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urea, it contains ammonia and carbon dioxide, which are removed, after
expansion of the sol- The invention relates to a process for the      ution
to the said low pressure, in a second removal of urea, ammonia and carbon
dioxide       desorption column by stripping with steam. The from dilute
aqueous solutions.              5    gas mixture thus separated off is used
as strip- In the preparation of urea from ammonia and     ping medium in
the first desorption step. The carbon dioxide a urea synthesis solution is
bottom product of the second desorption column formed at high temperature
and at the pressure    is discharged after heat exchange with the pro-
belonging to it, which solution still contains a sub-  cess condensate to
be treated. Under practical cir- stantial quantity of free ammonia and
non-con-   10   cumstances this waste flow then still contains verted
ammonium carbamate. The carbamate is       about 50 ppm NH3 and 50 ppm
urea. Also with decomposed, in one or more pressure steps, into  very long
residence times, for which inefficiently ammonia and carbon dioxide, which
are driven      large reaction columns would be required, it is off, for
the larger part, with the free ammonia  impossible to reach a urea content
lower than present, and usually recirculated. In the final de-   15   20-25
ppm. composition step an aqueous urea solution is       Now, the object of
the invention is to provide a obtained which still contains dissolved
quantities  process by means of which both the ammonia of ammonia and
carbon dioxide, which are sub-    content and the urea content of dilute
aqueous sequently removed by expansion to atmospheric     solutions can be
reduced to lower than 10 ppm. or lower pressure. The aqueous urea solution
is   20   To this end a combination of features is applied concentrated by
evaporation and/or crystalliza-   comprising: tion and further processed.
During the evapora-     1. The urea-containing solution which is sub- tion
a gas mixture is formed containing, beside   jected to the hydrolysis
treatment contains water vapour, entrained fine urea drops and
amounts of ammonia and carbon dioxide which ammonia and carbon dioxide.
25   have been reduced as far as possible. Like the gas mixture separated
out in the expan-  2. The urea-containing solution is counter- sion of the
urea solution after the final decom-  currently contacted with an inert gas
that pro- position step, this gas mixture is condensed, and  vides the heat
required for the hydrolysis and the so-called process condensate thus
obtained is  simultaneously acts as stripping agent, so that the partly
returned into the process for absorbing the    30   ammonia and carbon
dioxide resulting from the gas mixture carried off from the final decom-
hydrolysis reaction are expelled from the sol- position step. The remaining
part is discharged.  ution. The process condensate also incorporates the
3. The gaseous mixture containing ammonia water fed into the process as
steam for operating  and carbon dioxide thus obtained in the hydroly- the
ejectors in the evaporation section, washing    35   sis is discharged as
soon as it is formed. So, the water, flushing water on the stuffing boxes
of the  invention relates to a process for the removal of carbamate pumps,
etc. Per mole of urea one mole   urea, ammonia and carbon dioxide from
dilute of water is formed. So in a urea plant with a     aqueous solutions
comprising  removal of capacity of 1500 tonnes of urea per day 450
ammoniaandcarbon dioxide in a pre-desorption tonnes of water is formed per
day. In addition   40   zone at a pressure of 1-5 bar, hydrolysis of urea
about 300 tonnes of water per day is fed in, so that  in a reaction column
at a pressure of at least 10 per day roughly 750 tonnes of water in all
must be  bar while supplying heat followed by desorption carried off.
