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1 Introduction 

 

The modified CO2 stripping process of Stamicarbon is adopted in the Phase II urea plants of China 
BlueChemical Ltd. The operation conditions of High Pressure (HP) equipment, the most important 
equipment items of a urea plant, have a direct influence on the safety and reliability of the complete  
plant. In the early operation period, the lining of the HP stripper had the problem of accelerated 
corrosion, and the problem was controlled after treatment. As safety receives more and more 
attention in recent years, especially after 3·21 urea converter explosion accident of Luxi Chemical 
Group Co., Ltd., we have further strengthened the safety management for the operation of HP 
equipment in an effort to ensure that the corrosion rate of equipment is within the design range and 
the equipment operates safely and reliable. This paper discusses the management method on safety 
and operation of high pressure equipment according to operation characteristics and conditions of 
process units in recent years. 
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2 Process characteristics and safety of high pressure equipment 

 

In any type of urea plant, the traditional total recycle processes, the stripping process or any other 
process, in general there is a risk of explosion. Passivation air or oxygen enters the HP synthesis 
section, reducing the corrosion rate of carbamate liquid to the stainless steel equipment, but posing 
an explosion hazard to the process units. As to stripping process, 0.6 vol% - 0.8 vol% oxygen is 
generally added to the carbon dioxide gas, and fed into HP equipment. Except an extremely small 
amount of oxygen which is dissolved in the solution to produce anti-corrosion oxide film, most of the 
rest oxygen enters the tail gas scrubbing system together with other inert gases such as hydrogen in 
carbon dioxide, nitrogen, carbon monoxide as well as methane, hydrogen, nitrogen and argon in 
ammonia. These inert gases are concentrated in the tail gas recovery and scrubbing system, and their 
main components (i.e. oxygen, hydrogen, ammonia, nitrogen, carbon monoxide and carbon dioxide) 
are very likely to form an explosive gas mixture, causing harm to the process units.  

A urea plant is equipped with a dehydrogenation reactor at the second stage outlet of the CO2 
compressor, which can remove the hydrogen in the CO2 gas through reaction of hydrogen (the mass 
fraction is about 0.7 vol%) at approximate 195 oC with O2 in the air, thus ensuring the safety 
operation of the urea plant, and avoiding the problem of tail gas explosion. After dehydrogenization, 
the H2 content of the CO2 gas entering the high pressure system is designed to be below 50×10－6; in 
fact, the H2 content after dehydrogenization of the urea plant is below 20×10－6, a very significant 
dehydrogenation effect, therefore no explosive gas will be formed in the high pressure scrubber. 
During emergency shut down or startup and shutdown, as all systems are relatively isolated, the high   
pressure scrubber is at the highest position, and the urea reactor is in communication with the high 
pressure scrubber, gas phase hydrogen components will not accumulate at the top of the urea reactor. 
Compared with a large amount of process gas, the amount of inert gas passing through the urea 
reactor and overflowing from liquid phase during a shut down is less and below the explosion range. 
During a shut down, the content of process gas decreases due to scrubbing absorption in the high 
pressure scrubber and the 4-bar system, thus the accumulation of inert gas components may increase 
relatively. Therefore, special attention should be paid to operating procedures during a shut down and 
startup to avoid excessive scrubbing in the high pressure scrubber. 

It can be concluded from the above analysis that for the high pressure equipment it is less likely to 
experience chemical explosion, and that its corrosion problems are the main factors threatening the 
safety operation. 

 

 

3 Problems of high pressure equipment and analysis 

 

