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This invention relates to the synthesis of following their distillation from the urea 
urea from ammonia and carbon dioxide and equilibrium melt. The gases may then be 
more particularly to an improved method separately compressed to liquefaction a.nd 
for the efficient recovery and reutilization of returned by pumps to the synthesis unit. 

5 unconverted raw materials. While this method avoids many of the tech- 55 
It is known that when ammonia and car- nical difficulties of other methods, the sepa

bon dioxide or their compounds (i. e. am- ration .of the two gases is a relatively costly 
monium carbamate, carbonate, bicarbonate, operatwn. 
or mixtures thereof) are heated together in In German Patent 350,051 distillation . , 

10 a ·closed system urea is formed. The con- temperatures of 160-200° C. are used and 60 
version to urea is only partial, however, :for the condenser is maintained as low as 120° 
while various means have been proposed for C. Experience has shown that operation by 
improving the efficiency of the reaction, in this procedure would necessarily involve 
no case is the theoretical conversion at- considerable decomposition of urea as well .. 

15 tained. The disposition of the unconverted as clogging of the condenser with solid am- 65 
raw materials has an important bearing monium carbamate, the melting point of 
upon the ultimate cost of the urea. Various which is 152° C. 
proposals have, therefore, previously been With a view to overcoming the practical 
made to develop the sel£-contained urea difficulties inherent in the foregoing and .... 

20 process in which the unconverted reactants other processes of the prior art, it is an ob- 'I'O 
might be separated from the urea and re- ject of the present invention to provide an 
turned to the synthesis for conversion with improved process for the synthesis of urea 
fresh portions of reactants. from ammonia and carbon dioxide or corn-

U. S. Patent 1,429,483, for example, pro- pounds thereof in which the unconverted . 
25 poses that the unconverted ammonia and ammonium carbamate is recovered and re- '15 

carbon dioxide obtained by distilling the t~1rned to the synthesis for further conver
equilibrium melt, be returned to the syn- swn. 
thesis unit by recompression of the mixture, Other objects and advantages of the in~ 
the latter being maintained in a heated con- vention will be apparent from the following . 

30 clition to prevent clogging of conduits and specification in which the preferred embodi- 80 

compressor by solid ammonium carbamate, ments are described. 
which would otherwise be deposited. The .According to the present invention the 
power requirement for this recompression urea synthesis is effected by introducing in-

35 is high, and serious mechanical difficulties to a suitable closed reaction vessel ammonia 
are encountered due to the extremely corro- and carbon dioxide, either as such or com- 85 

sive nature of a moist mixture of ammonia bined as ammonium carbamate, ammonium 
and carbon dioxide when hot. carbonate, or ammonium bicarbonate, an 

U. S. Patent 1,453,069 describes a method excess of ammonia over the stoichiometrical 
40 

of handling the recovered gases to avoid the requirement being employed. The total 
costly recompression. Briefly, the method ammonia in the synthesis melt is preferably 90 

involves the absorption of the gases in water at least 5-6 mols per mol of carbon dioxide. 
and the conveyance of the resulting solu- The raw materials are submitted to the com
tion to a "boiler" from which the gases are bined effect of urea-forming temperatures, 

45 
expelled to the urea autoclave by means of e. g. from 140 to 200° C., and the autoge
heat. This method requires an uneconomi- nously developed pressure. When equilib- 95 

cal expenditure of heat in dissociating and rium has been established the synthesis melt 
expelling the gases from the "boiler". is subjected to distillation for the recovery 

U. S. Patent 1,730,208 describes a method of the unconverted ammonium carbamate. 

50 
in which the unconverted ammonia and car- This distillation preferably is accomplished 
bon dioxide are separated from each other in two steps in the first of which the ma,jor 100 
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part (preferably as much as practicable) o£ 
the excess ammonia is recovered at am
monia-liquefying pressure, and in the sec
ond of which the balance of the excess am-

