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Summary 

Briefly introduce the phenomena of high moisture content in urea product. Investigation of some 
twelve factors affecting this problem has been done and suggestions for solving the problems are 
provided. To solve the problem determined above, the booster ejector cracking shall be provided with 
grinding and repair welding, and after reassembly, the moisture content in product urea returned to 
0.2 wt% ~ 0.25 wt%.   

The 2nd-stage evaporator booster of the fertilizer urea unit of PetroChina Ningxia Petrochemical 
Company has never been overhauled after being put into operation in 1988, with no relevant reports 
from similar enterprises on its failures, which poses some difficulties in problem analysis and 
determination. Therefore, it is necessary to conduct regular overhauls for key equipment.  
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1. Introduction 

The evaporation system of the urea plant of PetroChina Ningxia Petrochemical Company is used for 
further purification of the urea melt from the LP recirculation system until the urea melt reaching the 
concentration of above 99.7 wt% and about 138 oC is ready for prilling or granulation as the urea 
plant has a prilling tower and a fluid bed granulation in parallel. Depending on domestic or export 
customers, Ningxia chooses which finishing section to operate [note translator]. 

In the evaporation section also condensation and recovery of the gasses generated from the 
evaporation of the water from the urea melt take place in order to avoid any impact of the unreacted 
substances (e.g. NH3, CO2, etc.) on environment and to further reduce the feed material consumption. 
The major equipment includes the 1st-stage and 2nd-stage evaporator heaters (401C, 402C), the 1st-
stage and 2nd-stage evaporator separators (401CF, 402CF), the urea melt pump (401J/JA), the 1st-
stage and 2nd-stage evaporator condensers (702C, 703C), the 2nd-stage after-condenser (703LC), 
the final condenser (705C) and four vacuum ejectors (701L, 702L, 703LL1 and 703LL2), in which, 
702L, also called as booster ejector, function is to increase the condensation temperature of the 
secondary steam from the 2nd-stage evaporator separator.  

According design, with the booster ejector, the secondary steam condensation temperature can be 
increased from 29 oC to 42 oC to ensure stable 2nd-stage vacuum pressure. If any of the above 
mentioned equipment fails, the normal operation of the evaporation system will be significantly 
affected, which leads to a deviation of the required quality of the urea melt quality.  

 

2. Problem definition 

In August 2008, the annual inspection for the urea plant of PetroChina Ningxia Petrochemical 
Company showed that the urea prills product had a higher moisture content, which was increased 
from about 0.2 wt% (before inspection) to about 0.25 wt%, and even approached or exceeded the 
upper limit (0.4 wt%) of control indicators, see Table 1. In 2009-2010, the moisture content in the 
urea prilled product generally showed uptrend, while the load of the desorption-hydrolysis system 
greatly increased. In February 2010, in case of 100% load of the plant, the load of the desorption-
hydrolysis system was increased from 42 m3/h to above 45 m3/h, which was the upper limit of the 
operating range. 

Table 1: Changes in moisture content of urea prilled product 

Time 
Moisture content 

in product urea/ wt% 

Prilled product 

temperature/ oC 

In September 2008 0.27 25 

In November 2008 0.20 20 

In February 2009 0.29 20 

In April 2009  0.28 22 



  

 

3 

In June 2009 0.28 28 

In August 2009 0.36 28 

In October 2009 0.28 24 

 

The moisture content in the urea prilled product has a great impact on the caking behavior, so it is 
important for relevant personnel to conduct the problem analysis as soon as possible and adopt 
corresponding solutions. 

