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This invention relates to the manufacture of hydra-
zodicarbonamide, commonly known as biurea. In a more
particular sense, the invention relates to a novel and
economical process for the synthesis of biurea from hy-
drazine and urea.

Biurea, represented by the formula

NH:—(H —NH—NH—% —NH;

(6))
is a substance of known use as a chemical of commerce,
and is of particular importance as an intermediate, since
when oxidized to azodicarbonamide, the latter compound
is valuable for various uses, e.g. as a chemical blowing
agent, and also as an agent in flour maturing procedure
in accordance with United States Patent No. 2,903,361.
Hitherto biurea has been produced from the reaction
of urea and hydrazine in concentrated solution, with the
hydrazine in the hydrate form; an alternative method
of preparation has employed urea with a salt of hydrazine,
such as sulfuric acid salt, in concentrated solution. Both
these processes, however, are undesirably expensive, due
to the high intial cost of preparing concentrated solu-
tions of hydrazine or hydrazine salts. Heretofore no
method has been known whereby biurea could be pro-
duced from urea and a dilute aqueous solution of hydra-
zine, such as may be obtained by available procedures
at comparatively low expense.

The present process is specifically concerned with the
manufacture of biurea from urea and such dilute hy-
drazine solution according to the reaction

H;NNH; 4 2NH2—ﬁ—NH2 _

[0}
NH'_»—(f —NH~NH— l(‘3 —NH; + 2NH3

@

It has been found that dilute solutions of hydrazine,
such as obtained by the available procedures referred to
above, unavoidably contain amounts of carbonate ion.
The present process is based on the discovery that this
carbonate ion inhibits the production of biurea from
such dilute solutions of hydrazine and urea (because, as
is now believed, it interferes with the urea in the mix-
ture, preventing its reaction with hydrazine), and on
the further discovery that a good yield of biurea can
be obtained from a mixture of urea and a dilute aqueous
solution of hydrazine, with concomitant economic ad-
vantages, by first removing the carbonate ion and then
heating the mixture under reflux for a prolonged period.
Specifically, the foregoing method may be used with
dilute aqueous solutions of hydrazine containing hydra-
zine, after carbonate removal, in a concentration of about
1% to about 10% (and advantageously with solutions
having a concentration, after carbonate removal, of
about 1% to about 5%, the present invention being par-
ticularly related in its most specific aspects to the use
of such very dilute hydrazine solutions, as to which
the problem of producing biurea is particularly acute).
Amounts of biurea actually obtained with this method
range up to 99% of the amount theoretically obtainable
from hydrazine in the quantity used; with an initial hy-
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drazine concentration of 2.5% or above, at least 93%
of the theoretical amount is realized.

Essentially the process consists in: treating the hydra-
zine solution so as to remove the carbonate ion there-
from, and providing, in mixture with the solution, a
quantity of urea equal to or greater than that theoretical-
ly required by Equation 2 for complete reaction of the
hydrazine (2 mols of urea per mol of hydrazine); boil-
ing the mixture under reflux continuously for at least
about 15 to 20 hours and preferably substantially longer,
e.g. more than 24 hours; and, after cooling, filtering
off the resultant biurea precipitate.

The dilute hydrazine solution herein employed may
be prepared by any one of a variety of methods, for
example the well-known Raschig synthesis or one of its
variants, such as the mixed phase reaction process de-
scribed by J. E. Weiler et al. in United States Patent No.
2,675,298, which are conventionally used for large scale
commercial production of dilute hydrazine solutions.
Carbonate ion commonly occurs in the products of these
processes, presumably as a result of exposure of the
caustic employed in the processes to the carbon dioxide
in the air. However, a particularly convenient method
of hydrazine preparation, from the standpoint of simplic-
ity and cost of operation, is based on the Thonnessen
process described in German Patent No. 729,105, issued
December 10, 1942. 1In this procedure, sodium hypo-
chlorite is reacted with urea in the presence of excess
sodium hydroxide and a small proportion of a manganese
salt, to produce hydrazine according to the reaction

