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ENEREBY REDUCTION IN WREA AND AMMONIA PRODUCTION
AT THE AGRIMONT FERRARA PLANT

R,.Botti, C.Burlando, G.Gramatica

Agrimomt S.p.A. — Italy

INTRODUCTION

Agrimont's ammonia amd urea plants at the Ferrara factory,
with capacities of 1500 and 1700 MTPD respectively, have
been in operation since the end of the seventies.

The ammonia plant is based onm H.TOPS0E technology and  the
wrea plant is based on Montedisgn technology,

The original project of the urea plant emploved the
conventional process of separating the produced urea from
urnreacted carbamate leaving the reactor.

According to conmventional urea pProCesses, the ammonium
carbamate was decomposed into the raw materials by reducing
the pressure of the solution removed from the reactor, thus
allowing part of the unreacted ammonia and carbon dioxide to
flash off; this gperation was mnormally performed in 2 series
of vessels at different pressures.

Im 1997, Agrimont decided to modify the exristing reaction
section by adoptimg the IDR process.

The purpose of this modification was to cut enaergy
consumptiaon and, at the same time, realize & full-scale
demonstration plant.

another aim was to avoid the risks cuﬁnected with the

scaling—up of the technology already tested on a
semi-ingustrial scale at the 300 MTPD urea plant located at
"San Giuseppe di Caire {(Savonal.

The new =ection at Ferrara was started up in 1788,

The results regarding energy cust reduction and the
operating and maintenance problems found during the First
ad justment period and the main differences between the 300
MTPD reference plant at S5.Giuseppe and the 1700 MTPD at
Ferrara are shown latey on.

The replacement of the catalyst charge of the converter in
the ammonia plant was plarmed for 1990, after baving been in
aperation for twelve yvears.

Agrimgnt decided to take this oppertunity to improve the
energy efficiercy of the whole plant by =ubstituting the
internal apparatus, the cartridge, of the ammonia converter.

This new inmtallation will be introduced in the converter in
June 19720,



This modification and the substitution of the catalvyst
charge will reduce the energy consumption by 260 Kcal/Kg
produced ammonia (expected value).

DESCRIPTION

i)

UREA FLANT MODIFICATION

The modificaticon consisted in installing a new
synthesis section bassed on the IDR tecnology at  the
Ferrara urea plant.

The IDR(Iscbharic Double Recycle) technologgy features
high conversion of reagents inteo urea and consequently
low energy consumption and easy recycling of the
unrzacted materials to the reactor.

Figure | shows the tvypical flowsheet of this process.

The high conversion of ammontum carbamate into urea is
obtained by coperatimg at high MNH3/C02 molar ratios,
whereas the recycle of the unreacted carbamate and the
free MNHI in excess is carried out in the two
decomposers operating in series at the same pressure as
the synthesis reactor, the firzt orme operating with NH3
excess and the second one vperating with COZ excess.

This technology was developed by Montedisomn and tested
at the San Giuseppe di Cairo urega plant with a capacity
of 300 MTPD, which is not comsidered representative of

the more recent urea plant having a capacity of
1500-2000 MTPD.

The adoption of the new technology for an existing
production lime based on the previous total recycle
MONTEDISON ¥now-how with heat recovery was obtained by
replacing the existing reactor with new esquipment
operating at the same pressure as the reactor and which
constitutes the IDR loop.

However, the installation of the IDR section was not

only limited to a simple scaling-up of the equipment of
the IDR loop.

Infact, the Ferrara plant has characteristicse that
differ from %hose of S.0iuseppe 4i Cairo, particularly
as regards to the distillation stages downsiream of the
reaction section.

Fiqure 2 shows the flgwsheest of the Ferrara urea plant
before modification.

Figure 3 shgows the flowsheet of the S5.Giluseppe wrea
plant.

At the 5.Biuseppe plant the urea sglution leaving the
IDR loop is flashed to 835 bar and fed to an existing
gistiller heated by recovered sieam.
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The condensation heat of the resuelting vapors is  used
to distillate the urea solution in the second
distillation stage, which operates at about 5 bar and
in the first stage of the urea vacuum concentration,
thus achieving significant heat recovery.

Bt the Ferrara plant, the urea solution leaving the IDR
logp is flashed to 70 bar and fed to an existing
distiller heated by medium pressure steam.

The condensation heat of the resulting vapors is used
to produce low pressure steam {(abput 3 bar} ta be
recovered within the plant's limits. Figure 4 shows the
flowsheet of the Ferrara plant after modification,

Arother feature differentiating the Ferrara uwrea plant
from the S.Giuseppe plant is the driving system of the
CO2 compressor.

The first is drivemn by wvapor turbine and the second by
electric motor,

The limitation imposed by the existing driving system
sD as not to increase the investment costs was another
limit.,

This required a different subdivision of the thermic
lgads in order to reduce the medium pressure steam
consumption and wtilize low pressure steam produced
compatibly with the characteristiecs of the equipment
erxisting downsiream of the IDR section.

