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L. H. Cook

Six complete recycle urea processes are de-
scribed, each of which employs a different
method of recovering and recycling ammonia
and carbon dioxide obtained by decomposing
unconverted carbamate. It is pointed out that
the Du Pont, Montecatini, and the new Chemico
processes use excess ammonia to increase the
quantity of urea produced per pass, to reduce
the amount of carbamate which must be decom-
posed, and to decrease the volume of ammonia
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previous commercial processes
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urea

REA

The new Chemico Procési

Is comparéd with six

Chemical Construction Corporation, New York

and carbon dioxide which must be recovered
and recycled.
claimed for the

The principal advantages

Chemico process are:

1. A 76% poss conversion of carbamate to
urea by the use of excess ammonia, this
conversion being almost twice that ob-
tained with other commercially available

processes.

Chemical Engineering Progress

2. A simple method of recovering and re-
cycling excess ammonia by condensation
with normal cooling water without the
necessity of additional compression.

3. A simple method of recovering and re-
cycling the ammonia and carbon dioxide
obtained from carbamate decomposition;
the quantities handled per ton of urea
being much smaller than in other commer-

cial scale processes.
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he increasing demands of the plastics,

feed, and fertilizer industries for
svnthetic nitrogen compounds have
roused new interest in urea (2). World
output of this, the cheapest solid form
of nitrogen available, now exceeds
1,000 tons/day, and is expected to reach
2,000 tons in 1955 (9). Expansion at
this rate will require improved manu-
facturing methods, greater efficiency
and higher yields; and, to meet these
needs, Chemical Construction Corpora-
tion has developed a new process of
synthesizing urea, based on the funda-
mental ammonia-carbon dioxide reac-
tion with a unique recycle modification.
One version of the new method is in
commercial operation at the Niihama,
Japan, plaut of the Sumitomo Chemical

basic once-through process (Figure 1)
in which the reaction of ammonia and
carbon dioxide produces urea and water,
with ammonium carbamate as the inter-
mediate product. The raw materials, in
the stoichiometric ratio of two moles of
ammonia to one of carbon dioxide, react
rapidly and completely in an autoclave
operating at 160-200° C. and 120-200
atm. to form ammonium carbamate and
heat, which is removed by a special
heat-transfer surface in the autoclave
(Reaction 1). Some of the carbamate
then breaks down to urea and water
(Reaction 2), the degree of conversion
varying with autoclave operating condi-
tions up to a maximum of 40-509%. The
resulting mixture of urea, water and un-
converted carbamate flows from the au-

The various urea processes are il-
lustrated in the flowsheets to the
right: Intercommunicating bars are
shown solely to indicate analogies
between unit operations.

Fig. 3—

Equipment: 1 Avtoclave; 2 Excess
NH, separator; 3 1st carbamate de-
composer; 4 1Ist absorber; 5 2nd
carbamate decomposer; 6 2nd ab-

SOLUTION

sorber; 7 NH; condenser; 8 solu-

tion pump. A Fig. 3. Solution recycle process.
UNGONVERTED T
NH3 AND COz
w—)> )
NH ; NHs | 3 UREA
| ———— |
— UREA SOLUTION GOz oife— — TSOLUTION

Fig. 1. Basic once-through process.

Equipment: 1 Autoclave; 2 Car-
bamate decomposer.
Reactions: (1) CO, + 2NH; = NH,

COONH, carbamate. (2) NH,
COONH, = H,0 -+ NH,CONH,
vrea. )

Co., which was designed by Chemico to
produce 12 tons/day of urea.

Operating at conversion rates of 75-
80% against approximately 40-509 for
other commercially available processes,
the Chemico method displays definite
technical and economic advantages,
which are emphasized by comparison
with other processes. Therefore, in or-
der to provide a proper basis for eval-
uating the Chemico procedure, a detailed
review of the other major urea produc-
tion processes is given here.

Review of Commercial Processes

BASIC ONCE-THROUGH PROCESS

The foundation of all modern com-
mercial scale urea manufacture is the
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Fig. 2. Hot gas recycle process. I

v

)
| UREAT
SOLUTION

Fig. 4. Oil slurry recycle process.

