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Introduction 
 
It has been realized that the core of urea synthesis reaction is dehydrating carbamate into urea in the 
liquid phase. This reaction is the main one in urea synthesis and is called urea formation reaction for 
short hereafter. The goal is to push the reaction to proceed in an ideal direction (equilibrium). 
However, in industrial production scale, there are lots of difficulties and interferences which hinder the 
reaction to proceed in an ideal direction. The main cause hindering the main reaction from becoming 
an ideal one is that there are two synthesis reactions interfering each other and these are combined 
with very complex chemical processes. This will be discussed below. 
 
The first problem is the complex of reactions. 
In terms of reaction process, the urea synthesis is a complex of several reactions: the carbamate 
formation reaction and urea formation reaction take place in series.  

 
 
 
 
 
 

It is known that Reaction (1) is a chemical absorption process of gas under high temperature and high 
pressure. Under the lab conditions, the reaction is completed instantly with a conversion rate close to 
100%. 
If the interaction with other factors is not considered, and even under the temperature and pressure 
conditions of industrial synthesis conditions, Reaction (1) is closely related to Reaction (2); the 
conversion rate of the carbamate formation reaction is still close to 100% when one applies a proper 
mixing. 
Under the actual conditions in industrial production, however, the complex of reactions is interacting 
with many aspects, especially the combined restriction from heat effects and phase equilibrium, which 
makes Reaction (1) difficult to proceed, leading to a yield rate of carbamate less than 100%. 
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The second problem is the complex of heat effects. 
In terms of the heat effects, Reaction (1) is a strongly exothermic reaction, and Reaction (2) is a 
slightly endothermic reaction. The complexity of the synthesis reaction leads to the complexity of heat 
effects.  
In an industrial urea reactor, when one considers both reactions and its heat effects, according to 
thermodynamic analysis, the reactor temperature profile should show an inversion: the temperature 
of the bottom part is high and that of the top part is low. The thermodynamic analysis result is as 
following: in adiabatic conditions, CO2 entering the reactor bottom is completely converted into 
carbamate, instantly releasing heat, which can only be used to heat up the liquid carbamate, and 
Reaction (2) doesn’t start to proceed due to the reaction speed difference; with the lapse of time and 
the materials moving up, the endothermic reaction of Reaction (2) gradually proceeds, and the 
temperature in the reactor decreases then. So the combination of the complex of reactions and heat 
effects causes the temperature inversion. 
However, the reactor temperature inversion doesn’t exist in an actual reactor. According to 
observations, the urea reactor temperature profile always shows normal, i.e. the temperature of the 
bottom part is the lowest one and that of the top part is the highest one. The actual temperature 
profile observed is certainly correct. But what causes that the thermodynamic analysis is different 
from the actual conditions ?  
This shows that the combination of the complex of reactions and heat effects is unreal and insufficient. 
In the industrial urea reactor there must be other interacting factors, like phase equilibrium. But 
before 1970’s, difference between the result from the thermodynamic analysis and the actual 
condition couldn’t be correctly explained due to the lack of phase equilibrium theories and phase 
diagrams under the urea synthesis conditions. 
 
Thirdly, complicated phase equilibrium and phase diagram. 
Under urea synthesis conditions, for the systems from Reaction (1) and Reaction (2), there is a 
unusual supercritical azeotropic phase diagram. Phase equilibrium theory is the basis for the analysis 
of the changes of material streams during the urea synthesis. These meta-stable and stable phase 
diagrams in strange shapes were developed and published by Kaasenbrood [1], Lemkowitz［2］et al. in 
1970’s and were very important for understanding industrial urea synthesis, explaining previously 
unknown phenomena and developing new technology for urea reactors and new urea processes. 
 
