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Introduction 

The large-scale chemical fertilizer plant in Sichuan Tianhua Co., Ltd. was established in the 1990’s, 
where the C. F. Braun Process is applied for synthetic ammonia production and the ammonia stripping 
process for urea production. During normal production, output matching between ammonia and CO2 in 
the synthesis workshop shows a slight surplus of the former, and the seal gas of the CO2 compressor 
in urea plant is directly discharged to the air. Therefore, the Company has decided to recover the seal 
gas, which may reduce environmental pollution on one hand, and improve the economic benefits by 
making use of the surplus ammonia and the discharged CO2 to increase the load of the urea plant on 
the other hand. 
We add a certain amount of air to the venting seal gas to changes its composition. The flow of the 
venting CO2 is calculated to be around 700-750 m3/h by means of determining the flow of air added 
with a portable rotameter. The recovery is designed based on this approximate value. 
 

 

Determination of process flow 

The CO2 compressor 2MCL575-2BCL256/A of the urea plant is manufactured by Shenyang Blower 
Works Group Corporation. It is a two-cylinder four-stage compressor with a rated power of 8253 kW, 
rated speed of 6553 r/min, rated flow of 29500 m3/h and normal outlet pressure of 15.89 MPa, and 
with comb seal as its shaft seal and CO2 as the sealing medium. The two chambers at the innermost 
side of the shaft end seal of the high-pressure cylinder do not leak gas to the outside. Instead, a part 
of hot CO2 gas up to 201 oC is introduced from the outlet of the 3rd stage for gas supply to the seal, so 
as to prevent the generation of liquid CO2 in the seal, which would affect the operation of the 
compressor. The remaining leaked gas is introduced to the outlets of the 2nd stage and 1st stage 
respectively for recovery. At the same time, the low-pressure gas leaked at the outermost side is 
discharged to the atmosphere via a vent pipe. 
Now, a pump is added to pressurize the CO2 released to the atmosphere and then the pressurized CO2 
is sent to the gas-liquid separator V-111 at the inlet of the 1st compressor stage. As a result, the CO2 
vented enters the compressor again. Now that the seal gas CO2 is circulating, the purpose of recovery 
is achieved, with no discharge of CO2 and with increased load of the urea plant. Figure 1 shows the 
schematic diagram of transformation. 
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Figure 1: Schematic diagram of the flow transformation 
 
 
New pump selection and flow description 

Pressurization and delivery equipment for CO2 released from seal gas commonly includes centrifugal 
fan, rotary blower, liquid ring compressor, vacuum pump, reciprocating compressor, centrifugal 
compressor, etc. Finally a water ring compressor (one of the liquid ring compressors) is selected after 
careful analysis of the differential pressure, flow, temperature and physical and chemical properties of 
the CO2 delivered, taking into consideration of the fact that the CO2 compressed shall not be 
contaminated by other medium, the requirement of zero leakage and steady flow during operation, as 
well as the actual conditions of the plant such as the floor area and investment size etc. 
 
Process flow: CO2 vented from the seal gas system enters the gas-liquid separator V-2 after it is 
compressed by the water ring compressor. The CO2 having gone through separation enters V-111 and 
then returns to K-101; while the operating fluid from separation has its heat reduced in the heat 
exchanger E-1, after which it enters the water ring compressor again for recycling. 
Demineralized water is used as the operating fluid in the water ring compressor, which comes from 
the demineralized water header and enters the gas-liquid separator via the solenoid valve for 
automatic water replenishment at low level. A certain liquid level is maintained in the gas-liquid 
separator. In case of a high level, the solenoid valve for drainage at high level works, and in case of a 
low level, the solenoid valve for water replenishment at low level is opened. 
 

 

Brief introduction to operation 

The transformation was completed in 2007 and then the technical transformation project was put into 
operation with all design requirements satisfied. Thanks to the safe and steady combined operation of 
the water ring compressor and the CO2 compressor, the vibration, displacement, rotating speed and 
other indexes of the CO2 compressor remain unchanged, while the load of the urea plant is 
significantly increased. The problem related to CO2 discharge and synthetic ammonia surplus has been 
successfully solved. 
However, there is a problem deserving attention during operation. When the water ring compressor is 
tripped for any reason while the CO2 compressor is still in normal operation, the original seal gas vent 
valve of the CO2 compressor shall be opened immediately at the site, to avoid seal gas pressure 
building up due to the absence of a circulation channel. Seal gas pressure building up in a short time 
has, of course, no impact on the compressor. If you are very anxious about this issue, you can solve 
the problem by changing the original seal gas vent valve of the CO2 compressor, which is a shut-off 
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valve, into a control valve and, then adding an interlock device between the control valve and the 
start-up / shut-down status of the water ring compressor. 
The total investment of the project is approximately 600,000 yuan, mainly for purchasing the water 
ring compressor and piping. 
According to operation statistics, CO2 load of the system has increased by 1.76% (500 m3/h) after the 
K102 being put into operation, corresponding to a daily 31.0 tons more urea production. Calculating at 
300 production days per year and 1700 yuan output value per ton of urea, the plant can gain an extra 
of production value amounting to 14.69 million yuan each year. 
 
 
Current status and plan 

In last one to two years, the Company has launched several new projects, such as the recovery of 
power plant flue gas to produce ammonium sulfate and 1,4-butanediol etc. They all consume 
ammonia, resulting in ammonia shortage instead of ammonia surplus. Consequently, this set of unit 
has been decommissioned since 2009. We are currently demonstrating the feasibility of compressing 
air with the water ring compressor, to replace the anti-corrosive air from the air compressor in the 
synthesis workshop, which uses gas turbine driven by natural gas. In the face of such a shortage of 
natural gas, by lowering gas turbine load and thus reducing its natural gas consumption, the saved 
natural gas may be used as the feed gas for synthetic ammonia, which can also bring a considerable 
profit. Rough estimate shows that the output of synthesis ammonia can be increased by about 1% by 
this means. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
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 


