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PROCESS TO PRODUCE A MELT OF UREA AND BIURET AND SYSTEM
TO PRODUCE SUCH A MELT

Technical field
[1] The disclosure relates to a process and system to produce a melt of urea, biuret
and a minor amount of N-containing compounds created during a urea condensation

process.

Background

[2] It is generally known that, when urea is heated at temperatures starting from
130°C, it is thermally decomposed forming a condensation product, i.e., biuret. When
the concentration of biuret increases and with increasing temperatures, other urea
pyrolysis products or urea condensation products such as triuret, ammelide, cyanuric
acid, etc. start to form. The higher the temperature, the quicker the conversion of urea
to biuret.

[3] US 4,540,820 discloses the preparation of a composition particularly suitable for
use as a feedstock in the production of animal feed grade biuret by solid state
pyrolyzation thereof in a recirculating oven, which composition comprises from about
37 % to about 25 % urea by weight, from about 45 % to about 60 % biuret by weight,
and from about 3 % to about 20 % cyanuric acid by weight, such preparation involving
sparging air or other non-reactive gas through a urea charge at a temperature of from
about 145°C to about 165°C and at a rate of between about two to about 10 cu. ft of
gas/hr/lb of urea for a period of at least four hours, then cooling and comminuting the
product.

[4] EP 3 995 488 discloses a process for the production of feed grade urea starting
from a liquid urea melt, the process comprising processing the urea melt to promote the
formation of biuret until a concentration of at least 3 % biuret by weight, and subjecting
the so obtained biuret-containing melt to a shaping process to obtain a granular urea
product.

[5] It is now a goal of the present disclosure to provide in a simple method to
produce a melt comprising urea, biuret and a relatively low number of byproducts, i.e.,
“minor” N-containing compounds, which are produced during the urea condensation
process, without the need for additional purification steps and without the need for any

additional reactants, solvents, etc.
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[6] It is a further goal of the present disclosure to provide in a method for producing
such a melt which is suitable to be further processed into a non-protein nitrogen (NPN)
source, more in particular serving as an animal feed-grade additive for ruminant animals

and cattle.

Summary

[7] According to a first aspect of the present disclosure, a method is disclosed for

producing a melt comprising urea, biuret, and a minor amount of N-containing

compounds produced during the urea condensation process (hereafter “the melt
comprising urea, biuret and N-containing compounds), the process comprising the steps
of:

- pumping a urea melt to one or more reactor vessels each having a headspace at a
top part thereof and a bottom part;

- subjecting the urea melt in the one or more reactor vessels to a heating process
with a temperature of between 150°C and 180°C, wherein during the heating
process the urea melt is converted to the melt comprising urea, biuret, and N-
containing compounds,

- during the heating process subjecting the melt present in the reactor vessel(s) to a
circulation process in and out of the one or more reactor vessels via a circulation
loop arranged externally from each of the reactor vessels,

wherein during formation of the melt comprising urea, biuret and N-containing

compounds, gaseous by-products are produced which are evacuated out of the

respective reactor vessel via the top part thereof, and

- removing the melt comprising urea, biuret and N-containing compounds out of
the one or more reactor vessels via the bottom part thereof.

[8] Urea melt is liquid urea, optionally comprising a minimum amount of water.

Solid urea has a melting temperature of between 130°C and 133°C, depending on the

amount of water.

[9] The advantage of the process according to the present disclosure is that it is a

simple and fast production process to produce a melt as disclosed above, using no

catalysts and no solvents. During this production process, only a minor amount of side
products, typically less than 15 wt.%, more in particular N-containing compounds such

as ammelide, cyanuric acid, triuret, etc., are formed during the condensation of urea.
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Consequently, no further purification step is necessary before its inclusion into ruminant

feed as a feed supplement. Furthermore, the circulation loop which is arranged

externally from the one or more reactor vessels enhances the mixing of the melt, aids in
the mass transfer and in flashing of the liquid.

[10] In an embodiment of a process according to the present disclosure, the process

is a batch process, and the residence time of the melt is between 40 minutes and

120 minutes, more in particular between 60 minutes and 90 minutes, typically

depending on the quantity of melt present in the reactor vessel(s) and the process

conditions in the reactor vessel(s).

[11] In another embodiment of a process according to the present disclosure, the

process is a continuous process, and the residence time of the melt in the one or more

reactor vessels, is between 40 minutes and 60 minutes, typically depending on the
capacity / volume of the reactor vessel and the flowrate of the urea melt.

[12] These residence times as mentioned above are fairly short in view of the known

production processes.

[13] In a possible embodiment of a process according to the present disclosure, the

process further comprises the steps of’

- introducing a carrier gas in the melt in the one or more reactor vessels which will
then mix with the gaseous by-products, resulting in a gas mixture, the carrier gas
more in particular being nitrogen gas, carbon dioxide, air or a mixture thereof
which is bubbled in the respective reactor vessel using a sparger, and/or

- introducing a purging gas stream in the headspace of the one or more reactor
vessels which will then mix with the gaseous by-products, resulting in a gas
mixture, the purging gas stream more in particular being a purging air stream;

- evacuating the gas mixture out of the respective reactor vessel via the top part
thereof.

[14] The introduction of the carrier gas in the melt or the purging gas stream in the

headspace of the respective reactor vessel to evacuate the formed gaseous by-products

will help to accelerate the formation rate of biuret.

[15] In an optional embodiment of a process according to the present disclosure, the

gas mixture is evacuated out of the one or more reactor vessels via a pipeline to a

scrubber which is configured to purify the gaseous by-products out of the gas mixture,
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resulting in a purified gas. The scrubber uses more in particular water and/or acid as a
scrubbing liquid.

[16] In an additional embodiment of a process according to the present disclosure,

the process further comprises the steps of

- purging part of the purified gas out of the scrubber, this part being a re-usable gas
fraction,

- compressing the re-usable gas fraction to a pressure above atmospheric pressure
and adding a further gas fraction with a pressure above atmospheric pressure to
the re-usable gas fraction, or adding a further gas fraction to the re-usable gas
fraction and compressing it to a pressure above atmospheric pressure; and

- recycling back the mixture of the further gas fraction and the re-usable gas fraction
to the one or more reactor vessels, particularly as the carrier gas and/or purging
gas stream.

[17] The pressure of the re-usable gas fraction and the further gas fraction (or fresh

gas) is more in particular between 1 bar and 5 bar. The pressure should be such that that

there is a driving force for the gas mixture to flow from the reactor vessel to the scrubber.

[18] In a possible embodiment of a process according to the present disclosure, the

urea-containing melt in the respective reactor vessel(s) (i.e. a starting urea melt which

converts to a melt comprising urea, biuret and N-containing compounds and of which
the composition changes during the condensation process) is stirred using a stirrer or
agitator.

[19] In the context of the present application, circulation in the circulation loop is

obtained via a circulation pumping means. The circulation pumping means can be

designed in such a way that the circulation in and out of the circulation loop arranged
externally from each of the reactor vessels is sufficient for mixing the melt in the reactor
vessel. However, the stirrer or agitator enhances the mixing process.

[20] In a particular embodiment of a process according to the present disclosure, the

produced melt comprises

- between 5 wt.% and 60 wt.% of urea, more in particular between 30°wt.% and 55
wt.% of urea;

- between 2 wt.% and 60 wt.% of biuret, more in particular between 30°wt.% and
50 wt.% of biuret and

- between 6 wt.% and 16 wt.% of the N-containing compounds,
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in view of weight of the total composition of the produced melt and the total composition

forming 100 wt.%.

[21] In a specific embodiment of a process according to the present disclosure, the

N-containing compounds comprise

- between 3 wt.% and 10 wt.%, more in particular between 5 wt.% and 8 wt.% or
between 5 wt.% and 7 wt.% of cyanuric acid,

- between 0.5 wt.% and 3 wt.%, more in particular between 0.8 wt.% and 2.0 wt.%
or between 0.8 wt.% and 1.5 wt.% of ammelide, and

- between 3 wt.% and 6 wt.%, more in particular between 4 wt.% and 5.5 wt.% or
between 4 wt.% and 5 wt.% of triuret;

in view of the weight of the total composition of the produced melt.

[22] In a specific embodiment of a process according to the present disclosure, the

process further comprises the steps of

- transporting the produced melt comprising urea, biuret and N-containing
compounds out of the respective reactor vessel(s) to a mixing vessel, and

- adding one or more animal feed supplement compounds to the melt comprising
urea, biuret and N-containing compounds in the mixing vessel and mixing it,
thereby obtaining a feed supplement melt.

[23] The one or more animal feed supplement compounds are one or more of amongst

others nitrate compounds, phosphate compounds, sulphate compounds, micro-nutrients

and anti-caking agents.

[24] More in particular, the one or more feed supplement compounds are one or more

nitrate compounds.

[25] Inapossible embodiment of a process according to the present disclosure, the one

or more nitrate compounds are present in an amount of between 20 wt.% and 40 wt.%,

in view of the total composition of the produced melt.

[26] More in particular, the one or more nitrate compounds are chosen out of calcium

nitrate, magnesium nitrate, ammonium nitrate, potassium nitrate, sodium nitrate or a

mixture thereof.

[27] In a particular embodiment of a process according to the present disclosure, the

urea melt present in the one or more reactor vessels is subjected to a heating process to

obtain a melt of urea, biuret and the N-containing compounds with a temperature of
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between 150°C and 180°C, more in particular between 160°C and 170°C, and most in
particular a temperature of 165°C.
[28] Thanks to their complex digestive system, characterized by a four-chambered
stomach that allows the efficient digestion of plant materials via the microbiota installed
in them, ruminants are capable of processing both true protein as well as Non-Protein-
Nitrogen (NPN) from their feed. It is known that feed-grade urea, which is one source
of NPN, decomposes rapidly and releases nitrogen in the form of ammonia to potentially
toxic levels inside ruminant animals. Biuret provides a slower release rate of ammonia
to the rumen bacteria. Biuret is less toxic compared to urea and is therefore safer to be
used in ruminant feed. The production of biuret is, however, very expensive. The
production process according to the present disclosure thus provides a melt which is
suitable to be used more safely in animal feed in comparison with pure urea.
[29] According to a second aspect of the present disclosure, a system for producing a
melt comprising urea, biuret and a minor amount of N-containing compounds created
during a urea condensation process, the system comprising
- a pumping device to pump a urea melt to one or more reactor vessels, each having
a headspace located at a top part thereof, and a bottom part, wherein the one or
more reactor vessels are configured to produce the melt, and wherein each of the
reactor vessels comprise
o a heating device configured to heat the urea melt to a temperature of between
150 °C and 180°C, wherein during the heating process the urea melt is
converted in the melt comprising urea, biuret and the N-containing
compounds; and
o a circulation loop arranged externally to the reactor vessel(s) comprising a
circulation pumping means to circulate the melt in and out of the respective
reactor vessel(s) via the circulation loop; and
o a valve arranged to evacuate gaseous by-products produced during the urea
condensation process out of the respective reactor vessel(s) via the top part
thereof; and
o a valve arranged to remove the melt out of the one or more reactor vessels