 

3. Cause analysis 

 

3.1 Internal leakage of the inlet valve of urea melt pump  

The urea melt pumped by the urea melt pump reaches the concentration of 99.7 wt% and the 
crystallization temperature of about 132.2 oC. To prevent urea crystals from clogging equipment and 
affecting normal operation during pump switchover, the standby urea melt pump is generally 
preheated by 0.4 MPa LP steam. Under normal conditions, pressures of the urea melt at the inlet and 
outlet of the urea melt pump are 0.095 MPa and 1.5 MPa respectively. If there is an internal leakage 
of the inlet valve of the standby pump, the entry of LP steam (moisture) into the urea melt in the 
running pump will result in higher moisture content in product urea. In view of similar cases found 
previously, operators conducted the pump switchover, but the change of moisture content in the urea 
prilled product was insignificant. So they ceased steam preheating in the standby pump, but the 
moisture content in urea prilled product still remained, which indicates that no internal leakage of the 
inlet valve of urea melt pump is found. 

 

3.2 Internal leakage of the inlet line jacket of urea melt pump  

The urea melt pressure at the inlet of the pump varies from 0.0034 MPa to 0.095 MPa, and the steam 
pressure of the pump inlet pipeline tracing jacket is 0.28 MPa. If the internal leakage is found in the 
inlet pipeline tracing jacket of the urea melt pump, steam is prone to enter into the urea melt, 
degrading the urea melt. In 2008-2010, relevant personnel repeatedly removed the steam tracing 
jacket with the doubt of pipeline leakage. However, from the effect of each removal, the change of 
moisture content in urea prilled product was insignificant, especially after showdown of the plant, 
when the 2nd-stage evaporator pressure was higher than that of the jacket (in removal of the steam 
tracing jacket), no obvious process medium was found in the jacket, so the possibility of internal 
leakage of the inlet jacket of urea melt pump was ruled out. 

 

3.3 Clogging of 2nd-stage evaporator booster ejector with urea crystals 

A clogged 2nd-stage evaporator booster ejector will make the secondary steam from the 2nd-stage 
evaporator separator (402CF) more difficult to enter the booster, and affect normal circulation of the 
secondary steam, with the 2nd-stage vacuum pressure decreased and the moisture content in product 
urea increased, thus this can be considered as a common impact factor for the moisture content in the 
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urea product. In 2008-2010, operators greatly increased the ejector flushing frequency and time. 
From the effect of each flushing, the moisture content in product urea was decreased to different 
extents after venturi flushing, but in general, it was still relatively high. Was the ejector not 
thoroughly washed? Urea department No.1 dismantled the washed ejector to check during a 
shutdown, but no significant urea crystals were left, which shows that the possibility of clogging of 
2nd-stage evaporator booster ejector with urea crystals is to be ruled out.  

3.4 Internal leakage of the preheated steam block valve of granulation nozzle  

To ensure that the granulation nozzle temperature is higher than the crystallization temperature of 
urea melt after switchover of the granulation nozzle, and prevent urea melt crystals from clogging the 
nozzle, the connection tube where the urea melt enters the granulation nozzle shall be provided with 
0.9 MPa MP steam purge valve. If the internal leakage of the steam block valve is found, during 
normal granulating, entry of steam into urea melt certainly will affect the moisture content in the urea 
product. To confirm this, operators close two block valves on the steam purge pipeline, and open the 
drain valve between two block valves to ensure no steam leakage from the drain valve, but the 
change of moisture content in product urea is insignificant. Therefore, this cause option is to be 
excluded.  

 

3.5 Clogging of the inlet filter screen of evaporator ejector   

The evaporation system is equipped with four vacuum ejectors, of which two (703LL1 and 703LL2) are 
provided with filter screens at their inlets. If filter screens are clogged with mechanical impurities, the 
ejected steam flux will be reduced, and the ejector suction pressure will be affected, with the 2nd-
stage vacuum decreased and the moisture content in product urea increased. In case of shutdown, 
relevant personnel can remove filter screens from the ejector to check, and no obvious abnormality is 
found. 

