conversion 
ü Less biuret 
ü No pumping problem 
ü Flexibility in operation 
ü Low passivation air 
ü Carbamate recycle via ejector 
ü All equipment items at ground level 
ü Stripper in Zirconium/2RE69 
ü Low range of capacity for stable operation 
ü Higher flexibility in Steam balance 
ü SS316 LM for reactor 
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Snamprogetti Timeline 

•1956 – Snamprogetti is established in Milan, Italy 

•1966 – Snamprogetti builds its first 70 TPD urea pilot plant in Gela, Italy. 

•1971 – Snamprogetti builds the first industrial urea plant (300 TPD) at  Nera 

Montaro,Italy 

•1982 – Snam completes the world’s largest worldwide single stream urea project of 

its time, at Baruch, India 



•2000 – Snam completes the world’s largest single stream urea project in Bahia 

Blanca ,Argentina 

Process description-main process steps 

CO2 compression 

•High pressure synthesis loop 

•Medium pressure recovery section  

•Low pressure section 

•Vacuum evaporation section 

•Process condensate section 

 

Description of the process 

 

The urea production process takes place through the following main operations- 

Urea synthesis and high pressure recovery 

 Urea purifications and low pressure recovery 

Urea concentration 

Urea Prilling 

Waste water treatment  

 

Advantages of excess ammonia 

•Avoids corrosion 

•Promotes stripping 

•Higher conversion 

•Less biuret formation 

•Flexibility in operation 

•Less passivation air 

•Less severity in pumping 

 



Unique features introduced By Snam 

•The installation of ejectors 

•Use of centrifugal compressors 

•Bimetallic tubes 

•Design of horizontal layout 

 

High pressure synthesis loop 

•CO2 compression 

•Reaction of NH3 and CO2 

•Urea formation 

•NH3/CO2 and H2O/CO2 molar ratio 

•Decomposition of carbamate 

•Low pressure steam production 

Urea synthesis & High pressure recovery: 

Urea is produced by synthesis from liquid ammonia and gaseous carbon dioxide. 

In the reactor 31/41 R-1,the ammonia and Carbon dioxide react to form Ammonium 

Carbamate, portion of which dehydrates to form Urea and water. 

 

The reactions are as follows: 

2NH3 + CO2 = NH2COONH4 

NH2COONH4 = NH2COONH2 + H2O 

  

In synthesis conditions (T=188°C & P=155 kg/cm2), the first reaction occurs rapidly 

and is completed, the second reaction occurs slowly and determines the reactor 

volume. The fraction of Ammonium carbamate that dehydrates is determined by the 

ratio of the various reactants, the operating temperature and residence time in the 



reactor. 

 

•The mole ratio of NH3 to CO2 is 3.3~3.6.  

•The mole ratio of H2O to CO2 is 0.5 to 0.7. 

The total flow of liquid Ammonia coming directly from the battery limits is 

measured by turbine flow meter FQR-106 and then diverted to 31/41 unit. The flow 

of liquid ammonia going to each unit is measured by FIR 104 and temperature by TI-

1-113 (12°C), is collected in the Ammonia receiver tank 31/41 V-1. From V-1, it is 

drawn and compressed at about 22.4 kg/cm2 pressure by means of centrifugal 

pump P-5 A/B. Part of this ammonia is sent to the Medium pressure absorber 31/41 

C-1, the remaining part enters the high pressure synthesis loop. The ammonia 

feeding the synthesis loop is compressed by two low –speed, heavy duty 

reciprocating pumps 31/41 P-1 A/B at a pressure of about 240 ata. Before entering 

the reactor the Ammonia feed is used as motive fluid in the Carbamate Ejector 

31/41 EJ-1,where the carbamate coming from the Carbamate Separator 31/41  MV-

1 is compressed up to the synthesis pressure. The liquid mixture of NH3 and 

Carbamate enters the reactor where NH3 reacts with the compressed carbon 

dioxide. The CO2 drawn at Urea plant battery limits at about 1.5 ata and about 40°C 



enters the centrifugal compressor 31/41 K-1 and leaves at a pressure of about 

160ata.The CO2 at a pressure 160 ata and temp. 130°C is fed to Urea reactor (31/41 

R-1) through K-1 Discharge Separator (31/41 MV-8) A small quantity of air is added 

to the Carbon dioxide at the compressor suction in order to passivate the stainless 

steel surfaces, thus protecting them for corrosion due to both reagent and reaction 

product. The reaction products, leaving the reactor, flow to the steam heated falling 

film type stripper 31/41 E-1,which operates at 146 kg/cm2g pressure. The mixture 

is heated up as it flows down the stripper. The CO2 content is reduced by the 

stripping action of the Ammonia as it boils out of the solution. For the bottom of 

bimetallic stripper, passivation air is required in continuous way. For this 

passivation air compressor K-3A/B are installed. The carbamate decomposition heat 

is supplied by 24 ata saturated steam. The overhead gases and the recovered 

solution from M.P. absorber (C-1), all flow to the high pressure Carbamate 

condensers (E-5) where the total mixture, except for a few inerts, is condensed and 

recycled to the Reactor by means of ejector (EJ-1).The condensation of gases at high 

pressure and temperature permits the production of 4.5 ata steam in the high 

pressure Carbamate condenser. In the Carbamate Separator (MV-1) the 

incondensable gases, consisting of inert gases containing a little quantity of NH3 and 

CO2 unreacted in the condenser, are separated from the carbamate solution and 

sent to the Medium pressure decomposer (E-2). 