at the bottom part thereof.
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[30] This system is a compact system needing a minimum amount of parts to obtain
the melt comprising urea, biuret and the minor amount of N-containing compounds
created during the urea condensation process.
[31] In an optional embodiment of a system according to the present disclosure, the
circulation loop has an inlet opening and an outlet opening, where the circulation loop
is connected to the reactor vessel, wherein the outlet opening is arranged as a narrowed
orifice, in particular wherein the inlet opening has the same diameter as the diameter of
the circulation loop, and wherein the diameter of the outlet opening is smaller than the
diameter of the circulation loop. This further improves the flashing off of the melt.
[32] In a possible embodiment of a system according to the present disclosure, the
system further comprises a valve configured to introduce carrier gas in the melt present
in the one or more reactor vessels, and a gas sparger positioned in the reactor vessel(s),
wherein this carrier gas will then mix with the gaseous by-products, resulting in a gas
mixture. The carrier gas can more in particular be nitrogen gas, carbon dioxide, air or a
mixture thereof which is bubbled in the respective reactor vessel(s) using the gas
sparger.
[33] In another possible embodiment of a system according to the present disclosure,
the system further comprises a first gas purging device configured to introduce a purging
gas stream in the headspace of the one or more reactor vessels, wherein this purging gas
stream will then mix with the gaseous by-products resulting in a gas mixture. This
purging gas stream is more in particular a purging air stream.
[34] In an optional embodiment of a system according to the present disclosure, the
system further comprises a scrubber which is configured to purify the gaseous by-
products out of the gas mixture, resulting in a purified gas. This scrubber more in
particular uses water and/or acid as scrubbing liquid.
[35] In a possible embodiment of a system according to the present disclosure, the
system further comprises
- a second purging device to purge a part of the purified gas out of the scrubber, this

part being a re-usable gas part,
- a compressor to pressurize the re-usable gas part above atmospheric pressure,
- a valve configured to add fresh gas with a pressure above atmospheric pressure to

the re-usable gas part, and
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- a valve configured to recycle back the mixture of the fresh gas and the re-usable

gas part to the one or more reactor vessels.
[36] Inaparticular embodiment of a system according to the present disclosure, each
of the reactor vessels may further comprise a stirrer, more in particular an agitator,
configured to stir the melt in the respective reactor vessel(s).
[37] In an optional embodiment of a system according to the present disclosure, the
system comprises a valve to remove the produced melt comprising urea, biuret and N-
containing compounds from the one or more reactor vessels and further comprises a
pipeline to transport the produced melt comprising urea, biuret and N-containing
compounds from the one or more reactor vessels to a mixing vessel.
[38] The system according to the present disclosure may furthermore comprise a
dosing system to add one or more nitrate compounds (in a solid or a liquid form) to the
melt in the mixing vessel and a mixing device to mix the one or more nitrate compounds
with the melt in the mixing vessel.
[39] A specific embodiment of a system according to the present disclosure is

configured to perform a process according to the present disclosure as described above.

Description of the figures

[40] FIG. 1 shows a flow-diagram of a process to produce a melt comprising urea,
biuret and a minor amount of N-containing compounds produced during the urea
condensation process according to the present disclosure;

[41] FIG. 2 shows a flow-diagram of a process to produce a melt comprising urea,
biuret and a minor amount of N-containing compounds produced during the urea
condensation process and one or more nitrate compounds according to the present

disclosure.

Detailed description

[42] The present disclosure relates to the production of a melt of urea, biuret and a
minor amount of N-containing compounds which are produced during the urea
condensation process. The condensation of the starting urea source is obtained by
applying it to a heating process. When urea is heated, starting from a temperature of
around 132°C — 133°C, urea is converted into biuret and “by-products” (otherwise called

“autocondensation products”) in the form of N-containing compounds are formed. The
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main N-containing compounds that are formed during the condensation process of urea
are ammelide, cyanuric acid and triuret. The amounts of N-containing compounds
formed by the urea condensation process according to the present disclosure are only
present in a “minor” amount, i.e., maximum 10 wt.% in view of the total final produced
melt. As used herein, the term “urea melt” refers to the starting urea source, as further
discussed below, which is provided to a reactor vessel, prior to its conversion in a
heating process. As used herein, the term “melt comprising urea, biuret and N-
containing compounds” generally refers to the output product stream of the reactor
vessel, and corresponds to the resulting melt obtained after the condensation of the urea
melt. As used herein, the term “urea-containing melt” or “melt in a reactor vessel”
generally refers to the melt in a reactor vessel, subject to a heating process, with
continuously changing composition due to the ongoing condensation reaction.

[43] In the production process according to the present disclosure, a urea melt is
pumped by means of a pump to one or more reactor vessels where the condensation
process will take place. The urea melt provided to the one or more reactor vessels
particularly comprises between 95 wt.% and 100 wt.% urea. This urea melt can originate
from different sources. A first option is to directly take it out of a urea production plant
with the appropriate temperature and concentration. A second option is to directly take
it out of the production plant at the appropriate temperature but as a more diluted form
(or solution). The concentration of a urea melt taken out of the production plant varies
depending on the place where it is taken. Typical concentrations of urea originating from
a urea production plant are 80 wt.%, 95 wt.% or 99 wt.% of urea. A urea concentration
of 80 wt.% needs to be up concentrated by evaporating water. Urea concentrations of
95 wt.% and 99 wt.% are directly usable as the urea melt in the process according to the
present disclosure. A third option is to melt solid urea.

[44] This urea melt is then heated in the one or more reactor vessels using a heating
device to a desired process temperature of between 150°C and 180°C, through which a
condensation reaction of the urea occurs leading to biuret and the N-containing
compounds as mentioned above. More in particular, the melt in the one or more reactor
vessels 1s heated to a temperature between 160°C and 170°C, and most in particular a
temperature of 165°C. It was surprisingly found that this process temperature range

resulted in a melt comprising urea, biuret and N-containing compounds, with urea :
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biuret : N-containing compounds ratios which are particularly effective when the melt,
following solidification, is used as a NPN feed supplement source for ruminants.
[45] It is possible to provide a single reactor vessel or a series of different reactor
vessels. Each of the reactor vessels has a top part with a headspace and a bottom part.
Any water present in the melt is evaporated by the heat and is evaporated into the air
present in the headspace of the respective reactor vessel(s). In these reactor vessels, the
main formation of biuret and the formation of the N-containing compounds takes place,
finally resulting in the desired melt according to the present disclosure.
[46] The process according to the present disclosure can be a batch system or a
continuous system. In a batch system, the formation of the melt in the one or more
reactor vessels takes place during a period of between 40 and 120 minutes, more in
particular between 60 and 90 minutes, depending on the quantity of melt present and the
process conditions, mainly the temperature, in the reactor vessel(s). A typical residence
time of the melt in the one or more reactor vessels is around 60 minutes. In a continuous
system, the residence time of the melt typically takes place between 40 minutes and 60
minutes, this depending on the flowrate of the melt through the reactor vessel(s) and the
volume of the reactor vessel(s).
[47] During the heating process and the formation of the melt comprising urea, biuret
and N-containing compounds, gaseous by-products are produced as well. More in
particular, since urea starts to degrade, mainly ammonia (NH3) is liberated at
temperatures above the melting point of urea, which is around 132°C. Furthermore, also
CO2 (carbon dioxide) and H2O vapor are formed. The majority thereof is produced
during the initial heating of the urea. In order to increase the conversion of urea into
biuret and the N-containing compounds, a first possibility is to introduce a carrier gas
in the melt present in the one or more reactor vessels which will then strip the gaseous
by-products out of the reactor vessel(s). The carrier gas is thus mixed with the gaseous
by-products resulting in a gas mixture. A second possibility is to introduce a purging
gas stream in the headspace of the one or more reactor vessels which will then mix with
the gaseous by-products, resulting in a gas mixture. It is also possible to perform both
of these options, either simultaneously or alternatingly.
[48] Introducing a carrier gas in the melt present in the one or more reactor vessels is

more in particular done using a sparger which is designed to bubble the carrier gas up
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into the melt from the bottom part of the respective reactor vessel(s). The carrier gas can
be nitrogen gas, carbon dioxide, air or a mixture thereof.
[49] Introducing a purging gas stream in the headspace of the one or more reactor
vessels is more in particular done by applying a purging air stream.
[50] The resulting gas mixtures as described above are then evacuated out of the
respective reactor vessel via the top part thereof. Optionally, the produced gases are
evacuated to a scrubber which is configured to scrub the gaseous by-products out of the
gas mixture, through which a purified gas is obtained. This scrubber more in particular
uses water and/or acid such as sulphuric acid (H2SO4) or nitric acid (HNOs3) as the
scrubbing liquid. The scrubber, more specifically, is an ammonia scrubber which uses
acid to scrub the ammonia out of the gas mixture which is evacuated out of the top part
of the respective reactor vessel.

[51] The scrubber typically operates in a vacuum (i.e. operating at pressures less than

1 bar). The pressure in the headspace of the one or more reactor vessels should be higher

than the pressure in the scrubber such that the gases should flow from the one or more

reactor vessel(s) to the scrubber. The pressure in the headspace of the one or more

reactor vessel(s) is typically atmospheric pressure. When a bubbling gas under a

pressure above atmospheric pressure is introduced in the melt present in the reactor

vessel(s), it will expand in the headspace of the respective reactor vessel(s). Between

the scrubber and the one or more reactor vessel(s), a pipeline is present. Optionally, a

steam ejector is arranged in this pipeline to help to lower the pressure towards the

scrubber. After the scrubber, typically a ventilator is provided that is configured to suck
the gas out of the scrubber.

[52] In order to avoid build-up of undesired gaseous by-products, such as nitrogen,

the process further comprises the steps of

- purging a part of the purified gas out of the scrubber, this part being a re-usable

gas part;

- compressing the re-usable gas part to a pressure above atmospheric pressure and
adding fresh gas with a pressure above atmospheric pressure to the re-usable gas
part, or adding fresh gas to the re-usable gas part and compressing it to a pressure
above atmospheric pressure; and

- recycling back the mixture of fresh gas and the re-usable gas part to the one or

more reactor vessels.
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[53] Those one or more reactor vessels are furthermore provided with a circulation
loop which is arranged externally to the respective reactor vessel(s) and which is
configured to let the melt circulate through it, wherein the melt flows from the reactor
vessel to the circulation loop via an inlet opening of the circulation loop and flows back
to the reactor via an outlet opening of the circulation loop. This allows mixing of the
melt present in the one or more reactor vessels and aids in the mass transfer. The
circulation loop is optionally heated to avoid plugging of the loop which could happen
when the melt crystallizes in the loop. A suitable circulation pumping means is provided.
For instance, the circulation loop may be equipped with a suitable circulation pumping
means, typically located close to the reactor vessel, to circulate the melt from the reactor
vessel(s) through the circulation loop back to the reactor vessel(s). Advantageously, the
circulation pumping means may be chosen or configured, as known to the skilled person,
to have a capacity to ensure optimized or maximized mixing of the melt in the reactor
vessel(s). Optionally, the circulation loop may be equipped with an eductor or ejector to
further enhance the mixing of the melt in the reactor vessel(s). Advantageously, the
circulation of the melt promotes the separation of the gaseous by-products via flashing.
When the melt is circulated in the circulation loop via the circulation pumping means,
the melt is pressurized. During the circulation process of the melt in the circulation loop,
the melt reacts further to its autocondensation products because of the heat. When the
melt flows back into the respective reactor vessel, the gases, amongst others ammonia,
which are produced during the condensation reaction of the melt, are released because
of the pressure drop effected when the melt passes through the outlet opening of the
circulation loop in the reactor vessel. In an optional embodiment, the outlet opening of
the circulation loop, 1.e. where the circulation loop is connected to the reactor vessel and
where the melt flows out of the circulation loop into the respective reactor vessel, may
be arranged as a narrowed orifice to further promote the pressure build-up and thereafter
expansion of the flow of the melt, providing in amongst others a better separation of
gaseous by-products and melt, or in other words an improved flashing of the melt. Stated
differently, in certain embodiments, the circulation loop has an inlet and an outlet
opening, where the circulation loop is connected to the reactor vessel, wherein the outlet
opening is arranged as a narrowed orifice, wherein the diameter of the inlet opening has
the same size as the diameter of the circulation loop and wherein the diameter of the

