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The invention provides a system for converting urea into 
reactants useful for removing NOX from industrial emissions. 
The system includes a urea inlet, a steam inlet, and a reactor 
in ?uid communication With the urea inlet and the steam inlet. 
The reactor is con?gured and adapted to inject urea from the 
urea inlet into a steam ?oW from the steam inlet to convert the 
urea into at least one reactant for NOX reduction Within a 
substantially gaseous mixture. The invention also provides a 
method of converting urea into reactants for reducing NOX 
out of industrial emissions. The method includes injecting 
urea into a steam How to convert the urea into at least one 

reactant for NOX reduction Within a substantially gaseous 
mixture. 
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CONVERSION OF UREA TO REACTANTS 
FOR NOX REDUCTION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This patent application claims priority to US. 
Patent Application Ser. No. 60/914,598, ?led Apr. 27, 2007. 
This application is incorporated by reference herein in its 
entirety. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] The present invention relates to a system for NOX 
reduction. Particularly, the present invention is directed to a 
system for converting urea into reactants for removing NOX 
from industrial emissions. 
[0004] 2. Description of RelatedArt 
[0005] A variety of urea conversion devices are knoWn in 
the art for converting urea into reactants, such as ammonia, 
Which are useful in reducing NOX emissions in industrial 
settings. Of such devices, many are directed to systems that 
utiliZe hydrolysis to convert urea into ammonia and other 
reactants for NOX reduction. 
[0006] Combustion of fossil fuels, such as in poWer plants 
and other industrial settings, leads to a release of pollutants. 
NO2 and NO (referred to as NOX) are particularly problematic 
pollutants arising from fossil fuel combustion. Great efforts 
have been applied to the reduction of NOX emissions. Selec 
tive Catalytic Reduction (SCR) is one process that has 
achieved relative success in NOX reduction. SCR reacts 
ammonia or other reactants With NOX in ef?uent gasses to 
reduce NOX into more environmentally friendly products. It 
is possible to reduce in excess of 90% of the NOX out of 
e?luent gasses through SCR. Another variant of SCR is 
Selective Non-catalytic Reduction (SNCR), Which can simi 
larly use ammonia to reduce NOX, albeit at a higher tempera 
ture. 

[0007] The ammonia typically used in SCR and SNCR 
presents problems of its oWn, hoWever. The most economical 
form of ammonia for use in SCR and SNCR is anhydrous 
ammonia, but classi?cation of this reactant as a haZardous 
chemical may restrict its use in some locations. Aqueous 
ammonia is commonly used to avoid the haZardous chemical 
classi?cation. But the costs of transportation, storage, and 
processing of aqueous ammonia are great, especially consid 
ering the fact that most of What is shipped, stored, and pro 
cessed is the Water, Which can be in excess of about 70% by 
volume. This cost may restrict the use of aqueous ammonia. 

[0008] In order to avoid the costs and haZards of transport 
ing and storing anhydrous and aqueous ammonia, on-site 
production of ammonia is commonly used in conjunction 
With SCR and SNCR. Ammonia suitable for SCR and SNCR 
can be produced from urea, Which is not haZardous and can be 
inexpensively transported in its solid form. Typically, a 
hydrolysis process Within a saturated steam-Water vessel is 
used to produce gaseous ammonia and other useful reactants 
from solid urea. It is also possible to generate ammonia and 
other useful reactants from urea by gasifying urea in a stream 
of combustion gases to decompose the urea into useful reac 
tants, as described in US. Pat. No. 7,090,810 to Sun et al. US. 
Pat. No. 6,730,280 to Cooper et al. describes a method for 
producing ammonia from solid urea. Solid urea is mixed With 
Water into an aqueous solution. The aqueous urea is then 
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processed in a pressurized reactor in Which heat is applied to 
promote hydrolysis of the urea. Gaseous ammonia, carbon 
dioxide, and steam bubble out of the liquid in the bottom of 
the reactor. These gasses accumulate at the top of the reactor, 
and can then be introduced into ?ue gasses to reduce NOX 
emissions therefrom. 
[0009] US. Pat. No. 5,252,308 to Young describes a 
method for producing ammonia from urea using an acid. An 
aqueous solution of urea is introduced into a reactor, Which 
includes a vessel containing concentrated liquid phosphoric 
acid. Ammonia and carbon dioxide are liberated in a gaseous 
form Within the reactor, and can then be introduced into ?ue 
gasses for NOX reduction. 
[0010] US. Pat. No. 7,008,603 to Brooks et al. describes a 
process for converting urea to ammonia in an on demand 
basis. A control system is implemented to control the tem 
perature and pressure of a pressuriZed reactor in such a man 
ner as to release a desired amount of ammonia. Urea can be 

