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Introduction
In Urea Conversion gas/liquid mixing in urea reactor with application of high efficiency trays
homogeneous and heterogeneous phases’ equilibria and kinetics is very important. The efficiency of
Urea Reactors can be improved by the application of the latest generation of internals. Generally fluid
dynamics phenomenon are created by the co-current gas liquid flow through the simple perforated trays
which generates irregular bubbles; now this problem has been solved by new generation high
efficiency device super cup patented by M/S Saipem.
Present article intends to describe how conversion increases by super cup with geometry of the
shape of super cup etc. The increase in the efficiency has permitted direct benefits to the overall
production and energy of the units, thus allowing lower energy consumption and a reduced
environmental impact emission of greenhouse gases. The Super Cups can be applied to design a
new generation of urea reactors as well as to improve the performance of existing equipment in
a revamp design.
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Abstract
In Urea Conversion gas/liquid mixing in urea
reactor with application of high efficiency
trays homogeneous and heterogeneous phases’
iquilibria and kinetics is very important. The
efficiency of Urea Reactors can be improved
by the application of the latest generation of
internals
.Generally
Fluid
dynamics
phenomenon are created by the concurrent gas
liquid flow through the simple perforated trays
which generates irregular bubbles now this
problem has been solved by new generation
high efficiency device super cup patented by
M/S. Saipem. Present article intended how
conversion increases by super cup with
geometry of the shape of super cup etc. The
increase in the efficiency has permitted direct
benefits to the overall production and energy
of the units, thus allowing lower energy
consumption and a reduced environmental
impact emission of greenhouse gases. The
Super Cups can be applied to design a new
generation of urea reactors as well as to
improve the performance of existing
equipment in a revamp design.
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Introduction
The numbers of plants installed SuperCup,
China, Pakistan, Maxico, Argentina etc. The
performances of Urea Reactors can be
improved by the application of the latest

generation of internals: the Saipem Super
Cups. In Urea Conversion gas/liquid mixing in
urea reactor with application of high efficiency
trays homogeneous and heterogeneous phases’
equilibrium and kinetics is very important.
Generally Fluid dynamics phenomenon are
created by the concurrent gas liquid flow
through the simple perforated trays which
generates irregular bubbles now this problem
has been solved by new generation high
efficiency device super cup patented by M/S.
Saipem The proprietary design of this
innovative reaction device is the further step
ahead to approach the theoretical equilibrium
conversion in the urea synthesis. As a
consequence, the Super Cups can be applied to
design a new generation of urea reactors as
well as to improve the performance of existing
equipment in a retrofit design. The Reactor
trays that prevent back-flow of the heavier
solution from the upper part downwards and
favors the gas absorption in the liquid phase.
The support of a systematic plan of fluiddynamic simulations gave a significant
contribution to the development of the
innovative design.The increase in the
efficiency has permitted direct benefits to the
overall day-by-day performances of the units,
thus allowing lower energy consumption and a
reduced environmental impact.The fluiddynamics of a urea reactor can be significantly
improved by the introduction of the latest
generation of internals recently invented and
patented by Saipem. The driving force for
innovation has come from the continuous trend
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toward higher and higher plant efficiency with
the aim to optimize the capital investment of
the high pressure
ressure equipment, decrease the
energy consumption and so reduce the
environmental impact of plant operation. The
proprietary Saipem Super Cups drastically
increase the mixing of the reactants phases,
respectively ammonia / ammonium carbamate
and carbon dioxide,
oxide, thus optimizing the
product conversion rate in the reactor. The
immediate benefit is the lower specific steam
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consumption requirement to decompose
Carbamate to CO2 and NH3 in downstream
sections. Taking into consideration the
necessity to minimize the
he pressure drop across
the reactor, the improved mixing is obtained
without any increase of compression energy
for carbon dioxide. This represents a further
step ahead to get closer to the theoretical
equilibrium conversion in the reactor.

Fig-1

Design Feature & Working Principle
Urea reactors are non-ideal multi-phase
phase plug
plugflow reactors (“PFR”) type equipped with
dedicated distributors for the reagents and a
number of sieve type trays which consist of
perforated plates that prevent back--flow of the
heavier solution from the upper part
downwards and favour the gas absorption in
the liquid phase. The innovative concept of the
Saipem Super Cups lies in the realization of a
confined reaction space within the reactor tray
geometry, namely the cups. They perform as a
number of mixing units
its where ammonia is
contacted with the gaseous CO2 in small

bubbles. Once the reactants have swirled
inside the cups, the mixed solution of product
and non-reacted
reacted components is uniformly
distributed on the upper part of the tray by
means of the upper cup distributor. The outlet
flow pattern ensures a further mixing of the
solution coming from all the cups. The
peculiar behaviour of the Super Cups is
characterized by a triple fluid-dynamic
dynamic effect –
Gas Equalizer, Mixer Reactor and Gas
Distributor – which are
re described here below.