NHz—-(ﬁ‘——NHz + NaOCl+ 2NaOH ——

N2Hy + NaCl + NasC 03 4 H0

3)

Specificaly, to a solution of sodium hypochlorite (which
may be readily prepared from sodium hydroxide and
chlorine) in a concentration ranging from about 1.5
mols per liter upward (e.g. to as much as 2.8 mols per
liter), containing at least about 2.5 mols of sodium hy-
droxide per mol of sodium hypochlorite, and manganous
sulfate (as a catalyst) in a concentration betwen 0.20
and 0.25 grams per liter, is added one mol of urea per
mol of sodium hypochlorite. Other manganese salts,

. specifically potassium permanganate or manganese chlo-

50

ride, may be employed in place of the manganous sulfate,
and indeed the catalytic agent may be omitted altogether,
although with some loss in efficency of hydrazine pro-
duction. This mixiure may be boiled for about 5 min-

. utes, to yield, for a 2 mols per liter hypochlorite concen-
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tration, hydrazine in a concentration of about 3.5% to
4.0%, ie. an amount between 61% and 69% of that
theoretically obtainable. Alternatively, and in large scale
operations advantageously to prevent undesirable violence
of reaction, the mixture may be heated initially only to
25° C. rather than being brought at once to a boil; the
external application of heat is then removed and the
exothermic reaction proceeds, with the temperature being
raised by the heat of reaction itself to between 70° and
80° C. When the temperature reaches the latter value,
external heat is again applied to produce an ultimate
temperature of 95° to 100° C., at which point the mixture
temperature may be adjusted, e.g. lowered, as desired
for further treatment or use of the hydrazine solution
thus produced. With this latter heating procedure, a
yield of hydrazine in an amount between 75% and 80%
of that theoretically obtainable is achieved. Whichever
heating procedure is followed, the dilute hydrazine solu-
tion produced is found to contain carbonate ion as a re-
action product of the hypochlorite-urea hydrazine syn-
thesis.
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If the sodium hypochlorite is produced by chlorina-
tion of sodium hydroxide, as described above, it has
been found desirable to cool the hypochlorite solution
to 5° C., which precipitates a proportion of the sodium
chloride formed in the hypochlorite synthesis, and filter
off this excess sodium chloride, prior to performing the
urea-hypochlorite reaction to produce hydrazine. Under
some conditions, there my be a decrease in ultimate yield
of biurea produced from reaction of the hydrazine and
urea unless the excess sodium chloride is thus removed.
In addition, removal of the excess sodium chloride has
been found to facilitate handling of the hypochlorite
solution in the synthesis of hydrazine.

If the hypochlorite-urea mixture is to be boiled for
5 minutes to produce hydrazine according to the heat-
ing procedure first mentioned above, two mols per liter ap-
proximately represents a practical or preferred upper
limit for hypochlorite concentration, since with higher
concentrations the reaction tends to be violent and a
considerable proportion of the hydrazine produced is
then lost through decomposition. However, with the
second-mentioned (and presently preferred) heating pro-
cedure described above, higher hypochlorite concentra-
tions, e.g. as much as 2.8 mols per liter, may be employed
satisfactorily without undue violence of reaction or loss
of hydrazine yield. With lower hypochlorite concen-
trations, the hydrazine yield decreases, and it has been
found that 1.5 mols per liter is the practicable lower limit
for the production of hydrazine solution for biurea syn-
thesis by the present process; concentrations below about
1.5 mols per liter give a hydrazine yield too small for
satisfactory use in the latter. It will of course be ap-
preciated that the foregoing method is only a presently
preferred procedure for obtaining the dilute hydrazine
solution used in the process of this invention, and the
use of hydrazine prepared by other methods is equally
embraced by the invention in its broader aspects.