of ammonia and carbon dioxide from the aque- The 2-9%  by weight of [err],
O.%  by            ous solution discharged from the reaction col- weight of
C02 and 0.3-1.5% by weight of urea  46   umn. The process is characterized
in that the present in this water on the one side represent   solution
obtained in the pre-desorption zone is important quantities of raw
materials and product  passed at a pressure of up to 30 bar into the top of
and would, on the other side, load the surface    a reaction column and is
caused to flow down- water into which this waste water would be dis-   ward
therein countercurrently to a gas stream the charged to a degree no longer
permitted by the   50   heat content of which is sufficient to maintain in
governments in many countries. It is therefore   the top of the reaction
column a temperature of necessary, before the discharge, to remove the
between 170 and [err] and in the bottom of the larger part of the ammonia
and the urea.         reaction column a temperature of between 180 To this
end the process condensate can be sub-  and 230C, a gas mixture containing
ammonia, jected to a treatment described in Industrial   55   carbon
dioxide and water vapour is carried off Wastes, September/October 1976
pages 44-47,     from the top of the reaction column and a sub- in which
treatment the process condensate        stantially urea-free aqueous
solution of ammonia already freed by desorption at low pressure of   and
carbon dioxide is discharged from the bottom part of the ammonia and carbon
dioxide is passed  of the reaction column, and subsequently, at a at higher
pressure into the bottom of a reaction   60   pressure of 1-5 bar, ammonia
and carbon column and is heated herein by means of steam    dioxide are
removed from  the solution dis- fed likewise to the bottom, owing to which
urea   charged from the reaction column. The ammonia will hydrolyze. The
solution thus obtained is    and carbon dioxide must be removed from the
carried off from the top of the reaction column. In  solution to be treated
to such a degree that in the addition to a small quantity of non-hydrolyzed
65   bottom zones of the reaction column, where the 2  



0 053 410                              6 252 kg [err] and 829 kg water
vapour and which      to maintain in the top of the reaction column a [err]
a temperature of [err], and subsequently        temperature of between 170
and [err] and in the with 5562 kg gas mixture from desorption column
bottom of the reaction column a temperature of 6, the composition of which
was: 421 kg [err], 5 kg  between 180 and [err], a gas mixture containing
CO2 and 5136 kg water vapour and the tempera-    5    ammonia, carbon
dioxide and water vapour is ture of which was 136C. Via the top of column 4
carried off from the top of the reaction column 2293 kg [err], 1720 kg
[err] and 2528 kg water         and a substantially urea-free aqueous
solution of vapour were carried off. This gas mixture was      ammonia and
carbon dioxide is discharged from condensed completely and of the solution
thus     the bottom of the reaction column, and sub- obtained, which has a
temperature of [err], part,   10   sequently, at a pressure of 1-5 bar,
ammonia consisting of 876 kg [err], 657 kg [err] and 966 kg    and carbon'
dioxide are removed from the solu- [err], was returned as reflux into the
desorption   tion discharged from the reaction column. column. The
remaining part, which contained,         2. Process according to claim 1,
characterized in beside 1562 kg [err], 1417 kg [err] and 1063 kg       that
in the reaction column steam is used as the [err] was returned to the urea
plant.         15   said gas stream. So in the pre-desorption step already
75% of       3. Process according to claim 2, characterized in the original
quantity of [err] had been removed.     that steam with a pressure of 15-42
bar is used. Beside 30,349 kg water, the desorbed solution      4. Process
according to any one of the claims contained 310 kg [err], 31 kg [err] and
319 kg urea,   1-3, characterized in that ammonia and carbon was brought by
means of pump 9 to a pressure of   20    dioxide are removed from the
solution carried off 12.26 bar and passed, after heating from 135C to  from
the bottom  of the reaction column by [err] in heat exchanger 10, into the
top of        countercurrently stripping with steam. reaction column 5. The
quantity of steam passed      5. Process according to any one of the claims
into the bottom of this reaction column was 1700  .  1-4, characterized in
that the solution to be fed to kg, its temperature was [err] and the
pressure   25   the reaction column is pre-heated by heat ex- 24.5 bar. The
urea present in the feed was hyd-    change with the solution carried off
from the rolyzed almost completely to [err] and [err]. A gas    bottom of
the reaction column. mixture with the said composition was carried out
6. Process according to any one of the claims and expanded from 14.7 bar to
3.43 bar.            1-5, characterized in that, after expansion to a The
bottom product from the reaction column    30    pressure of 1-5 bar, the
gas mixture carried off consisted of 31,127 kg water, 419 kg [err] and 6 kg
from the top of the reaction column is passed into [err] and was used for
pre-heating the feed stream   the pre-desorption zone. of the reaction
column, in which process the tem-    7. Process according to any one of the
claims perature fell from [err] to [err]. By expansion in   1--6,
characterized in that the gas mixture con- the top of description column 6,
the pressure was   35   taining  the ammonia and  carbon  dioxide lowered
again to 3.43 bar, in which process the     separated from the solution
carried off from the temperature further decreased to 136C. In this
bottom of the reaction column is passed into the desorption column this
solution was stripped       pre-desorption zone. with 5000 kg steam of
147C. In this process the     8. Process according- to any one of the
claims said 5562 kg gas mixture was formed, which was   40    1-7,
characterized in that the gas mixture carried passed into the bottom of the
pre-desorption      off from the pre-desorption is condensed and the
column. The water carried off from the bottom of   dilute aqueous solution
of ammonia and carbon desorption column 6 was used first for pre-
dioxide thus obtained is worked-up, at least in heating the process
condensate to be treated, in   part, in the preparation of urea. which
treatment the temperature fell from 1390C   45 to 83C, and was subsequently
cooled with cool-    Patentansprfche ing water to 40C, upon which it was
carried off. it contained 6 ppm [err] and 8 ppm urea.                  1.