For an industrial urea reactor, one should consider how phase equilibrium affects the system. It is not 
sufficient to consider only one complex, i.e. complex of reactions, or two complexes, i.e. complex of 
reactions and  heat effect. There are three complexes in a urea reactor, i.e. complex of reactions,  
complex of heat effects and phase equilibria, which all interact with each other. 
Causing that: 

1) CO2 in supercritical state (liquidized gas) entering the urea reactor can’t be totally converted 
into liquid carbamate;  

2) the temperature profile in the urea reactor shows normal profile; and  
3) the gas stream and liquid streams are formed and make the synthesis reaction proceed in the 

gas-liquid phase from the bottom to the top in the urea reactor. 
 
The interaction of the three complexes makes the expected reaction process deviate from an ideal 
one, causing the main reaction time to be shorter and the reaction driving force less, which are 
reasons for a decreased CO2 conversion rate.  
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1. Choice of material flow mode in the urea reactor 
 
Modern urea production is a continuous production process of stable material flows. Not only factors in 
the above mentioned complex chemical course, but also the material flow mode, the design of the 
reactor, the height/diameter ratio of the reactor, etc. will impact the progress of the main reaction, 
reactor efficiency and urea conversion rate. 
Therefore, before we further study the interaction of the three complexes, the flow mode suitable for 
urea synthesis is to be decided. The material streams and states in the urea synthesis reaction are 
multiple and complicated. Material entering the reactor include liquid ammonia (in subcritical state), 
CO2 (in supercritical state) and anti-corrosion air (in gaseous state) and recycle carbamate (in liquid 
state), and the material off the reactor is a mixture of gas and liquid. 
Optional flow modes include counter flow mode, horizontal flow mode, and co-current flow mode and 
so on, which will be discussed respectively below. 
 
(A) Counter flow mode( Figure 1) 

 
Figure 1: The counter flow mode 
返回的 甲铵液 : recycle carbamate solution   
出口气  : vent gas    
出口液  : drain liquid   
出口气 液混合物 : vent gas-liquid mixture 
 尿素 合成塔   : urea reactor 
 

In a  counter flow model of a vertical reactor three material streams (NH3, CO2 and anti-corrosion air) 
enter from the bottom, and the recycle carbamate solution enters from the top. 
There are two ways to discharge: one is that gas is vented from the top and liquid is drained from the 
bottom, as indicated in Figure 1(a), the other is that gas and liquid as a mixture both are drawn from 
the top (Figure 1(b)). 
This counter flow mode is often applied in physical and chemical absorption processes, and the rapid 
chemical absorption reaction is the base to apply this flow mode, such as in the HP carbamate 
condenser in urea process (ACES21 process from TOYO Engineering Corporation of Japan), MP and LP 
absorption system (conventional processes , NH3 stripping process and so on). 
This counter flow mode is not applicable for a urea synthesis reaction with a complex of reactions, as 
Reaction (2) is one with a low rate and it is necessary for material to remain an extended time to 
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ensure the urea conversion rate. Either in Figure 1(a) or (b), the insufficient retention time will lead to 
a very low conversion rate. 
In Figure 1 (a), carbamate generated from the reaction between NH3 and CO2 is discharged in the 
bottom before Reaction (2) really can start. In Figure 1 (b), the recycle carbamate solution entering 
from the top is discharged too before a real conversion can start. 
 
 
(B) Horizontal flow mode (Figure 2) 
 

 
 
Figure 2 The horizontal flow mode 
返回的甲铵液 : Recycle carbamate solution  
尿素合成塔  : urea reactor 
出口物料  : discharged material 

 
In a horizontal urea reactor, four streams all merge horizontally into the reactor and horizontally off 
the reactor. This horizontal reactor is applied resulting from the conventional urea synthesis theory in 
the early stage of industrialization. Since it was applied by Lorenz with Chemical Construction 
Corporation, USA with a conversion rate less than 60% in 1960’s[3], such horizontal reactor was not 
used no longer.  
As for the reactor with a pool condenser from Stamicarbon, there is a special design in the reactor and 
therefore it is an exception. 