supplied to the reactor from solid urea mixed into an aqueous 
solution, or as molten urea. Heating coils can supply the 
needed heat to the liquid reactants in the reactor. 
[0011] Such conventional methods and systems generally 
have been considered satisfactory for their intended purpose. 
HoWever, the state of the art urea hydrolysis reactors have 
large pressure vessels holding standing liquid. Thus they take 
up valuable space and controlling their reaction rates can be 
di?icult. Typical hydrolysis reactors are heavy and operate at 
high pressures, Which raises safety concerns. Known 
hydrolysis reactors have signi?cant reactant volumes, Which 
can lead to complications during start up and shut doWn. 
Moreover, the bubbling of ammonia and other gases out of the 
liquid state of the knoWn urea hydrolysis reactors can cause a 
foam layer to build up. This, along With the build up of 
additives commonly used in solid urea, can lead to an accu 
mulation of contaminants Within the reactor, requiring fre 
quent doWn time for cleaning and maintenance of the reactor. 
Although solutions to some of these problem have been 
developed, such as the method for removing contaminants in 
reactors described in US. Pat. No. 6,51 1,644 to MacArthur et 
al., there still remains a continued need in the art for loW 
maintenance reactor for producing ammonia from urea. 
There also remains a need in the art for a urea conversion 
reactor that is inexpensive and easy to make and use. The 
present invention provides a solution for these problems. 

SUMMARY OF THE INVENTION 

[0012] The purpose and advantages of the present invention 
Will be set forth in and become apparent from the description 
that folloWs. Additional advantages of the invention Will be 
realiZed and attained by the methods and systems particularly 
pointed out in the Written description and claims hereof, as 
Well as from the appended draWings. 
[0013] To achieve these and other advantages and in accor 
dance With the purpose of the invention, as embodied herein, 
the invention includes a system for converting urea into reac 
tants for removing NOX from industrial emissions. The sys 
tem also includes a urea inlet, a steam inlet, and a reactor in 
?uid communication With the urea inlet and the steam inlet. 
The reactor is con?gured and adapted to inject urea from the 
urea inlet into a steam ?oW from the steam inlet to convert the 
urea into at least one reactant for NOX reduction Within a 
substantially gaseous mixture. 
[0014] In accordance With a further aspect of the invention, 
the system can further include a urea source in ?uid commu 
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nication With the urea inlet. The system can also include a 
steam source in ?uid communication With the urea inlet. The 
reactor can be con?gured and adapted to convert urea into at 

least one reactant for NOXreduction through a chemical pro 
cess including hydrolysis and/or decomposition. The system 
can further comprise a catalyst for exposing reactants Within 
the reactor to a catalyst to facilitate urea conversion Within the 
reactor. A catalyst can be added to the urea in the urea source 

before injection. 
[0015] In accordance With another aspect of the invention, 
the urea inlet can include a noZZle con?gured and adapted to 
inject urea into the reactor. The noZZle can be con?gured and 
adapted to atomiZe urea being injected into the reactor. The 
urea inlet can be con?gured and adapted to inject an aqueous 
solution of l-75% urea into the reactor. The noZZle can be 
con?gured and adapted to atomiZe aqueous urea through 
mechanical-pressure loss. The noZZle can be con?gured and 
adapted to atomiZe urea With assistance from another ?uid. 
Moreover, the noZZle can be con?gured and adapted to inject 
molten urea into the reactor. 

[0016] In accordance With another aspect of the invention, 
the urea inlet can include a noZZle con?gured and adapted to 
inject urea droplets the range of about 30 microns to about 
1000 microns in siZe. The reactor can include an internal ?oW 
passage of suf?cient volume to provide residence time to 
convert substantially all of the urea from the substantially 
gaseous mixture ?oWing therethrough. It is also contemplated 
that the urea inlet can include a heat source for pre-heating 
urea prior to injection into the reactor. 

[0017] In accordance With still another aspect of the inven 
tion, the reactor and steam inlet can be con?gured and 
adapted to supply a ?oW of superheated steam for converting 
urea in the reactor. The reactor can be con?gured and adapted 
to accommodate the substantially gaseous mixture at a tem 
perature in excess of about 600° F. The reactor can also be 
con?gured and adapted to accommodate the substantially 
gaseous mixture at a temperature in excess of about 650° F. It 
is also contemplated that the reactor can be con?gured and 
adapted to accommodate the substantially gaseous mixture at 
a temperature in excess of about 1000° F. The range of tem 
peratures of the substantially gaseous mixture of the reactor 
can be from about 500° F. to about 1600° F. Further, the 
reactor can be con?gured and adapted to accommodate the 
substantially gaseous mixture at a temperature in the range of 
about 1000° F. and about 1050° F. 

[0018] In accordance With a further aspect of the invention, 
the reactor can be con?gured and adapted to receive saturated 
steam from the steam inlet. The reactor can include a heater 
con?gured and adapted to maintain at least a portion of the 
surface of the reactor at an elevated temperature to prevent 
condensation thereon. The reactor can include a ?rst reducer 
upstream of the urea inlet con?gured and adapted to increase 
the cross-sectional area of a ?oW therethrough, and a second 
reducer doWnstream of the urea inlet con?gured and adapted 
to decrease the cross-sectional area of a ?oW therethrough. 