Verfahren zum Entfernen von Harnstoff, Am- moniak und Kohiendioxid aus
verdinnten wasse- Claims                                       50   rigen
Losungen, bestehend aus dem Entfernen von Ammoniak und Kohlendioxid in
einer Von- 1. Process for the removal of urea, ammonia     desorptionszone
bei einem Druck von 1-5 bar, and carbon dioxide from dilute aqueous
solutions   Hydrolyse von Harnstoff in einer Reaktionssaule comprising
removal of ammonia and carbon          bei einem Druck von mindestens 10
bar, unter Zu- dioxide in a pre-desorption zone at a pressure of   55
f0hrung von Wirme mit nachfolgender Desorp- 1-5 bar, hydrolysis of urea in
a reaction column   tion von Ammoniak und Kohlendioxid aus der at a
pressure of at least 10 bar while supplying   wasserigen Losung, die aus
der Reaktionskolonne heat followed by desorption of ammonia and
abgefuhrt wurde, dadurch gekennzeichnet, dass carbon dioxide from the
aqueous solution dis-      die in der Vordesorptionszone erhaltene Losung
charged from the reaction column, characterized    60    bei einem  Druck
bis zu 30 bar oben in die in that the solution obtained in the
pre-desorption  Reaktionskolonne eingefuhrt wird und hierin im zone is
passed at a pressure of up to 30 bar into  Gegenstrom zu einem
inertgasstrom nach unten the top of the reaction column and caused to flow
fliesst, dessen Warme ausreicht, im Kopf der downward therein
countercurrently to an inert      Reaktionskolonne eine Temperatur zwischen
170 gas stream the heat content of which is sufficient   65    und [err]
und am Boden der Reaktionskolonne 
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829 kg water vapour and which      to maintain in the top of the reaction
column a [err] a temperature of [err], and subsequently      temperature of
between 170 and 220C and in the with 5562 kg gas mixture from desorption
column    bottom of the reaction column a temperature of 6, the composition
of which was: 421 kg [err], 5 kg  between 180 and [err], a gas mixture
containing [err] and 5136 kg water vapour and the tempera-    6    ammonia,
carbon dioxide and water vapour is ture of which was [err]. Via the top of
column 4   carried off from the top of the reaction column 2293 kg [err],
1720 kg C02 and 2528 kg water         and a substantially urea-free aqueous
solution of vapour were carried off. This gas mixture was      ammonia and
carbon dioxide is discharged from condensed completely and of the solution
thus     the bottom of the reaction column, and sub- obtained, which has a
temperature of [err], part,   to   sequently, at a pressure of 1-5 bar,
ammonia consisting of 876 kg [err], 657 kg [err] and 966 kg    and carbon
dioxide are removed from the solu- H20, was returned as reflux into the
desorption   tion discharged from the reaction column. column. The
remaining part, which contained,         2. Process according to claim 1,
characterized in beside 1562 kg H20, 1417 kg [err] and 1063 kg       that
in the reaction column steam is used as the [err], was returned to the urea
plant.         15   said gas stream. So in the pre-desorption step already
75% of       3. Process according to claim 2, characterized in the original
quantity of [err] had been removed.    that steam with a pressure of 15-42
bar is used. Beside 30,349 kg water, the desorbed solution      4. Process
according to any one of the claims contained 310 kg NH3, 31 kg CO2 and 319
kg urea,   1-3, characterized in that ammonia and carbon was brought by
means of pump 9 to a pressure of   20    dioxide are removed from the
solution carried off 12.26 bar and passed, after heating from [err] to
from the bottom of the reaction column by [err] in heat exchanger 10, into
the top of        countercurrently stripping with steam. reaction column 5.
