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Abstract 
 
Revamping of the atmospheric absorption section in a urea plant reduces the gaseous emissions in the 
low pressure section, reduces raw materials consumption and increases production. So the economic 
benefits are increased. 
 
 
 
1. General 
 
The urea plant of Hebei Cangzhou Dahua Group Co., Ltd. is a large-sized urea production plant with 
capacity of 1620 mtpd, imported in 1973 and using CO2 stripping process. In the original design, the 
off-gas from the low-pressure (LP) section is directly vented. Via a technical revamp of the plant in 
1988, the LP section is provided with an atmospheric absorption section, which can absorb the off-gas 
from the LP section and the hydrolysis section at atmospheric pressure. After the plant modifications 
were implemented and put into service, the plant had a lot of technical problems, such as much liquid 
in the vent pipe, poor performance in scrubbing and absorption. Additionally after increasing the plant 
load the incremental vent flows of the LP and hydrolysis sections resulted in higher energy 
consumption figures.   
To improve the absorption performance of the atmospheric absorption section, reduce the 
consumption figures and the amount of off-gas vented, and to increase economic and environmental 
benefits, the urea plant was again technically revamped in 2011: The atmospheric absorption section 
was upgraded as the LP one. As a result, the said problems have been successfully solved.  
 
 
2. Production before Revamp  
 
The atmospheric absorption section of the urea plant consists of the atmospheric absorption column 
(303E), the atmospheric absorption column cooler (304C) and the atmospheric absorption feed pump 
(705J). The diluted aqueous ammonia from the aqueous ammonia tank (701F) is sent by 705J to the 
top of 303E, and flows through the packed bed to absorb the ammonia in gas phase from the LP and 
hydrolysis sections; the absorption solution drained from the bottom of 303E is cooled by 304C and 
then send back to the aqueous ammonia tank; the off-gas in the vent pipe at the top of 303E is sent 
to the vent stack for venting. For the process flow diagram see Figure 1.  
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Fig.1 Flow chart of atmospheric absorption section 
 
The Atmospheric absorption column 303E with 1,000 mm diameter and 5,985 mm high is designed to 
operate under atmospheric pressure, with a 1.8 m high Pall ring random packing inside; the scrubbing 
capacity of this section is 20 m3/h. After the scrubbing capacity has gone upto the design value during 
operation, a large amount of liquid condensed on the vent pipe leading to a lower scrubbing capacity 
(15 m3/h actually) as well as a poor scrubbing performance.   
The plant capacity expansion and revamp in recent years resulted in a larger urea production load 
than the original design one, and also more loads on the LP and hydrolysis sections, and higher 
amounts of off-gas and consumption of ammonia. See Table 1 for operational data concerning the 
atmospheric absorption section before revamp.  
 

 
 
Table 1 shows that the feed and effluent concentrations of the atmospheric absorption column differ 
slightly, with 0.666 t NH3 absorbed per hour, and high NH3 content in the off-gas from the vent stack 
means a high loss of NH3, which has great impact on the ammonia consumption figures.  

Table	  1	  Data	  concerning	  absorption	  section	  before	  and	  after	  revamp	  (100%	  load)	  

Item	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Before	  revamp	  	  	  	  	  	  	  	  	  	  	  	  	  After	  revamp	  

Feed	  
Flow	  	  
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content	  	  
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To	  vent	  stack	  
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Careful analysis and equipment inspection showed that the atmospheric absorption column is 
inefficient, and neither full absorption of the off-gas from the LP section nor pressurized absorption is 
available. To address such problems, the equipment shall be completely replaced. 
 
 
3. Measures of Technical Revamp  
 
These days tray-type absorption column and the packed-type one are commonly applied mainly. The 
former is characterized by large gas flow, low resistance, high turn-down ratio, and significant 
entrainment. Compared with the former, the latter does better in absorption, but the turn-down ratio 
is lower and the resistance is higher. The combination of the said two columns can avoid their 
shortcomings for better absorption. 
 
 
3.1 General ideas and principles of the revamp 
 
(1) According to new process conditions, a new column will be designed and manufactured, with a 
combination of the plate-type and packed-type columns for better performance in absorption. Via the 
research and demonstration, plus the technical exchange and discussion with the Chemical 
Engineering Institute of Hebei University of Technology, the new column is to be designed and 
manufactured by the Institute. The new column consists of the lower column with five trays as well as 
the upper column with a packed bed. The new column will have a design scrubbing capacity of 30 
m3/h, and the gas processing capacity of 2,000 m3/h.  
 
(2) The construction work is minimized by making use of existing openings and basic installations 
on the plant frame. Both the floor opening and the installation base of the existing idle equipment on 
the urea plant frame are available, so only in-place hoisting of equipment is required during 
construction. 
 
(3) Fully use existing equipment and pipes. Measurements and calculations indicate that the 
original atmospheric absorption column cooler, atmospheric absorption feed pump and some pipelines 
up to the requirements after revamp are still possible to use. Only some more pipelines were required.  
 
(4) Use original process indexes to control revamped equipment. The revamp focuses on 
absorption of off-gas from the LP section, so any impacs on the previous section are preferably 
minimized. Therefore, the pressure of the absorption section after  the revamp is controlled as per the 
control index (for pressure) of the LP section. This means that the control index of the original LP 
section remains unchanged to prevent any significant impact on the main section. 
 
(5) As for treatment of materials absorbed: The materials absorbed are to be sent back to the 
aqueous ammonia tank, and then return to the main section after recycling and concentration by the 
hydrolysis section. Owing to previous capacity expansion and revamp of the hydrolysis section, 
excessive materials absorbed after implementation of the revamp project can be effectively treated. 
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3.2 Process flow diagram of revamped absorption section 
 

 
 
Figure 2: Flow chart of absorption column after revamp  
 
 
 
4. Revamp effects 
 
After implementation of the project, the plant runs normally, with significantly improved absorption. 
Thanks to the greatly increased absorption solution, a significant difference exists between feed and 
effluent concentrations and obviously thus a reduced ammonia content in off-gas from the vent stack. 
The problems related to the original design are essentially solved. 
 
Based on the assessment, the ammonia absorption capacity for the absorption section after revamp is 
0.981 t/h (0.666 t/h before revamp). In consideration of the reduced equipment efficiency due to all-
year-round continuous operation of the plant, the reduced air intake of the absorption column in case 
of low-load production and other impacts, the all-year-round operation factor of the project is 
determined as 0.65, and the ammonia absorbed all year round is (0.981 - 0.666) t/h×8000 h/a×0.65 
=1,620 t.  
In case of 540,000t urea produced annually, the ammonia consumption per metric ton of urea is 
reduced by 1620/540000×1000 =3 kg. 
 
 
5 Economic Benefit 
 
With a price of 2,035 yuan/t(RMB) of aqueous ammonia, the annual savings is estimated to reach 
1620×2035 =3,296,700 yuan(RMB). 
The project investment totals 496,500 yuan(RMB), and the payback period is 49.65/329.67 = 0.15 
(a). 
Moreover, after the project is put into service, venting of 1,620 t (absorbed) ammonia by the vent 
stack can be eliminated, which makes great contribution to environmental protection.  
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