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This invention relates to the manufacture of
nitrates of metals of the alkaline metal group and
has for its object a process by means of which it
is made commercially possible to manufacture
the desired nitrates in a solid form from readily
avallable solutions of other nitrates and hy the
ald of Inexpenslve solutions of alkall metal salts
other than nitrate.

The present application is a continuation in
part of my pending application Serial No. 727,832,
filed on the 26th of May 1934, which application
is a continuatlon in part of my prior application
Serial No. 618,942, dated 23rd of June 1832.

In the manufacture of nitrogen oxygen com-
pounds from atmospheric nitrogen, nitrate solu-
tions are obtalned by reacting upon compounds of
alkaline or alkaline earth metals with dilute ni-
trous gases or nitric acid obtained by the absorp-
tion of nitrous gases in water. Large quantities
of sodium and calcium nitrates in a dry or solid
form are produced by evaporation of the nitrate
solutions so obtained.

In the conventional manufacture of calcium
nitrate from synthetic nitric acid and limestone
(or other calcium compounds, such as for exam-
ple phosphate rock) the raw material Is dissolved
In a nitric acld of a strength of between 30 and 60
percent. The acid most frequently employed,
however, has a strength of between 50 and 55 per-
cent but under certain circumstances acid of a
percentage as low as 20 percent Is also scmetimes
employed,

The concentration of the resulting solutions of
calclum nitrate will correspond to the concentra-
tion of the acid employed and will be between 30
and 60 percent when a nitric acid of between 30
and 60 percent has been employed to dissolve
llmestone. If the raw material is & dolomite or
other limestone containing magnesium carbon-
ate, the solutions will eontaln a corresponding
percentage of magnesium nitrate, If the raw
material employed is a phosphate rock the per-
centage of alkaline earth metal nitrate in the so-
lution, resulting after the removal of phosphoric
acld may sometime be as low as about 20 percent.

The sodlum nitrate solutions obtalned by the
absorption of residual dilute nitrous gases in so-
dlum carbonate usually contaln about 20-30 per-
cent {(most frequently about 22 pereent, of sodium
nitrate).

Sodium, potassium or ammonium nitrate may
be obtained from the calecium nitrate solutions
above referred to for example by double decom-
position with sodium, potassium or ammonium
sulphate and subsequent evaporation of the re-
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sulting sodium, potassium or ammonium nitrate
solution. In such a process large quantities of
calcium sulphate (gypsum) are obtained as a by-
product, which is of little or no commmereial vale,
In addition, the obtalned solutions of alkaline
metal nitrates contaln small percentages of dis-
solved gypsum, which complicates the recovery of
the solld nitrates by evaporation.

Other methods for the conversion of nitrates
of calcium or other metals Into a nitrate of g dif-
ferent metal are also known. All of these prior
methods, however, involve drawbacks and diffi-
cultles of various kinds and are not satisfactory
from a commercial point of view, particularly in
their application on the nitrate solutions above
referred to,

In the process which is the object of the pres-
ent Invention important advantages are obtalned
as compared with the known process for the con-
version of nitrate of one metal into a nitrate of
a different metal.

An Important feature of the process according
to the invention consists in the use of a hase-ex-
changing substance (of the zeollte or permutlte
type) as a means to hring about the converafon
of nitrates contained in solutionhs of the nature
ahove referred ot.

Ancther important feature of the lnvention
consists In the method of operation accerding to
which three different solutlons—viz. a nitrate so-
lution of a considerable degree of concentration.
a8 washing liquid free frem substances which
would contaminate the products to be obtained,
ahd a regenerating solution of an alkall metal salt
other than a nitrate—are passed in eontinuous
sequence and In immediate contact with one an-
other in a downward directlon through a com-
paratively high layer of the base-exchanging sub-
stance,

Other Important features of the invention will
appeal from the following description.

The described process i8 partioularly adapted
for the manufacture of alkallne metal nitrate
but it is applicable also In the manufacture of
other metal salts.