outlet opening is smaller than the diameter of the inlet opening and smaller than the
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diameter of the circulation loop. Accordingly, in particular embodiments, the separation
of the gaseous by-products and the urea-containing melt also comprises flashing the
urea-containing melt during the circulation process, wherein the urea-containing melt is
circulated back to the respective reactor vessel via an outlet opening of the circulation
loop forming, said outlet opening adapted to form a constricted flow section in the
circulation loop.
[54] In order to enhance the mixing of the melt present in the one or more reactor
vessels, a stirrer can be provided. More in particular, the stirrer is an agitator which can
be used to achieve a good mixing result. The reactor vessel(s) can be a continuously
stirred reactor vessel tank (CSTR). If two such CSTRs are placed in series, the size of
the reactor vessels is reduced and proper mixing is ensured. More in particular, in this
case, continuously gas sparged CSTRs are used.
[55] After the desired melt is produced, it is removed out of the one or more reactor
vessels via the bottom part thereof. The produced melt can be further processed to a
solid product by any known solidification technique.
[56] The produced melt obtained by means of the above-described process according
to the present disclosure more in particular comprises
- between 5 wt.% and 60 wt.% of urea, more in particular between 30°wt.% and 55
wt.% of urea;
- between 2 wt.% and 60 wt.% of biuret, more in particular between 30°wt.% and
50 wt.% of biuret and
- between 6 wt.% and 16 wt.% of the N-containing compounds,
the weight percentages being in view of the weight of the total composition of the melt
comprising urea, biuret and N-containing compounds, and the total composition
forming 100 wt.%.
[57] The N-containing compounds more specifically comprise
- between 3 wt.% and 10 wt.%, more in particular between 5 wt.% and 8 wt.% of
cyanuric acid,
- between 0.5 wt.% and 3 wt.%, more in particular between 0.8 wt.% and 2.0 wt.%
of ammelide, and
- between 3 wt.% and 6 wt.%, more in particular between 4 wt.% and 5.5 wt.% of

triuret;
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the weight percentages being in view of the weight of the total composition of the
produced melt comprising urea, biuret and N-containing compounds. The produced melt
may also further comprise about 0.1 to 1.5 wt.% of water (based on the weight of the
total composition of the melt).
[58] An example of a system to produce a melt comprising urea, biuret and a minor
amount of N-containing compounds produced during a urea condensation process
according to the present disclosure and as described above is shown in Figure 1. This
system (1) comprises a pump (2) to pump a starting urea melt to a pre-heater (3) which
is configured to heat the starting urea melt to a temperature of between 130°C and
133°C, obtaining a urea melt. This urea melt is then pumped into a reactor vessel (4) in
which the condensation reaction of urea melt will take place, resulting in a melt
comprising urea, biuret and a minor amount of N-containing compounds. The reactor
vessel (4) has a top part (4a) covering a headspace (4b) and a bottom part (4c). As
already mentioned above, it is also possible to provide a number of such reactor vessels
(4) in series (not shown on the figures).
[59] The reactor vessel (4) is arranged with a heater (not shown on the figures) which
is configured to heat the melt to the desired reaction temperature of between 150°C and
180°C, in particular between 160°C and 170°C and more in particular around 165°C.
[60] The reactor vessel (4) furthermore comprises a stirrer or agitator, such as an
(eccentric) impeller or a mixer (5) which is driven by a motor or another known type of
driver (5a) and which is configured to mix the melt present in the reactor vessel (4).
[61] The reactor vessel (4) is furthermore arranged with an externally extending
circulation loop (7), comprising an inlet and outlet opening, which is arranged with a
pump (7a) to pump the melt from the reactor vessel (4) in the circulation loop (7) and
through the circulation loop (7). The reactor vessel (4) of this exemplary system (1) is
furthermore provided with a circulation loop heater (7b) to heat the melt circulating
through the circulation loop (7). The outlet of the circulation loop (7) may be adapted
to restrict the flow of the melt, such as to enable the flashing of the melt.
[62] The reactor vessel (4) is arranged with a valve (not shown on the figures) at the
bottom part (4c) thereof to allow the produced melt to be drawn out of the reactor vessel
(4) to be further processed.
[63] The reactor vessel (2) is also provided with a gas sparger (6), more in particular

a nitrogen (N2) sparger, which is configured to bubble (nitrogen) gas into the melt
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present in the reactor vessel (2) from the bottom to the top of the reactor vessel (4). The
gas sparger (6) more in particular has a circular shaped bottom part (6a) which is
furthermore perforated. The gas sparger (6) furthermore has a vertically positioned
hollow pipe (6b) which is configured to flow (nitrogen) gas through it towards the
bottom part (6a). The nitrogen is sparged to strip out the ammonia (NH3) which is
formed during the production of the melt in the reactor vessel (4).
[64] The system (1) is also arranged with a gas scrubber (10) to absorb the ammonia
gas out of the gas mixture existing of ammonia gas and nitrogen gas. The scrubber (10)
uses water and/or acid as scrubbing liquid (8) to selectively absorb the ammonia out of
the gas mixture, producing an ammonia-water solution. The ammonia-water solution
leaves the scrubber (9) at the bottom thereof. In the exemplary system as shown in
Figure 1, a recycling line (10) is provided to recycle part of the ammonia-water solution
back into the scrubber (9). The recycling line (10) is arranged with a pump (11) to pump
the ammonia-water solution out of the bottom of the scrubber (9) back into the scrubber
(9). The recycling line (10) is furthermore arranged with a heat exchanger (12) to cool
the ammonia-water solution before it is recycled back to the scrubber (9) or before it is
drawn out of the system (1) by means of a drainpipe (13).
[65] The gas leaving at the top of the scrubber (9) is rich in nitrogen. To avoid build-
up of inert gas in the system (1), a part of the gas leaving the scrubber (9) is purged
using a valve (14). The purged nitrogen-rich gas part, which is only a small percentage
of the gas coming out of the scrubber (9), is then compressed above atmospheric
pressure using a compressor (15) and is mixed in a mixer (16) with fresh nitrogen. This
mixture is then sent back and re-used in the reactor vessel (4).
[66] The process according to the present disclosure may additionally comprise the
step of transporting the melt out of the respective reactor vessel(s) to a mixing vessel
and adding one or more feed supplement compounds, more in particular amongst others
one or more nitrate compounds to the melt in the mixing vessel and mixing it, thereby
obtaining a feed supplement melt. The one or more feed supplement compounds are
thus more in particular added when the target percentage of biuret in the melt according
to the present disclosure is obtained.
[67] The feed supplement melt obtained via this production process according to the
present disclosure more in particular comprises between 20 wt.% and 40 wt.%, and more

in particular around 30 wt.%, of one or more nitrate compounds, in view of the total
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composition of the feed supplement melt. These one or more nitrate compounds are
more in particular being chosen out of calcium nitrate, magnesium nitrate, ammonium
nitrate, potassium nitrate, sodium nitrate or a mixture thereof.

[68] An example of a system to produce a feed supplement melt, based on a melt
comprising urea; biuret, and a minor amount of N-containing compounds produced
during the urea condensation process and calcium nitrate as the nitrate compound is
shown in figure 2.

[69] The production process to produce the melt according to the present disclosure
comprising urea, biuret and the minor amount of N-containing compounds is the same
as shown in Figure 1 and as described above. In Figure 2 however, the melt with the
desired amount of urea, biuret and N-containing compounds produced during the urea
condensation process is pumped to mixing vessel (17) which is configured to add
calcium nitrate (18) to the melt and to mix it using a mixer (19) which is driven by a
motor (19a). The feed supplement melt is then drawn out of the mixing vessel (17) to

be further processed.
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CLAIMS

1. A process for producing a melt comprising urea, biuret, and N-containing compounds
produced during a condensation process of urea, the process comprising the steps of’
- pumping a urea melt to one or more reactor vessels each having a headspace at a
top part thereof and a bottom part,
- subjecting the urea melt in the one or more reactor vessels to a heating process
with a temperature of between 150°C to 180°C, wherein during the heating
process the urea melt is converted to the melt comprising urea, biuret, and N-
containing compounds;
wherein during formation of the melt comprising urea, biuret, and N-containing
compounds, gaseous by-products are produced which are evacuated out of the
respective reactor vessel via the top part thereof, and
- removing the melt comprising urea, biuret, and N-containing compounds out of
the one or more reactor vessels via the bottom part thereof;
characterized in that, during the heating process, the melt present in the reactor vessel(s) is
circulated in and out of the one or more reactor vessels via a circulation loop, wherein the
circulation loop is arranged externally from each of the reactor vessels and equipped with a

circulation pumping means.

2. A process according to claim 1, wherein, the process is a batch process, and wherein the
residence time of the melt in the one or more reactor vessels is between 40 minutes and

120 minutes, more in particular between 60 minutes and 90 minutes.

3. A process according to claim 1, wherein, the process is a continuous process, and wherein
the residence time of the melt in the one or more reactor vessels is between 40 minutes and 60

minutes.

4. A process according to any one of claims 1 to 3, wherein the process further comprises the
steps of’
- introducing a carrier gas in the melt present in the one or more reactor vessels

which will then mix with the gaseous by-products, resulting in a gas mixture, the
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carrier gas more in particular being nitrogen gas, carbon dioxide, air or a mixture
thereof which is bubbled in the respective reactor vessel using a gas sparger,
and/or

introducing a purging gas stream in the headspace of the one or more reactor
vessels which will then mix with the gaseous by-products, resulting in a gas
mixture, the purging gas stream more in particular being a purging air stream; and
evacuating the gas mixture out of the one or more reactor vessels via the top part

thereof.

5. A process according to claim 4, wherein the gas mixture is evacuated out of the one or more

reactor vessels via a pipeline to a scrubber which is configured to purify the gaseous by-

products out of the gas mixture, resulting in a purified gas, wherein the scrubber more in

particular uses water and/or acid as a scrubbing liquid.

6. A process according to claim 5, wherein the process further comprises the steps of

purging a part of the purified gas out of the scrubber, this part being a re-usable
gas fraction;

compressing the re-usable gas fraction to a pressure above atmospheric pressure
and adding a further gas fraction with a pressure above atmospheric pressure to
the re-usable gas fraction, or adding a further gas fraction to the re-usable gas
fraction and compressing it to a pressure above atmospheric pressure; and
recycling back the mixture of the further gas fraction and the re-usable gas fraction

to the one or more reactor vessels as the carrier gas and/or purging gas stream.

7. A process according to any one of claims 1 to 6, wherein during the formation of the melt

comprising urea, biuret, and N-containing compounds in the respective reactor vessel(s), the

melt in the respective reactor vessel(s) is stirred, particularly using a stirrer.

8. A process according to any one of the preceding claims, wherein the produced melt

comprising urea, biuret, and N-containing compounds comprises

between 5 wt.% and 60 wt.% of urea,
between 2 wt.% and 60 wt.% of biuret, and
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- between 6 wt.% and 16 wt.% of the N-containing compounds,
in view of the weight of the total composition of the produced melt comprising urea,

biuret, and N-containing compounds and the total composition forming 100 wt.%.

9. A process according to claim 8, wherein the N-containing compounds comprise

- between 3 wt.% and 10 wt.%, more in particular between 5 wt.% and 8 wt.% of
cyanuric acid,

- between 0.5 wt.% and 3 wt.%, more in particular between 0.8 wt.% and 2.0 wt.% of
ammelide, and

- between 3 wt.% and 6 wt.%, more in particular between 4 wt.% and 5.5 wt.% of
triuret;

in view of the weight of the total composition of the produced melt comprising urea,

biuret, and N-containing compounds.

10. A process according to any one of the preceding claims, wherein the process further
comprises the steps of
- transporting the produced melt comprising urea, biuret, and N-containing
compounds out of the respective reactor vessel(s) to a mixing vessel; and
- adding one or more feed supplement compounds to the produced melt comprising
urea, biuret, and N-containing compounds in the mixing vessel; and
- mixing the produced melt comprising urea, biuret, and N-containing compounds
and the one or more feed supplement compounds in the mixing vessel, thereby

obtaining a feed supplement melt.