The quantity of steam passed     5. Process according to any one of the
claims into the bottom of this reaction column was 1700   1-4,
characterized in that the solution to be fed to kg, its temperature was
[err] and the pressure   25   the reaction column is pre-heated by heat ex-
24.5 bar. The urea present in the feed was hyd-    change with the solution
carried off from the rolyzed almost completely to [err] and [err]. A gas
bottom of the reaction column. mixture with the said composition was
carried out   6. Process according to any one of the claims and expanded
from 14.7 bar to 3.43 bar.            1-5, characterized in that, after
expansion to a The bottom product from the reaction column    30
pressure of 1-5 bar, the gas mixture carried off consisted of 31,127 kg
water, 419 kg [err] and 6 kg  from the top of the reaction column is passed
into C02 and was used for pre-heating the feed stream   the pre-desorption
zone. of the reaction column, in which process the tem-   7. Process
according to any one of the claims perature fell from [err] to [err]. By
expansion in  1-6, characterized in that the gas mixture con- the top of
description column 6, the pressure was   35   taining  the ammonia and
carbon dioxide lowered again to 3.43 bar, in which process the    separated
from the solution carried off from the temperature further decreased to
[err]. In this    bottom of the reaction column is passed into the
desorption column this solution was stripped       pre-desorption zone.
with 5000 kg steam of 147C. In this process the     8. Process according to
any one of the claims said 5562 kg gas mixture was formed, which was   40
1-7, characterized in that the gas mixture carried passed into the bottom
of the pre-desorption       off from the pre-desorption is condensed and
the column. The water carried off from the bottom of   dilute aqueous
solution of ammonia and carbon desorption column 6 was used first for pre-
dioxide thus obtained is worked-up, at least in heating the process
condensate to be treated, in   part, in the preparation of urea. which
treatment the temperature fell from [err]   45 to [err], and was
subsequently cooled with cool-    PatentansprOche ing water to [err], upon
which it was carried off. It contained 6 ppm [err] and 8 ppm urea.
1. Verfahren zum Entfernen von Harnstoff, Am- moniak und Kohlendioxid aus
verdunnten wasse- Claims                                       so   rigen
Lsungen, bestehend aus dem Entfemen von Ammoniak und Kohlendioxid in miner
Vor- 1. Process for the removal of urea, ammonia      desorptionszone bei
einem Druck von 1-5 bar, and carbon dioxide from dilute aqueous solutions
Hydrolyse von Harnstoff in einer Reaktionssiule comprising removal of
ammonia and carbon           bei einem Druck von mindestens 10 bar, unter
Zu- dioxide in a pre-desorption zone at a pressure of   55   frlhrung von
Wirme mit nachfolgender Desorp- 1-5 bar, hydrolysis of urea in a reaction
column   tion von Ammoniak und Kohlendioxid aus der at a pressure of at
least 10 bar while supplying   wasserigen Losung, die aus der
Reaktionskolonne heat followed by desorption of ammonia and
abgefuhrt wurde, dadurch gekennzeichnet. dass carbon dioxide from the
aqueous solution dis-      die in der Vordesorptionszone erhaltene Losung
charged from the reaction column, characterized    60    bei einem  Druck
bis zu 30 bar oben in die in that the solution obtained in the
pre-desorption  Reaktionskolonne eingefuhrt wird und hierin im zone is
passed at a pressure of up to 30 bar into  Gegenstrom zu einem
Inertgasstrom nach unten the top of the reaction column and caused to flow
fliesst, dessen Warme ausreicht, im Kopf der 



downward therein countercurrently to an inert      Reaktionskolonne eine
Temperatur zwischen 170 gas stream the heat content of which is sufficient
65    und [err] und am Boden der Reaktionskolonne 4    7
0053 410                       8 eine Temperatur von 180 bis [err]
aufrecht-       dioxyde de carbone de la solution aqueus eva- zuerhalten,
vom Kopf der Reaktionskolonne ein     cuee de la colone de reaction,
caracterise en ce Ammoniak, Kohlendioxid und Wasserdampf ent-       que la
solution obtenue dans la zone de prb- haltendes Gasgemisch und vom  Boden
der           desorption est introduite A une pression jusqu'a
Reaktionskolonne eine im wesentlichen harstoff-   5    30 bars en haut de
la colonne de reaction et est freie. wisserige Losung von Ammoniak und
amenee a s'y ecouler vers le bas A contre-courant Kohlendioxid abgefuhrt
werden und anschlies-      d'un courant gazeux, la chaleur de se courant
send bei einem Druck von 1-5 bar aus der aus      gazeux etant suffisante
pour maintenir en haut de der Reaktionskolonne abgefuhrten Losung Am-
la colonne de r6action une temperature comprise moniak und Kohlendioxid
entfernt werden.     to   entre 170 et [err] et en bas do la colonne de 2.