An Important applieation of the process ac-
cording to the invention consists in the manufac-
ture of sodium or potassium nitrate from calei-
um and/or magnesium nitrate and sodium or po-
tassium chioride,

Another important application of the invention
is the manufacture of potasslum nitrate from
sodlum nltrate and potasstum ehloride or sul-
phate,

A further applicatlon of the process consists in
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the conversion of sodium nitrate and ammonium
carbonate and sodium or potassium chloride into
ammonium nitrate and sodium or potassium car-
bonate as an intermediate step in the manufac-
ture of sodium or potassium nitrate from nitrous
gases and alkaline metal chlorides, as described
in my prior application, Serial No. 618,943.

When the Invention is employed for the manu-
facture of sodlum nitrate from a calcium nitrate
solution, one may for example proceed as follows:

To commence with, one has a calclum nitrate
and a sodium chlorlde solution, also zeolite sat-
urated with sodium salts, in other words, sodium
zeollte. The zeolite must be of a quality through
which llquids easlly penetrate, and must be com-
posed of grains of a sultable size (for example
0,408 mm dilameter). It Is placed Inside a
container that may be a few metres high, and is
deposited on a perforated plate or the llke. The
major part of the space in the container is occu-
pled by the zeolite, which forms a horizontal
surface at the top. In the ubper part of the con-
talner there are devices for the liquid supply, and
at the bottom there are outlet devices, through
which the liquid may be discharged.

When starting the process, the contalner is
filled with water that ls particularly free from
alr, until it reaches just above the surface of the
zeglite, The best way of carrying out the first
filllng process 1s to press the water slowly
through the zeolite from below, thus eliminating
the air from the interstices of the zeolite layer.

In order to avold the formation of alr bubbles
while the process is In operation, all the lquids
supplied to the container are first rendered free
from air to the greatest possible extent, for in-
stance, by placing them under vacuum. Alr bub-
bles have the effect of lowering the efficiency of
the plant, This {g at least in part due to the
fact that the bubbles obstruct the passage of
lquid between the zeolite particles, thereby re-
tarding the flow through the zeolite bed, caus-
ing disturbances {n the uniform movement of the
various layers of liquld (see later). Owing to
the fact that vacuwn sometimes oceurs in cer-
tain parts of the zeolite bed, gas bubbles may be
formed in the flowing liquid even if gas is present
only In a dissolved condition In any one of the
liquids which pass through the zeolite bed or
beds. It Is of great practical importance there-
fore that the liquids are free from gaseous con-
stituents before they are subjected to the zeolite
treatment. By means of sultable devices care is
taken that the level of the liquid remaing prac-
tically statlonary through the entire process, that
1s to say, just above the surface of the zeollte.
When the apparatus is in operation, the zeolite
will thus remain In liquid all the time. For sup-
plying the liqulds while the process 1s in opera-
tion, a suitable spraying or distributing device
15 Installed at the top of the container, having
several outlets just above the surface of the layer
of zeolite and evenly distributed above it, but un-
der the level of the ahove mentioned llquld.

After the container has been filled with water,
a calcium nitrate solution of a considerable de-
gree of concentration is supplied through the
aforementioned sprayers to the layer of sodium
zeollte. The solutlon s evenly distributed over
the surface of the zeollte and sinks downwards,
displacing on its way a corresponding qQuantity
of water, which runs away at the bottom of the
container. During this process, the calcium from
the nltrate solution gradually is incorporated in
the zeolite, calclum geolli¢ belng formed, whilst
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sodium 1n equivalent proportions s foreed out of
the zeollte, sodium nitrate being formed in the
solution. During the operation of the process an
equally large quantity of liquid is discharged
from the bottom of the contalner as that which
is supplied to the zeolite at the top of the con-
tainer.