Kinetic Model
Kinetic Model The Urea reaction favoured at
High Pressure140-200
200 Bar and high temp 160160
2
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2000C.Following parameters are involve in
Urea reaction.
1. Carbon di oxide.
2. Ammonia,
3. Ammonium Carbamate
4. Urea &
5. Water
And the fraction of components formed in the
result of urea decomposition process as
Biuret& Triuret. By means of analytical
method known so far, however, it is possible
only to determining in the liquid phase, the
urea concentration, the overall concentration
of carbon di oxide and ammonia not bounded
in the form of urea and the concentration of
water. Basing of the analytical determined
composition the following fundamental
parameters of the process are found the molar
ratio NH3/CO2 and H2O/CO2 in the liquid
phase and total conversion of Carbon di Oxide
to urea. The Conversion of Urea in the terms
of Carbon di oxide because the carbon di oxide
is the limiting reactant in this process.
Urea is formed according to following
reactions
2NH3 + CO2 = NH2COONH4 + 157.5 KJ/mole
…………………………………………….(1)
Amm Carbamate
NH2COONH4 = NH2CONH2 + H2O - 26.44
KJ/mole ………………..……………….....(2)
Urea

The development of urea synthesis model is
based on the reaction rate equation of the
formulation of Urea, Ammonium Carbamate
and Carbon Dioxide along the reactor length.
The conversion of reaction (1) and (2) will be
denoted as k1 and k2 while the overall
conversion as k These will give,
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K1 =(Fc +Fu)/(FCo + FUo +
FDo)……….........................................…(5)
K2 /(Fc+Fu)……..……………………..(6)
And hence ,k=k1*k2=
Fu/(FCo+FUo+FDo)……………………..(7)
The total for initial flow rate, FTo will be the
sum of the initial flow rate of the individual
components. For the flow rate of each
component at any point, the following
equations will be used,
FU= k(FCo+FUo+FDo)……………..(8)
FC =( k1-k)( FCo+FUo+FDo)……... (9)
FD=(1-k1))( FCo+FUo+FDo)………(10)
FA=(a-2k1)( FCo+FUo+FDo)………(11)
FW =(b+k)( FCo+FUo+FDo)……….(12)
Where flowrate of urea is denoted as FU ,
carbamate as FC , carbon dioxide as FA
ammonia as FA and water as FW . The total
flow rate as FT of the components will be the
sum of all individual flow rate.
The rate of disappearance of carbon dioxide,
rD is as given by,
rD = -k1f(CA 2CD -CC/k1)…………..….(13)
Where k1f is kinetic for the forward reaction
in equation (1) and k1 is equilibrium constant.
The rate of formation of Carbamate ,rC and
urea, rU are,
rC = = k1f( CA 2CD-CC/k1) - k2f(CC CUCW/k2) and,………………….……..(14)
rU= k2f(CC- CUCW/k2)……………….(15)
Where k2f represent the forward reaction in
equation (2) and k2 is the equilibrium
constant. The mole balance equations for the
species, urea, carbamate and carbon dioxide in
an ideal plug flow reactor are
dFU/dz =ArU……...(16)
dFC/dz = ArC ….….(17)
dFD/dz = ArD……...(18)
Where A is the area of the reactor.
Reaction No (1) given above is exothermic in
nature and 157.5 KJ/mole heat is produced in
the formation of ammonium Carbamate.
Reaction No (20 is endothermic and 26.44
KJ/mol is consumed in the dehydration of
ammonium Carbamate. If Ammonia is to be
supplied in the liquid form and water that is
formed in the reaction is to be separated by
3
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evaporation the net heat evolved will be the
47.69 KJ/mol. Therefore it can be said that the
urea process is heat generating Process. But in
the actual practices, the conversion being
restricted
by
equilibrium
and
cost
optimization. It means high level energy is the
form of steam and electric power and low level
heat to be removed by cooling water, air etc.
Both the reaction are reversible and depends
upon temperature, Pressure & residence time
in the reactor.
Formation of Ammonium Carbamate This
exothermic reaction is slow at ambient
Conditions but almost instantaneous at 100 bar
and 1500C. At a particular pressure the rate of
reaction in increase with temperature. Reaches
a maximum and then rapidly decrease to zero
value at a temperature corresponding to
dissociation pressure equalizing the working
pressure. The dissociation pressure of
Carbamate increases rapidly with temperature
it 100 bar & 2000C The dissociation pressure
is considerably increased when an excess CO2
is used. This dissociation pressure is much less
when an excess of ammonia is used.
Formation of Ammonium Biuret & Triuret
Following are the favourable conditions of
Biuret and Triuret formations.
1. At High temperature.
2. At high concentration of urea.
3. At high residence time of urea solution
in holder & piping.
4. Less contents of ammonia.
Adverse effect of Biuret & Triuret on plant
growth. The fate of Biuret & Triuret in soils
and its phytotoxicity is reviewed. Biuret &
Triuret are mineralized by many soil
microorganisms, but the process is much
slower than for urea. Excessively high Biuret
& Triuret concentrations can damage seedlings
and, like urea, should not be placed in close
proximity to germinating seeds. Crop tolerance
to Biuret & Triuret varies according to the
plant species, soil conditions, fertilizer
placement, and method of application. Biuret
applied to soil or to plant foliage interferes
with N metabolism and protein synthesis. The
current standards in the fertilizer industry
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supply adequate protection against Biuret &
Triuret induced damage to crops.
CONVERSION OF UREA CAN BE
IMPROVED WITH INSTALLING HIGH
EFFICIENCY TRAYS (SuperCup) Urea
reactor performance improvement by adopting
the high efficiency trays which are the most
efficient trays available in the market and are
also an essential element to make Split Flow
Loop as efficient as possible

