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1. Process Description

Short description of the Snam Progetti urea process using .he stripping technique.

The process achieves almost tctal conversion of carbamate in urea in one isobaric system: 2

reactor-stripper-carbamate condenser.

II. Plant performance

Plant performances data are given on steam and electric power balance, produot quality,
ard operability. The power balance has been optimized. 4ll the heat used for deocompos-—
ing the carbamate contained in the reactor effluent is recovered at high ten erature and

direstly used in the subsequent urea concentration steps.

The high purity of the product, whioh shows low iron content, low turbidity and color,
is a good indication of no corrosion problems in the plant, and that a minimum quantity

of impurity such ae lubrieating oil is introduced into the process stireams.

This result is obtained with: (&) low operating temperature and pressure in the

reactor: (b) use of ammonia as stripping agent in the stripper where ammonia acts as
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Short description of the Snam Progetti urea process using the stripping technique.
The process achieves almost total conversion of carbamate in urea in one isobaric system:

reactor-stripper-carbamate condenser.
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corrosion inhibitor: (c) elimination of corrosion sritical items such as carbamate pumps

and high aP expension valves.

short description of the synthesis 1loop control system is given. An easy control

of the synthesis loop gives very steady ccnditions and good plant operability.

11I. Large Snam Progetti stripping urea piants

The Snam Progetti process encbles the construction of single line plants up to

2000 MT/D using only one train of operating machinery.

Snam Progetti has been the first in using & centrifugal machine for CO2 compression

up to the synthesis pressure. This typc of machin~ is ideal for high capacities.

A centrifugal CO2 compressor assures high time efficiency, which is essential 1in

large plants. It also reduces investment and operating costs.

In the Snam Progetti plants the carbamate solution is recycled by an ejector,

while for this gervice reciprocating pumps are used 1n conventional plants.
The capacity of reciprocating pumps is limited by hard technological problems still

unsolved; consequently, geveral pumps operating in parallel must be used in large plants

with high investiment and operating costs.

In large Snam Progetti plants the main synthesis loop equipment can slso be on &

gingle line. They can all te jocated at ground level with the use of un ejector for

carbamate recycle. This arrangement 1is Very important for large plants.

1V. Conclusion
the main features of the Snam Progetti process, that represents &
are (a) saving in utilities, (b) very high excess of

cess to eliminate corroaion (c) minimum

To summarize,
new technique to manufacture urea,

ammonia in the critical steps of the pro

meintenance, easy operability and high on-stream efficency (d) economic construction

of large plants particularly in world areas where maintenance of sophisticated machinery

would be a protlem.
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I. BRIEF PROCEST DESCRIPTION

The process has been already described in the techmical press; there
fore, only a short general description of it will now be givenm.
Detailed informstion will be supplied on the performances obtained
in the plants already on-stresm.

(Pig. 1)
Urea is produced by the chemical reaction of liquid asmonia and gase
ous carbon dioxide at about 150 kg/cm? aud 18%°C in the reactor (1).
The 1iquid ammonis from the battery limits epters the holding tank
(2) and then part is conveyed into the urea reactor using pump (3),
and part is vaeporized in (4) to be used in the high pressure strip-
per (5).
Carbon d4ioxide is compressed in (6) up to the reaction pressure, and
most of it is fed directly to the reactor, while a small quantity by-
passes the reactor to be prereacted before being sent to it. This is
beceuse the heat of formation of carbamate from the entire carbon
dioxide make-~up stream is in excest of that required to sustain the
overall reaction.
The reaction products leaving the reactor pams to the stripping unit
which operates almest at the same pressure. The urea-carbamate mixtu
re is heated with steam in the stripper (5) and carbamate decomposed
by the stripping actien of part of the fresh-feed ammonia. The bdulk
of the carbon dioxide content of the solution is so removed.
The low residual carbon dioxide and the residual content of ammonie
in the strasam {7) from the stripper are flashed and distilled in &
downstream seetion where they are recovered and recycled.
The bulk of ammonia is sent to & racovery column and recycled as
ashydrous NH; to the holding tank (stream 8); the small amount of
CO2 is recycled as ammemiwm carbenate selution to the carbamnte




condenser (stresm 9).

The overhead vapors leaving the stripper mixed with by-passed €0z,
enter directly the high pressure carbamats cendenser (10) in which
the ammonia and carbon dioxide are recovered as liquid carbamate
sclution and recycled to the reactoer.

The carbamate is recycled with an ejector (11) in which the motive
fluid is the compressed liquid ammonia fed to the reactor.

The ammonis pressure drop through the ejector supplies the neces-
sary driving force.




IX. PLANTS P RPORMANCES

The process has been employed so far in six industrial plants ranging
in capacity from 70 to 900 MT/D.