Dilute hydrazine solution prepared as by the above
operation is treated to remove the carbonate ion before
performance of the biurea synthesis itself. This may be
done in several ways. For instance, soluble calcium or
barium salts may be added to the hydrazine solution in
a quantity sufficient to precipitate the contained carbonate
as the calcium or barium salt thereof. Alternatively,
the pH of the alkaline hydrazine sclution may be ad-
justed to below 8, and preferably to about 7.5, by the
addition of acid; a mineral acid, or an organic acid suit-
able to eliminate the carbonate ion, may be used. At
this pH, all the carbonate is converted to bicarbonate,
which is then decomposed by refluxing the solution for
two hours.

However, a presently preferred method of achiveing
carbonate removal comprises acidifying the dilute hy-
drazine solution to a pH below 7, and advantageously
about or below 6, to liberate and evolve carbon dioxide
gas. For this purpose, mineral acids such as sulfuric
acid, hydrochloric acid or phosphoric acid, or acetic,
citric or tartaric acid, i.e. organic acids suitable to elimi-
nate carbonate ion, may be employed. Although oxidiz-
ing acids such as nitric acid could be used, they oxidize
biurea and their presence in the biurea synthesis decreases
the yield therefrom; consequently, particularly if acid
sufficient to reduce the pH below 6 is to be used, it is
desirable to employ non-oxidizing mineral acids. Thus,
by way of example, for removal of carbonate a solution
containing 40% sulfuric acid by volume is added to the
dilute hydrazine solution prepared as above, in quantity
sufficient to bring the pH of the solution below 7, and
preferably below 6, removing the carbonate ion by the
evolution of carbon dioxide gas. Advantagecusly, the
hydrazine solution prepared as by either of the above-de-
scribed heating procedures is cooled before this acidifica-
tion step to a temperature of not more than 40° C., since
the acidfication is exothermic in character and may other-
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wise result in some loss of hydrazine, ie. unless the al-
ready-heated hydrazine solution is first cooled in this
manner. That is to say, it is preferable that the acidfica-
tion step for removal of carbonate, as herein described,
be carried on at a temperature of not more than 40° C.
After acidification the concentration of the hydrazine in
the solution is found to be between 2.5% and 3%, for
an initial 2 mols per liter hypochlorite concentration
in the hydrazine preparation, ranging to between 1.2%
and 1.5% for an initial 1.5 mols per liter hypochlorite
concentration,

Once the carbonate ion has been removed, the biurea
synthesis may be performed at any pH within the range
of 1 to 11. If the hydrazine solution has been prepared
by the above-described operation using a manganese
salt as a catalyst, synthesis of biurea at a pH above 7 will
produce precipitation of manganese discoloring the prod-
uct biurea. Therefore, should it be desired to avoid
the discoloration, precipitation of the manganese may
be inhibited by performing the synthesis at a pH below 7.

With a carbonate-free, dilute hydrazine solution within
the aforementioned concentration range prepared by the
above method (or by any other convenient operation),
the process of the present invention is carried forward by
providing in mixture therewith a quantity of urea equal
to or in excess of that theoretically required to utilize all
the hydrazine present, i.e. 2 mols of urea per mol of hy-
drazine. For a hydrazine concentration of 2.5% or
above, a 5% to 10% excess of urea (or even as much as
50% excess, although not necessary) may be employed,
to insure complete utilization of hydrazine, which is of
course the most expensive reactant in the process. An
excess of about 10% is presently found advantageous.
The biurea obtainable therefrom, as mentioned before, is
in an amount between 93% to 99% of that theoretically
obtainable with the amount of hydrazine used. While
lower hydrazine concentrations give a lower proportion-
ate biurea yield, it has been found that the latter effect
may be partially compensated for by significantly increas-
ing the proportion of urea mixed therewith.. Thus with
a 1.2% to 1.5% hydrazine concentration (such as obtained
from a 1.5 mols per liter hypochlorite solution by the
hypochlorite-urea reaction described above), the provision
of 6 mols of urea per mol of hydrazine (three times the
theoretically required amount of urea) results in an
amount of biurea equal to 50% of that theoretically ob-
tainable from the hydrazine; by the provision of 12 mols
of urea per mol of hydrazine a yield of biurea equal to
70% of that theoretically obtainable is achieved. In
other words the amount of excess urea, if any, to be pro-
vided depends on the concentration of hydrazine present,
and the desired efficiency of operation.