Fig. 2—
Equipment: 1 Autoclave, 2 Carbamate decom-
poser, 3 Recycle compressor.

Fig. 4—

Equipment: 1 Autoclave; 2 Carbamate decom-
poser; 3 Slurry vessel; 4 Oil separator; 5
Slurry pump.

toclave through a pressure-reducing
valve into the carbamate decomposer.
There, application of heat splits the car-
bamate into ammonia and carbon diox-
ide for use in a by-product fertilizer

Chemical Engineering Progress

plant, where the ammonia is usually re-
covered as ammonium sulfate. The urey
which is obtained by concentrating the
aqueous solution from the decomposer is
further purified by crystallization or
prilling; then dried, cooled, bagged.
Recycle systems are modifications of
the once-through process in which the
ammonia and carbon dioxide from un-
converted carbamate are recovered aud
returned to the autoclave for further re-
action, thus eliminating the necessity of
a by-product fertilizer plant. Six such
modifications are described below.

HOT GAS RECYCLE PROCESS (6)

In this system the mixture of uncon-
verted ammonia and carbon dioxide is

SOLUTION

Fig. 5. Gas separation process—
NH; absorption.

Fig. 6. Gas separation process-gas absorption.

Fig. 5—

Equipment: 1 Autoclave; 2 Carbamate decom-
poser; 3 NH, absorber; 4 NH, desorber; 5 NH;
compressor; 6 NH; condenser.

Fig. 6—

Equipment: 1 Autoclave; 2 Combined expander:
condenser; 3 Final corbamate decomposer;
Recycle pump; 5 NH, & CO, separation system:
6 NH; compressor; 7 NH, condenser.

compressed at high temperature (to pré-

- vent formation of solid ammonium €ar-
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the gas leaving the compressor at 260°
. and 130 atm. The resulting mixture,
which is essentially dissociated ammon-
jum  carbamate at  220° C,, passes
through a cooler where the gases react
to form liquid carbamate. The heat of
this reaction is used to generate steam.
(Ifor the sake of simplicity the cooler
is not shown in Figure 2.) The liquid
carbamate at 160° C. and 120 atm. en-
ters the autoclave and is partially con-
verted to urea and water. The reaction
product containing water, urea, and am-
monium carbamate is fed under reduced
pressure to the decomposer, where un-
converted carbamate is dissociated to
ammonia and carbon dioxide. This gas
mixture is compressed and recycled as
described here and the residual urea

The reaction product consisting of
urea, water, carbamate, and ammonia
leaves the autoclave and flows under re-
duced pressure into the excess ammonia
separator, which operates at 118° C, and
185 1b./sq.in.abs. The gaseous overhead
from this separator, containing about
84% of the excess ammonia used in the
reaction, is condensed and returned to
a liquid ammonia storage tank. The
mixture of urea, water, ammonia, and
ammonium carbamate left in the sepa-
rator is fed to the first carbamate de-
composer, which passes on a fairly dry
overhead of ammonia and carbon diox-
ide gases to the primary absorber. In
a second decomposer the carbamate in
the residue is dissociated and driven off
together with free ammonia and water

NH3
CO2

CO2

UREA -
SOLUTION ~

Fig. 7. Chemico process-gas separation process—CO, absorption.

Equipment:

1 Avtoclave

2 Excess NH, separator
3 Carbamate decomposer
4 CO, absorber

solution is then processed in a finishing
section as explained.

In using this process at its Oppau plant, I. G.
Farben discovered two major disadvantages: it
presented serious operating difficulties, and re-
quired constant maintenance work on the recycle
compressors. Consequently, when the compres-
sors were destroyed in World War I, the sys-
tem was abandoned in favor of the basic
once-through process.

