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It is known that urea (CO(NH2)2) may be pro-
duced synthetically by treating carbonic am-
monia salts In autoclaves under pressure and at
temperatures of about 150° C, the ammonia salts
being charged into the autoclave either in solid
or molten form, The ammonia salts forming the
charging material for the urea synthesis may be
produced in several ways, for Instance, by vapor-
ising under pressure a solution conteining a high
percentage of carbonate of ammonia

((NH4) 2C O3+ H:z0)

or cabaminate of ammeonia ((NH3)2CO2), the re-
sulting vapour-mixture, which consists of am-
monia (NHi), carbonle acid (CO2) and some
water, belng passed into coclers In which the
salts are precipitated either in the form of sollds
or as 8 molten mass. In order to produce urea
the molten carbaminate is then transferred to the
urea autoclaves for further treatment., Now, it
has been discovered that this commonly practised
and comparatively expensive production of the
highly saturated solutions of carbonic ammonia
salts, which have to be prepared separately from
pure charging materials, may be avolded by using
in their stead ordinary strong ammonla liquor,
such as produced in coke oven plants, gas works
or low-temperature carbonising plants, as starting
solution. Strong ammonia liquor is a raw prod-
uct obtained in coke oven plants, gas works, low-
temperature carbonising plants etc. by condensing
the vapours produced in distilling diluted gas
washing liquids or the condensates of crude gases.
In addition to about 20-25% ammonia (NHs},
which s its chief constituent, the strong am-
monia liquor contains many impurities, such as
carbonic mcid (COz), hydrogen suiphide (HaS),
heavy and light hydrocarbon compounds, cyano-
gen (CN), suiphocyanogen (CNS), phencles and
their homologues etc.

Now, the Invention consists in making this raw
and impure strong ammonia lighor of varying
composition usable as an advantageous charging
material for the commercial urea synthesls with-
out any considerable preliminary purification by
adapting the known process for the production of
urea to the impurities and the varying composi-
tion of the strong liquor.

The production of strong ammonia liquor s
commonly preceded by the removal of acid from
the weak liquor which {s to be treated to produce
strong liquor. For this purpose the weak liquor
is heated to sbout 90 to 95° C in so-called de-
acldiflers and most of the carbonic acid and hy-
drogen sulphide contained in the weak liquor is
thus removed, direct steam belng added If neces-
sary. Owing to the preliminary removal of acid
from the weak liquor higher percentages of am-
monia are attainable In the strong liquor. Ac-
gording to the invention the acld is incompletely
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removed from the strong ammonia liquor for the
urea synthesis, i. e. the removal of acid 1s stopped
premsaturely, preferably after most of the hy-
drogen sulphide and a small part of the carbonic
acid have been removed. Instead of operating
with a reduced deacidification period the acid can
also be removed from the weak liquor at low tem-
peratures.. The most favourable operating tem-
perature for this incomplete removal of the acid
is about 70 to 90° C. preferably 80° Cx5°, accord-
ing to the composition of the weak liguor and the
quantity and nature of the steam which is intro-
duced. The purpose of the incomplete deacidi-
fication is to pass most of the carbonic acid into
the strong liquor for binding the ammoniea in the
form of carbaminate ({INHj3)2COa) later on. Itis
advisable, however, to adjust the deaciaification
process in such a way as to obtain a deficiency of
carbonlc acid in relation to the quantity of car-
bonie acid which is stoichelometrically required
for binding the ammonia.

The strohg ammonia liquor thus obtained is
fed Into a pressure vessel or—for further con-
tinuous treatment—into a second still. As no
stoicheiometrically prepared solutions are avail-
able, but only impure weak liquor with varying
carbonic acid, ammonia and hydrogen sulphide
content, a method of operation which may be
adapted to the varying content of absorbed gases
and vapours is required for distilling the gases
and vapours from the strong liqQuor under pres-
sure. In order to obtain as high a yield of urea
as possible, however, the object of distilling the
gases and vapours from the strong ammonig liquor
under pressure must be to obtaln a solld or—if
the cooling is slight—a molten salt with a nitro-
gen content as high as possible in the coolers
for precipitating the carbonic ammonia salts,
these coolers being arranged in succession to the
still. The production of carbaminate

((NH3)3CO2)

with as llttle carbonate of ammonia
((NH4) 20034+ Hz0)

and blecarbonate of ammonia ((NH4)HCQO3) as
possible 1s therefore aimed at. In order to cbh-
tain almost pure carbaminate of smmon:a
({NH3)2CQ2) strong ammonia liquor 1s, accord-
ing to the invention, distilled under pressure, a
surplus of ammonia helng used In order to in-
creese the partial pressure of the ammeonla in
the strong liquor to be charged and/or the pres-
sure in the distilling apparatus being altered in
accordance with the actual proportion of am-
monla to carbonic acid, sc that carbaminate of
ammonia is the only stable compound in the
apparatus, being precipitated in the coolers from
the vapours. In practice the pressures to be
malntained In the distlliing apparatus range
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from about 10 atm. gauge when there is little
carbonic acid present to about 30 to 35 atm.
gauge when there is a large surplus of carbonic
acid. In this way solid or molten salts with 90

to 956 carbaminate -of ammonia may without .