 
(C) The co-current flow mode (Figure 3) 

 

 
 
Figure 3 The co-current flow mode 
返回甲铵液 : Recycle carbamate solution 
出口物  : Discharged material  
出气  : Vented gas 
尿素合成塔  : Urea reactor 
出液  : Drained liquid 
气相流  : Gas stream 
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液相流  : Liquid stream 
 
In this vertical reactor, the material streams enter from the top and come out from the bottom (Figure 
3(a)). Because of the gravity, the retention time of material is very short with only 1～2 min. So only 
the carbamate generation reaction takes place in the reactor, and very little urea is in the discharged 
stream. Therefore, such flow mode is only suitable for exothermic reaction with a high rate, such as in 
the HP carbamate condenser in the CO2 stripping process, but not for urea synthesis. 
 
Material streams indicated in Figure 3(b) and (c), all enter the reactor from the bottom, move up in 
co-current manner and remain inside the reactor for a certain time to proceed Reaction (1) and 
Reaction (2). Then the resultant is totally drawn from the top (in Figure 3(b)); alternatively, some in 
liquid phase is drawn via the overflow pipe and other in gas phase is vented from the top (Figure 
3(c)). 
 
To summarize, Mode A ( the counter flow mode) and option (a) in Mode C (co-current flow mode) are 
not applied as the sufficient time for converting carbamate into urea can’t be ensured. For Mode B 
(horizontal flow mode), the total urea conversion rate is low as Reaction (1) is not sufficiently 
completed. 
Only (b) and (c) in Mode C, the flow mode of streams entering in co-current in the bottom and 
material discharged from the top is in accordance with the requirements of the complex urea synthesis 
reactions that: liquid and gas in the streams moving up in co-current manner and are mixed 
completely, which ensures Reaction (1) to proceed; and liquid carbamate in the moving up material 
remains in the reactor for a sufficient time to assure the time for Reaction (2) to generate urea. 
Therefore, these are widely used in various modern urea processes, such as the flow mode in Figure 
3(b) used in the ammonia stripping process, and the one in Figure 3(c) used in the CO2 stripping 
process. 
 
  
2. The choice of flow model 
 
The background for choosing the vertical reactor in the co-current flow mode is discussed above. 
Usually, in the actual process of liquid material moving up, in the radial cross section, the resistance 
from the reactor wall is high, which causes a higher velocity in the center and a lower velocity close to 
the reactor wall. This finally leads to an uneven reaction pattern. To make it simple, urea reactors are 
considered as ideal ones without wall resistance effect.  

 
 
2.1 Plug flow model[4,6] 
An ideal urea reaction is one with a plug flow, also called a plug flow reaction. See Figure 4. 
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Figure 4 An ideal plug flow model 

 
Section l0   
When the liquid carbamate passes through the reactor from the bottom, it will queue along the radial 
section and move up at the same time without back mixing down the axis. In Section l0, liquid stream 
is a mixed even system: U0(urea concentration)，P0( pressure )，t0( temperature ),  ρ0(density ), 
W0(velocity), every parameter of the original stream is uniform. 
 
l0→l1  
With time elapsing, the reaction of dehydrating carbamate into urea takes place in liquid phase, the 
urea concentration U0 rises from zero to U1, the temperature becomes t1 due to the heat effect, the 
density of material system changes slightly to ρ1 with the concentration of urea product rising, and the 
linear velocity of liquid changes a little bit to W1. In Section l1, the parameters of streams in liquid 
phase are U1, P1, t1, ρ1 and W1. 
 
l1→l2…lD   
As above mentioned, with the reaction proceeding, the urea conversion rate rises gradually, the urea 
concentration rises, and every parameter of the material system changes accordingly. From Section l1 
to l2…till Section lD, the reaction almost reaches a chemical equilibrium, the parameters are UD, PD, tD, 
ρD and WD , and the stream is discharged from the reactor. 
 