[0019] The system can further include a ?rst control loop 
operatively connected to the reactor to control urea injection 
rate based on demand for NOX reduction, a second control 
loop operatively connected to the reactor to control tempera 
ture of the substantially gaseous mixture upstream from the 
second reducer, and a third control loop operatively con 
nected to the reactor to control temperature of the substan 
tially gaseous mixture doWnstream from the second reducer. 
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[0020] It is also possible to practice the invention Wherein 
the system includes a ?rst control loop operatively connected 
to the reactor to control urea injection rate based on demand 
for NOX reduction, a second control loop operatively con 
nected to the reactor to control the ratio of steam from the 
steam inlet to urea from the urea inlet, and a third control loop 
operatively connected to the reactor to control temperature of 
the substantially gaseous mixture doWnstream from the sec 
ond reducer. 
[0021] In further accordance With the invention, the system 
can include a once-through process that uses superheated 
steam to convert urea from a sub-cooled liquid to superheated 
ammonia gas. Carbon dioxide, Water vapor, and some other 
gas constituents in smaller concentrations can also be present 
in the process gas. 
[0022] The apparatus also includes a system in Which urea 
is supplied from a urea supply into a urea line. The urea line 
passes through a heat exchanger at high temperature. Aque 
ous urea passing through the line is hydrolyZed in the heat 
exchanger. Vaporous ammonia and other reactants useful for 
NOX reduction are then separated out from the liquid mixture 
in a liquid/vapor separator. The useful vapors can then be 
injected into e?luent gasses for NOX reduction. Liquid from 
the liquid/vapor separator can be cooled and returned to the 
urea source for reuse. It is also possible to use a catalyst in the 
urea source, Which can be recycled through the liquid sepa 
rator along With the other ?uid. 
[0023] The invention also includes a method for converting 
urea into reactants for reducing NOX out of industrial emis 
sions. The method includes injecting urea into a steam ?oW to 
convert the urea into at least one reactant for NOX reduction 
Within a substantially gaseous mixture. The step of injecting 
can include injecting urea into a steam ?oW to convert the urea 

into at least one reactant for NOXreduction Within a substan 
tially gaseous mixture. The method can further include a step 
of converting substantially all of the urea from the substan 
tially gaseous mixture. It is also contemplated that the method 
can include a step of pre-heating the urea prior to injection 
into the reactor. The method can further include a step of 
heating a reactor containing the substantially gaseous mixture 
to maintain at least a portion of the surface of the reactor at an 
elevated temperature to prevent condensation thereon. A cata 
lyst can be added to the urea before the step of injecting. 
Further, the method can include the step of exposing urea to a 
catalyst to facilitate urea conversion. 
[0024] The method can further include a step of mixing 
solid urea With Water to produce an aqueous solution of urea 
prior to the step of injecting. It is also contemplated that the 
method can include a step of heating solid urea to produce 
molten urea for injecting. 
[0025] The step of injecting can also include converting 
urea through a chemical process including hydrolysis. It is 
also contemplated that the injecting step can include conver‘t 
ing urea into reactants for NOX reduction through hydrolysis 
and decomposition. The injecting step can include atomiZing 
urea through a noZZle. The ?oW of steam can be superheated 
steam. 

[0026] In accordance With the invention, the substantially 
gaseous mixture in the injecting step can have a temperature 
in excess of about 600° F. It is also possible for the gaseous 
mixture to have a temperature in excess of about 650° F. 
Moreover, the gaseous mixture can have a temperature in 
excess of about 1000° F. The range of temperatures for the 
substantially gaseous mixture can be from about 500° F. to 
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about 16000 F. It is also contemplated that the substantially 
gaseous mixture can have a temperature in the rage of about 
10000 F. to about 1050° F. 
[0027] In further accordance With the invention, the method 
can further include a step of controlling conversion of urea 
Within the substantially gaseous mixture in a reactor. The 
controlling step can include controlling With a ?rst control 
loop operatively connected to the reactor to control urea 
injection rate based on demand for NO X reduction. The con 
trolling step can further include a second control loop opera 
tively connected to the reactor to control temperature of the 
substantially gaseous mixture upstream from a reducer. Fur 
ther, the controlling step can include a third control loop 
operatively connected to the reactor to control temperature of 
the substantially gaseous mixture doWnstream from the sec 
ond reducer. 
[0028] In further accordance With the invention, the method 
can further include a step of controlling conversion of urea 
Within the substantially gaseous mixture in a reactor, includ 
ing controlling With a ?rst control loop and third control loop 
as described above, Wherein the second control loop is opera 
tively connected to the reactor to control the ratio of steam 
from the steam inlet to urea from the urea inlet. 