PURPOSE
1. The main purpose HET to improve
the redistribution of un reacted carbon
dioxide inside the liquid phase rich in
free ammonia.
2. To reduce the back mixing
phenomenon due to density increase
of Carbamate and urea solution from
bottom to reactor top.
3. To reduce also channelling which has
a negative effect on the solution
residence time.

ADVANTAGES
The activity contributes to environmental and
social aspects and eventually to sustainable
development by: Reduction of consumption of
non - renewable fuel like NG, which is a step
towards
conserving
natural
resources.
Reducing steam consumption which results in
reduction in energy consumption. Steam is
used in the strippers and varies proportionately
with the urea production. Due to the improved
conversion efficiency of the process (again due
to improved tray design and increased number
of trays), the steam utilisation in the overall
manufacturing process has reduced. Hence the
parameter of the specific consumption of
steam to urea gives a clear indication of the
energy saved. As elaborated above, the
specific consumption of the steam to urea
forms the critical parameter and hence the urea
production and accordingly the steam
consumptions are monitored

Gas Equalizer
The first effect of Super Cups is to uniformly
distribute the concentration of the light phase
4
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reagent on the entire section of the tray. In this
way, the gas-like bubbles moving upward
the nonuniformity of the previous reaction
stage and the non-reacted CO2 can be evenly
fed to each cup of the tray.
Mixer Reactor
The cups behave as a number of confined
reaction volumes in which the multi-phase
reagents
–
carbon
dioxide
and
ammonia/carbamate – heavily swirl inside,
thus reaching a high mixing degree. Each cup
performs as a static mixer where the phases are
strongly contacted (see Fig. 2). In this way the
SuperCups trays do not simply behave as gas
distributors – like the existing commercial
high efficiency trays – but perform as
additional active reaction stages which can be
modelled as a Continuous-Stirred-Tank
Reactor (“CSTR”) in series with the PFR of
the stage.
Gas Distributor
The CO2 phase forming the gas-cushion below
the tray can be partially streamed inside the
cups to create a mixer-reactor and partially
distributed on the upper stage by means of
dedicated holes. This split range is one of the
most critical design parameters since it allows
to customize the residence time distribution
(RTD) curve of each reactor stage and to
increase (or decrease) the CSTR (perfect
mixing) or PFR (plug flow) behaviour
according to the composition of each stage.
Fig. 3 plots, for several geometries, the RTD
curves obtained by simulating a pulse injection
of tracer at the inlet boundary and detecting
the outlet concentration as function of time.
The Principle of Super Cup high efficiency
trays:1. Mass transfer factor
2. Contact pattern of phase
3. Fluid dynamics factors
4. Interfacial surface area
the development of the innovative design.The
proprietary M/S Saipem Super Cups (“New
Design”) greatly increases the mixing of the
liquid and gaseous phases, respectively
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“lose

the

memory”

of

5. Geometry of reactor vessel
6. Chemical kinetics factors
7. Temperature & pressure
Generally speaking, known solutions fail to
provide for thorough mixing of the light and
heavy phases (both consisting of supercritical
fluids) , which, because of the difference in
density, tend to flow along separate
preferential paths defined by the design and
arrangement of the trays, and in particular by
the shape, location, and size of the holes in the
trays. This drawback also impairs final
conversion of the reactants, thus reducing urea
output.