It is can be seen that the basic characteristics of a reactor of plug flow are: under the stable condition, 
all the liquid particles in every section (radial) along the flow direction are considered as flowing 
without back mixing, and consequently have the same state parameters, the same property and the 
same retention time. So, in the plug flow mode there is a strong driving force for reaction, also with 
the highest conversion rate or the lowest reactor volume required.  
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The calculation of a reactor of plug flow is as follows: 

 
(1) Retention time （τ） 

 
式中   : in the formula 
反应器体积   : Volume of reactor 
物流体积速度  : Volume flow rate of material 
尿素转化率   : urea conversion rate   
X 是一个隐函数……的函数 : x is an implicit function of NH3/CO2, H2O/CO2, t and τ of the material    
    in liquid phase       
流速   : Flow rate 
A    : Cross section area of the reactor, m2 

 
However, this ideal flow mode can only be achieved in a reactor of pipe type with a very large 
height/radius ratio and a high material flow rate (Ｗ). Turbulence of material stream is the base of 
reaction, mass and heat transfer. 
 
Herein taking the urea plant in a Chinese conventional urea process as an example, the design 
condition is that: the reactor volume VR is 40 m3 , the diameter of reactor φ is 1400 mm, the effective 
height of the reactor Ｈ is 26400 mm, and the production scale is 16.7 t/h.      
Process condition: Pressure P: 20 MPa, temperature t: 180～188 oC, molar ratio of NH3/CO2: 4.0~4.1, 
molar ratio of H2O/CO2: 0.65, conversion rate：63%～66%. 
Calculation: it is assumed that there is only liquid phase in the reactor without gas. It is calculated 
from Formula (1) that the retention time of liquid material in the reactor τ＝48 min. 
It is calculated from Formula (3) that the linear velocity of liquid stream Ｗ  is 0.0092 m/s. 
It is obvious that, in the real reactor, the flow rate of the stream in the empty reactor is less than 0.01 
m/s. Such a low linear rate is unfavorable for the mixing effect of the particles between different 
material systems and chemical processes such as mass and heat transfer. So, in return, the reaction 
process of dehydrating liquid carbamate into urea is affected. The real reactor is impossible to be one 
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with a large height and a small diameter. So, the ideal plug flow reaction is unrealistic and difficult to 
realize. 

 
2.2 Complete mixing reaction process  
In the plug flow model, the driving force is the biggest. But, the disadvantage of it is the poor mixing 
effect due to the low velocity in the urea reactor.  
Another ideal flow model is of complete mixing type (Continuous Stirred Tank Reactor or CSTR). This 
flow model is like a reaction vessel with a mixer. In the entire reaction vessel, the material in liquid 
phase is mixed completely, and in either radius or axial direction, parameters of particles in liquid 
phase, like temperature T, concentration U, density ρ are identical, and the property of the particles 
are the same. Batch reactors are of complete mixing type. After the material being added, the 
required conversion rate is reached over certain time, and then the material is discharged from the 
reaction vessel.  

 
2.3 The flow model in real production 
If the complete mixing reactor (CSTR) is applied in a continuous reactor, the problem of deficient 
driving force will occur and the conversion rate is low. Because the complete mixing flow model is the 
one with the most serious back mixing during the reaction, the reaction rate is always low. To reduce 
the impact of back mixing and improve the driving force during the reaction, the multi-level complete 
mixing reactor is used as the most reasonable flow model. See Figure 5.   

 
Figure 5 A multi-level complete mixing urea reactor. 

 
The urea reactor is separated into small complete mixing chambers, and the chambers are arranged in 
series. Parameters, such as temperature, concentration, density, etc. of the particles on the same 
level are identical and those between different levels are different. The more levels, the more close 
the reaction is to the plug flow reactor. 
This flow mode of multi-level complete mixing reactor ensures the mixing process and makes up the 
disadvantage of deficient driving force. Therefore, this model is the most reasonable flow mode for the 
urea synthesis reaction. 
 