AMMONTA PLANT MODIFICATION

The original apparatus was a Topsce 5100 cartridge,
consisting of two adiabatic catalyst beds (size 1.3 - 3
mm) with intermediate direct cecling achieved by means
of guenching (a portion of cold unreacted synthesis gas
was injected to the reacted gses 1leaving the first
catalyst bed).

The flow arrangement in both of the catalyst beds was
radial.

Among other options for the new installation, Agrimont
chose a cartridge especially designed by Ammonia Casale
for the following reasons:

Ammonia Casale submitted a very large reference list,
included mamy ammonia converters (supplied or modified?
operating all over the world.

Im particular, Ammonia Casale had already modified
another ammonia converter of gurs at Priolo {Sicily)
tWwo years ago.

This was a Kellogg four-bed comverter with & nominal
capacity of 1000 MTPD.
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The Casale modifiration maintained the existing guench
converter's arrangment of four beds with guenches for
interbed temperature control.

The modification mainly concerned the latier two beds,
that were transformed from axial to axial-radial flow.

This allowed the use of a smaller size catalyst (1,5-3
mm instead of &6-10 mm), which is more active, and
reduces the overall pressure drop of the converter,

The converter was started up successfully in 1988  and,
together with another improvement in the refrigeration
section of the synthesis loop, gave an energy saving of
330 kecalories per meiric fon of product ammonia, which
has not altered over the past two years.

The lwmp sum, turnkey contract including aill the
subcantractars was carried out under the supervision
and responsibility of Ammonia Casale, who did an
extcellent job.

The Casale option had a rate of return slightly higher
tharn those of other competitors.

The nrnew Casale installation for the Ferrara converter
consists of three tatalyst beds arranged in
axial-radial flow,

The Tirst interbed cooling is sachisved by means of
direct gquenching whereas the second by indirect cooling
through a heat-exchange surface {(an interbed exchanger
between the second and the third catalyst bed completes
the pre-heating of the cold inlet gas to the first bed
temperature).

An important design feature is that no modification of
the existing pressure shell was reguired.

The new catalyst charge (all pre-reduced, size 1,5-3
mm) was supplied by H.Topsoe.

The new cartridge is planned +to be installed in  the
converter by the end of June and the plant to be
restarted 1in July, =o that precise gperating data are
not available as yet.

To give an idea of the expected energy saving generated
by this modification we have made a comparative
calewlation uwtilizing our kimetic simulation program,
based on the well-known Temkin—-Pyzev equation.

In both cases the inlet gas compasition (inerts=1B%v.,
H2/ME2=3) and the total catalyst volume {(approx.4& m3)
are the same.

The result of the calculation is that the new cartridge
gives the same performance (the same conversion per
pass wWith the same circulation rate of 714.000 Nm3/h?



at a loop pressure of 204 bar abs., instead of 232 bar
abs. required by the former cartridge.

The catalyst has been considered at its end of run
activity level (aged) in both Ccases.

The plant operators can then take advantage of this
situation in several ways, such as

a) by allowing the loop pressure to decrease, thus
saving energy inm the make-up Qas COMPTressor,

b by increasing the load of the plant, provided the
corresponding additignal make-up gas is available,

c) increasing the level of inert gas in the loop by
reducing the purge rate, thus increasing the
overall conversion yield,

d) increasing the conversion per pass by reducing the
circulation rate, provided the design tempersture
at the converter ocutlet is not excesded, results
im an increase in  the recovery of the reaction
heat and in epergy saving in the circualation and
refrigeration COmMpressors.

Whichever option is chosen, the expected overall energy
saving will be in the order of 260 Keal/MT of ammonia.

EXPERIMENTATION RESULTS

The experimentation following the installation of the IDR
section in the existing Ferrara urea plant was heavily
ronditioned by the peculiarity of the factory. :

Infact, the urea plant is a single trainm having a high
capacity of 1700 MTPD, which represents about 60% of
Agrimomt's total production in the nitrogen fertilizers
field.

Moreover, the urea plant iz strictly connected to the
-ammonia plant which has a capacity of 1500 MTFD.

An ammonia limited storage capacity of 10000 MT and
operating limits inm the ammonia shipment have greatly
reduced the operating time regquired by the adjustment of
the new section.

The interconnections between the two synthesis sections, old
and new, don't exist as the passage from a run type {with
IDR) to the other one (without IDR) is not direct.

The valves on the in and out streams for the two synthesis
sections are the same.

Therefore, before converting the plant from omne run tvype to
the other, it is necessary to restore the caorrect
cammections and to install the appropriate blind flanges in
the foreseen points.

This choice, which has been Justified by technical
considerations (in order to avpid dead zones, sources of



corrosion) involves guite a long time to pass from one run
tvpe to the other, time that is not often compatible with
the production requirements.

Because af all these reasons, 1t  ftook gulite sometime to
solve the mechanical problems that were met during the
experimentation.

However, from a technological point of view the adjustment
of the new section took only a short time.

Infact after two weeks from the start-up of +the IDR laop
{Jume 'B8) the urea plant was running regularliy at nominal
lvad. ‘

After a few months o©of regulsr rupning, some operating
difficulties emerged due to leakage from the flange
couplimgs in the high pressure piping consequently causing
the restart-up of the old section.