SOLUTION RECYCLE PROCESS (5)

In thir . Pont process (Figure 3),
the unconverted gases are returned to
the autoclave as an aqueous ammoniacal
solution of ammonium carbamate. Am-
monia and carbon dioxide are added to
give a combined feed ratio (mole basis)
of 5 NH,/0.73 H,0/1 CO,, which pro-
vides two and one-half times the stoich-
iometric amount of ammonia. Conver-
sion of carbamate to urea reaches 70%
in this system,
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5 Solvent regenerator
6 NH; compressor
7 NH; condenser

vapor. The aqueous urea solution which
is left is sent to the usual finishing oper-
ations. The overhead goes to a second-
ary absorber where an aqueous ammon-
iacal solution of ammonium carbonate
is formed as the water condenses and
the carbon dioxide and ammonia are re-
absorbed. This solution is pumped to the
primary absorber where it is brought
into contact with the overhead gas from
the primary carbamate decomposer.
Water in the decomposer is condensed,
and the ammonia and carbon dioxide
are absorbed. The resulting aqueous
solution containing ammonia and am-
monium carbamate is pumped into the
autoclave for reprocessing.

OIL SLURRY RECYCLE PROCESS
(PECHINEY PROCESS)

The oil slurry recycle method devel-
oped by the Chemical Electro Metal-
lurgical Products Co. of St. Auban,
France, is illustrated in Figure 4 (7, 8).

Chemical Engineering Progress

Unconverted gases leaving the top of
the carbamate decomposer are mixed
with oil in a slurry vessel, and react to
form a suspension of fine particles of
ammonium carbamate in the agitated oil.
This slurry is then recycled by pumping
it into the urea autoclave. Besides serv-
ing as a vehicle for recycle carbamate,
the inert oil also acts as a medium for
heat transfer. The oil entering the auto-
clave is heated to auteclave temperature
by the exothermic heat of reaction, and
when the autoclave effluent reaches the
decomposer the heat carried by the oil
is utilized in the endothermic dissocia-
tion of ammonium carbamate (Reaction
(2). The slurry, together with make-up
liquid ammonia and gaseous carbon
dioxide in the ratio of 2 moles NH,/x
mole CQO,, is fed to the autoclave, which
operates at 180° C. and 200 atm. Fol-
lowing the reaction, in which a 509%
conversion of carbamate to urea is at-
tained, the autoclave effluent of urea,
water, carbamate, and oil flows at re-
duced pressure into the decomposer.
There, unconverted carbamate disso-
ciates to gaseous ammonia and carbon
dioxide, to be recovered and re-
cycled; the residue goes to the oil sepa-
rator. The oil is recovered there and is
pumped back to the slurry vessel for
reuse. The urea solution- left in the

“separator is centrifuged to remove the

last traces of oil, concentrated in an
evaporator, and treated in the usual fin-
ishing operations. ' '

GAS SEPARATION RECYCLE PROCESS—
AMMONIA ABSORPTION (3)

The Hovag Cémpany of Switzerland
developed this method (Figure 5), bet-
ter known as the Inventa Process, in
which the gaseous mixture of uncon-
verted ammonia and carbon dioxide
leaving the carbamate decomposer is
routed to an absorber, where aqueous
urea nitrate solution absorbs the am-
monia (4). The carbon dioxide over-
head is either vented to the atmosphere
or recycled. Ammonia is stripped from
the solution in a desorber; it is then
compressed, liquefied and recycled to the
autoclave. The regenerated urea nitrate
solution is returned to the ammonia
absorber.

The autoclave, operating at 180-200°
C. and 200 atm. is charged with liquid
ammonia and gaseous carbon dioxide in
a mole ratio slightly higher than 2:1
to give a small excess of ammonia.
Heat-transfer surface is provided in the
autoclave to facilitate generation of
steam by the heat of carbamate forma-
tion. After carbamate-to-urea conver-
sion reaches a maximum of 509, the
autoclave effluent of urea, water, and
unconverted carbamate runs through a
pressure-reducing valve into the decom-
poser, where the carbamate is broken
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down to ammonia and carbon dioxide.
The unconverted gases are extracted for
recycle as described above, and the re-
sidual urea solution is drained from the
decomposer, concentrated, and given the
usual finishing treatment.