[0029] It is to be understood that both the foregoing general 
description and the folloWing detailed description are exem 
plary and are intended to provide further explanation of the 
invention claimed. 
[0030] The accompanying draWings, Which are incorpo 
rated in and constitute part of this speci?cation, are included 
to illustrate and provide a further understanding of the method 
and system of the invention. Together With the description, 
the draWings serve to explain the principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] FIG. 1 is a schematic of a ?rst representative 
embodiment of a system for converting urea in accordance 
With the present invention. 
[0032] FIG. 2 is a schematic of a second representative 
embodiment of a system for converting urea in accordance 
With the present invention, shoWing heaters for the urea sup 
ply line and the reactor chamber. 
[0033] FIG. 3 is a schematic of a third representative 
embodiment of a system for converting urea in accordance 
With the present invention, shoWing a heater on the urea 
supply line and a liquid/vapor separator for separating useful 
hydrolyZed reactants from the liquid urea solution. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0034] Reference Will noW be made in detail to the present 
preferred embodiments of the invention, examples of Which 
are illustrated in the accompanying draWings. The method 
and corresponding steps of the invention Will be described in 
conjunction With the detailed description of the system. 
[0035] The devices and methods presented herein may be 
used for converting urea into reactants such as ammonia that 
are suitable for use in NO X reduction processes. The present 
invention is particularly suited for converting urea to ammo 
nia and other reactants for use in processes such as SCR and 
SNCR. 

[0036] In accordance With the invention, a system for con 
verting urea into reactants for removing NO X from industrial 
emissions is provided including a urea inlet, a steam inlet, and 
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a reactor in ?uid communication With the urea inlet and the 
steam inlet. The reactor is con?gured and adapted to inject 
urea from the urea inlet into a steam ?oW from the steam inlet 
to convert the urea into at least one reactant for NO Xreduction 
Within a substantially gaseous mixture. 
[0037] For purposes of explanation and illustration, and not 
limitation, a partial vieW of an exemplary embodiment of a 
system for converting urea in accordance With the invention is 
shoWn in FIG. 1 and is designated generally by reference 
character 100. Other embodiments of a system in accordance 
With the invention, or aspects thereof, are provided in FIGS. 
2-3, as Will be described. 
[0038] In accordance With the invention, a reactor is pro 
vided in ?uid communication With a urea inlet and a steam 

inlet. For purposes of illustration and not limitation, as 
embodied herein and as depicted in FIG. 1, system 100 is 
provided With a reactor chamber 9, Which is in ?uid commu 
nication With a steam inlet 3 and a urea inlet in the form of a 
noZZle 18. 
[0039] NoZZle 18 is connected to a urea source 40 through 
urea source line 14. NoZZle 18 connects to reactor chamber 9 
through a thermal sleeve attachment 17, as is knoWn in the art. 
Urea control valve 15 in urea source line 14 alloWs for con 
trolling the rate at Which urea is injected through noZZle 18 
into reactor chamber 9. Urea source 40 can supply noZZle 18 
With an aqueous solution of urea created on site by mixing 
Water With solid urea, as is knoWn in the art. Optionally, a 
catalyst can be added to the urea to facilitate its eventual 
hydrolysis and/or decomposition. NoZZle 18 can atomiZe the 
urea injected by employing, for example, mechanical-pres 
sure loss or assistance from another ?uid. HoWever, it is not a 
requirement for NoZZle 18 to atomiZe the urea. Typical con 
centrations for aqueous urea are about l%-75% urea by 
Weight. It is also possible for urea source 40 to supply urea in 
its molten form, as is knoWn in the art. Those skilled in the art 
Will appreciate that When urea is used in its molten form, 
conversion can take place primarily through thermal decom 
position rather than through hydrolysis. Urea source 40 sup 
plies urea under suf?cient pressure to be dispersed by noZZle 
18 as it is injected into reactor chamber 9. Moreover, it may be 
desirable to use multiple noZZles, such as for turn doWn. 
[0040] Steam inlet 3 connects reactor 9 to a steam source 30 
through steam inlet source line 1, Which includes steam con 
trol valve 5 for controlling the rate of steam injection into 
reactor chamber 9. It is possible to supply steam from an 
existing source, such as in a poWer plant. Steam source 30 
should supply steam that has a temperature in excess of about 
600° F. in order to facilitate the reactions in converting urea. 
In poWer plants, for example, steam can typically be supplied 
from a ?rst or second hot reheat stage at about l000-l050° F. 
In other applications Where there are no reheat steam cycles, 
steam can be supplied, for example, from a primary super 
heater or main steam outlet. 