Verfahren nach Anspruch 1, dadurch gekenn-    r6action une temperature
comprise entre 180 et zeichnet, dass der Gasstrom in der Reaktions-
230C, alors quo du sommet de la colonne, on kolonne Dampf ist.
6vacue un melange de gaz contenant de l'ammo- 3. Verfahren nach Anspruch 2,
dadurch gekenn-    niac, du dioxyde de carbone et de la vapeur d'eau
zeichnet, dass Dampf mit einem Druck von 15-42    is   et que du fond de la
colonne, on evacue une solu- bar verwendet wird.
tion aqueuse d'ammoniac et de dioxyde de car- 4. Verfahren nach Anspruch 1
bis 3, dadurch ge-  bone, pratiquement exempts d'uree, et qu'en-
kennzeichnet, dass aus der aus dem Boden der      suite on elimine de cette
solution, evacu6e du Reaktionskolonne abgefuhrten Losung Ammo-         fond
de la colonne, I'ammoniac et le dioxyde de niak und Kohlendioxid durch
Strippen mit Dampf   20   carbone a une pression de 1 a 5 bars. im
Gegenstrom entfernt werden.                      2. Procede selon la
revendication 1, caracterise 5. Verfahren nach Anspruch 1 bis 4, dadurch
ge-  en ce que le courant de gaz dans la colonne de kennzeichnot, dass die
der Reaktionskolonne       reaction est de la vapeur. zuzufuhrende Losung
durch Wirmeaustausch mit        3. Procede selon la revendication 2,
caracterise der aus dem Boden der Kolonne abgefuhrten   25   en ce qu'on
utilise de la vapeur ayant une pres- Losung vorerwirmt wird.
sion de 15-42 bars. 6. Verfahren nach Anspruch 1 bis 5, dadurch ge-   4.
Procede selon l'une des revendications 1 a 3, kennzeichnet, dass das aus
dem  Kopf der          caracterise en ce qu'on elimine de la solution
Reaktionskolonne abgefuhrte Gasgemisch nach       evacuee du fond do Ia
colonne de reaction l'am- Expansion auf einen Druck von 1-5 bar in die   30
moniaque et le dioxyde de carbone par ontraln'e- Vordesorptionszone
eingeleitet wird.              ment a la vapeur a contre-courant., 7.
Verfahren nach Anspruch 1 bis 6, dadurch ge-.  5. Procede selon l'une des
revendications 1 a 4, kennzeichnet, dass das aus der Bodenlosung der
caracterise en ce quo la solution A aminef A la Reaktionskolonne
abgeschiedene ammoniak- und      colonne de reaction est prechauffee par
echange kohlendioxidhaltige Gasgemisch in die Vor-  35    de chaleur avec
la solution evacues du fond de la desorptionszone eingefuhrt wird.
colonne de reaction. 8. Verfahren nach Anspruch 1 bis 7, dodurch go-   6.
Procdde solon l'une des revendications 1 A 5, kennzeichnet, dass das aus
der Vordesorption      caracterisd en ce quo le mdlange de gas evacue
abgefuhrte Gasgemisch kondensiert und die so      du sommet de la colonne
de reaction est detendu anfallende verdflnnto wissorige Losung aus Am-   40
jusqu'b une prossion de 1-5 bars et puis introduit moniak und Kohlendioxid
wenigstens teilweise      dans la zone de pr6ddsorption. bei der
Harnstofferzeugung aufgearbeitet wird.      7. Procedd selon l'une des
revendications 1 a 6, caractdrise en ce que le mdlange de gaz contenant
Revendieations                                    de l'ammoniaque et du
dioxyde de carbone, qui 45   est sdpare de Ia solution de fond de la
colonne de 1. Procede d'elimination d'uree, d'ammoniac et    reaction, st
introduit dons la zone d  pre- de dioxyde de carbone de solutions aqueuses
desorption. dilubes comportant l'Mimination d'ammoniac et       8. Procdde
selon l'une des revendications 1 a 7, de dioxyde de carbone dans une zone
de pre-       caracterise en ce que le melange de gaz evacud de desorption
A une pression de 1 a 5 bars, I'hydro-   50   la prndesorption est condense
et que la solution lyse d'uree dans une colonne de reaction a une
aqueuse diluee d'ammoniaque et de dioxyde de pression d'au moins 10 bars,
tout en apportant la  carbone ainsi obtenue est traitee au moins par-
chaleur et la desorption de l'ammoniac et du      tiellement lors de la
preparation d'ureo. 55 60 65 5    


