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Introduction 
 
In June 1992 Petrochina Ningxia Petrochemical Company’s second largest ammonia/urea plant was 
purchased from Canada as second-hand equipment. Originally the plant was put in operation in 
November 1967, the design capacity of the ammonia plant is 1000 stpd  (907 mtpd), the CO2 
desorption process is using sulfolane solution as agent. The major equipment including the CO2 
compressor were purchased from Mexico, where it was many years idle. The original design capacity 
is 1500 mtpd of urea. 
 
In 1997, it was decided to revamp the ammonia and urea plant in order to reach a production capacity 
of 1000 mtpd ammonia and 1740 mtpd urea. Regarding the CO2 compressor section the main 
measures taken was to increase the suction pressure from 0.08 MPa to 0.10 MPa. In the meantime 
the CO2 washing section in ammonia plant will use aMDEA solution. In September 1999, the plants 
were put into operation and after one year of operation the new design production capacities were 
realized. 
 
In 2004, in order to meet the strong market demand for urea product, Ningxia Petrochemical 
Company decided to implement another revamp and to increase the output of the plant with 50% in 
order to realize 1500 mtpd ammonia and 2610 mtpd urea. 
 
The revamp work on the CO2 compressor was performed by the original manufacturer Nuovo Pignone. 
A booster compressor (including the droplet separator) was installed to increase the inlet pressure and 
mass flow; and the high and low pressure compressor internals were revamped. The unit auxiliary 
facilities such as coolers and separators did not need any changes. 
 
 
1. Description of the problems 
 
Several instances after starting up the plant after the first revamp erosion damages occurred on the 
carbon dioxide compressor rotor and the flow channel (mainly low-pressure cylinder). Further normal 
operation was seriously affected by scaling leading to frequent shut downs of the complete plant after 
8 to 12 months. 
In the summer of 2003 the inspectors found serious damage of the low-pressure cylinder rotor and 
cylinder flow channel. In the flow passage a lot of dirt accumulated. Repair was performed by spraying 
the surface with a layer of stainless steel 7Cr13, coating thickness is between 0.3 ~ 0.5mm. 
Meanwhile, in order to reverse this situation, Ningxia Petrochemical Company installed an ammonia 
cooler (surface 195 m2) downstream the CO2 desorption column separator. Further in CO2 compressor 
section they added a separator in series with the original one, in order to maximize the removal of 
entrained water from the CO2 gas. By these measures the CO2 compressor operating conditions 
improved compared with before.  
 
In 2005, Ningxia Petrochemical Company implemented the second revamp project including the CO2 
compressor system improvements. These consist mainly of adding the booster compressor and at the 
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suction side of the booster the additional cooler and separator and finallt the replacement of demister 
wire mesh of stainless steel in the original CO2 compressor section.  
Meanwhile, the company commissioned the new Nuovo Pignone compressor internal parts (rotor and 
the flow channel) to accommodate the revamp requirements. 
 
During the maintenance turnaround of 15-30 July 2007, Ningxia Petrochemical Company found a large 
amount of catalyst dust in 102E (carbon dioxide stripping tower), 109C (102E bottom heat 
exchanger), 107J (MDEA solution pump), 105CA/CB (102E reboiler), 102F (condensate splitter 
transformation), J66401 (transformation process condensate pump) and other equipment and of some 
heat exchangers, such as 105CA/CB, most of the tubes were completely blocked. 

 
In September 2007 during the CO2 compressor inspection, they found at three sections of high-
pressure cylinder that the rotor entrance flow channel were severely eroded (see Figure 1), and they 
were forced to sent these to compressor manufacturing company Shenyang Blower to carry out the 
necessary repairs. 
 
In addition, Ningxia Petrochemical Company replaced about 30m length of the pipe from the CO2 
desorption tower to the booster from carbon steel pipe material to stainless steel and improved the 
insulation in order to reduce the corrosion of carbon steel pipe products. But about 70m before the 
separator the piping material is still of carbon steel. 
 
As the ammonia cooler experienced tube leakage problems, it could not realize the expected results. 
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Thus, while Ningxia Petrochemical Company had implemented several preventive measures for 
improving the reliability of the CO2 compressor unit it still failed to fundamentally solve the problem.  
 
 
2. Related technical information 
 
2.1 CO2 Compressor design parameters before and after transformation  
 
Table 1. 

 
 
 
2.2 Ningxia Petrochemical Company CO2 replacement of the material before and after the compressor  
 
Transformation of the previous material in table 2 and new material in table 3. 

 
  
 
 
2.3 CO2 comparison with similar plants 
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Desorption tower technical conditions for the export separator comparison 
Table 4. 

  
 
 
2.4 CO2 comparison with similar plants 
 
Compressor auxiliary equipment (coolers and separators). Technical conditions for comparison 
 
Table 5. 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.5 CO2 Compressor fouling element analysis results 
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Table 6. 

 
iron  60.15 wt% 
 
 
 
3. Analysis 
 
Ningxia Petrochemical Company’s second largest fertilizer plant CO2 compressor several times suffered 
with fouling and erosion damages of the inner parts (the rotor and the partition). We did do an 
thorough investigation through on-site investigation and related data files and technical literature, as 
well as through analysis and tests and visits to similar ammonia and urea plants. This has been a 
serious long-term trouble for Ningxia Petrochemical Company and the cause and solutions of the CO2 
compressor scaling and erosion problems should be analysed and derived thoroughly from its 
fundamentals. Based on a broad analysis of literature and references, we believe that Ningxia 
Petrochemical Company CO2 compressor mechanical erosion damage and fouling phenomena were 
caused mainly by the following reasons: 
 
