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8 Claims.

This inventien relates to improvements in the
production of sodium sesquicarbonate. Sodium
sesquicarbonate, commonly designated trona, has
the empirical formula

5 NaHCO3zNasCO3-2H20

Sodium sesquicarbonate has, heretofore, been ar-
tificially prepared by carbonating an agueous
solution of sodium carbenate. This invention re-
19 lates particularly to improvements which make
possible direct production of sodium sesquicar-
bonate from sodium bicarbonate without inter-
mediate conversion of sodium: bicarbonate to so-
dium carbenate and without earbonation.
According to the present invention, sodium bi-
carbonate is converted to sodium sesquicarbonate
by subjecting the sodium bicarbonate to treat-
ment with ammonia in the presence of water,
the ammonia being present in concentration less
than that at which ammonia containing salts
such as sodium carbamate are precipitated. The
reaction mixture should be substantially free from
carbon dioxide as such., The sodium bicarbonate
may be subjected to treatment with an aqueous
solution of ammonia or an agqueous solution or
slurry of sodium bicarbonate may be subjected
to treatment with ammonia gas, for example.
Sodium sesquicarbonate is formed as follows:

3NaHCO;3;+NH;+-2H20=
NaHCO3Na:C03z 2H20-+-NH:HCO3

and precipitated from the solution or slurry to
be separated in any convenient manner, as by
filtering or by centrifuging.

The invention will be illustrated by the fol-
lowing specific example:

1. Pure dry sodium bicarbonate is treated with
an aqueous solution of ammonia containing 26%
NH; in the proportion of 44.1 parts (by weight)
of sodium bicarbonate to 31.1 parts of the am-
monia solution at a temperature of 30° C. 35
parts of sodium sesquicarbonate are separated
from the mother liquor by centrifuging. The bal-
ance of the sodium bicarbonate dissclves in the
ammonia solution and this mother liquor is sep-
arated from the precipitated sodium sesquicar-
bonate with the ammonia solution, at a temper-
ature of 30° C., by filtering or by centrifuging
for example. The separated sodium sesquicar-
bonate may be washed and dried or may be dried
without washing. The sodium sesquicarbonate
may be dried in a current of warm air or by any
other convenient method.

The molecular ratio of NH3 to NaHCO; should
not exceed about 9.0. If the molecular ratio of
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NH; to NaHCOs3 exceeds about 9.0 compounds
containing ammonia will be formed. Usually a
molecular ratio of NHz to NaHCO; upwards of
about 0.6-0.9 is necessary to start the conver-
sion of NaHCQs to NaHCO:Na2CO32H20. If the
proportion of water is too great, the recovery of
sodium sesquicarbonate is limited by the solubil-
ity of this salt in water. The minimum propor-
tion of water should best be not less than a value
corresponding to an aqueous ammonia solution
containing about 35-40% NHs3 The optimum
range of proportions, with respect to recovery of
sodium sesquicarbonate, of sodium bicarbonate,
ammonia and water produces & thick slurry. The
ease of handling this slurry can be promoted, but
with some sacrifice of speed of reaction, by di-
luting the slurry with mother liquor separated
from precipitated sodium sesquicarbonate fol-
lowing the conversion. For example, 1-3 parts
of mother liqguor may be used to dilute 4 parts of
the slurry. The speed of reaction may be in-
creased by carrying out the reaction at elevated
temperature, 40-60° C, for example. The crystal-
line character of the sodium sesquicarbonate
produced alse is improved by carrying out the
reaction at elevated temperature, at a tempera-
ture in the range 40-60° C. or at a higher tem-
perature for example. The reaction mixture need
not be maintained at such elevated temperature
for the entire reaction period; it is sufficient if
the elevated temperature be attained during the
reaction. At elevated temperatures the reaction
is earried out under pressure appropriate to main~
tain the ammonia concentration. For maximum
conversion, the molecular ratio of NH3 to NaHCO3
should be decreased about 0.4% and the molecu-
lar ratio of H20 to NHz should be decreased about
19, from the optimum ratios at 30° C., for each
degree C. increasein reaction temperature. When
the reaction is carried out at elevated tempera-
ture, the reaction mixture is with advantage
cooled before separation of the precipitated sodi-~
um sesquicarbonate, to 30° C. or to a lower tem-
perature for example. An operation combining
conversion at 40-60° C. with subsequent separa-
tion at 30° C. or some lower temperature is par-
ticularly advantageous.