 

 

Urea purification and low pressure recovery 

•Urea purification takes place in two stages at decreasing pressures as follows: 

Ist stage at 18 ata pressure 

2nd stage at 4.5 ata pressure 

 

Medium pressure recovery section 

•Carbonate decomposition 

•CO2 absorption 

•NH3 recovery 

•NH3 pumping to 225 ata 

•Carbonate pumping to 160 ata 



•NH3 make up from ammonia receiver( V-1) 

 

 

1st purification and recovery stage at 18 ata 

The solution leaving the existing urea Stripper, after being let down in the level 

control valve, enters the vertical exchanger named Pre-Decomposer (E-53) where 

the decomposition of Carbamate occurs by means of the heat supplied through 

boosted steam generated in Steam booster Ejector (EJ-53). This ejector utilize as 

motive fluid the MS saturated steam coming from stripper steam condensate 

separator (V-29). The sucked fluid is low pressure steam from the heater. The 

operating pressure at the discharge of the booster ejector is about 6.5 kg/cm2(a) 

and the temperature about 1610C. Intake falling film type evaporator,E-52 where 

the low residual carbonate is decomposed and water is evaporated. The required 

heat is supplied by means of partial condensation ( in shell side) o f overhead gas 

coming from the M.P. decomposer. The required heat is supplied by means of partial 

condensation ( in the shell side) of  overhead gas coming from the M.P. Decomposer. 

Bottom liquid holder ME 52, where the urea solution at 83- 84 % wt is collected. 



The mixed phase leaving the pre-Decomposer enters the existing M.P. decomposer 

separator MV-2 where the gases are separated from the liquid which proceed to the 

M.P. decomposer for further decomposition. 

The solution with a low residual CO2 content, leaving the bottom of the stripper is 

expanded at the pressure of 18 ata and enters the Medium pressure  pre 

Decomposer (E-53) then MP decomposer  E-2 (falling film type).This equipment is 

divided into two parts: Top separator MV-2 where the residual gases are removed 

flash gases are removed before the solution enters the tube bundle. Decomposition 

section where the residual carbamate is decomposed and the required heat is 

supplied by 24 ata steam condensate flowing out of the stripper. The top gases sent 

to Pre Concentrator shell side for heating purpose. The NH3 & CO2 rich gases leaving 

the top separator,MV-2 are sent to the shell side of the falling film Pre –Concentrator 

,E-52, where they are partially absorbed in aqueous Carbonate solution coming from 

the LP recovery section via M.P. Carbonate solution Pump P -3 A/B. The total heat 

from the shell side, due to condensation/absorption/reaction of  reagents ,is 

removed by evaporating urea solution coming from the low pressure decomposer 

holder ME-3,up to 85-86% wt, thus allowing a considerable saving of L.P. Steam in 

the vacuum concentration stage. From the Pre-Concentrator,E-52, shell side the 

mixed phase is sent to the existing medium pressure condenser,E-7, where CO2 is 

almost totally absorbed and condensation/reaction heat is removed by cooling 

water coming from ammonia condenser ,E-9.This item is mainly divided in the three 

parts:- 

Top Separator MV-2, where the released flash gases are removed before the solution 

enters the tube bundle, vapors are extracted by the Preconcentrator Vacuum System 

ME-51.The NH3 and CO2 rich gases leaving the top separator are sent to the 

medium pressure condenser (E-7) where they are partially absorbed in aqueous 

carbamate solution coming from the low pressure recovery section via pump (P-3). 

A tempered water circuit is provided to prevent carbamate solidification and to 

keep a suitable cooling water temperature at the medium pressure condenser inlet 

recirculating the cooling water by means of pump (P-4 A/B) In the condenser,CO2 is 

almost totally absorbed. The mixture from E-7 flows to the medium pressure 



absorber (C-1) where the gaseous phase coming from the solution enters the 

rectification section. This is of bubble cap trays type and performs CO2 absorption 

and NH3 rectification. The trays are fed by pure reflux ammonia which eliminates 

residual CO2 and H2O contained in the inert gases. Reflux ammonia is drawn from 

the Ammonia receiver (V-1) and sent to the column C-1 by means of centrifugal 

pump (P-5 A/B).A current of inert gases saturated with NH3 with some ppm of CO2 

residue comes out from the top of the rectification section. The bottom solution is 

recycled by pump (P-2 A/B) to the synthesis recovery section.NH3 with inert gases 

leaving the C-1 top is partially condensed in the Ammonia condenser E-9 A/B. From 

here the liquid and gaseous NH3 phases are sent to the Ammonia receiver V -1. 