At this stage In the process there 15 a nitrate
solution on top and water just beneath it, and the
liquids move gradually downwards through the
Zeolite. When a sultable period has elapsed, the
supply of calclum nitrate solution is interrupted,
water belng supplied through the spray device
Instead. After a certain time there will thus be
three different layers in direct contact with each
other moving downwards through the zeolite, viz,
first water, then the nitrate solutlon and flnally
water, As the nitrate solution now comes con-
tinually into contact with sodium zeolite that has
not been converted, it will gradually become more
enriched with sodium nitrate, whilst the quan-
tity of calclum nitrate decreases. After fresh
water has been supplied at the top of the con-
talner for a brief period, the water 18 turned
off, and s sodium chloride solution is added, this
having the effect of regenerating the used zeolite.
When the regeneration is wanted to be as thor-
ough as possible, a considerably larger quantity
of this solution is used than of the nitrate solu-
tion. The difference In volume becomes still
more marked, If a diluted sodium chloride solu-
tlon is used, for instance sea water, which has
been found to be suitable for this purpose in spite
of the fact that it contalns a plurality of differ-
ent salts,

Under the assumption that a sufficlently high
layer of bage-exchanging substance is used, the
following layers of liquid pass through the zeollte,
counted from the top to the bottom: (1) chloride
solution, (2) water, (3) nitrate solution, (4)
water,

By degrees, as the layers move through the
zeolite, the quantities of Ca in the chloride so-
lution and of Na in the nltrate solution increase.
After the water has been discharged from the
bottom of the container, the nitrate solution fows
down and is collected and evaporated, wherehy
the sodium nitrate is crystallized out. The
mother liquor which chiefly contains ealcium ni-
trate, and to which fresh quantities nf calcium
nitrate may possible be added, 15 re-employed in
the process.

The reason why a layer of pure water iz In-
serted between the nitrate solution and the chlo-
ride solution is because this prevents the solutions
from becoming Intermingled. Consequently, the.
layer of water In principle ought to be so high
that chloride and nitrate that diffuse into the
water from each slde do not reach the middle of
the layer of water by the time it gets to the bot-
tom of the container. In other words, there
must gtill be some water left in the middle of the
layer.

When collecting the nitrate solution, it will be
possible to prevent any loss of nitrate by collect-
Ing at the same time half of the layer of water.

In order to preveni too great a dilution of the
nitrate solution, such large quantities of water
are not generally employed that complete separa.-
tion of the nitrate solution and the chloride solu-
tion is obtained. The extent to which this is done
largely depends upon how pure a quality of salt is
required.

The chloride solution, which containg caleium
chloride, obtalned after the regeneration of the
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zeollte, is also collected separately and may be
evaporated, whereby calcium chloride and sodium
c¢hloride are obtalned, the latter being reemployed
in the process.

If sea water is used for reganeration purposes,
the resulting calcium chloride solutlon becomes
8o diluted that it is sometimes considered worth-
less and is allowed to run to waste.

When the sodium chloride solution hag been
supplied to the zeolite at the top of the contalner
for such a long time that the latter has become
regenerated, clean water Is again turhed on,
thereupon the nitrate of lime solution, then
water, and then again the sodium chloride solu-
tion etc. as described above.

In this manner it is possible, by means of the
zeolite and a sodium chloride solution, for in-
stance sees water, to convert nitrate of lime into
sodium nitrate in a continuous process.

Example

A ¢ylindrically shaped contalner of an internal
diameter of 1,5 metres is fllled with zeclite (of a
particle size between 0.4 and 0,8 mm) placed on &
perforated plate. The height of the layer of Zeo-
lite is 6,4 m., and the gross volume thereof is 11,3
cublc metres. When the container is fliled with
liquid, which just reaches above the zeolite, the
volume of the liquid 1s 80 per cent of the gross
volume of the zeolite, or—in other words—it is
9,05 cubic metres.