GAS SEPARATION PROCESS—GAS
ABSORPTION (1)

Data on this Montecatini Process
(Figure 6) are still scarce, since the
Process is only now being introduced in
the United States. From the available
information it would seem that the
gaseous mixture of ammonia and carbon
dioxide leaving the carbamate decom-
poser is sent to an absorber, where an
undisclosed solvent absorbs one of the
two gaseous components, the other go-
ing overhead to be vented or recycled.
The absorbed constituent is presum-
ably stripped from the solution in a
desorber for possible recycling, with
the regenerated selective solvent return-
ing to the absorber. Operating with
excess ammonia, the process is said
to attain a carbamate-to-urea conversion
of 70%.

The autoclave product containing
urea, water, carbamate, and excess am-
monia flows at reduced pressure into the
bottom of a combined expander con-
denser. Application of heat in the ex-
pander section drives off excess am-
monia from the autoclave effluent. Some
carbon dioxide also goes overhead with
the ammonia. This overhead gas mix-
ture enters the condenser section above
the expander, where it is brought into
contact with steam condensate and
make-up ammonida for the reaction.
Liquid ammonia condenses most of the
excess ammonia coming from the ex-
pander, and steam condensate absorbs
most of the carbon dioxide as carbamate.
Uncondensed ammonia and carbon diox-
ide are taken off overhead and added
to the decomposer overhead; the result-
ing gas mixture is sent to the gas separ-
ation section previously described. The
liquid product formed in the condenser,
which consists of ammonia and aqueous
ammonium carbamate, is withdrawn
from the bottom of the condenser and
pumped into the autoclave together with
gaseous carbon dioxide.

The residue from the expander bot-
tom flows to the decomposer, where
unconverted carbamate is dissociated to
ammonia and carbon dioxide to be fed
to the gas separation system. The bot-
toms from the decomposer, essentially
an aqueous urea solution, can then be
sent to the usual finishing operations.

Chemico Process—
Carbon Dioxide Absorption

The Chemico Urea Process (Figure
7) utilizes a carbon dioxide-absorption
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gas separation system for recycling
gases obtained from unconverted car-
bamate.

Ammonia and carbon dioxide expelled
from the carbamate decomposer are
separated in an absorber, where a mono-
ethanolamine solution absorbs the car-
bon dioxide selectively from the mixture
leaving a gaseous ammonia overhead
to be compressed, liquefied, and stored.
The carbonated solvent is transferred
from the bottom of the absorber to a
solvent regenerator for desorption of
the carbon dioxide, which is then re-
cycled to the autoclave. The regener-
ated solvent is returned to the top of
the carbon dioxide absorber.

Liquid ammonia and carbon dioxide
in a 6:1 mole ratio are charged to a
urea autoclave operating at 175-185° C.
and approximately 170 atm. The 200%
excess of ammonia under these condi-
tions increases the theoretical conver-
sion of carbamate to urea from 48% to
839 ; actual conversion is about 76%.
The heat produced in the carbamate-
forming reaction serves to bring the
excess ammonia to reaction temperature,
thus obviating the need for heat-trans-
fer surface in the autoclave.

The autoclave effluent consisting of
urea, water, unconverted ammonium
carbamate, and excess ammonia flows
under reduced pressure to the separator,
where distillation removes 98% of the
excess ammonia as a dry gas, free of
carbon dioxide. The dry, pure ammonia
vapor is then liquefied by condensation
with available cooling water. (Prior
removal of carbon dioxide prevents the
formation of solid ammonium carba-
mate, which would clog the condenser.)
The residue of urea, water, free am-
monia, and unconverted carbamate leav-
ing the bottom of the excess ammonia
separator is fed at reduced pressure to
a decomposer. There the carbamate is
transformed to a gaseous mixture of
ammonia and carbon dioxide, which
can then be treated in the carbon dioxide
absorber by the method described in the
preceding paragraph. The aqueous urea
solution left in the decomposer is evac-
uated, concentrated in an evaporator,
and sent to the usual finishing opera-
tions.