A careful examination of all the couplings shawed
insufficient thickness of the installed gaskets which were
substituted with gther thicker ones.

The project had foreseen the use of new materials for
migher corrosion resistant piping and with improved
mechanical characteristics in respect to the previous

EXper lentes.

This brought about a reduction of the piping thickness,
which together with the considerable i1ncresse of the
diameters of the Ferrara plant (DN 250 against DM1E0) made
the experience acguired previgusly insufficient for the
specific mechanical problem.

After having rectified this preblem, the IDR section was
installed and started wp in the second half of 1789.

The plant ran regularly with good performances until January
S0 when the ammonia plant was shut down amnd consequently the
urea plant too, and Agrimont then decided to carry out  an
dnternal inspection of the IDR equipment to check the
internal status after the first run period.

An accurate inspection shawed there was no corrosion, thanks
to selecting the right construction materials and using an
griginal passivation tecnigue omn the vessel surfaces.

Only the welding omn the seal partition plate which divides
the reactor into two parts was found to be defective.

The IDR =section will be reinserted in July '920 after the
shut-down for maintenance work of the whole factory has been
carried out.

Mow, we'll go on  to show the performance of the urea plant
after the I1DR section installation.

It is important to specify that wher we speak about the
planmt performances, we mean the energy consumptions because
the plant rcapacity, the product quality and the external



conditiaons {(effluents discharges?

existing situation,

We report here below the various steam users.
For every steam

tvpe of steam
recording.

used and

USErS, We

In arder to simplify thus:

WM : the a2
VB H the 7
VR 1 the 3

PLANT
SECTION

Lqup IDR

Purification

Yacuum
concentration

NH3 preheating

Water
distillation

Ureic sol.
concentration

L.P. Tracing

(1) Not measured

bar steam
brar steam
bar steam

UREA PLANT STEAM USERS

indicate
instrument items

USER

E-1001
E-1002
D-1010

E-2F01!
E—203
E-?035 bis

E-907
E-207 bis
E-909
EJECTORS

E-F10 bis

E-7182

E-917

D-1012

STEAM
USED

VM
VM
VM

VM
VB
VB

VR
VB
vB
VR

VB

VB

VR

VH

lhave not altered with the

the plant section, the
for the fTlowrate

INSTRUMENT
ITEM

FR—-2/905
FR=-2/%90&
(1)

FR-2/s91&2
FR-2/913
FR-1014

FR-733

FR=93&

FR—238
(1)

FR=F1%

FR-975

FR-271

{1)



The urea plant involves two different steam pressure level
productions at 7 anmd 3 bar respectively.

This steam is used in the urea plant and the recovery steam
ercess 1s exported and used in the Ferrvara factory.

For all steam productions the plant section, the steam type
and the ingstrument item for the flowrate recording are
reported.

UREA PLANT STEAM PRODUCTIONS

PLANT SECTION RECOVERER STEAM INSTRUMENT
TYPE ITEM

Loop IDR E-1Q03 Ve FR-2/%908

Purification D-207 VR FR-920

For the steam consumptions assessment anly the process
consumption has been taken into consideration.

The driving steam of the COZ compressor has not been consi-
dered because it is strictly cornnected to the features and
limitations of the existing driving system (condensation
turbine and a limited condensable guantity extraction).

Because of these limitations and in order to reduce the
ad justment works on the existing plant as much as possible
we consider the total steam comsumption of the wurea plant
ag the difference between the total steam comsumption and
the total steam production both referring to &80 kcal/Kg.

In the following table we have indicated the S.Giuseppe di

‘Cairo extrappolated data in the first column, the traditional
plant (before modificatiaon? data in the second column and
the IDR plant data in the third column.



TABLE 1: FERRARA UREA PLANT STEAM EXPRESSED IN KG/T UREA
PRODUCED (Referred at 660 Kcal/Kg).

S§.Giuseppe Traditional IDR
extrapolated plant plant
Total imnput
MP steam 586 1.173 Thl
Total cutput
~ Steam export O 113 144
£lant consumption
total steam consumption 1.3464 1.844 1.723
Production
Recovery steam prad. 78 784 l.1a&
Pifference 584 1.04&0 577

The energy saving obtained on the basis of a vyear's
production of S&0000 MT of urea is:
i1

(1060 — 577) x 360000 x &&640 = 1,785 x 10 Keal/y =
= 17.8350 TER/Y

CONCLUSION

We may conclude from the previous table, the medium pressure
“steam consumption of the Ferrara IDR plant is greater than
that of the 5.0iuseppe, whereas the net difference between
the total consumption and the prodoction is better, -

This, besidez improving the return on  investment, has
allowed zsome limitatioms that were imposed by the existing
plant to be overcome and, at the same time, to reduce the
modification costs to a minimum.

This has been possible thanks to a particular situation
exlsting in the Ferrara factory which allows the recovery of
the low pressure steam excess produced by the urea plant in
the same factory.

It must be underlined that the performantes relevant to  the
IDR section have confirmed the experimental results obtained
at the S.Gluseppe di Cairo plant.

Therefaore, the process can be licensed for any capscity with
different reference plants,
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