Detail of SuperCup
The SuperCup construction is very effective
and not sharp configuration and no problem of
corrosion erosion. symmetrical mixing of the
gas into liquid. The innovative M/S. Saipem
Super Cups design for Urea reactor trays has
been conceived and developed by Saipem with
the support of Engin Soft by means of
CFD(Computation
Fluid
dynamics)
simulation. Latest super cup trays the third
generation of high efficiency trays recently
invented
and
patented
by
Saipem.
Computational Fluid Dynamics (CFD)
provides a qualitative (and sometimes even
quantitative) prediction of fluid flows by
means of mathematical modelling (partial
differential equations). The Reactor trays that
prevent back-flow of the heavier solution from
the upper part downwards and favour the gas
absorption in the liquid phase. The support of
a systematic plan of fluid-dynamic simulations
gave
a
significant
contribution
to
ammonia and Carbamate, and carbon dioxide,
thus optimizing the product conversion rate in
the reactor. The immediate benefit is the lower
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specific steam consumption requirement to
downstream sections. The peculiar behaviour
of the Super Cups is characterized by a triple
fluid-dynamic effect – Gas Equalizer, Mixer
Reactor and Gas Distributor.
The first effect of Super Cups is to uniformly
distribute the concentration of the gaseous
phase reagent on the entire section of the tray.
In this way, the gas bubbles moving upward
“lose the memory” of the non-uniformity of
the previous reaction stage and the non-reacted
CO2 can be evenly fed to each cup of the tray.
Figure 5 shows the formation of the “gascushion” (blue area) just below the tray
externally to the cups. The cups behave as
multiple confined reaction volumes in which
the reagents - gaseous CO2 and liquid
ammonia & carbamate – heavily swirl inside,
thus reaching a high mixing degree. Each cup
performs as a static mixer where the phases are
strongly contacted.
In this way the Super Cups Trays do not
simply behave as gas distributors – as in other
commercial designs. But perform as additional
active reaction stages which can be modelled
as a Continuous-Stirred-Tank Reactor
(“CSTR”). The CSTR behaviour (ideal perfect
mixing) of each single tray can be clearly
observed by the comparison of RTD curves for
the new and standard designs.
The mean residence time increases by about
70% with respect to the standard design, thus
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decompose Carbamate to CO2 and NH3 in
strongly improving the urea formation yield.
The CO2 gaseous phase forming the gascushion below the tray can be partially
streamed inside the cups to create a mixer
reactor and partially distributed on the upper
stage. This split range is one of the most
critical design parameter since it allows the
customization of the RTD curve of each
reactor stage and the increase or decrease of
the CSTR (perfect mixing) or PFR (plug flow)
behaviour according to the composition of
each stage. The Super Cups Trays permit an
increase in the urea reactor efficiency with
consequent beneficial effects in terms of
higher return on investment, lower energy
consumptions and reduced environmental
impact. The CFD study of the traditional
perforated plate vs. the innovative tray
facilitated the ability to compare the fluid
dynamic behaviour of several designs in terms
of mixing performance of the reactants, flow
patterns, pressure drops and residence
time.The figure of supercup as shown in the
figure-2
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Fig-2

The following advantages:
1. The reduction of the energy
consumption and of recycle.
2. The possibility of a sensible increase
of the production with the same
reactor.
The development and successful design of the
High Efficiency trays in the reactor was
possible through a very accurate fluid dynamic
simulation of the system combined with the
modelling
of
the
chemical-physical

equilibriums and of the heat transfer
phenomena. The most important of these
consists of a sharp reduction in specific
steam consumption. This feature was confirmed by a number of test run results carried
out in the field. Reductions of specific steam
consumption up to 250–300 kg per ton of urea
have been obtained and capacity increases up
to 10–20 % .from the existing plants where
supercup installed the data obtain and
tabulated in table No.-1.
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Table-1

Fig-3
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Payback Period
After installation the pay back period is very
less because the saving of the steam increasing
of the urea production and smoothness of the
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plant. some plants observed the very less time
to recovers initial cost.payback graph as
shown in the fig-4 FFC Pakistan
stan and Profertail
plant Venezuela.

Fig-4

Conclusion
The SuperCup HET is really the conversion is
like magic the saving of the MP steam as well
as total steam is drastic come down. With the
combination of skilful modelling and original
design, the possibility was proven of
increasing the efficiency of urea reactors with
supercup, which were considered for a long
time to be operating close to their optimum.
This new tray design represents
sents a significant
upgrade of the urea reactors and, by
consequence, of the whole plant. The net
improvement of the CO2 conversion in an
existing plant has, in fact, the development and
successful design of the High Efficiency trays
in the reactor was possible
sible through a very
accurate fluid dynamic simulation of the
system combined with the modeling of the

chemical-physical
physical equilibriums and of the heat
transfer phenomena. The most important of
these consists of a sharp reduction in specific
steam consumption.
n. This feature was con
confirmed by a number of test run results carried
out in the field. Reductions of specific steam
consumption up to 250–300
300 kg per ton of urea
have been obtained and capacity
pacity increases up
to 10–20
20 % according to plant load and
process conditions.
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