The economic advantage of operation
with excess ammonia can best be illus-
trated by comparing the Chemico proc-
ess and a process using the same recov-
ery system without excess ammonia.
Theoretical conversion of carbamate
to urea reaches 839 at 175° C. in the
presence of 2009 excess annnonia;
with stoichiometric proportions of am-
nonia and carbon dioxide, theoretical
conversion is only 48%. With the ex-
cess, 749, more ammonia must be
pumped into the autoclave, and addi-
tional equipment is required to separate

Chemical Engineering Progress

and condense the surplus ammonia.
However. these factors are outweighed
by an 80% reduction in the quantity of
ammonium carbamate to decompose.
aminonia to compress, and gas to sepa-
rate. The amount of carbon dioxide
which must be compressed, purified,
condensed and pumped is reduced by
426,. and no heat-transfer surface 1s
needed in the ~-..oclave. The final over-
riding consideration is the significant
increase in per pass conversion of carba-
mate to urea—irom 489 with the sto-
ichiometric feed ratio to 759 with a
2009, excess of ammonia. Economic
evaluation of these factors reveals that
the excess ammonia system is markedly
superior to the stoichiometric feed sys-
tem in terms of equipment needs, work
input and yield.

Plant Investment

Urea plant investments reported in the litera-
ture range from $12,000 * .,000/daily ton,
varying with the type of process used, plant
capacity, and plant location. For o complete
recycle Chemico plant capable of producing 150
tons of bagged urea per day, the investment
required is approximately $20,000/daily ton, or
three million dollars. This figure is based on the
cost of an erected plant with all necessary
process equipment, instruments and controls;
utility piping and controls, and buildings and
foundation. Paid-up royalties, training of oper-
ating personnel, and supervision of initial start-
up are also included in this price.

When such o plant is to be installed adjacent

to an existing fertilizer wnit, as ot Sumitomo,

where there is an ammonium sulfate plant using
gaseous ammonia as a raw material, the invest-
ment required decreases by about 20%, roughly
to two and a half million dollars. In this
case there is no need to install an ammonic
recovery system, since the mixture of uncon-
verted ammonia and carbon dioxide leaving the
decomposer is separated in the fertilizer plant
Even in this type of partial recycle plant, hovw:
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Table 1.—Operating Requirements

Materials

Liquid NH; «.ooveninn, 0.585 tons
CO, Gas «vveviiiiniiins 0.773 tons
Solvent Make-Up .......... 0.033 Ib.

Bags (100-lb. bags) ....... 20 bags
Utilities

Electric Power ............ 250 kw.-hr.
Circulating Cooling Water .. 22,000 gal.
steam, 150 Ib./sq.in. gauge .. 6,000 |b.
Operating Llabor .......... 1.12 man-hours

ever, excess ammonia is used to insure high
carbamate conversion.

Operating Requirements

Operating requirements per ton of urea for
a complete recycle Chemico urea plant produc-
ing 150 tons of urea/day are shown in Table 1.
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Discussion

Anonymous (George Washington Uni-
versity) : What is the comparative cost
per unit of nitrogen to produce urea as
against ammonium nitrate? Can you
give me a percentage figure on that?

Lucien Cook: Cost per ton of urea ni-
trogen is competitive with cost of nitrate
nitrogen.

Tucker ( Columbia-Southern Chemical
Company) : You mentioned that the
investment cost was lower by 209, when
you ran it onto a fertilizer plant. Is
that figure the same for operating cost?

Vol. 50, No. 7

L Cook: Noj; operating cost does not
vary directly with investment cost.
However, operating cost in a partial re-
cycle plant is somewhat lower than in
a complete recycle plant.

Tucker: Would there be much of a sav-
ing if you didn’t recycle that excess
ammonia ?

L. Cook: It is more economical in any
case to recycle the excess ammonia
whether or not the recovery system is
used.

Tucker: I would assume that the part
where you recycle the excess ammonia
is covered in patents.

L. Cook: The recycle ammonia sepa-
rator, including the recovery system on
the end, is covered by patent applica-
tions.

D. L. Caldwell (Foster Wheeler): In
stating your percentage improvements
you didn’t make clear the base case
you were comparing.