Calculation for the multi-level complete mixing reactor is as follows: 

 
In the formula, n stands for the levels of urea reactor. 
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(2) Calculation of urea conversion rate x2 for every level［6］ 

 
 
 式中    : In the formula   
式中其余符号意义，详见文献[6] : For the meanings of other symbols in the formula, details is  

  given in Reference[6]   
流速    ：flow rate 
D      : Diameter of reactor 
H      : Effective reactor height 
 
 

 
 
3. The phenomenon of two-phase flow  

 
3.1 What is the gas-liquid two-phase flow? 
 
If in a stream, a mixture of both gas phase and liquid phase flow in a pipe or reactor, it is called the 
two-phase phenomenon. 
Chemical processes with gas-liquid coexistence are common in industrial production, such as 
rectification, absorption, stripping, desorption and so on, the gas and liquid phases flow counter 
current; the decomposable solution in the pipe is heated or the condensable gas is cooled. 
 
There are two reasons for the two-phase flow phenomena in the urea reactor:  

1) one is due to anti-corrosion air and a little non-condensable gas such as inert gas carried in 
material CO2 and NH3 entering the reactor, which form the gas phase in the two-phase flow 
with the liquid carbamate;  

2) the other more important reason is that, due to the interaction of thermodynamics and phase 
equilibria together with the carbamate formation reaction, liquid carbamate decomposes again 
to release CO2 and NH3, making a two-phase flow together with liquid carbamate. 
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In this section, the two-phase flow phenomenon caused by the presence of non-condensable gas is 
discussed at first. 

 
3.2 Classification of two-phase flow 
The flow mode with co-current gas-liquid phase flows upward is divided into five types by the relative 
rate and physical property differences between gas and liquid flows, see Figure 6. 

  
Figure 6 The flow mode with co-current gas-liquid phase flowing upward 
气泡流 : bubble flow  
液节流  : liquid segment flow   
翻腾流  : weltering flow  
环状流  : annular flow  
分束环状流  : wispy annular flow 
   

Bubble flow:  
The rate of liquid phase flow is much higher than that of gas phase flow, and gas is dispersed in the 
liquid phase as comparatively uniform small bubbles. With the rate of gas flow rising, the size of 
bubble rises accordingly, so does the number of bubbles.  
 
Liquid segment flow:  
The liquid flow gradually decreases, big bubbles increase and small bubbles decrease. There are liquid 
membranes around big bubbles and the liquid inside the membrane may flow down to form back 
mixing. But for sure, the flow direction as a whole is upward.  
 
Weltering flow:  
Both flow rates of gas and liquid are comparatively high, and movements are more furious. The 
bubbles are narrow, long, and distort. The liquid between adjacent segments is extruded and 
impacted by bubbles. Then, liquid flows down, accumulates, bridges and rises up again for gas. The 
typical feature is that liquid flow direction is radial alternatively. 
 
Annular flow:  
The gas flow rate increases further. Liquid flows along the pipe wall as membrane, and gas carrying 
liquid drops in the pipe center flow upward at a high rate. With the gas rate increasing, the liquid 
membrane is thinner, and there are more fist foams. 
 
Wispy annular flow:  
With the gas rate increasing, there are more liquid drops to combine big liquid group, then forming 
wispy annular flow.  
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Which type of two-phase flow occurs in a vertical pipe is determined with Figure 7. 

 
Figure 7 Determination of type of two-phase flow in a vertical pipe 
  

Still take the urea reactor in a conventional urea process as an example, and lets determine  the type 
of flow in a medium size reactor in China. 
The conditions are the same as the above: the oxygen content after adding anti-corrosion air is 
0.5%～0.6% (based on CO2), the purity of CO2 is 98%～98.5% by volume; and that of NH3 is 99.8% 
by mass. 
 