In place of pure sodium bicarbonate, crude
ammonia soda may be used, due allowance be-
ing: made for its actual content of sodium bi-
carbonate and its water content. The reaction
proceeds in the presence of other salts, such as
sodium chloride and ammonium chloride.
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may be recovered by distillation from mother
liquor from which the sodium sequicarbonate is
separated. Concentration of the solution dur-
ing such distillation precipitates an additional
vield of sodium sesquicarbonate. After being de-
prived of its ammonia content, the mother liquor
remaining consists essentially of a solution of
sodium carbonate. 'This solution may be concen-
trated to recover sodium carbonate, or it may be
causticized with lime to product caustic soda, for
example.

The invention will be further illustrated by the
following specific examples:

2. 41 parts of pure dry sodium bicarbonate are
made into a slurry with 23 parts .of water, and
8.7 parts of ammonia gas are passed into the
slurry, the slurry being agitated and being
brought to a temperature of about 50-60° C. dur-
ing the reaction. After cooling to 30° C., 28 parts
of sodium sesquicarbonate are separated from
the mother liquor by centrifuging.

Usually the heat of absorption of the ammonia
is sufficient to bring the reaction mixture to a
temperature of about 50° C. or higher. If it is
not, external heat may be supplied.

3. 41 parts of pure dry sodium bicarbonate are
made into a slurry with 23 parts of water, from
16 to 48 parts of mother liquor from a previous
conversion are added to this slurry, and 8.7 parts
of ammonia gas are passed into the slurry mix-
ture, the slurry mixture being brought to a tem-
perature of about 50-60° C. during the reaction.
After cooling to 30° C., 28 parts of sodium sesqui-
carbonate are separated from the mother liquor
by filtering.

Instead of diluting the aqueous slurry with
mother liquor, the sodium bicarbonate can he
made into a slurry with the mother liquor and
the water added to this slurry, or the sodium bi-
carbonate can be made into a slurry with a mix-
ture of the mother liquor and the water.

4, Crude ammonia soda, containihg approx-
imately 14.6% H30, is treated with an aqueous
solution of ammonia containing 339 NHjz in the
proportion of 50 parts of crude ammonia soda to
25 parts of the ammonia solution at a tempera-
ture of 30° C. 31 parts of sodium sesquicarbonate

are separated from the mother liquor by filtering.

5. 46 parts of crude ammonia soda, containing
approximately 14.59% Hz20, are made into a shurry
with 17 parts of water, and 9 parts of ammonia
gas are passed into the slurry. The reaction is
almost instantaneous at a temperature of 20-25°
C. 24 parts of sodium sesquicarbonate are sep-
arated from the mother liquor by centrifuging.

6. 46 parts of crude ammonia soda, containing
approximately 14.5% H20, are made into a slurry
with 17 parts water, from 18-54 parts of mother
liquor from a previous conversion are added to
the slurry, and 9 parts of ammonia gas are passed
into the slurry mixture, the slurry mixture being
brought to a temperature of about 50-60° C.
After cooling to 30° C., 24 parts of sodium sesqui-
carbonate are separated by centrifuging.

The invention may be carried out in more or
less contihuous fashion. Operations such as
those illustrated by Examples 2, 3, 5 and 6, for
example, may readily be carried out in towers
through which the slurry passes in contact with
ammonia gas. The invention may also be car-
ried out in continuous fashion in combination
with the conventional soda process.