11. A process according to claim 10, wherein the one or more feed supplement compounds

comprise one or more nitrate compounds.

12. A process according to claim 11, wherein the one or more nitrate compounds are present
in an amount of between 20 wt.% and 40 wt.%, in view of the weight of the total composition
of the feed supplement melt, the one or more nitrate compounds more in particular being
chosen out of calcium nitrate, magnesium nitrate, ammonium nitrate, potassium nitrate,

sodium nitrate or a mixture thereof.
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13. A process according to any one of the preceding claims, wherein the melt present in the
one or more reactor vessels is subjected to a heating process to obtain a melt of urea, biuret
and the N-containing compounds with a temperature of between 150°C and 180°C, more in

particular between 160°C and 170°C, and most in particular a temperature of 165°C.

14. A system for producing a melt comprising urea, biuret and N-containing compounds
created during a urea condensation process, the system comprising
- a pumping device to pump a urea melt to one or more reactor vessels each having
a headspace located at a top part thereof, and a bottom part, wherein the one or
more reactor vessels are configured to produce the melt comprising urea, biuret,
and N-containing compounds therein, and wherein each of the reactor vessels
comprise a heating device configured to heat the urea melt to a temperature of
between 150°C and 180°C, wherein during the heating process the urea melt is
converted in the melt comprising urea, biuret, and N-containing compounds; and
- a valve arranged to evacuate gaseous by-products produced during the urea
condensation process out of the respective reactor vessel(s) via the top part
thereof; and
- a valve arranged to remove the melt out of the one or more reactor vessels at the
bottom part thereof,
characterized in that each of the reactor vessels comprise a circulation loop arranged
externally to each of the one or more reactor vessels and comprising a circulation
pumping means to circulate the melt present in the one or more reactor vessel(s) in and

out of the respective circulation loop.

15. The system according to claim 14, wherein the circulation loop has an inlet opening and
an outlet opening, where the circulation loop is connected to the reactor vessel, wherein the

outlet opening is arranged as a narrowed orifice.

16. The system according to claim 14 or 15, wherein the system further comprises a valve

configured to introduce carrier gas in the melt present in the one or more reactor vessels, and
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a gas sparger positioned in the reactor vessel(s), wherein the carrier gas will mix with the

gaseous by-products, resulting in a gas mixture.

17. The system according to any one of claims 14 to 16, wherein the system further comprises
a first gas purging device configured to introduce a purging gas stream in the headspace of the
one or more reactor vessels, wherein the purging gas will mix with the gaseous by-products,

resulting in a gas mixture.

18. The system according to claims 16 or 17, wherein the system comprises a scrubber which

is configured to purify the gaseous by-products out of the gas mixture.

19. The system according to claim 18, wherein the system further comprises
- a second purging device to purge a part of the purified gas out of the scrubber, this part
being a re-usable gas part,
- a compressor to pressurize the re-usable gas part above atmospheric pressure,
- a valve configured to add fresh gas with a pressure above atmospheric pressure to the
re-usable gas part, and
- a valve configured to recycle back the mixture of the fresh gas and the re-usable gas

part to the one or more reactor vessels.

20. The system according to any one of claims 14 to 19, wherein each of the reactor vessels

may further comprise a stirrer.

21. The system according to any one of claims 14 to 20 to perform a process according to

any one of claims 1 to 13.
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PROCESS TO PRODUCE A MELT OF UREA AND BIURET AND SYSTEM
TO PRODUCE SUCH A MELT

Technical field
[1] The disclosure relates to a process and system to produce a melt of urea, biuret
and a minor amount of N-containing compounds created during a urea condensation

process.

Background

[2] It is generally known that, when urea is heated at temperatures starting from
130°C, it is thermally decomposed forming a condensation product, i.e., biuret. When
the concentration of biuret increases and with increasing temperatures, other urea
pyrolysis products or urea condensation products such as triuret, ammelide, cyanuric
acid, etc. start to form. The higher the temperature, the quicker the conversion of urea
to biuret.

[3] US 4,540,820 discloses the preparation of a composition particularly suitable for
use as a feedstock in the production of animal feed grade biuret by solid state
pyrolyzation thereof in a recirculating oven, which composition comprises from about
37 % to about 25 % urea by weight, from about 45 % to about 60 % biuret by weight,
and from about 3 % to about 20 % cyanuric acid by weight, such preparation involving
sparging air or other non-reactive gas through a urea charge at a temperature of from
about 145°C to about 165°C and at a rate of between about two to about 10 cu. ft of
gas/hr/lb of urea for a period of at least four hours, then cooling and comminuting the
product.

[4] EP 3 995 488 discloses a process for the production of feed grade urea starting
from a liquid urea melt, the process comprising processing the urea melt to promote the
formation of biuret until a concentration of at least 3 % biuret by weight, and subjecting
the so obtained biuret-containing melt to a shaping process to obtain a granular urea
product.

[5] It is now a goal of the present disclosure to provide in a simple method to
produce a melt comprising urea, biuret and a relatively low number of byproducts, i.e.,
“minor” N-containing compounds, which are produced during the urea condensation
process, without the need for additional purification steps and without the need for any

additional reactants, solvents, etc.
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[6] It is a further goal of the present disclosure to provide in a method for producing
such a melt which is suitable to be further processed into a non-protein nitrogen (NPN)
source, more in particular serving as an animal feed-grade additive for ruminant animals

and cattle.

Summary

[7] According to a first aspect of the present disclosure, a method is disclosed for

producing a melt comprising urea, biuret, and a minor amount of N-containing

compounds produced during the urea condensation process (hereafter “the melt
comprising urea, biuret and N-containing compounds), the process comprising the steps
of:

- pumping a urea melt to one or more reactor vessels each having a headspace at a
top part thereof and a bottom part;

- subjecting the urea melt in the one or more reactor vessels to a heating process
with a temperature of between 150°C and 180°C, wherein during the heating
process the urea melt is converted to the melt comprising urea, biuret, and N-
containing compounds,

- during the heating process subjecting the melt present in the reactor vessel(s) to a
circulation process in and out of the one or more reactor vessels via a circulation
loop arranged externally from each of the reactor vessels,

wherein during formation of the melt comprising urea, biuret and N-containing

compounds, gaseous by-products are produced which are evacuated out of the

respective reactor vessel via the top part thereof, and

- removing the melt comprising urea, biuret and N-containing compounds out of
the one or more reactor vessels via the bottom part thereof.

[8] Urea melt is liquid urea, optionally comprising a minimum amount of water.

Solid urea has a melting temperature of between 130°C and 133°C, depending on the

amount of water.

[9] The advantage of the process according to the present disclosure is that it is a

simple and fast production process to produce a melt as disclosed above, using no

catalysts and no solvents. During this production process, only a minor amount of side
products, typically less than 15 wt.%, more in particular N-containing compounds such

as ammelide, cyanuric acid, triuret, etc., are formed during the condensation of urea.
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Consequently, no further purification step is necessary before its inclusion into ruminant

feed as a feed supplement. Furthermore, the circulation loop which is arranged

externally from the one or more reactor vessels enhances the mixing of the melt, aids in
the mass transfer and in flashing of the liquid.

[10] In an embodiment of a process according to the present disclosure, the process

is a batch process, and the residence time of the melt is between 40 minutes and

120 minutes, more in particular between 60 minutes and 90 minutes, typically

depending on the quantity of melt present in the reactor vessel(s) and the process

conditions in the reactor vessel(s).

[11] In another embodiment of a process according to the present disclosure, the

process is a continuous process, and the residence time of the melt in the one or more

reactor vessels, is between 40 minutes and 60 minutes, typically depending on the
capacity / volume of the reactor vessel and the flowrate of the urea melt.

[12] These residence times as mentioned above are fairly short in view of the known

production processes.

[13] In a possible embodiment of a process according to the present disclosure, the

process further comprises the steps of:

- introducing a carrier gas in the melt in the one or more reactor vessels which will
then mix with the gaseous by-products, resulting in a gas mixture, the carrier gas
more in particular being nitrogen gas, carbon dioxide, air or a mixture thereof
which is bubbled in the respective reactor vessel using a sparger, and/or

- introducing a purging gas stream in the headspace of the one or more reactor
vessels which will then mix with the gaseous by-products, resulting in a gas
mixture, the purging gas stream more in particular being a purging air stream;

- evacuating the gas mixture out of the respective reactor vessel via the top part
thereof.

[14] The introduction of the carrier gas in the melt or the purging gas stream in the

headspace of the respective reactor vessel to evacuate the formed gaseous by-products

will help to accelerate the formation rate of biuret.

[15] In an optional embodiment of a process according to the present disclosure, the

gas mixture is evacuated out of the one or more reactor vessels via a pipeline to a

scrubber which is configured to purify the gaseous by-products out of the gas mixture,
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resulting in a purified gas. The scrubber uses more in particular water and/or acid as a

scrubbing liquid.

[16] In an additional embodiment of a process according to the present disclosure,

the process further comprises the steps of

- purging part of the purified gas out of the scrubber, this part being a re-usable gas
fraction,

- compressing the re-usable gas fraction to a pressure above atmospheric pressure
and adding a further gas fraction with a pressure above atmospheric pressure to
the re-usable gas fraction, or adding a further gas fraction to the re-usable gas
fraction and compressing it to a pressure above atmospheric pressure; and

- recycling back the mixture of the further gas fraction and the re-usable gas fraction
to the one or more reactor vessels, particularly as the carrier gas and/or purging
gas stream.

[17] The pressure of the re-usable gas fraction and the further gas fraction (or fresh

gas) is more in particular between 1 bar and 5 bar. The pressure should be such that that

there is a driving force for the gas mixture to flow from the reactor vessel to the scrubber.

[18] In a possible embodiment of a process according to the present disclosure, the

urea-containing melt in the respective reactor vessel(s) (i.e. a starting urea melt which

converts to a melt comprising urea, biuret and N-containing compounds and of which
the composition changes during the condensation process) is stirred using a stirrer or
agitator.

[19] In the context of the present application, circulation in the circulation loop is

obtained via a circulation pumping means. The circulation pumping means can be

designed in such a way that the circulation in and out of the circulation loop arranged
externally from each of the reactor vessels is sufficient for mixing the melt in the reactor
vessel. However, the stirrer or agitator enhances the mixing process.

[20] In a particular embodiment of a process according to the present disclosure, the

produced melt comprises

- between 5 wt.% and 60 wt.% of urea, more in particular between 30°wt.% and 55
wt.% of urea;

- between 2 wt.% and 60 wt.% of biuret, more in particular between 30°wt.% and
50 wt.% of biuret and

- between 6 wt.% and 16 wt.% of the N-containing compounds,
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in view of weight of the total composition of the produced melt and the total composition

forming 100 wt.%.

[21] In a specific embodiment of a process according to the present disclosure, the

N-containing compounds comprise

- between 3 wt.% and 10 wt.%, more in particular between 5 wt.% and 8 wt.% or
between 5 wt.% and 7 wt.% of cyanuric acid,

- between 0.5 wt.% and 3 wt.%, more in particular between 0.8 wt.% and 2.0 wt.%
or between 0.8 wt.% and 1.5 wt.% of ammelide, and

- between 3 wt.% and 6 wt.%, more in particular between 4 wt.% and 5.5 wt.% or
between 4 wt.% and 5 wt.% of triuret;

in view of the weight of the total composition of the produced melt.

[22] In a specific embodiment of a process according to the present disclosure, the

process further comprises the steps of

- transporting the produced melt comprising urea, biuret and N-containing
compounds out of the respective reactor vessel(s) to a mixing vessel, and

- adding one or more animal feed supplement compounds to the melt comprising
urea, biuret and N-containing compounds in the mixing vessel and mixing it,
thereby obtaining a feed supplement melt.

