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Abstract 
The urea reactor in Abu Qir 1 has been put in operation since July 1979.  
After 20 years of operation, at August 1999, the first lining failure in the gas zone area was detected 
through the leak detection system. Successfully temporary repair was done, and the reactor was put 
in operation again after a 6 days shutdown. Operating with the temporary repair continued without 
problems. Organization for permanent repair started directly after the temporary repair. The 
permanent repair was carried out in September 2000 by Abu Qir team with the guidance of a 
Stamicarbon specialist. 



 
1. Section I 
 

1.1 Introduction 
Abu Qir co. Fertilizers and Chemical industries (AFC) is considered one of the largest 
fertilizer plants in the Middle East  and is located at Alexandria – Egypt. 
 
AFC consists of three individual plants, two of them for urea production and the other for 
ammonium nitrate production. 
 
The first urea Plant was commissioned at July, 1979 (currently still in operation) with 
Stamicarbon process and has a nameplate capacity of 1,550 ton/day urea prills. 
 

1.2 Urea Reactor 
The urea reactor was fabricated by Thyssen Rheinstahl with an inside diameter of 2,700 
mm and a height of about 35,000 mm. The pressure vessel is of multilayer construction 
with forged hemi heads. The reactor was lined with a 316L stainless steel liner type 
BC01. The liner thickness in the cylindrical shell is 11 mm, while the liner in the hemi 
head and man way was 8 mm thick. 
 
The reactor has in total 62 leak detection holes distributed on its body. 
 

1.3 Reactor History 
�� July 1979: start up for first time 
�� Sep. 1996: replacing the down comer tube and funnel by a new one. 
�� Sep. 1998: revamping the reactor trays by Urea Casale trays.  
 
The number of trays was increased from 8 to 10 including a gas sparger at the bottom 
in order to increase the conversion factor. 
 
Since the start-up, the reactor was inspected every two years by Stamicarbon 
inspectors. The last inspection showed that the reactor was still in a good condition and 
the following was concluded, 
The overall lining thickness, is still near to the original value. 
Repair welding for a lot of trays supports in the lining should be executed. 
Condensation of gases in the top part occurs because of bad thermal insulation. 
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1.4 Lining failure and temporary repair 
At August 1999 (after 20 years of operation) a leakage was observed via one of the leak 
detection holes. The leakage area was determined by identifying the leak detection hole 
that showed the leak. This appeared to be in the top hemispherical head. The plant was 
stopped in order to determine the extent of the leak and to make the needed repairs. 
Also Stamicarbon was informed for inspection and repair assistance. 
 
After reactor cooling down, a visual inspection and a dye penetration test was 
performed; no leak could be found and it was decided to execute an NH3 leak test. This 
test showed two hair cracks in the lining of hemispherical head. 
 
First repairs were tried by grinding and welding but this was not successful. New cracks 
appeared at the end of the repair welding. Upon that, it was decided to perform a 
temporary repair by covering the cracks with help of two 6 mm thick BC.01 stainless 
steel patch plates, one 200x 800 mm and the other one 300 x 800 mm. 
 
The repairs were tested with help of a dye penetration test, ferrite check and an NH3 
leak test was conducted under the supervision of Stamicarbon. The plant was in 
operation again after 6 days stop for this repair. Operations continued until the next 
planned turnaround in September 2000 without any problem. 
 

1.5 Failure report 
The Stamicarbon inspection report attribute the failure to “strain induced intergranular 
cracking”, initiated from the medium side. It was advised to replace the liner in gas area 
during the next planned turn around. 
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2. Section II 
 

 
Photo 1. Pre formed petals 

2.1 Preparation for permanent repair 
After the successful repair and taking the advice of  
Stamicarbon in consideration, it was decided to 
change the liner of hemispherical head, man way 
and over a length of 800 mm below the tangent line. 
 
The new lining material was upgraded to a 6 mm 
thick BC.05 liner. The repair procedure was made 
by Stamicarbon and was designed in such a way 
that the new liner could be brought into the reactor 
via the man way resulting in: 
�� 10 petals for hemispherical head. 
�� 1 Cylindrical piece for man way. 
�� Cylindrical segments for the cylindrical shell. 
 
Schoeller Bleckmann Nooter (SBN) was selected to preform and deliver the required 
material including 40 kg of GTAW filler wire, dia 2.4 and 1,000 mm long Thermanit  
25-22-2 which was calculated to be needed for the job. 
 
All delivered materials were checked by Stamicarbon. Also the working procedure 
was established by Stamicarbon.  

2.2 Working team and schedule 
It was decided that AFC would execute the job under the guidance of Stamicarbon.  
The AFC team consisted of: 
�� One Job manager 
�� One Inspection engineer 
�� One Welding engineer 
�� A main fitter plus two assistant fitters. 
�� Four qualified welders 
�� Four highly experience grinders 
�� Four helpers. 
 
The job was planned to be executed during the September 2000 turn around and was 
planned to be executed within 25 days, (24 hours working). 
 
