
GPIC adopts Innovative Design 
to Combat Corrosion in Urea Stripper

Introduction
In Urea Plant, extreme conditions of corrosion 

exist in the HP Urea Stripper due to the presence of 
Ammonia and Carbon Dioxide at a pressure of 145 
bar and a temperature greater than 204 deg C. High 
Alloy Steel is used to counter the corrosion. At Gulf 
Petrochemical Industries Company, Bahrain (GPIC), 
the Urea Stripper that has been installed is designed 
with material capable of withstanding highly 
corrosive conditions. 

However, lately the Urea Stripper is showing signs 
of corrosion. As a proactive measure, GPIC adopted 
an innovative design for the Urea Stripper employing 
highly corrosive resistant bimetallic tube material. 
The new Urea Stripper will be installed in Turnaround 
2009. This is an outstanding improvement and 
is expected to be the ultimate answer to the 
corrosion problems in HP Urea Stripper throughout  
the world.

This article describes the problems faced in 
Snamprogetti Urea Strippers in plants of Snamprogetti 
design and how it shall be successfully addressed  
in GPIC.

Brief About GPIC
Gulf Petrochemical Industries Company (GPIC) 

was established in December 1979 as a joint venture 
company for the manufacture of fertilizers and 

petrochemicals. The joint venture is equally owned 
by the Government of the Kingdom of Bahrain, Saudi 
Basic Industries Corporation, Kingdom of Saudi Arabia 
and Petrochemical Industries Company, Kuwait. GPIC 
operates a complex comprising of single stream 
Ammonia & Methanol Plants each of capacity 1200 
MTPD and a single stream Urea Plant (Granulation 
route) of design capacity 1700 MTPD with associated 
utilities, off-site and material handling units.  Raw 
material for Ammonia and Methanol Plant is Natural 
Gas. The raw material for Urea Plant viz. Ammonia 
and Carbon Dioxide is sourced from the Ammonia 
Plant in the complex. The Ammonia and Methanol 
Plants are in operation since 1985 while the Urea 
Plant was commissioned in January 1998 and is in 
operation since then. 

GPIC has been in the business of manufacturing 
of Petrochemicals for almost two decades. Its 
achievement in terms of plant reliability is spectacular 
and proven by many benchmarking studies with similar 
plants throughout the world. Continuous operation of 
Urea Plant for 941 days is a testimony of the reliability of  
GPIC Plants.

The process licensor for GPIC Urea Plant is  
Snamprogetti S.p.A. Snamprogetti, is an Engineering, 
Licensing and Construction Company of Saipem 
group operating as an international main contractor 
in the design and implementation of large-scale 
projects in the field of petrochemicals plants  
and refi†ies. 
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A Brief Outline of the 
Snamprogetti Urea Process:

Urea is one of the most important nitrogenous 
fertilizers and is most widely used as inorganic 
fertilizer. It is stable, safe and easy to transport. It is 
sold in the form of prills or in the form of granules. 
The difference lies in the method by which the Urea 
melt is crystallized. 

The urea synthesis reactions are as below:

2NH3 + CO2 = NH2COONH4  (1)

NH2COONH4 = NH2CONH2 + 2H2O (2)

Ammonia and Carbon Dioxide are combined in 
the Urea Synthesis Reactor. A part of the Ammonia 
and Carbon Dioxide is converted to Urea. The Urea 
is concentrated by decomposing the unconverted 
Ammonium Carbamate by letting down the pressure 
and heating with steam in three stages of pressure 
viz 145 bar, 18 bar & 3.5 bar. The solution from the 
reactor is first heated in the HP Urea Stripper, then 
in the Medium Pressure Decomposer and lastly in 
the Low Pressure Decomposer. The Urea solution 
is further concentrated by applying vacuum in 
the vacuum section. The urea melt is converted to 
granules in the granulation section. 

HP Urea Stripper:
Product of reaction (1) above known as 

Ammonium Carbamate is highly corrosive at high 
temperatures and pressures. Corrosive condition 
exists in the HP Urea Stripper demanding a more 
resilient material of construction. 

In Snamprogetti Process an excess of ammonia is 
introduced in the synthesis section which is used as 
a stripping medium in the HP Stripper. 