Pour are actuaslly on-streem, the largest of which has & oapacity of
750 M2/D.

All plants are totel recycle amd on one stream-line.

Hereinafiter will be described the most important results obtained in
such industrial units.

1I.1, Steam and electric power consumptions

The process has been studied to minimize production costs. The
power balasnce has been optimized: all the heat used for decom-
posing the cerbamate contained in the reactor effluent ie reco-
vered at high tempsrature and directly used in the subsequent
urea concentration steps. Figure 2 shows the steam distribution
in a plant for production of urea via concentration.

40 kg/cm< steam is available at battery limits and is used for
driving the C0p centrifugal compreasor turbine.

Turbine extraction steam at 25 kg/cm2 is used for process in
the stripper and in the laat stage of the HF decomposer.

The 5 kg/cm2 steam produced in the plant is used for urea con-
centration and vacmum ejectors. The 3,5 kg/cml steam, which is
alsc produced in the plant, is used for driving the reactor”
feed ammonisa pump and for s*eam tracing.

In this case, the overall power balance will be as follows:

Steam from B.L. 1100 kg/MT ures
Electric power 15 kWh/MT urea

The power required is particularly low for the following roa-

o




Bons :

fo Low pressure of the synthesis loop: 150 kg/cm2 agxinst 200-
250 of the traditiomal processes.

2. Recycle carhamate is awvailable practically at the reactor
pressure, and is recycled by an ejeotér.
The emmonia pressure drop through the ejector supplies the
necessary driving force. A very small amount of power is
needed to obtain thie result,

3. High yields ars obteined in the reactor, due to the minimum
ancant ¢f water intrceduced with carbamets.

I1.2._Product quslity

It is interesting to make an examination of the urea product
characteristics obtained in the plants uniné the 3nam Proget-~
ti process, in order to underline important plant performances.
Those characteristics, normally not commercially labelled, are
the ones we will comment. Preductz listed on Table I were ob-
tained withovv activated ~arhon * ltration.

= Iron content is always extremely low: this is s eure indi-
catiun of n¢ corrosion problem in the plant

- Low values of color, turbidity and ashes show that the quan~
tity of impurities, introduced into the process streams, such

as lubricating 01194procesa water, etc. is negligidble.
This is the result of:

(a) Low uperating temperature amd prassure in the synthesis
reactor (185°C and 150 kg/cm? against 195-220°C and 200-
250 kg/cm? in the traditional processes)

{b) Use of smmopia as stripping agent in the stripper, where
the high ammonie excess acts us corrosion inhibitor

(c) Blimimation of corrosion critical items, such as carbamate




punps 2nd high AP .xpmei.a Talves handling urea solution
with high carbumste content.

the low residual CO, contemt in the urea solution domnstream
the stripper is recyci~d to the synthesis uctiin as oarbo-
aate colution at low tempsrature, with no corrosion problem.

I1.3. Operability

A description is now given of the synthesis loop control systea
and of the actionus to be taken for the control of the plant ope
ratiops. (Pig. 3)

As slready kmown, the synthesis loop reactor-siripper-carbamte
condenser is practically isobaric.

In this system it is esmsential to control the carbamate circu~
lation to the reactor.

A small difforence in pressure between the reactor and the other
equipment of the loop (stripper and carbamste condenser) is there
fore contr: lled by velve "A".

The level control om the top chamel of the carbsmate condenser
operutes the reactor outlet valwve according to the quantity of
carbamate to be recycled.

The opsrating prescure of ths synthesis loop is comtrolled by
the inerts vented from the carbamate comdenser.

Such an sasy control gives vary steady cemditions of operability
in the whole synchesis loop which is & basic condition for the
overall operability of the plant. The operator will take care
only of the pressurs in the system (inerts vented from the conden
ser valve "B"', and the temperature of the reactor (by-pass of
€02).

The reactor operatefs under steady conditions with a mole ratio




of 3.5+4. A COp conversien per pass of 60 ¢+ 65% is obtained.
The plaxt can be started up in a very short time, 4-5 hours

to obtainm thke finished produect. |

All the equipment of the synthesis loep starts working simu)

tanecusly, and it is not necessary to store start-up oarbe~
mate solution.




TII. TARGE SNAM T0OCPMRY “ORTPPTING URFA PLANTS

Ine pousibilities offersd by the Snsm Progetti process in plants of
great ompacity in u single mtream~line are now examined.

« s2agw pienis, inveatment and operating savings are not very si-
gdficent if squipment omly is om one stream~line ang machinery on
soveral unitn in parallal.