5 monia, together with the ammonium carba
mate, is distilled at a lower pressure. The 
gaseous ammonia recovered in the first step 
is liquefied by cooling and returned to the 
reaction zone. Ammonium carbamate 

10 evolved in the second distillation step is ab
sorbed in water until a relatively concen
trated solution of ammonium carbamate 
(tending to be converted to carbonate or 
sesquicarbonate) is obtained. This solution 

15 is then likewise returned to the reaction zone 
for further conversion with additional 
quantities of ammonia. and carbon dioxide, 
or. their compounds, an excess of ammonia 
being ma.intaincd in the synthesis melt. 

20 By operating in tho foregoing manner 
ammonium carbamate unconverted in the 
synthesis autoclave can readily and econom
ically be recovered and reutilized, with an 
overall efficiency and a reduction in produc-

25 tion costs not heretofore possible by the 
known methods. While the invention is ap
plicable to either batch or continuous proc
esses, the synthesis is preferably effected in 
a continuous manner and it is with reference 

30 to a process of this particular kind that the 
invention is described in the following ex
ample, it being understood that the ex:-tinple 
is offered only by way of illustration and 
that the invention is not limited to the 

35 example. 
Ea1ample.-The reaction is effected in a 

corrosion- and pressure-resistant vessel or 
autoclave such as is ordinarily used in the 
synthesis of urea, the same being provided. 

40 with inlets for the raw materials and out
lets :for withdrawal of the reaction prod
ucts. Into this autoclave are introduced 
initially 126 parts by weight of ammonia 
and 44 parts o:f carbon dioxide. The charge 

45 is heated to about 150° under a pressure of 
about 100 atmospheres and is maintained 
under these conditions until Uttle :further 
conversion to urea would take place, this 
requiring a period of about 2 hours. The 

50 synthesis melt is then forced by its own 
pressure into a primary still in which as the 
temperature of the melt :falls from 150 to 
100° substantially all of the excess ammonia 
is distilled, the distillate being thereafter 

55 liquefied, by cooling, and returned to the re
action autoclave. The hot distillation resi
due, containing the urea, unconverted am
monium carbamate, and a small part of the 
excess ammonia is transferred to a sec-

60 d . on ary still where distillation is continued 
at a temperature of 90-120° C. to remove 
substantially all of the ammonium carba
mate. The ammonia and carbon dioxide 
thus evolved are absorbed in water. This 

65 may be effected in various ways. For ex-

ample, the hot distillate may be conducted 
directly into a body of water or the latter 
may be allowed to flow down a tower or 
column up which the hot distillate is caused 
to pass. The temperature of the resultin~t 70 
solution is maintained at about 50° C. and 
the time of contact of water with gas is 
adjusted so that a slightly undersaturated 
solution (about 55% ammonium carbamate) 
is obtained. This is pumped back to the 75 

reaction autoclave. 
In a typical operation effectell in the fore

going manner the composition of the melt 
before the primary di:"tillation was approxi-
mately, 80 

Percent 
Ammonia -------------------------- 50 
Ammonium carbamate______________ 9. 4 
Water ----------------------------- 15. 3 lJrea _______________________________ 25.3 85 

After the primary distillation the composi
tion was-

Percent 
Ammonia-------------------------- 7 
Ammonium carbamate _______________ 17. 2 90 
Water _____________________________ 28.5 
lJrea _______________________________ 47.3 

·when the cycle has been established the 
relative proportions of fresh and recircu
lated materials introduced into the reaction 95 

uutodave are approximatBly as follows, per
centages being by weight. Fresh materials: 
C02 18.7%, NH3 14.5%. Recirculated ma
terials: C02 5.2%, H 20 7.6%, NHa (as car
bamate) 4.0%, NH3 (uncombined) 50%. 
lJnder the foregoing conditions the conver
sion of ammonium carbamate to urea at
tained in the autoclave is approximately 
75% per pass, whereas the overall efficiency 
of conversion of the cyclical process ap
proaches as near 110% as the tightness of 
the system will permit. 