•The inert gases, saturated with Ammonia, leaving the receiver, enter the Ammonia 

recovery tower (C-5) where additional amount of ammonia is condensed by the cold 

ammonia from the Urea plant battery limits. The condensed ammonia is recovered 

in V-1The inert gases, containing residue ammonia, are sent to the medium pressure 

falling film absorber (E-11), where they meet a countercurrent water flow which 

absorbs gaseous ammonia. The absorption heat is removed by cooling water. From 

the bottom of E-11 the water ammonia solution is recycled back to the medium 

pressure absorber C-1 by means of pump P-7 A/B The upper part of the medium 

pressure absorber consists of 3 valve trays (C-3) where the inert gases are 

submitted to a final washing by means of the same absorption water. In this way the 



inerts are collected to blow down practically free from ammonia. 

 

 

Low pressure section: 

 

•Residual carbonate decomposition 

•Carbonate recovery 

•WWT section gas recovery 

 

2nd purification and recovery stage at 4.5 ata 

The solution leaving the bottom of medium pressure decomposer is expanded at 4.5 

ata pressure and enters the low pressure decomposer E-3.This is divided into two 

parts: Top separator (MV-3) where the released flash gases are removed before the 

solution enters the tube bundle. Decomposition section where the last residual 



carbamate is decomposed and the required heat is supplied by means of 4.5 ata 

saturated steam. The gases leaving the top separator are sent to the Low pressure 

condenser (E-8) where they are absorbed in an aqueous carbonate solution coming 

from the waste water treatment section. The absorption and condensation heat is 

removed by cooling water. From the condenser bottom, the liquid phase, with the 

remaining inert gases, is sent to the carbonate solution tank (V-3).From here the 

carbonate solution is recycled back to the medium pressure condenser E-7 by 

means of pump P-3 A/B. 

The inert gases which essentially contain Ammonia vapour flow directly into the 

low pressure falling film absorber (E-12), where ammonia is absorbed by a 

countercurrent water flow. The absorption heat is removed by cooling water. The 

inert gases, washed in the low pressure inert washing tower C-4 are collected to 

Blow down practically free from ammonia.   

 
 
 
 
 
 
 
 
 
 
 
 

 

 

 



 

VACUUM EVAPORATION SECTION 

 

 

Urea concentration  in two stages (0.3 and 0.03 ata) Urea solution storage & 

recovery Urea concentration section .As it is necessary in order to prills urea, to 

concentrate the urea solution up to 99.7% a vacuum concentration section in two 

stages is provided. The solution leaving the low pressure decomposer bottom with 

about 71% urea is sent to the pre Concentrator this solution having urea 

concentration is 83.5 % and vacuum 0.34 ata. This solution sent to first vacuum 

concentrator E-14 operating at a pressure of 0.3 ata. Urea concentration section The 

mixed phase coming out of E-14 enters the gas liquid separator MV-6 from where 

vapours are extracted by the first vacuum system ME-4 while the solution enters the 

second vacuum concentrator E-15 operating at a pressure of 0.03 ata. The two 

concentrations are fed by saturated steam at 4.5 ata. Urea concentration section 

The mixed phase coming out of E-15 enters the gas liquid separator MV-7 from 

where vapours are extracted by the second vacuum system ME-5. 





 

 

Urea Prilling 

The melted urea leaving the second vacuum separator is sent to the Prilling bucket    

ME-8A/B by means of pump P-8 A/B. The urea coming out of the bucket in the form 

of drops along the Prilling tower ME-6 and encounters a cold air flow which causes 

its solidification. Urea Prilling. The solid prills falling to the bottom of the prilling 

tower are sent into the belt conveyor MT-1 by the rotary scrapper ME-10.From here 



they are sent through lumps separator ME-11 to retain lumps only and then to the 

product belt conveyor MT-3 which carries the product to the Urea storage section. 

Urea lumps by means of Urea recycle belt conveyor MT-2 are recycled back to the 

underground Urea lumps dissolving tank V-4 where they are dissolved. The Prills 

from prilling tower bottom sent to bulk Flow cooler when the temp more than 650C. In 

the month of May & June the BFC take in line.  

 

 

 

 



 







Special features of Snam Process 

•Low pressure and temp levels 

•Stripping at reactor pressure 

•Less recycle 

•LS production 

•Excess ammonia (Mole ratio=3.6) 

•Less corrosion 

•Higher conversion 

•Less biuret 

•No pumping problem 

•Flexibility in operation 

•Low passivation air 

•Carbamate recycle via ejector 

•All equipments at ground level 

•Stripper in Zirconium/2RE69 

•Low range of capacity for stable operation 

•Higher flexibility in Steam balance 

•SS316 LM for reactor 

 

Energy requirement in Urea plant 

 

•Feeding the reactants to reactor 

•Recovering unreacted reactants 

•Recycling back the recovered carbamate 

•Operation of vacuum section 

•Treatment of waste water 

 

*********************************************************************************** 