[0041] Those skilled in the art Will readily appreciate that 
the steam supply Will vary from application to application, 
and in some cases additional equipment may be used to pro 
duce desired conditions in steam source 30 Without departing 
from the spirit and scope of the invention. It is possible to 
practice the invention With source steam at anyWhere from 
about 500° F. to about 16000 E, the hotter temperatures being 
attainable, for example, by re-routing source steam back 
through a boiler for a second heating cycle. 
[0042] Reactor chamber 9 can be made from a variety of 
materials, including corrosive resistant materials such as AISI 
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316L stainless steel, or other alloys as appropriate for higher 
temperature. However, those skilled in the art Will readily 
appreciate that other suitable materials can also be used With 
out departing from the spirit and scope of the invention. 
[0043] In further accordance With the invention, system 
100 is con?gured and adapted to inject urea from the urea 
inlet into a steam ?oW from the steam inlet to convert urea into 
at least one reactant for NO X reduction Within a substantially 
gaseous mixture. The reactor of system 100 includes reactor 
chamber 9 and reactor line 12 connected to reactor chamber 9 
through a second reducer 11, Which cooperates With ?rst 
reducer 7 to create a suitable volume for reactor chamber 9. 
The steam and urea injected into reactor chamber 9 can be 
converted into vapors of steam, carbon dioxide, ammonia, 
cyanuric acid, isocyanic acid (HNCO), and other reactants 
useful for NO Xreduction through knoWn chemical processes, 
such as hydrolysis and decomposition. 
[0044] Known hydrolyZer processes convert urea to ammo 
nia in a pressure vessel in Which a saturated Water level is 
maintained to facilitate the hydrolysis reaction. Vapors of 
ammonia, carbon dioxide, and Water are extracted from above 
the liquid level for injection into e?luent gasses. These ves 
sels are designed to operate at loW saturation pressure-tem 
peratures (typically less than about 450 psig and 4600 F.). 
Other knoWn hydrolyZer processes are designed for various 
means of heating at higher temperatures to keep the urea and 
converted ammonia in liquid phase for injection into the 
e?luent gas. These relatively loW operating temperature con 
ditions can require several minutes of residence time for 
conversion. Typical residence times for knoWn hydrolyZer 
processes can range from 45 to 378 minutes. Typical resi 
dence times for knoWn urea decomposition processes (eg 
US. Pat. No. 7,090,810 to Sun et al.) are on the order of 1 to 
10 seconds. 

[0045] The residence time for system 100 is much less than 
for knoWn hydrolyZer systems because system 100 uses high 
temperature steam to heat and hydrolyZe urea into useful 
reactants Within a substantially gaseous mixture, as opposed 
to hydrolyZing in a standing liquid reservoir as in the art. The 
steam from steam supply 30 ?oWs past noZZle 18, Where 
droplets of urea are injected. The heat required for hydrolysis 
and/or decomposition of the urea is amply supplied by the 
high temperature steam ?oW as the urea and steam combine 
into a process mixture that ?oWs through reactor chamber 9 
and reactor line 12. When urea is supplied in an aqueous 
solution, hydrolysis occurs primarily Within the droplets of 
aqueous urea as the droplets are sWept through reactor cham 
ber 9 and reactor line 12, the heat being supplied from steam 
outside the droplets. HoWever thermal decomposition can 
also occur to generate useful reactants from the urea, espe 
cially as the liquid in the droplets is driven off. In the case of 
molten urea being supplied, reactants are produced primarily 
through thermal decomposition of the urea. A residence time 
of betWeen about 01-40 seconds While the mixture ?oWs to 
the end of reactor line 12 is typically su?icient under these 
high temperature/pressure conditions to convert substantially 
all of the urea into useful reactants. 

[0046] The conversion of ammonia by hydrolysis in reactor 
chamber 9 and reactor line 12 is dependant on the pressure 
and temperature of the process mixture around point 10, as 
Well as the droplet siZe of injected aqueous urea solution. 
Urea solution droplet siZe is controlled by injection noZZle 18, 
as is knoWn in the art. If superheated steam is used, larger 
droplet siZes, in excess of about 500 microns, should be 
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injected by noZZle 18 in order to provide adequate residence 
time to vaporiZe the droplets and thus affect a higher conver 
sion rate of urea to ammonia by hydrolysis. The percent 
conversion of urea to ammonia and other useful reactants by 
decomposition is based on temperature and residence time. 
The process mixture around point 13 should have a tempera 
ture in excess of about 525° F. to ensure substantially all of the 
urea conversion is completed. System 100 can operate at 
pressures ranging from as loW as about :35 inches of Water at 
duct 23 to pressures as high as about 500-1500 psig at ?rst 
reducer 7. 