 
3.1 The separation of water from the CO2 gas is insufficient 
 
At Ningxia Petrochemical Company the CO2 gas only flows through a separator before entering the 
CO2 compressor of the urea plant. The separation of water has not been efficient enough. Reference A 
plant has two separators and an ammonia cooler at the suction side of the CO2 compressor leading to 
a better separation of water. 
From the data in the previous table we can also see that reference A's CO2 desorption tower has two 
separators, which are bigger than the separator at Ningxia Petrochemical Company, for example the 
total volume compared to Ningxia Petrochemical Company is more than three times; Reference B 
plant has only one separator, but the volume compared to Ningxia Petrochemical Company is two 
times larger. As the Ningxia Petrochemical Company separator diameter, height, volume and other 
technical parameters are less than the references, the gas flow through the separator is relatively high 
leading to more entrainment of water droplets. 
 
 
3.2 Cooler area and the volume of the separator is too small 
 
Comparing the data from the previous tables we can see that the bad operating conditions of the 
ammonia cooler cannot be due to tube leakage but is also caused by a too low heat exchange area as 
it is two-third than that of the reference plants. 
Although Ningxia Petrochemical Company added a new separator the total volume is only about one 
third of the reference A plant. When comparing with reference B plant the total volume is similar but 
because two separators in series, each with a relative small diameter, the flow of CO2 gas through the 
separators is relatively high and entrainment of droplets becomes likely. As the ammonia cooler heat 
exchange area is too small, insufficient cooling of gas occurs and coupled with the relatively small 
separator volume, it is difficult to accomplish a complete separation of CO2 gas and water. 
The tiny water droplets and the larger CO2 flows created a water hammer effect at the entrance of the 
compressor and caused severe mechanical erosion damage of the flow channel. 
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3.3 Ammonia conversion and shift conversion catalyst and the CO2 desorption tower entrainment 
cause corrosion of the carbon steel pipes and related equipment and scaling inside the compressors 
parts (rotor and the partition) 
 
Physical and chemical analysis was performed of the scaling of the CO2 compressor and it was found 
that the main ingredient is iron. The iron should origin mainly from corrosion of the carbon steel pipes 
and equipment of the CO2 line from the ammonia plant desorption tower (102E) and from the high-
temperature shift catalyst. The remaining ingredients of the scales are Al2O3 and SiO2. It was 
speculated that these substances may come from dust from the converter and shift catalyst. 
According to the relevant materials, the conversion component of the catalyst is nickel oxide, the 
active ingredient is nickel, the carrier is a phosphate diatomaceous earth (the main component is a 
kaolin and SiO2; The high temperature shift catalyst used is iron-based catalyst, the low temperature 
shift catalysts used are copper and its carrier is Al2O3. 
Because Fe2O3, Al2O3, SiO2 have a certain solubility in water (although SiO2 has a very low solubility), 
these substances are encountered in the decarbonization section and dissolved in the MDEA solution 
(desalination water content of about 50% or so), and finally then with the CO2 gas in the water going 
into the compressor. Together with the bad separation of water in the separators at Ningxia 
Petrochemical Company, resulting in droplets containing the above substances (or the saturated 
water) into the compressor. When the CO2 gas is compressed the process temperature rapidly 
increases (100 ℃ above) and moisture goes from the liquid into a gaseous state, while the dissolved 
material will gradually accumulate in the compressor and get attached to the surface of several parts. 
 
 
3.4 Unit revamp: lack of careful consideration leaving the hidden dangers 
 
At reference A and B’s CO2 compressor revamp, the Design Institute also revamped the relevant 
subsidiary equipment like coolers and separators to meet the operating conditions after revamp; At 
Ningxia Petrochemical Company only the demister in the separators were replaced, leading to 
difficulties to ensure a reliable operation. 
Moreover reference A and B's urea plant production capacity increase was only up to 2300 mtpd and 
Ningxia Petrochemical Company's production capacity has been increased to 2610 mtpd.  
Furthermore reference A has two separators and a cooler installed upstream the compressor realizing 
a relatively good separation. While at Ningxia Petrochemical Company also added a cooler but this one 
suffered many times from tube leakages, so could not function properly. 
The revamp increased the design capacity increased by 50% and thus also the CO2 compressor load 
increased by 50%. At Ningxia Petrochemical Company the compressor internals were revamped, but 
not the subsidiary equipment (coolers and separators). This approach is undoubtedly the reason for 
many potential problems hampering a safe and reliable operation. 
In addition, Ningxia Petrochemical Company second largest fertilizer plant the actual capacity reached 
only 85% after the revamp, due to a bottleneck in the ammonia synthesis gas compressor unit (103J). 
At two similar devices the CO2 compressors were studied. These compressors run for long periods of 
time at full load (design capacity) and stable operation, but there has not been found any significant 
damage or scaling of inner part 
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4. Conclusions 
 

During two test periods Ningxia Petrochemical Company fertilizer plant CO2 compressor showed shaft 
seal leakages indicating that the CO2 gas contains too much water, contributing to CO2 compressor 
erosion damages. After catalyst dust caused fouling in the compressor, we examined if these 
phenomena in similar devices had happened. To solve the Ningxia Petrochemical Company CO2 
compressor erosion damage and scaling issues, the cooler and the volume of separators should be 
increased in size to prevent the ammonia plant converter and shift catalyst dust entering the 
compressor. Also effective measures were take to reduce the formation of corrosion products from the 
equipment and piping of the CO2 washing section in the ammonia plant. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Translator notes: 
This is a Technical Paper originating from 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 