The Stamicarbon procedure was analyzed and all world wide experience with this type 
of jobs was analyzed. All work details were discussed and it was decided to simulate 
the job first. 
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2.3 Required tools 
 
All required tools were checked and prepared 
as follows: 

 
 
Photo 2. Support beam with Hydraulic 

�� Four GTAW-welding machines 
�� Four grinding machines. 
�� Three hydraulic jacks 
�� Two supporting beams 
�� One blower for removal of gases and dust 

emitted due to cutting and welding 
�� Measurement and leveling tools 
�� Electrical power sources 
�� Overhead mobile crane for handling the 

materials inside the reactor 
�� Light sources 
 

2.4 The Challenge 
Relining of the reactor was the critical job during the plant turnaround so, the challenge 
was to minimize the job time while maintaining the quality. 
The working team was prepared to execute this aim by training the team and making 
them aware of the importance of the job to be done. 
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3. Section III; Relining job 
 

3.1 Relining execution 
The plant shut down was at the 3rd of Sep. 
2000. After draining and purging the reactor 
the cover was lifted to allow the reactor to 
cool down. Cooling down was done with 
help of air and steam condensate. 
September 6, the reactor could be entered. 
That day the scaffolding and platform was 
built and cutting and removing the old liner 
of hemispherical head started. 

 
Photo 3. Liner welding 

Stamicarbon specialist was also on site on 
the 6th of September. He started with the 
qualification of the welders. 
Removing the old liner in the hemi head was finished within the first 3 days.  
When the liner was removed, an inspection of the Carbon steel pressure vessel was 
executed. The pressure vessel wall was in good condition. 
To decrease the down time, it was decided to minimize the number of liner fix welds to 

five instead of ten. Every two petals were 
matched on the hemi head and tack welded. 
Then removed and butt welded. All this was 
done inside the reactor. 

 
Photo 4. Insertion of welded liner 
petals of hemi head 

At the vertical ends of every two assembled 
petals a 3 mm deep and 30 mm wide vertical 
groove was machined in carbon steel wall to 
insert a stainless steel backing strip to create 
the liner fix points. 
The circumferential weld seams of the petals 
with the man way and the cylindrical shell 
were anchored onto the existing buffer layer. 
After installation of the petals in the hemi 
head, the liner in the man way was the next 
step.  

After that, it was necessary to reposition the scaffolding and the platform to a lower level 
in order to be able to remove the 800 mm high liner in the cylindrical shell below the 
hemi head. 
 
Note: 
Before erecting the new cylindrical liner the difficulty of inserting circular back strip 
(3mm thickness) beneath the remaining old liner (11 mm thickness) while the gap 
between it and carbon steel wall is nearly zero was discussed. Annex 1 provides the 
modified procedure.  6



 
3.2 Work organization 
Two teams worked 24 hours per day, the main works like adjusting the liner petals and 
inspection activities were done in day time while grinding and welding was done at 
night. 
All inspection steps were going in parallel with the working steps. 
The relining job including the inspections was finished within 16 days, at September 22. 
When the relining was completed, a routine inspection of the remaining old liner and 
trays supports was performed. 
The last job was to remachine the flange face. Because of the circumferential weld 
between liner and flange face, deformation of the flange face may have occurred. For 
that reason, the flange face was refashioned with help of a portable turning machine. 
 
The reactor was cleaned and closed for the hydraulic test. Condensate was used for 
this test and late September 24 the test was successfully concluded. 
The reactor was opened and the new liner was inspected. A penetrant test was 
conducted and also the gap between liners was measured; the gap varied between 1.5 
up to 2 mm; before the hydro test this gap was between 3 to 6 mm. 
  
Finally an NH3 leak test was performed. 
 

3.3 NH3 leak test and difficulties 
The basic idea of this test is that NH3 gas is provided in the narrow gap between liner 
and carbon steel wall after evacuating the air to a pressure of 0.03 bar abs. After a dwell 
time of minimum 8 hours a possible leak can then be detected by ammonia sensitive 
paper. 
The NH3 test was carried out successfully for the hemispherical head and for the 
manway. For the cylindrical part it appeared to be impossible to obtain vacuum lower 
than 0.35 bar abs. This indicated that perhaps a leak detection nozzle is not tight or that 
there might be a leak between the old liner and the new one. 
To overcome this problem a pressurized NH3 test was executed. Nitrogen was fed into 
the gap at first and the outlet gas was analyzed continuously till O2 became nil. Then 
NH3 gas was fed instead of Nitrogen till NH3 appeared in the outlet gas. The valves 
were closed and after a dwell time of some eight hours the liner welds were tested for 
tightness; the NH3 leak test for the liner was o.k. 
 

3.4 Finish the job 
After the NH3 test, the reactor was boxed up and all lines were connected again. 
All activities were concluded at noon the 26th of September; 23 days after plant shut 
down and the plant became ready for start up. 
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4. Section IV 
 

4.1 Lessons to be learned. 
An operating leak detection system is very important for reactor safety. 
The average life time of liner (BC-01) at the gas zone is about 20 years and the reactor 
should be inspected periodically. 
Good thermal insulation is very important especially for the gas zone to avoid 
condensation. 
 

4.2 Thanks to 
All members of AFC team, including the Stamicarbon team member, involved in this job. 
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Annex 7 
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Photo 1. Temporary repair for old lining inside urea reactor - August 1999 
 

 
 
Photo 2. First cutting of lining 
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Photo 3.  Assemble of the first two petals to hemispherical head 
 

hoto 4. New lining for hemispherical head and manway - the picture shows the back 

 
 
P
strip beneath manway ends 
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Photo 5. Assemble the first segment of cylindrical new lining - back strip beneath the end 
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Photo 6. Preparation of carbon steel before assemble the cylindrical new lining  

 
 
Photo 7. Pressing the new segment of cylindrical lining 
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