[0047] Steam, carbon dioxide, ammonia, and other prod 
ucts of the urea conversion process eventually reach injection 
grids 22 in the end of reactor line 22, and are injected into a 
gas duct 23 for use in conversion of urea, Where the products 
can be used for example in NOX reduction through SCR or 
SNCR. 
[0048] The combined length of reactor chamber 9 and reac 
tor line 12 is su?icient to convert substantially all of the urea 
into useful reactants. Those skilled in the art Will readily 
appreciate that the length of reactor line 12 and volume of 
reactor 9 can be varied to provide adequate residence time for 
the chemical processes to convert substantially all of the urea, 
based on the other How parameters described beloW. FloW 
rates Within reactor line 12 should be maintained beloW the 
choke limit. Moreover, ?oW rates are governed by demand for 
NO X reduction. Preferably, the amount of steam extracted 
from other industrial processes is kept minimal in order to 
maintain thermal ef?ciency in said processes. System 100 can 
be modi?ed or con?gured to supply as small a supply of 
ammonia as needed, there is no loWer limit. On the other 
hand, those skilled the art Will be able to practice the invention 
Wherein system 100 can produce ammonia and other useful 
reactants at rates in excess of 5,000 lbm/hour. 
[0049] It is also possible to use a catalyst, as is knoWn in the 
art, to facilitate hydrolysis and decomposition of urea in sys 
tem 100. Such catalysts could be supplied Within an aqueous 
urea solution injected into reactor chamber 9. It is also pos 
sible that a catalyst could be injected separate from the urea. 
Reactor chamber 9 could also be con?gured to include sta 
tionary catalysts for urea conversion, as is knoWn in the art. 
[0050] With reference noW to FIG. 2, one alternative 
embodiment of a system in accordance With the invention is 
shoWn. System 200 employs many of the same or similar 
elements as system 100, as described above. A steam source 
230 supplies high temperature steam to reactor chamber 209 
through control steam source line 201, control valve 205, and 
?rst reducer 207. Urea source 240 supplies urea through urea 
source line 214, urea control valve 215, and thermal sleeve 
attachment 217, as described above. NoZZle 218 injects urea 
into the How of steam to create a process mixture 210, Which 
enters second reducer 211 around point 213, and continues 
into reactor line 212 to eventually be injected into gas duct 
223 through injection grids 222. 
[0051] Additionally, system 200 provides means for heat 
ing the Walls of reaction chamber 209. Steam from source 230 
passes through a check valve 232 and a portion of the steam 
supply is diverted in manifold 202 through reactor heating 
line 204. Reactor heating line 204 includes a control valve 
206 for controlling the amount of heating supplied to the 
Walls of reactor chamber 209. Diverted steam then ?oWs 
through jacket 208, Which envelopes most of reactor chamber 
209, and thereby supplies heat to the Walls of reactor chamber 
209. Diverted steam and process mixture 213 are mixed 
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together in second reducer 211 to How together into reactor 
line 212. Heating the Walls of reactor chamber 209 can be 
particularly bene?cial to keep reactor components hot and 
clean even if some urea impinges thereon. 

[0052] System 200 also provides for preheating of urea, 
Which can help, for example, help With alleviating thermal 
shocking at noZZle 18. Preheating urea also reduces the mini 
mum required residence time. A secondary steam source 250 
supplies steam through secondary steam source line 224, 
check valve 233, and control valve 225 to control the amount 
of heating supplied to urea heater 216. Check valves 231, 232, 
and 233 prevent back?oWs in their respective lines. Urea 
heater 216 envelops a portion of urea source line 214, alloW 
ing secondary steam to provide heat to urea ?oWing toWard 
noZZle 218. Once used in heater 216, secondary steam travels 
through condensate line 226 to secondary steam noZZle 227, 
Where it joins the mixture passing through segment 219 of 
reactor line 212. First and second pressure reducing stations 
220 and 221 can regulate pressures to assure proper How in 
lines 226 and 212, as is knoWn in the art. 

[0053] While system 200 has been shoWn having steam 
source 230 and secondary steam source 250, those skilled in 
the art Will readily appreciate hoW to modify the system so 
that all of the steam is supplied from a single source, or so that 
reaction steam, heating steam in jacket 208, and heating 
steam in heater 216 are each supplied from three separate 
sources. It is also possible to heat reactor chamber 209 in tWo 
or more sections at different temperatures by including addi 
tional jackets (like jacket 208) With steam supplied at a dif 
ferent temperature from that supplied in line 204. Doing so 
can provide for additional control over heat transfer and thus 
over residence time required. Moreover, heater 216 and 
sleeve 208 (and the respective supporting components) are 
optional. One or the other, or both, can be eliminated Without 
departing from the spirit and scope of the invention. Those 
skilled in the art Will appreciate that there are a variety of 
different Ways to heat urea source line 214 and reactor cham 
ber 209 besides heater 216 and sleeve 208. Gas heaters, elec 
trical heaters, chemical heaters, or any other suitable means of 
heating can also be used Without departing from the spirit and 
scope of the invention. Moreover, those skilled in the art Will 
further appreciate hoW to shield the components of heater 
216, sleeve 208, and other components from cyclic thermal 
shocking damage, such as by including thermal liners Where 
applicable. 
[0054] System 200 can be controlled very simply by con 
trol loops as are knoWn in the art. For example, a ?rst control 
loop can be connected to valve 215 to control the rate at Which 
urea is injected. A second control loop can be connected to 
valve 205 to control the temperature of the substantially gas 
eous mixture upstream from second reducer 211. A third 
control loop can be operatively connected to valve 206 to 
control the temperature of the substantially gaseous mixture 
doWnstream from second reducer 211. Alternatively, for 
example, one control loop could be operatively connected to 
both valves 205 and 215 to control the ratio of steam to urea 
in the substantially gaseous mixture. Further, it is also pos 
sible to practice the invention With multiple noZZles 218, or 
multiple systems 200 in parallel for tumdoWn. 
[0055] In accordance With another aspect of the invention, 
a system for converting urea into reactants for reducing NO X 
out of industrial emissions in provided, Wherein hydrolysis 
takes place primarily in a urea supply line, and Wherein the 
reactants are separated as vapor from a liquid/vapor separator 
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and thereafter injected into ef?uent gasses. By Way of 
example and not limitation, and as shoWn in FIG. 3, a system 
300 is provided. System 300 includes a urea source 340, urea 
supply line 314 (With stop check valve 331 and control valve 
315) and a steam source 350 (With steam line 324, stop check 
valve 333, and control valve 325), as described above in 
conjunction With system 200. Steam from steam source 350 
supplies heat Within heater 316 to urea supply line 314, much 
as described above With respect to system 200. Heater 316 can 
be a shell and tube heat exchanger or other suitable heater 
device, as are knoWn in the art. Steam used in heater 316 can 
then be returned to a condensate return, as indicated by ref 
erence 360. 