Calculations: 
 
(1) Apparent rate: Assuming there is only one phase, the rate of gas or liquid in the reactor is called 
apparent rate.  
Apparent rate of liquid (Wls), calculated previously is 0.0092 m/s. 
Apparent rate of gas (Wgs), the inert gas (including anti-corrosion air, H2, N2 carried by CO2, and, H2, 
N2, CH4 dissolved in NH3) content can be calculated with the data provided above, and the apparent 
rate of gas under the reactor temperature and pressure Wgs＝0.00048 m/s. 
 
(2) Hold-up: the area fractions of gas phase and liquid phase are called gas hold-up εg and liquid hold-
up εl respectively. 

gas hold-up: εg ＝0.05 
liquid hold-up: εl＝0.95 

 
(3) Actual flow rate: actual rate of streams in reactor, Wg and Wl. 
The rates of vertical co-current gas and liquid flows upward are the same,  
Wg＝Wgs/εg＝0.0096 m/s， 
Wl＝Wls/εl＝0.0096 m/s 
 
(4) Determination of flow type 
With the apparent flow rate data calculated above, refer to Figure 7 and get the state point of material 
system of Z. It can be seen that the urea material system is at the edge of liquid segment area, and 
the main stream is liquid stream carrying with small bubble (and a few big bubbles) to flow. 
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(5) Retention time 

 
Through the discussion of two-phase flow after inert gas entering the urea reactor, it is initially 
realized that the stream flow rate is increased and the retention time of material in reactor is shorter.  
Of course, this will have a negative impact on urea conversion rate. 
 
In this section, the situation of only a little inert gas is discussed. But the negative impact will be more 
prominent with more effective gas becoming in gas phase due to complex of interacting effects 
described below. 
 
 
4. The chemical process of carbamate generation reaction 
 
4.1 The generation process of carbamate 
 
Under the urea synthesis condition of high pressure and high temperature, the reaction of NH3 and 
CO2 in supercritical state (indicated by f) to generate carbamate is : 

 
 
With industrial production conditions , the above reaction is a process of absorbing gas, the reaction 
mechanism of which is  

 
第�步 : Step 1   
第�步 : Step 2 

 
NH3 and CO2 in supercritical state must be dissolved in liquid phase in Step 1, then Step 2 proceeds 
with a high rate to generate liquid carbamate. That means the carbamate generation reaction is a 
two-step process like the urea synthesis reaction. In this process, only Step 2 is a reaction step taking 
place immediately. If there is no process of dissolving NH3 and CO2 in liquid, it is impossible for NH3 
and CO2 to react to generate carbamate. 
 
This kind of reaction with gas absorbed can be expressed with Figure 8. 

 
Figure 8 The schematic diagram of the chemical process generating carbamate 
 
相界面 : interface between phases   
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气膜 : gas membrane 
液膜 : liquid membrane    
液相 : liquid phase 
 

The chemical process consists of two steps in series: a physical dissolving process and a chemical 
reaction step. 
Step 1 is a physical dissolving process, which can be described with the double membrane theory. 
Between the main gas stream G and the main liquid stream L, there is a phase interface, shown with 
dash line in Figure 8. On both sides of the interface, there are two thin layers of gas phase (δg1，δg2) 
and liquid phase (δl1，δl2). The gas component has to pass through these two layers of membrane to 
enter liquid phase. 
For gas containing NH3 and CO2, the specific process proceeds as follows: NH3 in supercritical or 
subcritical state passes through the gas membranes and spreads to interface between gas phase and 
liquid phase, and then through liquid phase, to the main liquid phase L and dissolves into main liquid, 
releasing solution heat QN.   
 

 
 
Likewise, the supercritical CO2 in the main gas also passes through gas layers, liquid layers, transfers 
into the main liquid phase and dissolves into liquid phase L, releasing solution heat QC. 
 

 
 
Step 2 is a chemical reaction course. Dissolved NH3 and CO2, react in the liquid phase rapidly to 
generate carbamate and release strong heat QAM.  
 