[23] The one or more animal feed supplement compounds are one or more of amongst

others nitrate compounds, phosphate compounds, sulphate compounds, micro-nutrients

and anti-caking agents.

[24] More in particular, the one or more feed supplement compounds are one or more

nitrate compounds.

[25] Inapossible embodiment of a process according to the present disclosure, the one

or more nitrate compounds are present in an amount of between 20 wt.% and 40 wt.%,

in view of the total composition of the produced melt.

[26] More in particular, the one or more nitrate compounds are chosen out of calcium

nitrate, magnesium nitrate, ammonium nitrate, potassium nitrate, sodium nitrate or a

mixture thereof.

[27] In a particular embodiment of a process according to the present disclosure, the

urea melt present in the one or more reactor vessels is subjected to a heating process to

obtain a melt of urea, biuret and the N-containing compounds with a temperature of
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between 150°C and 180°C, more in particular between 160°C and 170°C, and most in
particular a temperature of 165°C.
[28] Thanks to their complex digestive system, characterized by a four-chambered
stomach that allows the efficient digestion of plant materials via the microbiota installed
in them, ruminants are capable of processing both true protein as well as Non-Protein-
Nitrogen (NPN) from their feed. It is known that feed-grade urea, which is one source
of NPN, decomposes rapidly and releases nitrogen in the form of ammonia to potentially
toxic levels inside ruminant animals. Biuret provides a slower release rate of ammonia
to the rumen bacteria. Biuret is less toxic compared to urea and is therefore safer to be
used in ruminant feed. The production of biuret is, however, very expensive. The
production process according to the present disclosure thus provides a melt which is
suitable to be used more safely in animal feed in comparison with pure urea.
[29] According to a second aspect of the present disclosure, a system for producing a
melt comprising urea, biuret and a minor amount of N-containing compounds created
during a urea condensation process, the system comprising
- a pumping device to pump a urea melt to one or more reactor vessels, each having
a headspace located at a top part thereof, and a bottom part, wherein the one or
more reactor vessels are configured to produce the melt, and wherein each of the
reactor vessels comprise
o a heating device configured to heat the urea melt to a temperature of between
150 °C and 180°C, wherein during the heating process the urea melt is
converted in the melt comprising urea, biuret and the N-containing
compounds; and
o a circulation loop arranged externally to the reactor vessel(s) comprising a
circulation pumping means to circulate the melt in and out of the respective
reactor vessel(s) via the circulation loop; and
o a valve arranged to evacuate gaseous by-products produced during the urea
condensation process out of the respective reactor vessel(s) via the top part
thereof; and
J a valve arranged to remove the melt out of the one or more reactor vessels

at the bottom part thereof.
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[30] This system is a compact system needing a minimum amount of parts to obtain
the melt comprising urea, biuret and the minor amount of N-containing compounds
created during the urea condensation process.
[31] In an optional embodiment of a system according to the present disclosure, the
circulation loop has an inlet opening and an outlet opening, where the circulation loop
is connected to the reactor vessel, wherein the outlet opening is arranged as a narrowed
orifice, in particular wherein the inlet opening has the same diameter as the diameter of
the circulation loop, and wherein the diameter of the outlet opening is smaller than the
diameter of the circulation loop. This further improves the flashing off of the melt.
[32] In a possible embodiment of a system according to the present disclosure, the
system further comprises a valve configured to introduce carrier gas in the melt present
in the one or more reactor vessels, and a gas sparger positioned in the reactor vessel(s),
wherein this carrier gas will then mix with the gaseous by-products, resulting in a gas
mixture. The carrier gas can more in particular be nitrogen gas, carbon dioxide, air or a
mixture thereof which is bubbled in the respective reactor vessel(s) using the gas
sparger.
[33] Inanother possible embodiment of a system according to the present disclosure,
the system further comprises a first gas purging device configured to introduce a purging
gas stream in the headspace of the one or more reactor vessels, wherein this purging gas
stream will then mix with the gaseous by-products resulting in a gas mixture. This
purging gas stream is more in particular a purging air stream.
[34] In an optional embodiment of a system according to the present disclosure, the
system further comprises a scrubber which is configured to purify the gaseous by-
products out of the gas mixture, resulting in a purified gas. This scrubber more in
particular uses water and/or acid as scrubbing liquid.
[35] In a possible embodiment of a system according to the present disclosure, the
system further comprises
- a second purging device to purge a part of the purified gas out of the scrubber, this

part being a re-usable gas part,
- a compressor to pressurize the re-usable gas part above atmospheric pressure,
- a valve configured to add fresh gas with a pressure above atmospheric pressure to

the re-usable gas part, and
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- a valve configured to recycle back the mixture of the fresh gas and the re-usable

gas part to the one or more reactor vessels.
[36] Ina particular embodiment of a system according to the present disclosure, each
of the reactor vessels may further comprise a stirrer, more in particular an agitator,
configured to stir the melt in the respective reactor vessel(s).
[37] In an optional embodiment of a system according to the present disclosure, the
system comprises a valve to remove the produced melt comprising urea, biuret and N-
containing compounds from the one or more reactor vessels and further comprises a
pipeline to transport the produced melt comprising urea, biuret and N-containing
compounds from the one or more reactor vessels to a mixing vessel.
[38] The system according to the present disclosure may furthermore comprise a
dosing system to add one or more nitrate compounds (in a solid or a liquid form) to the
melt in the mixing vessel and a mixing device to mix the one or more nitrate compounds
with the melt in the mixing vessel.
[39] A specific embodiment of a system according to the present disclosure is

configured to perform a process according to the present disclosure as described above.

Description of the figures

[40] FIG. 1 shows a flow-diagram of a process to produce a melt comprising urea,
biuret and a minor amount of N-containing compounds produced during the urea
condensation process according to the present disclosure;

[41] FIG. 2 shows a flow-diagram of a process to produce a melt comprising urea,
biuret and a minor amount of N-containing compounds produced during the urea
condensation process and one or more nitrate compounds according to the present

disclosure.

Detailed description

[42] The present disclosure relates to the production of a melt of urea, biuret and a
minor amount of N-containing compounds which are produced during the urea
condensation process. The condensation of the starting urea source is obtained by
applying it to a heating process. When urea is heated, starting from a temperature of
around 132°C — 133°C, urea is converted into biuret and “by-products” (otherwise called

“autocondensation products”) in the form of N-containing compounds are formed. The
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main N-containing compounds that are formed during the condensation process of urea
are ammelide, cyanuric acid and triuret. The amounts of N-containing compounds
formed by the urea condensation process according to the present disclosure are only
present in a “minor” amount, i.e., maximum 10 wt.% in view of the total final produced
melt. As used herein, the term “urea melt” refers to the starting urea source, as further
discussed below, which is provided to a reactor vessel, prior to its conversion in a
heating process. As used herein, the term “melt comprising urea, biuret and N-
containing compounds” generally refers to the output product stream of the reactor
vessel, and corresponds to the resulting melt obtained after the condensation of the urea
melt. As used herein, the term “urea-containing melt” or “melt in a reactor vessel”
generally refers to the melt in a reactor vessel, subject to a heating process, with
continuously changing composition due to the ongoing condensation reaction.

[43] In the production process according to the present disclosure, a urea melt is
pumped by means of a pump to one or more reactor vessels where the condensation
process will take place. The urea melt provided to the one or more reactor vessels
particularly comprises between 95 wt.% and 100 wt.% urea. This urea melt can originate
from different sources. A first option is to directly take it out of a urea production plant
with the appropriate temperature and concentration. A second option is to directly take
it out of the production plant at the appropriate temperature but as a more diluted form
(or solution). The concentration of a urea melt taken out of the production plant varies
depending on the place where it is taken. Typical concentrations of urea originating from
a urea production plant are 80 wt.%, 95 wt.% or 99 wt.% of urea. A urea concentration
of 80 wt.% needs to be up concentrated by evaporating water. Urea concentrations of
95 wt.% and 99 wt.% are directly usable as the urea melt in the process according to the
present disclosure. A third option is to melt solid urea.

[44] This urea melt is then heated in the one or more reactor vessels using a heating
device to a desired process temperature of between 150°C and 180°C, through which a
condensation reaction of the urea occurs leading to biuret and the N-containing
compounds as mentioned above. More in particular, the melt in the one or more reactor
vessels is heated to a temperature between 160°C and 170°C, and most in particular a
temperature of 165°C. It was surprisingly found that this process temperature range

resulted in a melt comprising urea, biuret and N-containing compounds, with urea :
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biuret : N-containing compounds ratios which are particularly effective when the melt,
following solidification, is used as a NPN feed supplement source for ruminants.
[45] It is possible to provide a single reactor vessel or a series of different reactor
vessels. Each of the reactor vessels has a top part with a headspace and a bottom part.
Any water present in the melt is evaporated by the heat and is evaporated into the air
present in the headspace of the respective reactor vessel(s). In these reactor vessels, the
main formation of biuret and the formation of the N-containing compounds takes place,
finally resulting in the desired melt according to the present disclosure.
[46] The process according to the present disclosure can be a batch system or a
continuous system. In a batch system, the formation of the melt in the one or more
reactor vessels takes place during a period of between 40 and 120 minutes, more in
particular between 60 and 90 minutes, depending on the quantity of melt present and the
process conditions, mainly the temperature, in the reactor vessel(s). A typical residence
time of the melt in the one or more reactor vessels is around 60 minutes. In a continuous
system, the residence time of the melt typically takes place between 40 minutes and 60
minutes, this depending on the flowrate of the melt through the reactor vessel(s) and the
volume of the reactor vessel(s).
[47] During the heating process and the formation of the melt comprising urea, biuret
and N-containing compounds, gaseous by-products are produced as well. More in
particular, since urea starts to degrade, mainly ammonia (NH3) is liberated at
temperatures above the melting point of urea, which is around 132°C. Furthermore, also
CO2 (carbon dioxide) and H20 vapor are formed. The majority thereof is produced
during the initial heating of the urea. In order to increase the conversion of urea into
biuret and the N-containing compounds, a first possibility is to introduce a carrier gas
in the melt present in the one or more reactor vessels which will then strip the gaseous
by-products out of the reactor vessel(s). The carrier gas is thus mixed with the gaseous
by-products resulting in a gas mixture. A second possibility is to introduce a purging
gas stream in the headspace of the one or more reactor vessels which will then mix with
the gaseous by-products, resulting in a gas mixture. It is also possible to perform both
of these options, either simultaneously or alternatingly.
[48] Introducing a carrier gas in the melt present in the one or more reactor vessels is

more in particular done using a sparger which is designed to bubble the carrier gas up



10

15

20

25

30

11

into the melt from the bottom part of the respective reactor vessel(s). The carrier gas can
be nitrogen gas, carbon dioxide, air or a mixture thereof.
[49] Introducing a purging gas stream in the headspace of the one or more reactor
vessels is more in particular done by applying a purging air stream.
[50] The resulting gas mixtures as described above are then evacuated out of the
respective reactor vessel via the top part thereof. Optionally, the produced gases are
evacuated to a scrubber which is configured to scrub the gaseous by-products out of the
gas mixture, through which a purified gas is obtained. This scrubber more in particular
uses water and/or acid such as sulphuric acid (H2SO4) or nitric acid (HNOs3) as the
scrubbing liquid. The scrubber, more specifically, is an ammonia scrubber which uses
acid to scrub the ammonia out of the gas mixture which is evacuated out of the top part
of the respective reactor vessel.

[51] The scrubber typically operates in a vacuum (i.e. operating at pressures less than

1 bar). The pressure in the headspace of the one or more reactor vessels should be higher

than the pressure in the scrubber such that the gases should flow from the one or more

reactor vessel(s) to the scrubber. The pressure in the headspace of the one or more

reactor vessel(s) is typically atmospheric pressure. When a bubbling gas under a

pressure above atmospheric pressure is introduced in the melt present in the reactor

vessel(s), it will expand in the headspace of the respective reactor vessel(s). Between

the scrubber and the one or more reactor vessel(s), a pipeline is present. Optionally, a

steam ejector is arranged in this pipeline to help to lower the pressure towards the

scrubber. After the scrubber, typically a ventilator is provided that is configured to suck
the gas out of the scrubber.