L Cook: I was basing it on operation
without excess ammonia. I compared
the figures on a theoretical basis, and
I said that our process, with excess
ammonia, would have one fifth as much
carbamate to dissociate and from there
on, down the line, as against the same
process not using excess ammonia.

D. L. Caldwell: There are other recycle
processes that do mnot recycle carbon
dioxide as such, but in the form of car-
bamate. You said vou handled less
carbon dioxide than used in other proc-
esses; that presumably must be in the
form of carbamate and not carbon
dioxide as such.

L. Cook: I said that in the Chemico
process only 589, as much carbon diox-
ide must be compressed, purified, con-
densed, and pumped as in processes
using no excess ammonia. This refers
to carbon dioxide entering the autoclave
in any form per ton of urea produced.
In a case where carbon dioxide is fed
as carbamate or carbonate, only the
make-up need be compressed. With a
6:1 ammonia:carbon dioxide feed ratio
(mole basis) and 769 conversion, 0.76
mole of urea is produced/mole of car-
bon dioxide fed to the autoclave. This
is equivalent to 0.965 tons of carbon
dioxide/ton of urea produced. How-
ever, with a 2:1 ammonia:carbon diox-
ide ratio (mole basis) and 459 con-
version, 0.45 mole of urea is produced/
mole of carbon dioxide fed to the auto-
clave. This is equivalent to 1.63 tons
of carbon dioxide/ton of urea produced.
Therefore, it is evident that the use
of excess ammonia requires only 589
as much carbon dioxide handling per
ton of urea.

E. N. Martenson (Swift & Company):
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I'm interested in what carbon dioxide
make-up costs per ton.

L. Cook: A urea plant is most likely to
be located adjacent to an ammonia plant
from which carbon dioxide can be ob-
tained at no cost. If, however, urea is
to be made from purchased ammonia, a
source of carbon dioxide such as stack
gas must be available; in this case, cost
of separating the carbon dioxide from
the stack gas would be about $3.00/
ton of carbon dioxide.

M. E. Miller (Mathieson Chemical Cor-
poration) : Did you encounter much
trouble in the separation of carbamate
solids from the liquid ammonia in the
top of the tower? I have the impres-
sion that the carbamate is relatively
imsoluble in liquid ammonia if the tem-
perature is too low.

L. Cook: Carbamate is relatively in-
soluble in liquid ammonia. However, we
operate our tower at a temperature at
which carbon dioxide condenses as car-
bamate, which is returned to the bot-
tom of the column in the small amount
of water which continually refluxes.

M. E. Miller: On what scale has the proc-
ess you are describing been operating?

L. Cook: In the plant in Japan, we
started with a 40 ton/day installation,
which has since been expanded to 120
tons/day. The plant went into opera-
tion in October, 1952.

R. Katzen (Consultant): What do you
find with regard to corrosion in your
excess ammonia system?

. /
L. Cook: As far as materials of con- .

struction are concerned, Sumitomo
tested a wide range of metals and
alloys in 500-hr. runs in liquid and gas
phases. As a result of these tests, we
have selected an alloy with a long life
as a backing for the silver lining we
use in the autoclave. Lead is sometimes
recommended as an autoclave liner.
However, it has been found in practical
operation that a lead liner is difficult
to hold in place even at temperatures as
low as 175° C. Constant maintenance
is required. In view of this experience,
it is hard to understand how lead liners
can perform satisfactorily at 220° C,
although the literature mentions such
an application. Nickel-chrome alloys
are unsuitable, because urea contamin-
ated with chromium is not acceptable
for plastics-grade.

G. L Bridger (Iowa State College):
How much hydrogen sulfide can you
stand in the carbon dioxide being used
in this process?

L. Cook: We use activated carbon to
remove the last traces of sulfur, and
platinum catalyst to remove oxygen.
Inert gases are removed when the car-
bon dioxide is condensed.

Presented ot A..Ch.E. Washington, D. C,
meeting.
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