The Onmm Progetti procese enables the construction of eingle line
plants up to 1500 ¢ 2060 M2/D by using one train only of operating
machinery,

In high capacity ocunventicnal plante, very large reciprocat’ng
C02 couyressors are noermally used.

In this type of plants, carbamate is recycled by reciprocating
Fups. The capacity of these pumpe is iimdited by hard technologi-
c2l problems still unsolved.

Well-imown are the inconveniences ocourred around the world in
“he etuinless stoel valve bodies anr stuffing boxes of recipro-
cating carbumatu pumps, woicu oracked after a mhort period of
operation. In fast, it ies very difficult to obtain alloy steesl
forged pieces of large sise without internal defeots, as are
rogaired in carbemats aervice.

inother 1limit is given by the plunger diameter and by the RN,
due to the severe operatin; cenditioms of the packing seals.

A conventicnal 900 MP/D plant requires at least 3 pumps: 2
operating in parallel and one spare.

In the large plants uming the Snam Progetti process, the reac-
tor low operating pressure favours the use of a centrifugal

C0p compressor, which is ideal for high capacities.

Snam Progetti hes been the first in using this type of machine
for CO» compression up to the syntheais pressure,
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A centrifugal CO, compressor assures high time efficiency, ee-
sential in large plants. It also 1 duces investment aand operating
cests.

Pigare 4 shows a cemtrifugel comprwsser. for a 900 MT/D unit.
Pigure 5 shows a reciprocating compresser for a 750 MP/D unit.
In the Snam Progeiti plantas the carbamate golution is recycled
by an ejector. Figure 6 shows the ejector used in a 900 NMT/D
plant.

The low residual COp content downstream the synthesis loop is re
cycled &t low temperature as a lean solution by a small recipro-
cating pump, with no mainismames prodlems (12 m3/h capacity for
e 900 MI/D plant). In large Snam Progettii plants the main synthe
wis 160p equipment can alsoc be on a single line.

Table II shows the sizes of mmim equipment for a 900 NT/D Snam
Progetti plant.,

Being the stripper a falling film exchanger, in large size umnitas
it is important to study the liquid distribution in the top chan
nel. This problem hus been carefully studied by Snam Progetti.
Pigure 7 shows a full size scale test Aistributor for a 1500 MI/D
plant,; which was used for designing this important part of the
equipment. Figure 8 shows a stripper, ready in a workshop, for

a 900 MT/D plant. Pigure 9 shows an overall view of the 900 MT/D
Menfredonia plant (Italy). |

In the first Snam Progetti plants, when the technique of carba-
mate recycle via ejector was not yet developed, the carbamate
condensers were placed at reactor top level, while reactor and
stripper were located at ground level.

In the most recemt units, all the synthasis loop equimment is

at ground level. This arrangement is very important for large

plants, being very expensive to install heavy equipment at high
levels.,
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IV. CONCLUSION
To sumsarize the comtemt of this paper, for whet concerns the Snam
Progetti process features, we wish t0 point out that the saving on
utilities is only one factor.
It mey bLe more or less interegting, according to the various local
eonditions. |
The main point is that Snanm Progetti’s new technique represents
Teally an easier way to manufacture urea. :
The very high excess of ammonia, in the critical steps of the process, "
has completely eliminated corrosion.
The system has also minimized maintensnce and operstisg prodblems and
gives a very easy operability and high on-stream efficiency.
The Snam Progetti process makes really economic the construotion of

large plants, particularly in world areas where the maintenance of
sophisticated machinery could be a problem.

).
.




PRODUCT NUALITY FECK OSNAL PROGWTTL UREA PLANTS

PRODUCT ANALYS1S

PLANT LOCAY10H

GELA TERNT PUERTOLLANO | NINATITLAK

{ITALY) (ITALYY (SPAIR) (NEXICO)
Nitrogen % wt £6.5 ACoh 3 LELLE 5644
Biuret % wt 0.3 0,.% Co’ (R
Noi1sture % wt 0.25 Cal (O 0,25
1ron n.D.Mme 0.5 (0.5 < 0.5 < C,"
Color (A.P.H.A) 4 6 4 7
Turkidity ‘Hazen
in HpO) 3 5 5
Ash n.n.m, h 3 $ 5

Ll




900 MT/D PLANT

FAIN EQUIDMENT DINENSIOND

-15=

' 1R Tm‘AL ap ; A D Y
ITIsM LENGTH DIAKETER WEIGHT
[LZACTOR - - 100 KT
STRIPPUR 14 m 12 m 63 LT
1. 5T+« CARBALATE
CONDIENGER 15 m 1.1 m 50 MT
e ND. CARBAKATE
CONDERGER 18 m 0.9 m 40 1T
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Pigure 6
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Pigure 9