difficulty be continuously produced, superfluous
carbonle acld as well as hydrogen sulphide (which
has the highest vapour pressure), which may
occasionally be present in the cooler, being simul-
taneously or separately blown off In a sujtab}e
manner. As ammonla may also éscape in the
removal of these gases the blown off gas 1s, ac-
cording to the inventlon, furthermore returned
to the ecrude gas current from the coke oven
plant, gas works, low temperature carbonising
plant etc. before it reaches the ammomnia gas
washers, Speclal washing devices arranged in
succession to the distilling apparatus for recov-
ering the ammonta may thus be dispensed with.
All the above measures and operations are there-
fore not necessary in every case In order to ob-
tain ammonia salts with a high carbaminete con-
tent. The blowing off of the residual aclds may
therefore be dispensed with according to -the
nature of the strong liquor used, though its re-
tention appears advisable owing to the fact that
residual gases which are not combined with am-
monla will slow down the formation of carbami-
nate and consequently reduce the -yield of the
plant. Most of the impurities of the strong liquor
mentioned at the beginning of this description
remaln in the water discharged from the strong
liquor still. In addition the discharged water
contains a residue of ammonig’and carbonic acid,
the quantities of which depend upon the equilib-
rium of absorption and the partial pressures of
these gases and vapours in the presence of water
at varjous tempetatures and under different pres-
sures. According to this invention this water
discharged from the strong liquor still is re-
turned to the weak liguor still, In which: the resi-
due of utilisable gases and vapours is removed.

The method according to the invention is fur-
ther expleined by the example of a plant shown
in the dlagram.

In this plant shown' as an example the strong
smmonis lguor is charged into the still a and
the resulting gases or vapours passed Into the
coolers b arranged in successlon to the 8tili for
precipitating or condensing the carbonic-ammonia
salts in solld or—if the coollng 1s slight—m mol-
ten form, the ¢bject belng to obtain as high a
nitrogen content as possible, 1. e. the production
of carbaminate of ammonis ((NHz2)2CO3) with a
minimum content of carbonate of ammonia
( (NHs) 2C03+H20) and bicarbonate of ammonia
((NHy) HCO3). Following lts production the car-
baminate Is transferred to the urea autoclave ¢
in which urea is produced in the known manner.
After the partial conversion of the carbaminate
((NH3)2CO2) into ures ((NH2)2CO) the salts of
ammonia which are not converted are dist{fled
over—also in the known manner—into a pressure
vesse] In which a lower temperature is main-
iained. Whereas special pressure-resisting re-
celvers have been used up to the present for pre-
cipitating the resultant mixture of ammonia and
carbonie acld gases and vapours In the form of
ammonla carbaminate, te which is ddded a large
part of the hydrogen sulphide which enters the
autoclave with the carbaminate, 1t has beén found
that these resldusl gases and vapours are very
much more easily and cheaply precipliated i the
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coolers b arranged in succession to the strong lig-
wor still for producing carbaminate. In addition
to the impurities carried along in the process, i. e.
mainly sulphide of ammonium (NH4S5H), small
quantities of hydrocarbon compounds and cy-
anogen compounds the urea sclution leaving the
autoclave ¢ after having been thickened in the
manner described above contailns fresh impurities
in the form of meétallic sulphides, metallic oxides
and thiourea ((NHa)aC8), Apart from these
there are‘'always also residual ammonia and re-
sldual carbonlc acid in the watery urea solution,
Whereas up to the present the residual gases and
vapours separated from the urea solution were
recovered In washers arranged in succession to
the process, coke oven'plants, gas works, low-tem-
perature ¢arbonising plants can, according to the
invention, dispense with a separate secondary
washer for waste vapours from the thickening
pans d, which cotitain ammonia, carbonle acid
and hydrogen sulphide by returning these waste
vapouts to the crude gas stream hefore it reaches
the ammonia washers, It has further been found
that the above-mentioned solld impurities, with
the exception of the thiourea, may be removed al-
most completely from the watery urea solution
by diluting the watery urea solution before it 1s
thickened in the pan or pans € with a large quan-
tity of watfer and then thickening 1t. As the
diluted solution boils longer during the thickening
the oxidiferous and'sutphurated imipurittes assume
a flaky formi. In a diluted solution these flakes
settle better than in viscous urea solutions and
are accordingly more éaslly filtered. In addition
they practically retain’'the whole of the hydrocar-
bon residues which are often present on the fll-
ter e, According to the Invention it i1s advisable
to thicken the urea solution (or melt) leaving the
urea autoclave ¢ In two stages by filtering off
the Impurities, which are converted into an easily
filterable state by boiling up the diluted urea so-
lution, after the last traces of ammonia and car-
bonic acld have been distilled off. This also en-
sures a saving in the oxidising agents to be added
in the next operation.

The final operation consists of removing, ac-
cording -to the Invention, the'small quantities of
thiourea contained in the solutlon by oxidation
in the pan f. Dioxide of manganese (MnOs),
hydrogen - peroxide (H202) and other known ox-
ides are particularly suitable as oxidising agents.
Hydrogen peroxide (H30a) has the 'advantage of
being {ree from residue, Moreover, by the addi-
tion of the oxidising agent any residual quan-
titles of metallic oxides and Tnetallic suiphides
are, if necesshry, converted into a very easlly fll-
terable form, so that a second filtration through
filter g leaves a light and clear urea solution,
which merely requires thickening to produce pure
urea. The urea solation is thickened in the crys-
tallising pan &, from which the urea 1s passed to a
centrifuge i. The residual liquid discharged from
the ceéentrifuge £ 1s returned to the crystallising
pan h in order to recover the remaining particles
of uréa which are discharged in this water.

t 1s the collecting ¢ontainer for strong liquor,
p the pump Tor-strong lguor snd w the preheater
for preheating the strong liguor. The preheaters

1w and the pans € and f may be heated by heat

éxchange by wutilising the waste heat of the
process,
CLAUS KOEPPEL.
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