[52] In order to avoid build-up of undesired gaseous by-products, such as nitrogen,

the process further comprises the steps of

- purging a part of the purified gas out of the scrubber, this part being a re-usable

gas part;

- compressing the re-usable gas part to a pressure above atmospheric pressure and
adding fresh gas with a pressure above atmospheric pressure to the re-usable gas
part, or adding fresh gas to the re-usable gas part and compressing it to a pressure
above atmospheric pressure; and

- recycling back the mixture of fresh gas and the re-usable gas part to the one or

more reactor vessels.
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[53] Those one or more reactor vessels are furthermore provided with a circulation
loop which is arranged externally to the respective reactor vessel(s) and which is
configured to let the melt circulate through it, wherein the melt flows from the reactor
vessel to the circulation loop via an inlet opening of the circulation loop and flows back
to the reactor via an outlet opening of the circulation loop. This allows mixing of the
melt present in the one or more reactor vessels and aids in the mass transfer. The
circulation loop is optionally heated to avoid plugging of the loop which could happen
when the melt crystallizes in the loop. A suitable circulation pumping means is provided.
For instance, the circulation loop may be equipped with a suitable circulation pumping
means, typically located close to the reactor vessel, to circulate the melt from the reactor
vessel(s) through the circulation loop back to the reactor vessel(s). Advantageously, the
circulation pumping means may be chosen or configured, as known to the skilled person,
to have a capacity to ensure optimized or maximized mixing of the melt in the reactor
vessel(s). Optionally, the circulation loop may be equipped with an eductor or ejector to
further enhance the mixing of the melt in the reactor vessel(s). Advantageously, the
circulation of the melt promotes the separation of the gaseous by-products via flashing.
When the melt is circulated in the circulation loop via the circulation pumping means,
the melt is pressurized. During the circulation process of the melt in the circulation loop,
the melt reacts further to its autocondensation products because of the heat. When the
melt flows back into the respective reactor vessel, the gases, amongst others ammonia,
which are produced during the condensation reaction of the melt, are released because
of the pressure drop effected when the melt passes through the outlet opening of the
circulation loop in the reactor vessel. In an optional embodiment, the outlet opening of
the circulation loop, i.e. where the circulation loop is connected to the reactor vessel and
where the melt flows out of the circulation loop into the respective reactor vessel, may
be arranged as a narrowed orifice to further promote the pressure build-up and thereafter
expansion of the flow of the melt, providing in amongst others a better separation of
gaseous by-products and melt, or in other words an improved flashing of the melt. Stated
differently, in certain embodiments, the circulation loop has an inlet and an outlet
opening, where the circulation loop is connected to the reactor vessel, wherein the outlet
opening is arranged as a narrowed orifice, wherein the diameter of the inlet opening has
the same size as the diameter of the circulation loop and wherein the diameter of the

outlet opening is smaller than the diameter of the inlet opening and smaller than the
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diameter of the circulation loop. Accordingly, in particular embodiments, the separation
of the gaseous by-products and the urea-containing melt also comprises flashing the
urea-containing melt during the circulation process, wherein the urea-containing melt is
circulated back to the respective reactor vessel via an outlet opening of the circulation
loop forming, said outlet opening adapted to form a constricted flow section in the
circulation loop.
[54] In order to enhance the mixing of the melt present in the one or more reactor
vessels, a stirrer can be provided. More in particular, the stirrer is an agitator which can
be used to achieve a good mixing result. The reactor vessel(s) can be a continuously
stirred reactor vessel tank (CSTR). If two such CSTRs are placed in series, the size of
the reactor vessels is reduced and proper mixing is ensured. More in particular, in this
case, continuously gas sparged CSTRs are used.
[55] After the desired melt is produced, it is removed out of the one or more reactor
vessels via the bottom part thereof. The produced melt can be further processed to a
solid product by any known solidification technique.
[56] The produced melt obtained by means of the above-described process according
to the present disclosure more in particular comprises
- between 5 wt.% and 60 wt.% of urea, more in particular between 30°wt.% and 55
wt.% of urea;
- between 2 wt.% and 60 wt.% of biuret, more in particular between 30°wt.% and
50 wt.% of biuret and
- between 6 wt.% and 16 wt.% of the N-containing compounds,
the weight percentages being in view of the weight of the total composition of the melt
comprising urea, biuret and N-containing compounds, and the total composition
forming 100 wt.%.
[57] The N-containing compounds more specifically comprise
- between 3 wt.% and 10 wt.%, more in particular between 5 wt.% and 8 wt.% of
cyanuric acid,
- between 0.5 wt.% and 3 wt.%, more in particular between 0.8 wt.% and 2.0 wt.%
of ammelide, and
- between 3 wt.% and 6 wt.%, more in particular between 4 wt.% and 5.5 wt.% of

triuret;
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the weight percentages being in view of the weight of the total composition of the
produced melt comprising urea, biuret and N-containing compounds. The produced melt
may also further comprise about 0.1 to 1.5 wt.% of water (based on the weight of the
total composition of the melt).
[58] An example of a system to produce a melt comprising urea, biuret and a minor
amount of N-containing compounds produced during a urea condensation process
according to the present disclosure and as described above is shown in Figure 1. This
system (1) comprises a pump (2) to pump a starting urea melt to a pre-heater (3) which
is configured to heat the starting urea melt to a temperature of between 130°C and
133°C, obtaining a urea melt. This urea melt is then pumped into a reactor vessel (4) in
which the condensation reaction of urea melt will take place, resulting in a melt
comprising urea, biuret and a minor amount of N-containing compounds. The reactor
vessel (4) has a top part (4a) covering a headspace (4b) and a bottom part (4c). As
already mentioned above, it is also possible to provide a number of such reactor vessels
(4) in series (not shown on the figures).
[59] The reactor vessel (4) is arranged with a heater (not shown on the figures) which
is configured to heat the melt to the desired reaction temperature of between 150°C and
180°C, in particular between 160°C and 170°C and more in particular around 165°C.
[60] The reactor vessel (4) furthermore comprises a stirrer or agitator, such as an
(eccentric) impeller or a mixer (5) which is driven by a motor or another known type of
driver (5a) and which is configured to mix the melt present in the reactor vessel (4).
[61] The reactor vessel (4) is furthermore arranged with an externally extending
circulation loop (7), comprising an inlet and outlet opening, which is arranged with a
pump (7a) to pump the melt from the reactor vessel (4) in the circulation loop (7) and
through the circulation loop (7). The reactor vessel (4) of this exemplary system (1) is
furthermore provided with a circulation loop heater (7b) to heat the melt circulating
through the circulation loop (7). The outlet of the circulation loop (7) may be adapted
to restrict the flow of the melt, such as to enable the flashing of the melt.
[62] The reactor vessel (4) is arranged with a valve (not shown on the figures) at the
bottom part (4c) thereof to allow the produced melt to be drawn out of the reactor vessel
(4) to be further processed.
[63] The reactor vessel (2) is also provided with a gas sparger (6), more in particular

a nitrogen (N2) sparger, which is configured to bubble (nitrogen) gas into the melt
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present in the reactor vessel (2) from the bottom to the top of the reactor vessel (4). The
gas sparger (6) more in particular has a circular shaped bottom part (6a) which is
furthermore perforated. The gas sparger (6) furthermore has a vertically positioned
hollow pipe (6b) which is configured to flow (nitrogen) gas through it towards the
bottom part (6a). The nitrogen is sparged to strip out the ammonia (NH3) which is
formed during the production of the melt in the reactor vessel (4).
[64] The system (1) is also arranged with a gas scrubber (10) to absorb the ammonia
gas out of the gas mixture existing of ammonia gas and nitrogen gas. The scrubber (10)
uses water and/or acid as scrubbing liquid (8) to selectively absorb the ammonia out of
the gas mixture, producing an ammonia-water solution. The ammonia-water solution
leaves the scrubber (9) at the bottom thereof. In the exemplary system as shown in
Figure 1, a recycling line (10) is provided to recycle part of the ammonia-water solution
back into the scrubber (9). The recycling line (10) is arranged with a pump (11) to pump
the ammonia-water solution out of the bottom of the scrubber (9) back into the scrubber
(9). The recycling line (10) is furthermore arranged with a heat exchanger (12) to cool
the ammonia-water solution before it is recycled back to the scrubber (9) or before it is
drawn out of the system (1) by means of a drainpipe (13).
[65] The gas leaving at the top of the scrubber (9) is rich in nitrogen. To avoid build-
up of inert gas in the system (1), a part of the gas leaving the scrubber (9) is purged
using a valve (14). The purged nitrogen-rich gas part, which is only a small percentage
of the gas coming out of the scrubber (9), is then compressed above atmospheric
pressure using a compressor (15) and is mixed in a mixer (16) with fresh nitrogen. This
mixture is then sent back and re-used in the reactor vessel (4).
[66] The process according to the present disclosure may additionally comprise the
step of transporting the melt out of the respective reactor vessel(s) to a mixing vessel
and adding one or more feed supplement compounds, more in particular amongst others
one or more nitrate compounds to the melt in the mixing vessel and mixing it, thereby
obtaining a feed supplement melt. The one or more feed supplement compounds are
thus more in particular added when the target percentage of biuret in the melt according
to the present disclosure is obtained.
[67] The feed supplement melt obtained via this production process according to the
present disclosure more in particular comprises between 20 wt.% and 40 wt.%, and more

in particular around 30 wt.%, of one or more nitrate compounds, in view of the total
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composition of the feed supplement melt. These one or more nitrate compounds are
more in particular being chosen out of calcium nitrate, magnesium nitrate, ammonium
nitrate, potassium nitrate, sodium nitrate or a mixture thereof.

[68] An example of a system to produce a feed supplement melt, based on a melt
comprising urea; biuret, and a minor amount of N-containing compounds produced
during the urea condensation process and calcium nitrate as the nitrate compound is
shown in figure 2.

[69] The production process to produce the melt according to the present disclosure
comprising urea, biuret and the minor amount of N-containing compounds is the same
as shown in Figure 1 and as described above. In Figure 2 however, the melt with the
desired amount of urea, biuret and N-containing compounds produced during the urea
condensation process is pumped to mixing vessel (17) which is configured to add
calcium nitrate (18) to the melt and to mix it using a mixer (19) which is driven by a
motor (19a). The feed supplement melt is then drawn out of the mixing vessel (17) to

be further processed.
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CLAIMS

1. A process for producing a melt comprising urea, biuret, and N-containing compounds
produced during a condensation process of urea, the process comprising the steps of:
- pumping a urea melt to one or more reactor vessels each having a headspace at a
top part thereof and a bottom part,
- subjecting the urea melt in the one or more reactor vessels to a heating process
with a temperature of between 150°C to 180°C, wherein during the heating
process the urea melt is converted to the melt comprising urea, biuret, and N-
containing compounds;
wherein during formation of the melt comprising urea, biuret, and N-containing
compounds, gaseous by-products are produced which are evacuated out of the
respective reactor vessel via the top part thereof; and
- removing the melt comprising urea, biuret, and N-containing compounds out of
the one or more reactor vessels via the bottom part thereof;
characterized in that, during the heating process, the melt present in the reactor vessel(s) is
circulated in and out of the one or more reactor vessels via a circulation loop, wherein the
circulation loop is arranged externally from each of the reactor vessels and equipped with a

circulation pumping means.

2. A process according to claim 1, wherein, the process is a batch process, and wherein the
residence time of the melt in the one or more reactor vessels is between 40 minutes and

120 minutes, more in particular between 60 minutes and 90 minutes.