With reference to the primary distilla
tion of excess ammonia I have found that 
where cooling water available for the am
monia liquefaction is not sufficiently cold 
to effect separation of the desired maximum 
of ammonia the distillation is advantageous-
ly conducted in two stages in the first of 
which substantially all the ammonia is lique
fied merely by cooling and in the second 
compression is employed as an aiel to lique
faction. 

As previously pointed out herein, the in
vention is applicable to the synthesis of urea 
using as raw materials ammonia and carbon 
dioxide, as such or as compounds thereof. 
It. is understood, therefore, that in the fol
lowing claims, where reference is made to 
the synthesis of urea by heating ammonia 
and carbon dioxide, it is intended to include 
not only these materials per se but also the 
equivalent compounds thereof. 

Various changes may be made in the 
method described without departing from 
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the invention or sacrificing any o£ the ad
vantages thereof. 

I claim: 
1. The process :for the synthesis of urea 

5 by heating ammonia and carbon dioxide, 
which includes the steps o:f recovering un
converted ammonium carbamate from the 
synthesis melt by distilling the same, absorb
ing the distillate in water to :form a rela-

10 tively concentrated solution of ammonium 
carbamate and subjecting said solution to
gether with additional ammonia and carbon 
dioxide to urea-forming temperature and 
pressure in the presence of a substantial 

15 excess of ammonia. 
2. The process for the synthesis of urea 

by heating ammonia and carbon dioxide, 
which includes the steps o:f recovering un
converted ammonium carbamate from the 

20 synthesis melt by distilling the same, absorb
ing the distillate in water to form a rela
tively concentrated solution of ammonium 
carbamate, and subjecting said solution to
gether with additional ammonia and carbon 

25 dioxide to urea-forming temperature and 
pressure in the presence of an ammonia con
tent of the melt corresponding to a total of 
!at least five mols of NHa per mol of C02 
equivalent present. 

30 3. The continuous process for the syn
thesis of urea which comprises subjecting 
ammonia and carbon dioxide to urea-form
ing temperature and pressure while main
taining an excess of :free ammonia in the 

35 synthesis melt, subjecting the melt to a pri
mary pressure distillation in which at least 
the major part of the excess ammonia is re
covered and thereafter to a secondary distil
lation at a lower pressure, in which uncon-

40 vertec1 ammonium carbamate is recovered 
by absorption in water to form a relatively 
concentrated solution of ammonium carba
mate, and submitting said solution, together 
with ammonia from the primary distillation 

45 and fresh ammonia and carbon dioxide, to 
urea-forming temperature and pressure. 

4. Process as in claim 3 in which the pri
mary distillation is effected in two steps, 
the ammonia from the first step being lique-

50 fied by cooling alone and the ammonia :from 
the second step being liquefied by compress
ing and cooling. 

5. Process as in claim 3 in which an 
ammonia concentration is maintained in the 

55 synthesis melt corresponding to a total of 
at least five mols of NH3 per mol of C02 • 

6. The continuous process for the syn
thesis of urea which comprises subjecting 
ammonia and carbon dioxide to urea-form-

60 ing temperature and pressure while main
taining an excess of free ammonia in the 
synthesis melt, subjecting the melt to a pri
mary pressure distillation in which at least 
the major part of the excess ammonia is re-

65 covered and thereafter to a secondary dis-

tillation at a lower pressure, in which un
converted ammonium carbamate is. recovered 
by absorption in water to form a rela
tively concentrated solution of ammonium 
carbamate and submitting said solution, 70 
together wit~ ammonia and carbon dioxide: 
to urea-formmg temperature and pressure. 

In testimony whereof, I affix my signature. 
FREDERICK W. MILLER, JR. 
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