According to the present process, the mixture of dilute,
carbonate-free hydrazine solution and urea in the above-
recited proportions is brought to a boil and boiled con-
tinuously under reflux conditions for at least about 15 to
20 hours or longer, e.g. as much as 48 hours or more,
or even as much as 72 hours, depending on the scale of
the operation, the concentration of the hydrazine and the
desired yield. In general, a longer time is required for a
larger operation or a more dilute hydrazine solution or to
achieve a better proportionate biurea yield. It is by vir-
tue of this prolonged boiling, together with the provision
of a carbonate-free dilute hydrazine solution, that the
advantageous results of the process are achieved; that is
to say, whereas previous methods for producing biurea
(employing concentrated hydrazine solutions) involve
short periods of heating, it is now found that through
carbonate removal and the protracted boiling of the urea-
hydrazine mixture good yields of biurea are cbtainable
from the dilute solutions of hydrazine here used. After
boiling, the mixture is cooled, e.g. to room temperature,
and the biurea produced (observable in the mitxure at the
end of the boiling period as copious white precipitate) is
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removed, as by conventional filtering methods, washed,
and dried.

While reference has been made above to use of hydra-
zine comcentrations between 1.2% and 3%, the process
may be performed, with similar economic advantages, for
dilute hydrazine solutions of other concentrations as may
be available, viz. concentrations (after carbonate removal)
between 1% and 10%, and particularly concentrations in
the general range of 1% to 5% after carbonate removal.
The problem of obtaining biurea is particularly acute in
the last-mentioned range, and in its most specific aspects
the invention is partciularly directed to the use of such
dilute solutions.

Very advantageously for simplicity, practicality and
economy of operation, the above-described method for
producing biurea may be combined with the synthesis of
hydrazine as a single, substantially continuous process,
the urea for both the hydrazine synthesis and the biurea
production being added at one time. In this continuous
process, a solution of sodium hypochlorite in a concentra-
tion ranging from about 1.5 mols per liter upward to as
much as 2.8 mols per liter is prepared as before, e.g. by
chlorination of sodium hydroxide, with the excess product
sodium chloride desirably removed by cooling the hypo-
chlorite solution to 3° C. and filtering off the resultant
sodium chloride precipitate. The hypochlorite solution is
provided with at least about 2.5 mols of sodium hydrox-
ide per mol of sodium hypochlorite. To this latter solu-
tion is added urea in a quantity sufficient not only for
complete reaction with the hypochlorite in the hydrazine
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synthesis but also sufficient, or preferably more than suffi- -

cient, e.g. 5% to 10% in excess of the theoretical amount,
for complete reaction (in the subsequent biurea synthesis)
with the hydrazine produced in the urea-hypochlorite
reaction. In other words, one mol of urea is added per
mol of hypochlorite, the theoretical amount for produc-
tion of one mol of hydrazine per mol of hypochlorite ac-
cording to Equation 3 above, and in addition, two mols of
urea are added for each mol of hydrazine to be produced,
i.e. the theoretical amount for complete reaction of the
hydrazine according to Equation 2 above, or desirably an
excess, e.2. 5% to 10% above the theoretical amount.
Since the hydrazine produced in the hypochlorite-urea re-
action is somewhat less than the amount theoretically ob-
tainable, an initial addition of about 3 mols of urea per
mol of hypochlorite or slightly more will provide the de-
sired excess for the biurea synthesis. Manganous sul-
fate or one of the other manganese salts mentioned above
is also preferably added (as before) as a catalyst.