3. A process according to claim 1, wherein, the process is a continuous process, and wherein
the residence time of the melt in the one or more reactor vessels is between 40 minutes and 60

minutes.

4. A process according to any one of claims 1 to 3, wherein the process further comprises the
steps of:
- introducing a carrier gas in the melt present in the one or more reactor vessels

which will then mix with the gaseous by-products, resulting in a gas mixture, the
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carrier gas more in particular being nitrogen gas, carbon dioxide, air or a mixture
thereof which is bubbled in the respective reactor vessel using a gas sparger,
and/or

introducing a purging gas stream in the headspace of the one or more reactor
vessels which will then mix with the gaseous by-products, resulting in a gas
mixture, the purging gas stream more in particular being a purging air stream; and
evacuating the gas mixture out of the one or more reactor vessels via the top part

thereof.

5. A process according to claim 4, wherein the gas mixture is evacuated out of the one or more

reactor vessels via a pipeline to a scrubber which is configured to purify the gaseous by-

products out of the gas mixture, resulting in a purified gas, wherein the scrubber more in

particular uses water and/or acid as a scrubbing liquid.

6. A process according to claim 5, wherein the process further comprises the steps of

purging a part of the purified gas out of the scrubber, this part being a re-usable
gas fraction;

compressing the re-usable gas fraction to a pressure above atmospheric pressure
and adding a further gas fraction with a pressure above atmospheric pressure to
the re-usable gas fraction, or adding a further gas fraction to the re-usable gas
fraction and compressing it to a pressure above atmospheric pressure; and
recycling back the mixture of the further gas fraction and the re-usable gas fraction

to the one or more reactor vessels as the carrier gas and/or purging gas stream.

7. A process according to any one of claims 1 to 6, wherein during the formation of the melt

comprising urea, biuret, and N-containing compounds in the respective reactor vessel(s), the

melt in the respective reactor vessel(s) is stirred, particularly using a stirrer.

8. A process according to any one of the preceding claims, wherein the produced melt

comprising urea, biuret, and N-containing compounds comprises

between 5 wt.% and 60 wt.% of urea,

between 2 wt.% and 60 wt.% of biuret, and
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- between 6 wt.% and 16 wt.% of the N-containing compounds,
in view of the weight of the total composition of the produced melt comprising urea,

biuret, and N-containing compounds and the total composition forming 100 wt.%.

9. A process according to claim 8, wherein the N-containing compounds comprise

- between 3 wt.% and 10 wt.%, more in particular between 5 wt.% and 8 wt.% of
cyanuric acid,

- between 0.5 wt.% and 3 wt.%, more in particular between 0.8 wt.% and 2.0 wt.% of
ammelide, and

- between 3 wt.% and 6 wt.%, more in particular between 4 wt.% and 5.5 wt.% of
triuret;

in view of the weight of the total composition of the produced melt comprising urea,

biuret, and N-containing compounds.

10. A process according to any one of the preceding claims, wherein the process further
comprises the steps of
- transporting the produced melt comprising urea, biuret, and N-containing
compounds out of the respective reactor vessel(s) to a mixing vessel; and
- adding one or more feed supplement compounds to the produced melt comprising
urea, biuret, and N-containing compounds in the mixing vessel; and
- mixing the produced melt comprising urea, biuret, and N-containing compounds
and the one or more feed supplement compounds in the mixing vessel, thereby

obtaining a feed supplement melt.

11. A process according to claim 10, wherein the one or more feed supplement compounds

comprise one or more nitrate compounds.

12. A process according to claim 11, wherein the one or more nitrate compounds are present
in an amount of between 20 wt.% and 40 wt.%, in view of the weight of the total composition
of the feed supplement melt, the one or more nitrate compounds more in particular being
chosen out of calcium nitrate, magnesium nitrate, ammonium nitrate, potassium nitrate,

sodium nitrate or a mixture thereof.
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13. A process according to any one of the preceding claims, wherein the melt present in the
one or more reactor vessels is subjected to a heating process to obtain a melt of urea, biuret
and the N-containing compounds with a temperature of between 150°C and 180°C, more in

particular between 160°C and 170°C, and most in particular a temperature of 165°C.

14. A system for producing a melt comprising urea, biuret and N-containing compounds
created during a urea condensation process, the system comprising
- a pumping device to pump a urea melt to one or more reactor vessels each having
a headspace located at a top part thereof, and a bottom part, wherein the one or
more reactor vessels are configured to produce the melt comprising urea, biuret,
and N-containing compounds therein, and wherein each of the reactor vessels
comprise a heating device configured to heat the urea melt to a temperature of
between 150°C and 180°C, wherein during the heating process the urea melt is
converted in the melt comprising urea, biuret, and N-containing compounds; and
- a valve arranged to evacuate gaseous by-products produced during the urea
condensation process out of the respective reactor vessel(s) via the top part
thereof; and
- a valve arranged to remove the melt out of the one or more reactor vessels at the
bottom part thereof,
characterized in that each of the reactor vessels comprise a circulation loop arranged
externally to each of the one or more reactor vessels and comprising a circulation
pumping means to circulate the melt present in the one or more reactor vessel(s) in and

out of the respective circulation loop.

15. The system according to claim 14, wherein the circulation loop has an inlet opening and
an outlet opening, where the circulation loop is connected to the reactor vessel, wherein the

outlet opening is arranged as a narrowed orifice.

16. The system according to claim 14 or 15, wherein the system further comprises a valve

configured to introduce carrier gas in the melt present in the one or more reactor vessels, and
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a gas sparger positioned in the reactor vessel(s), wherein the carrier gas will mix with the

gaseous by-products, resulting in a gas mixture.

17. The system according to any one of claims 14 to 16, wherein the system further comprises
a first gas purging device configured to introduce a purging gas stream in the headspace of the
one or more reactor vessels, wherein the purging gas will mix with the gaseous by-products,

resulting in a gas mixture.

18. The system according to claims 16 or 17, wherein the system comprises a scrubber which

is configured to purify the gaseous by-products out of the gas mixture.

19. The system according to claim 18, wherein the system further comprises
- a second purging device to purge a part of the purified gas out of the scrubber, this part
being a re-usable gas part,
- a compressor to pressurize the re-usable gas part above atmospheric pressure,
- a valve configured to add fresh gas with a pressure above atmospheric pressure to the
re-usable gas part, and
- a valve configured to recycle back the mixture of the fresh gas and the re-usable gas

part to the one or more reactor vessels.

20. The system according to any one of claims 14 to 19, wherein each of the reactor vessels

may further comprise a stirrer.

21. The system according to any one of claims 14 to 20 to perform a process according to

any one of claims 1 to 13.
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ABSTRACT

PROCESS TO PRODUCE A MELT OF UREA AND BIURET AND SYSTEM TO
PRODUCE SUCH A MELT

The present disclosure relates to a process and a system for producing a melt comprising urea,
biuret, and a minor amount of N-containing compounds produced during a condensation
process of urea, the process comprising the steps of pumping a urea melt to one or more reactor
vessels each having a headspace at a top part thereof and a bottom part, subjecting the urea
melt in the one or more reactor vessels to a heating process with a temperature of between
150°C to 180°C, during the heating process also subjecting the melt present in the reactor
vessel(s) to a circulation process in and out of the one or more reactor vessels via a circulation
loop arranged externally from each of the reactor vessels, and wherein during formation of the
melt, gaseous by-products are produced which are evacuated out of the respective reactor
vessel via the top part thereof, and removing the melt out of the one or more reactor vessels

via the bottom part thereof.
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Re ltem V

Reasoned statement with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

1. Technical Field and Independent Claims

Independent claim 1 relates to a process for producing a melt comprising urea, biuret,
and N-containing compounds produced during a condensation process of urea, the
process comprising the steps of:

pumping a urea melt to one or more reactor vessels each having a head space at a top
part thereof and a bottom part,

subjecting the urea melt in the one or more reactor vessels to a heating process with a
temperature of between 150°C to 180°C, wherein during the heating process the urea
melt is converted to the melt comprising urea, biuret, and Ncontaining compounds;

wherein during formation of the melt comprising urea, biuret, and N-containing
compounds, gaseous by-products are produced which are evacuated out of
therespective reactor vessel via the top part thereof; and

removing the melt comprising urea, biuret, and N-containing compounds out of the one
or more reactor vessels via the bottom part thereof;

characterized in that, during the heating process, the melt present in the reactor
vessel(s) is circulated in and out of the one or more reactor vessels via a circulation
loop, wherein the circulation loop is arranged externally from each of the reactor vessels
and equipped with a circulation pumping means.

Independent claim 14 relates to a system for carrying out said process.

The urea melt is used as in the preparation of animal feed.

2. Novelty

The subject-matter of claims 1 - 21 is new in the sense of Article 33(2) PCT.

Document D1 describes a two step process of preparing animal feed grade biuret. In the
first reaction step a feedstock is prepared by heating a urea charge at a temperature of
between about 145° C and about 165° C while simultaneously blowing a non-reactive
gas at superatmospheric pressure through the molten urea charge at an aeration rate of
from about two to about ten cubic feet of gas/hour/Ib. of urea for at least about four
hours and until the urea content of the product is reduced to between about 37% and
about 25% urea, the cyanuric acid content is between about 3% and about 20% and the

Form PCT/ISA/237 (Separate Sheet) (Sheet 1) (EPO-April 2005)
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melting point of the product is between about 110° C and about 130° C, by weight. In a
further step the product from the first step is sent to a recirculating oven as a bed of
several inches, and heated while a recirculated gas is passed through the bed of
feedstock at a temperature slightly below the melting point of the feedstock until the
urea content thereof is less than about 15% by weight.

D1 does not describe, that the heating in the first step takes place while subjecting the
melt present in the reactor vessel to a circulation process in and out of the reactor
vessel via a circulation loop. Consequently, D1 does also not describe the reactor to
carry out the process as defined in present claims 14.

D2 describes a process for the production of feed grade urea from a liquid urea melt
until a target concentration of biuret is reached. The urea melt is subjected to a
continuously stirred reactor wherein the urea melt is maintained at suitable biuret-
forming conditions so that some urea decomposes into biuret and gaseous ammonia.
The biuret-containing stream and the gaseous ammonia are removed from the reactor.

D2 does not describe that a carrier gas is blown through the reactor. D2 does further not
describe that the heating in the first step takes while subjecting the melt present in the
reactor vessel to a circulation process in and out of the reactor vessel via a circulation
loop. D1 does also not describe the reactor to carry out the process as defined in
present claims 14.

It is noted that reactors with an external loop are known as such, but the prior art does
not describe such a reactor comprising the other technical elements defined in claim 14
which would be suitable to carry out the process of claim 1.

3. Inventive Step

The present application does not meet the criteria of Article 33(1) PCT, because the
subject-matter of claims 1 - 21 does not involve an inventive step in the sense of Article
33(3) PCT.

Documents D1 and D2 can be regarded as representing the closest prior art.

The process of the present application differs from the processes of D1 and D2 in that
during the heating process the melt present in the reactor vessel is subjected to a
circulation process in and out of the reactor vessel via a circulation loop arranged
externally from the reactor vessel.

The applicant has not indicated any particular effect in respect of said difference.

Therefore the problem underlying the present application is defined as providing a
further process for producing a melt of feed grade urea.

To solve this problem by using a process wherein an external circulation loop is used is

Form PCT/ISA/237 (Separate Sheet) (Sheet 2) (EPO-April 2005)
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obvious for the skilled person.

Reactors with an external circulation loop are known. The external loop causes usually
mixing of the reaction media, sometimes in combination with air or gas blown into the
reactor. To replace the known stirred reactor type described in D1 and D2 by a reactor
with an external loop is therefore obvious, in particular because D1 describes also that a
non-reactive gas is blown into the reaction. The dependent claims do not appear to
contain any additional features which, in combination with the features of any claim to
which it refers, meet the requirements of the PCT in respect of inventive step.