The HP Urea Stripper is a vertical falling film 
steam heater for decomposing the unconverted 
ammonium carbamate that comes out of the urea 
synthesis reactor. Owing to the high temperature 
(205 deg C) required in the stripper corrosive 
operating conditions exist. 

A major challenge posed to designers has 
been the heat exchange tubes which influence the 
performance of the stripper to a great extent. There 
has been a lot of improvement in the material of 
construction of the heat exchange tubes. The tube 
metallurgy has changed from Titanium to Bi-metallic 
tubes of special grade of stainless steel (Cr 25%: Ni 
22%: Mo: 2%) and Zirconium as an inner layer. 

In Urea Strippers with Titanium Tubes, thinning 
of these tubes is observed in the top end of tubes 
due to erosion. Due to thinning of the top tube 
ends, a continuous film is not formed along the tube 
walls leading to incomplete decomposition of the 
Ammonium Carbamate and consequential shifting 
of decomposition load to the downstream sections. 
This results in load reduction of the plant. There is 
also a possibility of failure of tubes due to this.

However, no corrosion is noticed on the titanium 
tubes or on the titanium liner. This indicates that 
Titanium can withstand the corrosion but cannot 
withstand the erosion.  

GPIC General Manager Mr. Abdul Rahman Jawahery signing the agreement with ATI Wah Chang

Samih Al-Alawi
Chief Engineer

Ahmed Nuruddin
Plants Operation 
Manager
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In Urea Strippers with Bimetallic tubes, there 
is a problem of corrosion in the bottom end of the 
heat exchange tubes. At temperatures of 205 degC, 
Ammonium Carbamate is very corrosive and causes 
corrosion in the stainless steel outer layer of the  
Bi-metallic tubes. In order to maintain the passivation 
in the bottom channel, high pressure passivation air 
is introduced in the bottom channel of the stripper. 

Despite the addition of air, dis-bonding between 
layers of Stainless Steel and Zirconium leading to 
crevice corrosion in the tubes and ultimately failure 
of tubes has been observed. Also, due to corrosion in 
tube to tubesheet joints failure in tube to tubesheet 
joints, which is made of stainless steel, has been 
observed. The weld overlay of the bottom channel is 
also vulnerable to corrosion. The life of a Bi-metallic 
stripper is expected to be 10-12 years.

Please refer to the Figure # 1 for a pictorial 
representation of the problems faced in Urea 
Strippers with Titanium tubes and Stainless Steel-
Zirconium bi-metallic tubes. 

However, in the Bimetallic tubes, it has been 
observed that the inner Zirconium layer is resistant 
to any corrosion/erosion attack from the Ammonium 
Carbamate at the operating temperatures and 
pressures. This led researchers to look for a material 
which could combine the advantages of both the 
titanium tubes and the Bi-metallic tubes.

In short it can be concluded that:

Zirconium is resilient to any corrosion/erosion 
attack but is difficult to fabricate as welding of 
Zirconium is difficult. 

Titanium can withstand corrosion but cannot 
withstand erosion.

Stainless Steel cannot withstand corrosion in the 
bottom section.

Problems Faced With Existing Bi-metallic Stripper 
at GPIC:

GPIC High pressure stripper is bimetallic tube 
stripper with outer layer 25:22:2:: Cr:Ni:Mo austenitic 
steel of 2.0 mm thickness and inner layer of Zirconium 
of 0.7 mm thickness. Due to weldability issues, 20 
mm of the inner Zirconium lining has been removed 
at the top and bottom ends of the tubes. The stripper 
has been in service since inception of the Urea 
plant and has been inspected several times during 
turnarounds since then. 

Problems Faced With Existing Bi-metallic Stripper 
at GPIC:

GPIC High pressure stripper is bimetallic tube 
stripper with outer layer 25:22:2:: Cr:Ni:Mo austenitic 
steel of 2.0 mm thickness and inner layer of Zirconium 
of 0.7 mm thickness. Due to weldability issues, 20 
mm of the inner Zirconium lining has been removed 
at the top and bottom ends of the tubes. The stripper 
has been in service since inception of the Urea 
plant and has been inspected several times during 
turnarounds since then. 

GPIC Management team with representatives of ATI Wah Chang & Snamprogetti after signing of the contract 

Following are the concerns faced in the existing Stripper:

 Corrosion at the bottom head.

 Corrosion of the bottom tube ends.