The hypochlorite solution, thus containing about 3 mols
of urea per mol of hypochlorite (and at least about 2.5
mols of sodium hydroxide per mol of hypochlorite as
stated above), forming a slurry, may be boiled for 5
minutes to produce hydrazine. Alternatively, and prefer-
ably, it may be heated to 25° C.; the heat removed and the
exothermic reaction allowed to proceed to a temperature
of 70° to 80° C. from heat of reaction; and at that point
further heated externally to a temperature of 95° to 100°
C., for hydrazine production. The resultant hydrazine
solution, still conatining more than 2 mols of unreacted
urea per mol of hydrazine, is then cooled to about 40°
C. The carbonate is removed by adding a suitable acid
(i.e., as described above, a mineral acid, preferably non-
oxidizing, or an organic acid suitable to remove carbonate
ion), e.g. a solution containing 40% sulfuric acid by
volume, to bring the pH of the hydrazine solution below
7 and preferably below 6, while the 40° C. temperature
is maintained, to eliminate the carbonate by evolution of
carbon dioxide gas. Alternatively the carbonate could
be removed by adding a soluble barium or calcium salt
to the solution to precipitate the carbonate as the barium
or calcium salt thereof.

With the carbonate removed, the hydrazine-urea mix-
ture is heated to boiling and refiuxed vigorously and con-
tinuously for at least 15 to 20 or as much as 48 hours or

35

40

50

60

6

more. The biurea produced, visible as a white precipitate,
is washed and dried as before. The yield of biurea ob-
tainable with this process is up to 80% of that theoretical-
ly obtainable from the hypochlorite used, and about 90%
to 95% of that theoretically obtainable from the hydrazine
produced in the hypochlorite-urea synthesis step. This
yield, i.e. obtained with the above-described continuous
process, is found to be as much as 10% to 20% higher
(relative to the amount of hypochlorite used) than that
obtained when the urea used in the biurea synthesis is
added to the hydrazine solution after the hypochlorite-
urea synthesis of hydrazine has been performed. It is
believed that such increased yield, which constitutes a
further and special advantage of the continuous process,
is due not only to the modified reaction conditions there-
in but in particular to the presence of the large excess of
urea at the commencement of the hypochlorite-urea syn-
thesis, leading presumably to an increase in hydrazine
yield in that step.

The following example, in which reference is made to
the hypochlorite-urea synthesis of hydrazine, will serve
further to illustrate the performance of the process em-
braced in the present invention:

Example 1

417 grams of a solution containing five mols of sodium
hydroxide (47.9% by weight) were introduced to a one-
liter, three-necked flask fitted with an efficient stirrer.
Water was added to provide a total liquid volume of 500
cc. With the liquid at a temperature of 20° C., chlorine
gas was introduced thereto, while the liquid was agitated
by vigorous stirring; the rate of chlorine supply was con-
trolled so as not to elevate the temperature above 25° C.
Over a period of one and one-half hours 1.1 mols of chlo-
rine (between 78 and 79 grams) was absorbed in the mix-
ture to produce a solution having a 2 mol per liter con-
centration of sodium hypochlorite and a total volume of
520 cc. At the end of the period, the molar ratio of un-
reacted sodium hydroxide to sodium hypochlorite in the
solution was of the order of 3:1.

420 cc. of the later solution (containing 63.9 grams, i.e.
0.85 mol or 2.04 mols per liter of sodium hypochlorite)
were introduced to a three liter Erlenmayer flask and 20
cc. of a 5% solution of manganous sulfate was added
thereto. A solution of 51.4 grams (0.857 mol) of urea
dissolved in 75 cc. of water was then introduced all at
once, while the mixture was stirred vigorously; the mix-
ture containing the added urea was brought quickly to the
boiling point and maintained at a boil for between 4 and
5 minutes, During this period the color of the mixture
changed from an initial rust brown to orange, and cleared.
At the end of the boiling step the mixture was cooled to
about 15° C. and kept at that temperature while 170 cc.
of dilute sulfuric acid (40% by volume) were added in
successive portions with stirring, to remove the carbonate
ion by evolution of carbon dioxide gas. The resultant
carbonate-free solution, which had a pH between 5 and
6, contained 18.82 grams of hydrazine (2.75% concentra-
tion), representing 69% of the yield theoretically obtain-
able from the hypochlorite used.