[0056] System 300 uses aqueous urea, Which is heated by 
heater 316 as it ?oWs through urea line 314. The heat from 
heater 316 supplies the heat energy for the endothermic 
hydrolysis reaction that converts the urea into ammonia and 
other reactants that are useful for NO Xreduction, as described 
above. If urea is supplied at about 700 psig, and if heater 316 
heats the urea to about 520° F., hydrolysis Will occur in a 
residence time on the order of 1 second. After passing through 
heater 316, the mixture in urea line 314 passes into liquid/ 
vapor separator 370. Liquid/vapor separator 370 separates 
vapors out of the mixture, Which vapors include ammonia 
(and other NO X reducing reactants), carbon dioxide, and 
Water vapor. The vapors are passed through reactant line 312 
through control valve 321 and injection grid 322 Where they 
are mixed With ef?uent gases in gas duct 323, as described 
above With reference to systems 100 and 200. Liquid sepa 
rated in liquid/vapor separator 370 is passed through cooler 
380 to condition it to be recycledback into urea source 340, as 
is knoWn in the art. Cooler 380 is optional, but it can be 
advantageous if a catalyst is included in the mixture of urea 
source 340, to be recycled through cooler 380, for example. 
[0057] System 300 can be practiced With control valve 315 
located proximate to separator 370 (as opposed to the location 
shoWn in FIG. 3), in order to help maintain high pressure 
throughout the urea supply line. This can facilitate hydrolysis 
by keeping the urea in a liquid state until it reaches separator 
370, at Which point it can be ?ashed into steam in the sepa 
rator 370. Separator 370 can have multiple inlet noZZles, and 
the noZZles can be of various orientations. It is advantageous 
to orient the noZZles doWnWard at around l5-20° from hori 
Zontal to help prevent droplet carryover. It is also possible to 
use a separator that has internal structures to prevent carry 
over of droplets. 
[0058] In accordance With another aspect of the invention, 
a method of for converting urea into reactants for reducing 
NOX out of industrial emissions is provided. The method 
includes injecting urea into a steam How to convert the urea 
into at least one reactant for NO Xreduction Within a substan 
tially gaseous mixture. 
[0059] For purposes of illustration and not limitation, as 
embodied herein and as depicted in FIGS. 1-2, urea is injected 
into a How of steam, for example in a reactor chamber (e. g. 9, 
209) and/or reactor line (eg 12, 212). Heat from the steam 
facilitates chemical processes including hydrolysis and/or 
decomposition to convert the urea into reactants such as 

ammonia, cyanuric acid, isocyanic acid (HNCO), and other 
reactants useful for NO X reduction. The reactions take place 
as the urea is sWept along the steam ?oW, therefore the reac 
tions take place in a substantially gaseous mixture. 
[0060] For purposes of illustration and not limitation, as 
embodied herein and as depicted, the injecting step can 
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include converting urea into at least one reactant for NOX 
reduction through chemical processes including hydrolysis 
and decomposition, as described above With reference to 
systems 100, 200. The injecting step can further include 
atomiZing urea through a noZZle (eg 18, 218) to facilitate the 
chemical reactions. The steam ?oW can be superheated. Pref 
erably, substantially all of the urea is converted into useful 
reactants for NOX reduction processes like SCR and SNCR. 
[0061] In further accordance With the method of the inven 
tion, it is also possible to include a step of pre-heating the urea 
prior to the step of injection. A pre-heater (e. g. 216) can 
perform the step of preheating, in accordance With the fore 
going description of system 200. Moreover, it is also possible 
to include a step of heating the Walls of a reactor (e. g. reactor 
chamber 209) to maintain a portion of the reactor Walls at an 
elevated temperature to provide additional process heat and/ 
or prevent condensation from forming inside the reactor. The 
temperature ranges for the substantially gaseous mixture can 
vary across a Wide range, as described above With respect to 
system 100. HoWever, the steam should be supplied at above 
about 500° F., as described above. 

[0062] In further accordance With the invention, the method 
can further include the step of controlling conversion of urea 
Within the substantially gaseous mixture in a reactor. The 
controlling can be accomplished through control loops con 
nected to the reactor, as described above in connection With 
system 200. 
[0063] The method can include the additional step of 
exposing urea to a catalyst to facilitate the conversion pro 
cess. Such catalysts are knoWn in the art and can generally be 
used to loWer the operating temperatures or residence times 
required for urea conversion. A catalyst can optionally be 
added to the urea supply tank. If the catalyst is expensive or it 
cannot be discharged into the environment, the mixture con 
taining the catalyst can be separated to recycle the catalyst 
back into the urea source, as is knoWn in the art. The method 
can include mixing solid urea into an aqueous solution prior 
to being injected. It is also possible to include a step of heating 
solid urea to a molten state for injecting in accordance With 
the invention. 