In one particularly advantageous way of car-
rying out the invention, the production of sodium
sesquicarbonate is combined with the conven-
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tional ammonia soda process. In so carrying out
the invention, crude ammonia soda, or a part
of the crude ammonia soda, from the ammonia
soda process is subjected to treatment with an
agqueous solution containing ammonia, or part of
the ammonia, recovered from the ammonium
chloride brine from which the crude ammonia
soda is separated in the ammonia soda process
and sodium sesquicarbonate is thereby pre-
cipitated, the precipitated sodium sesquicar-
bonate is separated from the mother liquor, and
this mother liquor is combined with the am-
moniacal sodium chloride brine subjected to car-
bonation in the ammonia soda process. The
separated brine containing sodium and am-
monium carbonates is added directly to the so-
dium chloride brine either before or after, but
advantageously after, absorption of any remain-
ing part of the ammonia recovered from the am-
monium chloride brine from which the crude
ammonia soda is separated. Part of the mother
liquor may be recirculated through the treat-
ment of the crude ammonia soda with aqueous
ammonia as a diluent., The accompanying draw-
ing illustrates, as a flow sheet, this way of carry-
ing out the invention. In the accompanying
drawing, I, 2, 3, and 4 represent, respectively,
the absorber and the carbonating towers in
which the sodium chloride brine is saturated with
ammonia and carbon dioxide, the filter in which
the crude sodium bicarbonate produced is sep-
arated from the mother liquor and the recovery
still in which ammonisa, together with some car-
bon dioxide, is recovered from the mother liquor
as in the conventional ammonia soda process,
and 9 and 6 represent, respectively, the reactor in
which crude sodium bicarbonate separated in the
filter 3 is subjected to treatment with an aqueous
solution of ammonia and the filter in which the
sodium sesquicarbonate produced is separated
from the mother liquor, the aqueous solution of
ammonia utilized for the treatment comprising
a part of the mother liquor from the filter 6 and
a part of the ammonia from the recovery still 4.
In so carrying out the invention the mother
liquor from which the sodium sesquicarbonate
is separated is so concentrated that the con-
version of sodium chloride to sodium bicarbonate,
in the ammonia soda process, is not substantially
lowered, and at the same time the soda content
of the brine from which the sodium sesquicar-
bonate is separated is substantially completely
separated as sodium bicarbonate together with
the sodium bicarbonate produced in the am-
monia soda process. The reaction producing the
sodium sesquicarbonate is advantageously car-
ried out with ammonia recovered from the am-
monium chloride brine, in the conventional am-
monia soda process, following separation of car-
bon dioxide.

We claim:

1. In the conversion of sodium: bicarbonate to
sodium sesquicarbonate without the removal of
carbon dioxide from the reaction mixture, the
improvement which comprises subjecting the bi-
carbonate to treatment at a temperature of about
20°-60° C. with ammonia in the presence of wa-
ter and thereby precipitating sodium sesquicar-
bonate, the ammonia being present in concentra-
tion less than that at which ammonia contain-
ing salts are precipitated, the molecular ratio of
ammonia to the bicarbonate being not -less than
0.6 and the reaction being carried out at a pres-
sure appropriate to maintain such minimum ratio

‘of ammonia to-sodum bicarbonate.
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9. Tn the conversion of sodium bicarbonate to
sodium sesquicarbonate without the removal of
carbon dioxide from the reaction mixture, the
improvement which comprises subjecting an aque-
ous slurry of the bicarbonate to treatment at a
temperature of about 20°-60° C. with ammonia
in the presence of water and thereby precipitat-
ing sodium sesquicarbonate, the ammonia béing
present in concentration less than that at which
ammonia containing salts are precipitated, the
molecular ratio of ammonia to the bicarbonate
being not less than 0.6 and the reaction being
carried out at a pressure appropriate to maintain
stich minimum ratio of ammonia to sodium bi-
carbonate.

3. In the conversion of sodium bicarbonate to
sodium sesquicarbonate without the removal of
carbon dioxide from the reaction mixture, the
improvement which comprises subjecting the bi-
carbonate to treatment at a temperature of about
40°-60° C. with ammonia in the presence of wa-
ter and thereby precipitating sodium sesquicar-
bonate, the ammonia being present in concentra-
tion less than that at which ammonia containing

salts are precipitated, the molecular ratio of am--

monia to the bicarbonate being not less than 0.6
and the reaction being carried out at a pressure
appropriate to maintain such minimum ratio of
ammonia to sodium bicarbonate.