 

3.6 Lower steam pressure in evaporator ejector 

0.4 MPa LP steam is the design value for the steam pressure for steam ejection, but a lower steam 
pressure will affect the ejector suction pressure. Therefore, operators adopt 0.9 MPa MP steam as the 
power steam of the 2nd-stage evaporator ejector (703LL1/LL2) instead, but the change of moisture 
content in product urea is insignificant. From the result, the possibility of insufficient power steam is 
ruled out.   

 

3.7 Lower 2nd-stage evaporator temperature 

A lower 2nd-stage evaporator temperature will result in higher moisture content in product urea and a 
lower Biuret content [note translator: “A higher 2nd stage evaporator temperature” is changed in the translation to “A lower 2nd …”]. But if 
the temperature is too low, significant urea crystals are found at the sight class of the 2nd-stage 
evaporator down comer. The 2nd-stage temperature is adjusted to 133 oC by operators, and more 
significant urea crystals are found at the 2nd-stage evaporator sight class, which occurred before. 
Meanwhile, under the same operating temperature, Biuret content in product urea is free of any 
obvious abnormality. In addition, instrument personnel in contact with operators will confirm the 
reliability of the 2nd-stage temperature with standard thermometers to ensure errors regarding the 
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2nd-stage temperature within the specified range, so the possibility of lower 2nd-stage temperature is 
ruled out. 

 

3.8 Higher 2nd-stage evaporator vacuum pressure 

The reliability of the 2nd-stage vacuum gauge indication has impact on finding out and determining 
problems. The design 2nd-stage vacuum is 0.0034 MPa, and local atmospheric pressure in Yinchuan is 
893 kPa. Under normal conditions, the operating range of 2nd-stage vacuum is － －83~ 89 kPa, and 
the moisture content in product urea can be controlled below 0.25 wt%. The 2nd-stage vacuum gauge 
is easily clogged by urea melt crystals, a small amount of flushing moisture is introduced by 
instrument personnel at the vacuum gauge, resulting in year-on-year decrease in vacuum by 2~3 
kPa, without any significant impact on moisture content in product urea. In 2008-2010, to confirm the 
reliability of the vacuum gauge, instrument personnel replaced on-site primary meters and instrument 
transmitters, and stopped use of flushing moisture for vacuum meters. As a result, the 2nd-stage 
vacuum was within normal operating range. 

 

3.9 Internal leakage of 2nd-stage evaporator heater 

The shell side of the 2nd-stage evaporator heater (402C) is provided with 0.9 MPa MP steam, and the 
tube side with urea melt to be heated. The medium pressure at the shell side is about 1.0 MPa higher 
than that at the tube side. Internal leakage of the heater will result in entry of steam into the urea 
melt, and increasing moisture content in product urea. In 2009, during shutdown, relevant personnel 
vented the heated steam at the shell side of the 2nd-stage evaporator heater, and increased the 
pressure of process medium at the tube side, but no process medium at the tube side entered the 
shell side; subsequently, during equipment repair, the disassembled 2nd-stage evaporator heater was 
subject to leakage check with moisture separately, but no leakage of the equipment was found. 

 

3.10 Poor heat exchange of 1st-stage and 2nd-stage evaporator condensers 

In the past, due to improper operation by operators, the urea melt from 1st-stage and 2nd-stage 
evaporators entered 1st-stage and 2nd-stage evaporator condensers, and the pipeline was clogged by 
urea melt crystals. As a result, the heat exchange of 1st-stage and 2nd-stage evaporator condensers 
was degraded, with the 2nd-stage vacuum pressure decreased and the moisture content in the 
product urea increased. To eliminate doubts about the impact factor, operators boil up the 1st-stage 
and 2nd-stage evaporator condensers, drain cooling water in the 1st-stage/2nd-stage evaporator 
condensers (702C/703C), slightly open flushing water valves of 1st-stage and 2nd-stage evaporators, 
fully open the 1st-stage and 2nd-stage heater steam valves and booster steam valves and close drain 
valves of 1st-stage and 2nd-stage evaporators to make temperatures of 1st-stage and 2nd-stage 
evaporator condensers slowly increase to 140 oC and stay for 30~40 min. After boiling up, changes in 
the 2nd-stage vacuum pressure and the moisture content in urea product are insignificant. In 2009, in 
case of equipment troubleshooting, relevant personnel cleaned the pipe bundle (at the side of cooling 
water) of 1st-stage and 2nd-stage evaporator condensers to ensure no obvious scaling which may 
affect heat exchange. Moreover, before and after equipment troubleshooting, the moisture content in 
urea product still remained high. 
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3.11 External leakage of 2nd-stage evaporator separator and related equipment  