[0064] The methods and systems of the present invention, 
as described above and shoWn in the draWings, provide for a 
process for converting urea into ammonia and other reactants 
useful for NOX reduction. The methods and systems of the 
invention have superior properties including light-Weight, 
compactness With a small footprint, a fast once-through pro 
cess alloWing for quick start up and shut doWn, increased 
safety due to lack of heavy pressure vessels, and inexpensive 
construction and operation due to use of components that are 
generally available as standard items. The invention also has 
advantages over knoWn urea decomposition devises, such as 
that in Us. Pat. No. 7,090,810 to Sun et al., in that the system 
of the invention is more energy e?icient due to use of high 
temperature steam. The invention can also be smaller, sim 
pler, and safer (since steam is used for heat rather than bum 
ers) than knoWn urea decomposition systems. Moreover, the 
invention can produce more pure ammonia than in knoWn 
urea decomposition systems, Which can produce unknoWn 
byproducts When reacting urea With ?ue gasses. The 
unknoWn byproducts can cause problems, for example, With 
some catalysts used in SCR. 

[0065] It Will be apparent to those skilled in the art that 
various modi?cations and variations can be made in the 
device and method of the present invention Without departing 
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from the spirit or scope of the invention. Thus, it is intended 
that the present invention include modi?cations and varia 
tions that are Within the scope of the appended claims and 
their equivalents. 

1. A system for converting urea into reactants for removing 
NOX from industrial emissions, the system comprising: 

a) a urea inlet; 
b) a steam inlet; and 
c) a reactor in ?uid communication With the urea inlet and 

the steam inlet, the reactor being con?gured and adapted 
to inject urea from the urea inlet into a steam ?oW from 
the steam inlet to convert the urea into at least one 
reactant for NOX reduction Within a substantially gas 
eous mixture. 

2.A system for converting urea as recited in claim 1, further 
comprising a urea source in ?uid communication With the 
urea inlet. 

3 . A system for converting urea as recited in claim 2, further 
comprising a steam source in ?uid communication With the 
steam inlet. 

4. A system for converting urea as recited in claim 1, 
Wherein the reactor is con?gured and adapted to convert urea 
into at least one reactant for NOXreduction through a chemi 
cal process including hydrolysis. 

5. A system for converting urea as recited in claim 1, 
Wherein the reactor is con?gured and adapted to convert urea 
into at least one reactant for NOXreduction through a chemi 
cal process including decomposition. 

6. A system for converting urea as recited in claim 1, 
Wherein the reactor is con?gured and adapted to convert urea 
into at least one reactant for NOXreduction through a chemi 
cal process including hydrolysis and decomposition. 

7. A system for converting urea as recited in claim 1, 
Wherein the urea inlet includes a noZZle con?gured and 
adapted to inject urea into the reactor. 

8. A system for converting urea as recited in claim 7, 
Wherein the noZZle is con?gured and adapted to atomiZe urea 
being injected into the reactor. 

9. (canceled) 
10. A system for converting urea as recited in claim 8, 

Wherein the noZZle is con?gured and adapted to atomiZe 
aqueous urea With assistance from another ?uid. 

11. A system for converting urea as recited in claim 8, 
Wherein the urea inlet is con?gured and adapted to inject an 
aqueous solution of l-75% urea into the reactor. 

12. A system for converting urea as recited in claim 7, 
Wherein the noZZle is con?gured and adapted to inject molten 
urea into the reactor. 

13. A system for converting urea as recited in claim 1, 
Wherein the reactor and steam inlet are con?gured and 
adapted to supply a ?oW of superheated steam for converting 
urea in the reactor. 

14. (canceled) 
15. A system for converting urea as recited in claim 1, 

Wherein the reactor includes an internal ?oW passage of suf 
?cient volume to provide residence time to convert substan 
tially all of the urea from the substantially gaseous mixture 
?oWing therethrough. 

16. A system for converting urea as recited in claim 1, 
Wherein the urea inlet includes a heat source for pre-heating 
urea prior to injection into the reactor. 

17-19. (canceled) 
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20. A system for converting urea as recited in claim 1, 
Wherein the reactor is con?gured and adapted to accommo 
date the substantially gaseous mixture at a temperature in the 
range of about 500° F. to about 1600° F. 

21. A system for converting urea as recited in claim 1, 
Wherein the reactor is con?gured and adapted to accommo 
date the substantially gaseous mixture at a temperature in the 
range of about 1000° F. to about 10500 F. 
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22. (canceled) 
23. A system for converting urea as recited in claim 22, 

Wherein the reactor includes a heater con?gured and adapted 
to maintain at least a portion of the surface of the reactor at an 
elevated temperature to prevent condensation thereon. 

24-48. (canceled) 