The latter solution was transferred to a two-liter round-
bottomed flask fitted with a reflux condenser, and 77.88
grams of urea (1.3 mols, or an excess of 0.1 mol) were
added to the flask. The system was then refluxed without
interruption for between 15 and 16 hours. At the end of
this period, a copious white precipitate was observed in
the solution, which was permited to come to room tem-
perature and filtered to remove the solid biurea product.
The latter, after being washed with water and dried at
106° C. in an oven, was found to weigh 65.3 grams; an
additional 0.4 gram was recovered by chilling the filtrate
liquor, giving a total yield of 65.7 grams of biurea, 95.3%
of the amount theoretically obtainable with the hydrazine
used.
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Example Il

A solution of sodium hypochlorite at 2 mols per liter
concentration was prepared in the cold from a solution
of sodium hydroxide at 10 mols per liter concentration
by introducing chlorine gas thereto and maintaining the
chlorine supply until 2 mols of chlorine were absorbed
for each liter of solution. The solution was then cooled
to 5° C., causing precipitation of sodium chloride, which
was filtered off. Approximately 3 mols of unreacted so-
dium hydroxide per mol of sodium hypochlorite re-
mained in the solution.

386 ml. of water and 0.53 gram of manganous sulfate
were introduced to a 12-liter round-bottomed flask fitted
with a stirrer and a condenser and cooled to 5° C. 680
grams of urea (enough for reaction both with the hypo-
chlorite and with the resultant hydrazine, as a continuous
process) were added to this solution, forming a slurry.
1.81 liters of the sodium hypochlorite solution at 2 mols
per liter concentration (3.62 mols of hypochlorite), con-
taining 3 mols of sodium hydroxide per mol of hypochlo-
rite, were introduced to the flask as rapidly as possible,
while the temperature was maintained below 5° C. The
mixture was heated slowly to 25° C. and the heat then
removed; the urea-hypochlorite reaction proceeded, elev-
ating the temperature to between 70° and 80° C. Vigor-
ous bubbling was observed and the mixture changed from
a brown color to tan, then to orange, and finally became
almost colorless. When the temperature elevation from
the heat of reaction had reached its peak, heat was once
more applied, to bring the temperature to between 95°
and 100° C. The mixture was then cooled to 40° C. On
testing, the solution was found to contain 3.3% hydrazine.

With the solution kept at a temperature of 40° C. by
external cooling a solution of sulfuric acid (40% by vol-
ume) was added, in quantity sufficient to lower the pH
to between 1 and 3, for removal of carbonate. It was
observed that large volumes of carbon dioxide gas were
liberated. After this acidification, the solution (diluted
by the addition of the sulfuric acid) was found to con-
tain 2.5% hydrazine.

The carbonate thus having been removed, the solution
containing ‘hydrazine and the unreacted portion of the
earlier introduced urea was brought to a boil and con-
tinnously and vigorously refluxed for 48 hours to pro-
duce biurea. At the end of this time, the flask was flooded
with water and the resultant slurry (i.e. containing the
biurea as white precipitate) was filtered. After careful
washing to free it of soduim sulfate, the biurea was oven
dried at 40° C. It was found that the yield of biurea
was 336 grams, or 78% that theoretically obtainable from
the 3.62 mols of sodium hypochlorite used.

Example 111

The procedure outlined in Example IT was followed,
employing the same quantities of materials and reaction
conditions, except that only 240 grams of urea (about
1.1 mol of urea per mol of hypochlorite) were mixed
with the 1.81 liters of hypochlorite solution before the
hydrazine synthesis step, and 440 grams of urea were
added to the resultant hydrazine solution after acidifica-
tion of the latter. That is, the urea for the biurea syn-
thesis step was after the synthesis of hydrazine, rather
than before (as in Example II), although the total quan-
tity of urea employed was the same as in Example II,
viz., 680 grams. The yield of biurea obtained by re-
fluxing this last-mentioned mixture under the conditions
set forth in Example IT was found to be 72.5% of that
theoretically obtainable with the hypochlorite used, as
compared with 78% yield obtained by the continuous
process of Example II.