 
 
The step controlling the reaction rate is Step 1, i.e. the physical dissolving process, whereby the 
dissolving process of CO2 is the main control step of it. 
 
The discussion is as follows. For NH3, its solubility is less affected by the property, concentration and 
constitution of the solution, and is relatively higher in the main liquid phase, consequently meeting 
very little resistance from the liquid phase. It is known from the double membrane theory that the 
dissolution of NH3 is controlled by the gas membrane with the dissolution and absorption rate NA�kG. 
For CO2, it is not easy to dissolve into the liquid phase. Because the solubility of CO2 in water or in a 
solution with a low NH3/CO2 ratio is relatively low and meets larger resistance from the liquid phase. 
So, the solubility of CO2 is controlled by gas and liquid membranes. Therefore, the dissolving process 
of CO2 is the key step for the whole physical dissolving process and the rate of carbamate generation 
is controlled by the mass transfer rate of gas CO2 into liquid CO2, with kG proportional to kG and kL. 
 
 
4.2 Analysis of carbamate generation rate 
 
It is known from the above that the dissolution rate of CO2 is the key parameter of carbamate 
generation rate. For CO2, the resistance from gas membrane and liquid membrane needs attention, 
the dissolution (absorption) rate can be expressed as: 
 

NA≈kGΔＰ    NA≈kLΔＣ 
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Where the absorption coefficient of gas membrane kG is related to the flow condition of gas, i.e. kG 

increases when the flow rate of the gas phase Wg increases. 
The absorption coefficient of liquid membrane kL is related to property of liquid material and liquid flow 
rate Wl, i.e. kL increases when Wl increases.  
Therefore, the main parameters restricting carbamate generation rate are gas rate Wg and liquid rate 
Wg. Increasing gas and liquid rate is favorable for increasing carbamate generation rate. 
 
 
4.3 Analysis of carbamate generation rate of conventional urea reactor. 
 
In an industrial urea reactor, if the gas-liquid mixing and gas-liquid streams are not properly 
designed, the gas CO2 will slowly be converted into carbamate. For example, there must be a process 
to promote NH3, CO2 and the recycled carbamate solution to mix completely. The extend of the mixing 
process is related to the rates of materials, and if the flow rates increase, the carbamate generation 
rate will increase, so will the coefficients of heat and mass transfer. 
For existing reactors, taking the conventional urea reactor with an annual capacity of 110 kt urea as 
an example, the inner diameter of reactor is 1400 mm, and there are three inlets with diameter of 83 
mm for three streams in the bottom; three small pipe enter a big pipe, and the flow rate decreases 
instantly. In this situation, if the flow condition is to be improved by setting up a traverse baffle, a 
swirl board and so on, without it, it is difficult to obtain the expected result for the mixing effect and 
carbamate generation rate. 

 
Improving means 

 
（1）Installing an enhanced mixer 

For material, which is controlled by the gas membrane and the liquid membrane like CO2, except to 
improve the CO2 rate at the inlet, it is necessary to disperse the liquid flow into tiny liquid drops or fog 
drops to increase the liquid mass transfer area, and increase the rate kL . In this situation, high-speed 
gas, liquid turbulent mixing devices, such as atomized spray mixer and Venturi reactor, are relatively 
ideal mixers. 

 
(2) Installing a high efficiency tray 

As also gaseous NH3 and CO2 appear after overheating in the mixer inside the reactor, it is not 
possible to set up an external mixer such as atomized spray mixer to increase contact between gas 
and liquid phase, mixing and heat and mass transfer. In this situation, setting up a high efficiency tray 
can only be applied to meet the above requirements.  
 
 
 
Next time in part 2 of this paper phase equilibria and its interaction with the thermodynamics will be 
discussed. Also negative flow phenomena like back mixing and channeling will be discussed in detail. 
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This is a Technical Paper originating from our Chinese partner: www.Ureanet.cn.  The paper was 
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reasonable possible accuracy, all to the best of our abilities. 
 