4. In the conversion of sodium bicarbonate to
sodium sesquicarbonate without the removal of
carbon dioxide from the reaction mixture, the
improvement which comprises subjecting the bi-
carbonate to treatment at a temperature of about
40°-60° C. with ammonia in the presence of wa-
ter, cooling the mixture to a temperature not ex-
ceeding about 30° C. and thereby precipitating
sedium sesquicarbonate, the ammonia being pres-
ent in concentration less than that at which
ammonia containing salts are precipitated, the
molecular ratio of ammonia to the bicarbonate
being not less than 0.6 and the reaction being
carried out at a pressure appropriate to maintain
such minimum ratio of ammonia to sodium bi-
carbonate.

5. In the conversion of sodium bicarbonate to
sodium sesquicarbonate without the removal of
carbon dioxide from the reaction mixture, the
improvement which comprises subjecting the bi-
carbonate to treatment at a temperature of about
20°-60° C. with ammonia in the presence of water
and mother liquor from which sodium sesquicar-
bonate has been separated following a previous
conversion and thereby precipitating sodium ses-
quicarbonate, the ammonia being present in con-
centration less than that at which ammonia con-
taining salts are precipitated, the molecular ratio
of ammonia to the bicarbonate being not less
than 0.6 and the reaction being carried outf at a
pressure appropriate to maintain such minimum
ratio of ammonia to sodium bicarbonate.

6. In the conversion of sodium bicarbonate to
sodium sesquicarbonate without the removal of

3

carbon dioxide from the reaction mixture, the
improvement which comprises subjecting the bi-
carbonate to treatment at a temperature of about
40°—60° C. with ammonia in the presence of water
and mother liquor from which sodium sesquicar-
bonate has been separated following a previous
conversion and thereby precipitating sodium ses-
quicarbonate, the ammonia being present in con-
centration less than that at which ammonia con-
taining salts are precipitated, the molecular ratio
of ammonia to the bicarbonate being not less
than 0.6 and the reaction being carried out at
3, pressure appropriate to maintain such minimum
ratio of ammonia to sodium bicarbonate.

7. In the combined production of sodium bicar-
bonate and sodium sesquicarbonate without the
removal of carbon dioxide from the reaction mix-
ture and by the ammonia soda process, the im-
provement which comprises subjecting a part of
the crude ammonia soda to treatment at a tem-
perature of about 20°-60° C. with an aqueous
solution including part of the ammonia recov-
ered from the ammonium chloride brine from
which the crude ammonia soda .is separated in
the ammonia soda process and thereby precip-
itating sodium sesquicarbonate, the ammonia be-
ing present in concentration less than that at
which ammonia containing salts are precipitated,
the molecular ratio of ammonia to the bicarbon-
ate being not less than 0.6 and the reaction being
carried out at a pressure appropriate to maintain
such minimum ratio of ammonia to sodium bi-
carbonate, separating the precipitated sodium ses-
quicarbonate from the mother liqguor and combin-
ing the separated mother iiquor with the am-
moniacal sodium chloride brine subjected to
carbonation in the ammonia soda process.

8. In the production of sodium sesquicarbonate
without the removal of carbon dioxide from the
reaction mixture and by the ammonia soda proc-
ess, the improvement which comprises subjecting
crude ammonia soda from the ammonia soda proc-
ess to treatment at a temperature of about 20°-6¢°
C. with an agueous solution containing amrmonia
recovered from the ammonium chloride brine from
which the crude ammonia soda is separated in the
ammonia soda process and thereby precipitating
sedium sesquicarbonate, the ammonia being pres-
ent in concentration less than that at which am-
monia containing salts are precipitated, the mo-
lecular ratio of ammonia to the bicarbonate be-
ing not less than 0.6 and the reaction being car-
ried cut at a pressure appropriate to maintain
such minimum ratio of ammonia to sodium bi-
carbonate, separating the precipitated sodium ses-
quicarbonate from the mother liquor, and com-
bining separated mother liquor with the am-
moniacal brine subjected to carbonation in the
ammonia, soda pProcess.

GEORGE LEWIS CUNNINGHAM.
ROBERT B. MacMULLIN.
HOMER LOUIS ROBSON.
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