It will be noted that the procedures of the examples
afforded excellent yields of biurea from carbonate-free
hydrazine solutions of a concentration in the range of
about 1% to about 5%, i.e. representing dilute solutions
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from which it has heretofore been difficult or practically
impossible to obtain useful production of biurea.

1t is to be understood that the invention is not limited to
the operations hereinabove specifically described but may
be carried out in other ways without departure from its
spirit.

What is claimed is:

1. A method of making biurea, comprising establish-
ing a solution of sodium hypochlorite of a concentration
in a range between about 1.5 mols per liter and about
2.8 mols per liter containing an amount of sodium hy-
droxide equal in mols to at least about 2.5 times the
amount in mols of sodium hypochlorite present, adding
thereto an amount of urea about equal in mols to the
amount in mols of sodium hypochlorite present, heating
the mixture to between about 95° C. and about 100° C.
to produce hydrazine, treating the mixture to remove
carbonate therefrom by converting free carbonate ion in
the mixture-to a compound physically separable from said
mixture; adding urea in an amount in mols equal to at
least twice the amount of hydrazine in mols present in
the solution, and heating the mixture to boiling under
reflux conditions for at least about 15 hours to effect re-
action of hydrazine and urea to yield biurea.

2. A method of making biurea, comprising establishing
a solution of sodium hypochlorite of a concentration in
a range between about 1.5 mols per liter and about 2.8
mols per liter containing an amount of sodium hydroxide
equal in mols to at least about 2.5 times the amount in
mols of sodium hypochlorite present, adding thereto urea
in an amount in mols equal to at least the amount in mols
of sodium hypochlorite present plus twice the amount in
mols of hydrazine to be produced from reaction of urea
and sodium hypochlorite, heating the mixture to between
about 95° C. and about 100° C. to produce hydrazine,
treating the mixture to remove carbonate therefrom by
converting free carbonate ion in the mixture to a com-
pound physically separable from the mixture, and heat-
ing the carbonate free mixture to boiling under reflux
conditions for at least about 15 hours to effect reaction of
hydrazine and urea to yield biurea.

3. The method of claim 2. wherein said step of treating
the mixture to remove carbonate therefrom is effected by
adding to the mixture a salt from the group which con-
sists of soluble calcium and barium salts, for precipitation
of the carbonate as a salt, in sufficient quantity for re-
moval of the carbonate.

4. The method of claim 2, wherein said step of treating
the mixture to remove carbonate therefrom is effected by
adding acid to the mixture in an amount effective to bring
the pH of the mixture below 7.

5. A method of making biurea, comprising establishing
a solution of sodium hypochlorite of a concentration be-
tween about 1.5 and about 2.8 mols per liter, by reaction
of chlorine gas and sodium hydroxide, cooling said sodium
hypochlorite solution to about 5° C., for precipitation of
sodium chloride, filtering the precipitated sodium chloride,
said sodium hypochlorite solution containing an amount
of sodium hydroxide equal in mols to at least about 2.5
times the amount in mols of sodium hypochlorite present,
adding to said sodium hypochlorite solution an amount of
urea equal in mols to at least about 3 times the amount
in mols of sodium hypochlorite present, adding a man-
ganous salt as a catalyst, heating the mixture to about
25° C., removing the heat while the temperature of the
mixture rises, from heat of reaction, to between 70° and
80° C., heating the mixture to between 95° and 100° C.,
cooling the mixture to a maximum temperature of about
46° C., acidifying the mixture, while maintaining the
temperature of the mixture at not more than about 40°
C.,:by adding a non-oxidizing acid to the mixture in an
amount effective to bring the pH of the mixture below 6,
for removal of carbonate therefrom, and heating the car-
bonate-free mixture to boiling under reflux conditions
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for at least about 48 hours to effect reaction of hydrazine
and urea to yield biurea, the pH of said mixture being
between 1 and 11 for said boiling step.

6. The method of claim 5, wherein the pH of said

carbonate-free mixture is below 7 for said step of boiling §

to effect reaction of hydrazine and urea to yield biurea.
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