 Dis-bonding between inner Zirconium and outer Stainless Steel layers at the bottom. 

 Etching and fragmentation of the bottom tubes to tube sheet welds. 

 Five tubes have so far been plugged due to defects in the Heat Affected Zone (HAZ).

Figure # 2: Sketch of Corrosion Areas in Urea Stripper at GPIC Urea Plant

Corrosion in tube to 
tube-sheet weld joints

Dis-bonding between 
Zirconium & Stainless 
Steel Bi-metallic tube

Figure # 3: Corrosion Observed in Urea Stripper in GPIC Urea Plant

As a proactive approach towards 
reliability, it is decided to replace the 
HP Urea Stripper after about 11 years of 
operation. It is planned to replace the 
Urea Stripper in Turnaround 2009.

During deliberations within GPIC 
and with Process Licensor on options 
for replacement of the present stripper, 
a prudent decision was taken to 
introduce a new technology. After 
extensive survey and inputs from past 
experiences, it was decided to adopt a 
stripper with Omega Bond Tubes. 

Manufacture of a complete zirconium tube would 
have solved the problem of corrosion but would 
have posed problems during manufacture due 
to difficulties in welding zirconium tubes to other 
internals. Hence, a unique idea of Titanium-Zirconium 
Bi-metallic tube was conceived.

As a final answer to the corrosion and erosion 
concerns, the process licensor Snamprogetti, in 
association with ATI Wah Chang, USA, has developed 
a robust stripper design which will take care of the 

shortcomings faced so far in stripper designs. In the 
new stripper, the heat exchange tubes are Bi-metallic 
of Titanium and Zirconium with the latter being 
the inner layer. Zirconium being the inner layer can 
withstand the corrosion/erosion attack and the outer 
titanium layer can address the issues of corrosion 
and weldability. The tubes are called OmegaBond 
tubes. The OmegaBond tubes are manufactured by a 
special extrusion bond process. Figure # 3 is a sample 
of the OmegaBond Tube.

NEW DEVELOPMENT IN STRIPPER TECHNOLOGY
Figure # 1: Areas most susceptible to 

Corrosion/Erosion in Urea Stripper



An agreement between GPIC and ATI Wah Chang 
was signed to supply OmegaBondTM advanced 
tubing for the new Urea Stripper. Snamprogetti (Italy) 
being the Urea Plant process licensor will provide 

the technical support and engineering required for 
the construction of the first innovative unit. This 
innovative new design will make GPIC the first plant 
in the world to use this technology.    

Combating corrosion problem of the highly 
aggressive Urea fluid requires innovative designs 
and well tested bimetallic tubes. In order to ensure 
reliability of the plant and before using new design 
and tube material, it is essential to carry out a 
thorough investigation of previous designs and tube 
materials used by Urea producers till date.

Discussions with Process Licensor (who has a 
wealth of plant experience with different strippers) 
and Speciality Alloys Supplier has resulted in adopting 
an innovative design for Urea Stripper. This design is 
expected to solve corrosion and erosion problems 
faced in Snamprogetti Urea Strippers.

Figure # 3: Sample of Titanium-Extrusion Bonded Tube

The internal lining of the stripper is of Titanium. 
Hence, the titanium outer layer of the tubes will be 
welded to the Titanium liner. Weldability of titanium 
is a well defined procedure, making manufacturing 
process easier. 

This new stripper shall give the following 
advantages:

Corrosion-free operation due to use of Titanium 
and Zirconium, hence longer life of operation up to 
25 years.

Due to increased temperature of the bottom of 
the Stripper from 204 to 212 °C, it shall be possible to 
have the flexibility to increase the load of the plant 
by an estimated 10 to 15%.

Increased energy efficiency due to lower solution 
recycled and increased steam generation in the  
HP loop. 

Discontinuation of the use of high pressure 
passivation air, resulting into potential savings in 
operating and maintenance costs.  

Increased plant availability.

A thorough investigation of the problems 
encountered in the Urea Strippers in operation was 
carried out. After weighing the pros and cons and 
thorough Technical Evaluation, GPIC management 
has taken a prudent decision to adopt the new 
technology stripper with OmegaBond tubes. This will 
be the first ever such stripper in operation and it will 
be a watershed in the stripper design development. 

Conclusion
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