If external leakage is found in the 2nd-stage evaporator separator and related equipment, the 2nd-
stage vacuum is decreased firstly. Actually, the 2nd-stage vacuum pressure is always within the 
normal operation range, so the said external leakage is less likely to occur. However, in 2009-2010, in 
case of equipment troubleshooting, the 2nd-stage evaporator separator and relevant equipment were 
subject to leakage check with water pressure by relevant personnel, except for a small amount of 
flange leakage at the steam connecting tube of the 2nd-stage evaporator booster ejector, no obvious 
problem was found on other parts. 

 

3.12 Failure of evaporator ejector 

Four ejectors, namely the 1st-stage evaporator ejector (701L), the booster ejector (702L), the 2nd-
stage evaporator ejector (703LL1) and the 2nd-stage evaporator after-ejector (703LL2), may affect 
the 1st-stage/2nd-stage vacuum pressures. 701L, 703LL1 and 703LL2, featuring simple structure, 
small size and convenient disassembly, have been repeatedly overhauled, with no significant problem 
found; 702L far away from the ground is not overhauled due to its large size and difficulties in 
disassembly. At the beginning of 2010, operators found that the load of desorption-hydrolysis system 
was relatively high, and in case of 100% load of the plant, the load of desorption-hydrolysis system 
reached above 45 m3/h (design value: 38.6 m3/h). Operators tended to turn down the steam valve of 
the 2nd-stage evaporator booster ejector to ensure no significant impact on the 2nd-stage vacuum 
pressure and to decrease the load of desorption-hydrolysis system. As a result, when the steam valve 
was opened at 2~3 buckles of 10 buckles in total, the moisture content in the urea product was 
greatly decreased. However, the valve was fully opened before, since the circulation area of the 
ejector nozzle was only 28 cm2, while that of the steam main reached 80 cm2. Based on previous 
operational experience, the opening of the steam block valve had no significant impact on the steam 
system vacuum pressure and the ejected steam flux. Via the operation, and exclusion of other factors 
above, in the opinion of relevant personnel, the main cause of higher moisture content in the urea 
product lies in the abnormal evaporator booster ejector. At the end of 2010, in case of shutdown for 
troubleshooting, 702L was overhauled, which shows that the bottom weld cracking of 702L reaches 
about 75%, with the widest opening up to 4 mm (see Figure 1). As a result, after entry of the ejected 
steam into 702L, the steam leaked into the 2nd-stage evaporator separator venturi from the cracking, 
and then entered into the condensation system, resulting in higher load of the desorption-hydrolysis 
system; meanwhile, the increasing partial pressure of the steam at the venturi had adverse impacts 
on moisture separation in the 2nd-stage evaporator separator. 
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Figure 1: Weld cracking of ejector 

 

4. Solutions and Precautions  

To solve the problem determined above, the booster ejector cracking shall be provided with grinding 
and repair welding, and after reassembly, the moisture content in product urea returned to 0.2 wt% ~ 
0.25 wt%.   

The 2nd-stage evaporator booster of the fertilizer urea unit of PetroChina Ningxia Petrochemical 
Company has never been overhauled after being put into operation in 1988, with no relevant reports 
from similar enterprises on its failures, which poses some difficulties in problem analysis and 
determination. Therefore, it is necessary to conduct regular overhauls for key equipment.  

 

 

 

 

 

 

 

 

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. 