Our urea plant has operated for 7 years since being put into production, and reached more than the 
design production capacity through exploration, equipment transformation and operation process 
optimization. The nickel content of the finished product of the urea plants is kept at approximate 
0.2×10－6, and the equipment operates well. After 2004, the nickel content of urea product has been 
on the high side (0.20 - 0.30)×10－6 and was again controlled at approximate 0.20×10－6 after 
treatment; however, the problem always reminds us no to relax the management on high pressure 
equipment. After investigation and analysis on the operation units, it was found from detailed 
examination of high pressure equipment during the overhaul of 2009 that the HP stripper and HP 
scrubber were seriously corroded, especially the HP stripper, the heat exchanger tubes were obviously 
thinned due to corrosion. We measured that the average wall thickness of the tubes was 2.68 mm, 
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representing a 0.22 mm decrease of thickness in 3 years as compared with the test report of 2006, 
and the annual corrosion thinning rate exceeded 0.07 mm, which was obviously larger than the 
normal value. This phenomenon attracted our great attention to anti-corrosion processes of high 
pressure equipment. After review of the operation conditions of our urea process plant over the years, 
we believe that the causes for corrosion acceleration of high pressure equipment are as follows. 

 

3.1 Process influence 

During the original startup, the stripping efficiency of the HP stripper failed to meet the design 
requirements (the design stripping efficiency of ammonia in the stripper was 80%; however, the 
actual stripping efficiency was only 73%), the plant load was pushed backward, resulting in an 
increase of load in the low pressure system and a rise of venting amount. We reduced the operating 
pressure of the high pressure system from originally designed 14.7 MPa to 14.0 MPa so as to improve 
the stripping efficiency of the stripper. After the change in operation, the stripping efficiency was 
improved from 73% to 79%, solving the problem of overload of the low pressure system while 
increasing the load of the stripper, and these process characteristics coincide with the actual results of 
the corrosion inspections of the high pressure equipment during the overhaul. 

 

3.2 Influence of operating condition deviation on corrosion 

The design operation conditions of the urea reactor are as follows: NH3/CO2: 3.0, H2O/CO2: 0.43, 
temperature: 183 oC, and pressure: 14.7 MPa. However, the water/carbon ratio is controlled at 0.6 - 
0.7 in actual operation, and the deviation of the operation from design parameters aggravated 
corrosion of the lining of the high pressure equipment. The materials of the lining are selected based 
on design conditions in equipment design. The increase of water/carbon ratio will accelerate the 
corrosion rate of the lining. 

 

3.3 Influence of anti-corrosion oxygen on corrosion  

The commercialization of urea plants is owed greatly to the addition of anti-corrosion oxygen which 
slows down corrosion to high pressure equipment. The dosing amount of anti-corrosion oxygen is 
related to processes and lining materials used in urea production. Lining materials used in CO2 

stripping process mainly include 316L Urea Grade (UG), 25-22-2 and other austenitic stainless steel. 
The anti-corrosion oxygen added to urea plants is 0.6 vol% - 0.8 vol%, although lining and heat 
exchanger tubes of strippers and carbamate condensers are made of 25-22-2 stainless steel, the 
lining of the reactor is made of 316L UG stainless steel. As the reduction of passivation oxygen 
reduces the partial pressure of gas phase oxygen and a stable passivation film is difficult to form on 
the surface of stainless steel, low dosing of anti-corrosion oxygen is therefore one of the causes for 
corrosion acceleration of reactors. 

 

3.4 Influence of blocking in time and means on corrosion 

As there is no addition of external oxygen during blocking in, and liquid phase dissolved oxygen in the 
high pressure system can only be overflown and discharged without supplementation, the blocking in 
procedure is a procedure in which the passivation film is subject to constant damage. In stripping 
process, as the lining and heat exchanger tubes of strippers and carbamate condensers are made of 
25-22-2 stainless steel, passivation can be performed with a little anti-corrosion oxygen, and the 
influence is little for longer blocking in time. However, for reactors, the lining material is 316L UG, the 
passivation oxygen required can not be reduced too much. Process operators recommend that the 
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high pressure system can keep blocking in until 72h without corrosion acceleration; this misled us, so 
that our blocking in frequency was high in plant operation a few years ago, and the blocking in time 
was too long, sometimes even more than 48h. Too long blocking in times and constant overflow of 
dissolved oxygen of reactors aggravate corrosion of reactors during blocking in. It can be seen from 
above aspects that the causes for corrosion of reactors of our company include process characteristics 
and influences of operating and external conditions, and only by continuous exploration and 
improvement, can the corrosion to high pressure equipment be alleviated and the corrosion control of 
high pressure equipment be better performed. 