The additional features disclosed therein are either similar to the features described in
D1/D2 (cf. dependent claims 2 - 9, 13 and 21) or considered as common practice for the
skilled person (cf. dependent claims 10 - 12 and 15 - 20).

The subject-matter of claims 1 - 21 is therefore obvious in view of D1 and D2.

Form PCT/ISA/237 (Separate Sheet) (Sheet 3) (EPO-April 2005)
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Amendments under Art. 34 PCT can be filed with the IPEA, normally at the
same time as filing the demand (Rule 66.1(b) PCT) or within the time limit set
for reply to any written opinion issued during international preliminary
examination by the IPEA.

If a demand is filed at the EPO as IPEA and no comments/amendments have
been received by the time the EPO starts drawing up the IPER (Rule 66.4bis
PCT), the WO/ISA will be transformed by the IPEA into an IPER (also called
the IPRP (Chapter Il) which would merely reflect the content of the WOI/ISA
(OJ 10/2011, 532). The demand can still be withdrawn (Art. 37 PCT).

Please also note that, when filing amendments under Art. 34 PCT, such
amendments shall be accompanied by a letter which identifies the
amendments made and also the basis for the amendments in the application
as originally filed (Rule 66.8(a) PCT). Failure to comply with this requirement
may result in the amendments being ignored in the IPER (IPRP (Chapter Il)),
see Rule 70.2(c-bis) PCT.

The applicant may, with the IB, file a request for supplementary international
search under Rule 45bis.1 PCT. The present ISR and WO/ISA may also be
taken into account in the execution of that supplementary international search,
provided that these are available to the Authority charged with this task before
it starts the supplementary search (Rule 45bis.5 PCT).

This kind of request cannot be filed specifying the ISA who did the
international search.

More information on this topic can be found in the PCT Applicant’'s Guide,
Chapter 8 (http://www.wipo.int/pct/en/quide/ip08.html).

Where no demand is filed, at the end of the international phase, the IB will
transform the WO/ISA into the IPRP (PCT Chapter 1) (Rule 44bis PCT), which
will then be transmitted together with possible informal comments to the
designated Offices. Where a demand is filed, the WO/ISA is not transformed
into an IPRP (Chapter 1) by the IB, but rather the IPEA will establish an IPER,
(the IPER is the same as the IPRP (PCT Chapter 1), see Rule 70.15 PCT).
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International filing date (day/monthjear)
16.11.2023

Priority date (day/month/ear)
16.11.2022

INV. C07C273/16

International Patent Classification (IPC) or national classification and IPC
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Yara International ASA

Instructions).

Rule 70.16(b)).

1. This report is the international preliminary examination report, established by this International Preliminary Examining
Authority under Article 35 and transmitted to the applicant according to Article 36.

2. This REPORT consists of a total of 6 sheets, including this cover sheet.
3. This report is also accompanied by ANNEXES, comprising:
a. [ atotal of sheets, as follows:

[1 sheets of the description, claims and/or drawings which have been amended andfor sheets containing
rectifications authorized by this Authority, unless those sheets were superseded or cancelled, and any
accompanying letters (see Rules 46.5, 66.8, 70.16, 91.2, and Section 607 of the Administrative

[1 sheets containing rectifications, where the decision was made by this Authority not to take them into account
because they were not authorized by or notified to this Authority at the time when this Authority began to
draw up this report, and any accompanying letters (Rules 66.4bis, 70.2(e), 70.16 and 91.2).

[l superseded sheets and any accompanying letters, where this Authority either considers that the
superseding sheets contain an amendment that goes beyond the disclosure in the international application
as filed, or the superseding sheets were not accompanied by a letter indicating the basis for the
amendments in the application as filed, as indicated in item 4 of Box No. | and the Supplemental Box (see

b. O a separate electronic file containing a sequence listing (sent to the International Bureau only)

000 ROOOX

Box No. IV Lack of unity of invention

Box No. V Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

Box No. VI Certain documents cited

Box No. VIl Certain defects in the international application

Box No. VIII  Certain observations on the international application

4. This report contains indications relating to the following items:

Box No. | Basis of the report
Box No. Il Priority
Box No. Il Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

Date of submission of the demand

08.03.2024

Date of completion of this report

26.03.2024
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preliminary examining authority:

European Patent Office
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Fax: +49 89 2399 - 4465
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Box No.| Basis of the report

1. With regard to the language, this report is based on
X the international application in the language in which it was filed

[1 a translation of the international application into , which is the language
of a translation furnished for the purposes of:

L1 international search (under Rules 12.3(a) and 23.1(b))
U publication of the international application (under Rule 12.4(a))
Ll international preliminary examination (under Rules 55.2(a) and/or 55.3(a) and (b))

2. With regard to the elements”* of the international application, this report is based on (replacement sheets which
have been furnished to the receiving Office in response fo an invitation under Article 14 are referred fo in this
report as "originally filed" and are not annexed to this report):

Description, Pages
1-16 as originally filed

Claims, Numbers
1-21 as originally filed

Drawings, Sheets
12, 22 as originally filed

L1 asequence listing - see Supplemental Box Relating to Sequence Listing.

3. O The amendments have resulted in the cancellation of:

L1 the description, pages

O the claims, Nos.

U the drawings, sheetsfigs

Ll the sequence listing (specify):

4. [0 This report has been established as if (some of) the amendments annexed to this report and listed below
had not been made, since either they are considered to go beyond the disclosure as filed, or they were
not accompanied by a letter indicating the basis for the amendments in the application as filed, as
indicated in the Supplemental Box (Rules 70.2(c) and (c-bis)):

L1 the description, pages

L1 the claims, Nos.

U the drawings, sheetsfigs

O the sequence listing (specify):

5. O This report has been established:

L1 taking into account the rectification of an obvious mistake authorized by or notified to this Authority
under Rule 91 (Rules 66.1(d-bis) and 70.2(e)).

L1 without taking into account the rectification of an obvious mistake authorized by or notified to this
Authority under Rule 91(Rules 66.4bis and 70.2(e)).
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6. X With regard to top-up searches (Rules 66.1ter and 70.2(f)):

X A top-up search was carried out by this Authority on 20.03.2024 (all discovered documents are
listed in the Supplemental Box Relating to Top-up Search).

[ Additional relevant documents have been discovered during the top-up search.
L1 No top-up search was carried out by this Authority because it would serve no useful purpose.

7. 0 Supplementary international search report(s) from Authority(ies) hashave been received and taken into
account in establishing this report (Rule 45bis.8(b) and (c)).

If item 4 applies, some or all of those sheets may be marked "superseded".

Box No.V  Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

1. Statement

Novelty (N) Yes: Claims 1-21

No: Claims

Inventive step (1S) Yes: Claims 1-21

No: Claims
Industrial applicability (1A) Yes: Claims 1-21

No: Claims

2. Citations and explanations (Rule 70.7):

see separate sheet
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Re ltem V

Reasoned statement with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

Reference is made to the following documents:

D1: US 4 540 820 A (STEPHAN KURT F [US] ET AL) 10 September 1985
(1985-09-10)cited in the application

D2: EP 3 995 488 A1 (CASALE SA [CH]) 11 May 2022 (2022-05-11)cited in the
application

1. Technical Field and Independent Claims

Independent claim 1 relates to a process for producing a melt comprising urea, biuret,
and N-containing compounds produced during a condensation process of urea, the
process comprising the steps of:

pumping a urea melt to one or more reactor vessels each having a head space at a top
part thereof and a bottom part,

subjecting the urea melt in the one or more reactor vessels to a heating process with a
temperature of between 150°C to 180°C, wherein during the heating process the urea
melt is converted to the melt comprising urea, biuret, and Ncontaining compounds;

wherein during formation of the melt comprising urea, biuret, and N-containing
compounds, gaseous by-products are produced which are evacuated out of
therespective reactor vessel via the top part thereof; and

removing the melt comprising urea, biuret, and N-containing compounds out of the one
or more reactor vessels via the bottom part thereof;

characterized in that, during the heating process, the melt present in the reactor
vessel(s) is circulated in and out of the one or more reactor vessels via a circulation
loop, wherein the circulation loop is arranged externally from each of the reactor vessels
and equipped with a circulation pumping means.

Independent claim 14 relates to a system for carrying out said process.

The urea melt is used as in the preparation of animal feed.

2. Novelty

The subject-matter of claims 1 - 21 is new in the sense of Article 33(2) PCT.

Document D1 describes a two step process of preparing animal feed grade biuret. In the
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first reaction step a feedstock is prepared by heating a urea charge at a temperature of
between about 145° C and about 165° C while simultaneously blowing a non-reactive
gas at superatmospheric pressure through the molten urea charge at an aeration rate of
from about two to about ten cubic feet of gas/hour/lb. of urea for at least about four
hours and until the urea content of the product is reduced to between about 37% and
about 25% urea, the cyanuric acid content is between about 3% and about 20% and the
melting point of the product is between about 110° C and about 130° C, by weight. In a
further step the product from the first step is sent to a recirculating oven as a bed of
several inches, and heated while a recirculated gas is passed through the bed of
feedstock at a temperature slightly below the melting point of the feedstock until the
urea content thereof is less than about 15% by weight.

D1 does not describe, that the heating in the first step takes place while subjecting the
melt present in the reactor vessel to a circulation process in and out of the reactor
vessel via a circulation loop. Consequently, D1 does also not describe the reactor to
carry out the process as defined in present claims 14.

D2 describes a process for the production of feed grade urea from a liquid urea melt
until a target concentration of biuret is reached. The urea melt is subjected to a
continuously stirred reactor wherein the urea melt is maintained at suitable biuret-
forming conditions so that some urea decomposes into biuret and gaseous ammonia.
The biuret-containing stream and the gaseous ammonia are removed from the reactor.

D2 does not describe that a carrier gas is blown through the reactor. D2 does further not
describe that the heating in the first step takes while subjecting the melt present in the
reactor vessel to a circulation process in and out of the reactor vessel via a circulation
loop. D2 does also not describe the reactor to carry out the process as defined in
present claims 14.

It is noted that reactors with an external loop are known as such, but the prior art does
not describe such a reactor comprising the other technical elements defined in claim 14
which would be suitable to carry out the process of claim 1.

3. Inventive Step

The present application does also meet the criteria of Article 33(1) PCT, because the
subject-matter of claims 1 - 21 does involve an inventive step in the sense of Article
33(3) PCT.

Documents D1 and D2 can be regarded as representing the closest prior art.

The process of the present application differs from the processes of D1 and D2 in that
during the heating process the melt present in the reactor vessel is subjected to a
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circulation process in and out of the reactor vessel via a circulation loop arranged
externally from the reactor vessel.

The external circulation loop of the process of the present application has several
advantages. In particular, it promotes the separation of the gaseous by-products from
the melt via flashing. When the melt flows back from the external circulation loop into
the respective reactor vessel, the gases, amongst others ammonia, which are produced
during the condensation reaction of the melt, are released because of the pressure drop
effected when the melt passes through the outlet opening of the circulation loop in the
reactor vessel (see paragraph[0053], p.12, 1.19-23).

Therefore the technical problem underlying the present application can be defined as
the provision of an improved process for producing a melt comprising urea, biuret, and
N-containing compounds.

D1 and D2 do not disclose or suggest circulating the melt during the heating process in
an external circulation loop to achieve a better separation of gaseous by-products.
Moreover, D1 teaches the use of a sparging gas to facilitate the removal of byproduct
ammonia (see D1, col.6, |. 55-61).

The process of claim 1 and dependent claims is therefore not obvious in view of D1 and
D2 and involves an inventive step. For the same reason the system for carrying out said
process as claimed in claim 14 involves an inventive step as well.
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