 

 

4. Safety operation measures and effect of high pressure equipment 

It can be seen from the above analysis that anti-explosion and anti-corrosion of process units are two 
sides of a contradiction and interdependent. As far as the operation conditions of process units and 
causes for equipment corrosion are concerned, the operation management of high pressure equipment 
shall be strengthened to control and relieve the corrosion rate. We take the following measures. 

 

4.1 To improve overhaul quality of equipment 

In the annual overhaul of urea plants, maintenance of high pressure equipment shall be performed 
properly, and maintenance quality of high pressure equipment shall be strictly controlled. The linings, 
welding seams, surfacing layers and tubes of all high pressure equipment and pipe orifices shall be 
subject to detailed macro examination and test. Special attention should be paid to test of welding 
seams, etch pits and parts with local defects, and weld cracks and pinholes at these parts shall be 
completely treated. Leak detection systems shall be unblocked, and relatively rough parts on surface 
of the lining shall be grinded and polished. 

 

4.2 To shorten regular inspection time 

On the basis of special overhaul inspection, the inspection time of high pressure equipment and 
reactors with safety state of Class A is shortened from originally scheduled 6 years to once every 3 
years by combining regular inspection of the Technical Supervision Department on pressure vessels. 
The external insulation layer shall be removed in every regular inspection for comprehensive and 
detailed inspection, any suspected location shall be subject to PT inspection, and the inspection results 
shall be analyzed and assessed in detail. It can be seen from the inspection results over the years that 
the situation is good without any major defects. 

 

4.3 To strengthen daily online supervision and inspection 

In daily production and operation, linings of high pressure equipment are in dynamic balance of 
corrosion passivation, the linings and welding seams may have defects at any time for corrosion; 
therefore, real-time online detection and inspection shall be performed on high pressure equipment of 
urea plants. Main methods for ensuring safety operation of high pressure equipment are as follows: 
strictly following process indexes in daily operation, and strictly prohibiting too high temperatures and 
pressure in operation; paying close attention to the content of hydrogen sulfide in carbon dioxide and 
nickel content of urea products; and inspecting leak detection holes for ammonia odor and abnormal 
leakage points in on-site patrol inspection. These shall be faithfully recorded and handed over by shifts 
so as to timely find out and eliminate potential accidents. 
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4.4 To optimize process operation 

 

(1) Optimize the operation conditions of the reactor, improve NH3/CO2 and reduce H2O/CO2 on the 
basis of ensuring continuous production of urea plants. 

(2) Increase the anti-corrosion oxygen of the high pressure system from original 0.6 vol% to 0.7 
vol%, regularly analyze oxygen content of carbon dioxide every day to ensure that there is 
sufficient anti-corrosion oxygen in the high pressure system. 

(3) Strictly prevent the situation of oxygen shortage, do not operate for a long time in case of 
excessive low oxygen content, and in such case one shall shut down for synthesis draining and 
re-passivation. 

(4) Strictly control blocking in time, reduce blocking in frequency, limit the blocking in time within 
48h, perform synthesis draining and re-passivation on urea plants if the blocking in time is more 
than 48h. 

(5) Improve process operation method of urea plants during blocking in, reduce the opening of 
HV3031 valve, and avoid flash explosion of high pressure scrubbers and massive overflow of 
passivation oxygen from solution of the reactor. 

Nickel content of finished products of urea plants is reduced from original (0.20 - 0.30)×10-6 to 
0.20×10-6 through the above measures. It can be seen from operation test data over the years that 
nickel content of finished products is relatively stable, and has no increasing tendency. The 
implementation of these measures has not only brought the corrosion rate of high pressure equipment 
under control, but also further strengthened our safety production management of high pressure 
equipment, ensuring long-term, safe and stable operation of the process units. 

 

 

 

 

 

 

 

 

 

 
Translator notes: 
This is a Technical Paper originating from our Chinese partner: www.Ureanet.cn.  The paper was original in Chinese 
language and it is translated and interpreted into English with care and as much as reasonable possible accuracy, 
all to the best of our abilities. 