At the commencement of the operation the
zeolite consists of sodium zeolite, and the con-
tainer 1s filled with water so that it covers the
zeolite,

First, 2,11 cubic metres of calcium nitrate solu-
tion containing 52 gr. of Ca{NQs)2 per 100 cubic
¢m., that is 1100 kilos of Ca(NQO3)2 in all, is sup-
plied &t the top of the container, and while this
is in progress, 2.11 cubic metres of water is dis-
charged from the bottom of the contalner.

Immediately the supply of hitrate solution
ceascs, 1,45 cubic metres of water is supplied at
the top of the contalner, and directly after that,
4,75 cubic metres of sodium chloride solution con-
taining 26 gr. of NaCl per 100 cubic metres, that
is 1230 kilos of NaCl in all. Immediateiy after
that, 1,6 cublc metres of water is supplied, then
again 2,11 cubic metres of calclum nitrate solu-
tion. All the liquilds supplied at the top of the
container pass through the zeolite at & speed of
5 metres per hour. While passing through the
Zeolite, salt from the solutlon diffuses Into the
layers of water. In the present instance, the vol-
ume of water which was In the container at the
commencement of the operation was 9,05 eubic
metres, Had there been no diffusion, 9,05 cubic
metres would have been discharged from the bot-
tom of the container before the first nitrate lons
could have been detected in the outlet, and the
whole of the nitrate solution would have been
contained in the same volume as before, i. e. 2,11
cubic metres, which could easily have been col-
lected separately in the form of & nitrate solution.

Instead of allowing 9,05 cubic metres of water
to flow away before collecting the nitrate solu-
tion, the collection thereof is begun—on account
of the diffusion—as soon as 8,325 cubic metres
has flown away, that is to say 0,725 cublc metres
of the liguid is taken out prior to the original
volume of the nitrate solution. Likewise, 0,725
cubic metre is removed after the original volume.
In other words, 0,725 cubic m.+2,11 cubic
m.+0,725 cublc m. is collected, this equalling 3,56
cubic m. in the form of a finished nitrate solution.
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The attached dlagram shows diagrammatically
the conditions prevailing in the container at the
moment the collection of the nitrate solution
commences.

The collected nitrate solutlon (3,56 cubic m,)
contalns 728 kilos of NaNOQ; 312 killos of
Ca(NOz)z and 7 kilos of NaCl. 'Thus, about 70
per cent of the quantity of nitrate present in the
solution 1s composed of soedium nitrate. About
5 per cent of the nitrate lons supplied are lost on
account of the diffusion.

When evaporating the nitrate solutlon, about
90 per cent of the sodium nitrate present is ob-
tained by crystallization. The mother liquid is
then re-employed in the process as a nltrate
charge.

Directly the nitrate solution has been collected
0,725 cubic m.+4,75 cubic m.+0,725 cublc m.
equaling 6,2 cubic m. i1s collected In the form of
a chloride solution. From the latter, calcium
chloride can be produced. The sodium chloride
thereby obtained is re-employed in the process
for regenerating of the zeolite.

The quantity of watcr supplied at the top of
the contalner after the sodium chloride solution
may easily be greater than 1,6 cubic m. This is
especially advantageous when desiring to pro-
duce nitrate that Is as free as possible from
chioride, because the greater the the quantity of
water used, the more effective is the washing
out of the chloride from the zeolite.

When large quantities of water are supplied
between the solutions, the middle part of the
volume of water that is free from salt may be al-
lowed to run to waste, the first and last parts
being collected together with the adjoining solu-
tions; by this means it is possible to avoid un-
necessary dilution of the solutions.

Instead of only one container, i{ is also possi-
ble to use two conteiners or more. This is par-
ticularly advantageous when the sodium chiloride
solution used congists of sea water. In this case,
very large quantitles of sea water are needed for
the regeneration process. The process can then
be carried out advantageously in the following
manner:

The regeneration is effected In one or more
containers at a time by conducting sea water
through the contalner or contalners at a speed
that is several times as high as that at which
the calcium nitrate solutlons or ilayers of water
respectively pass through other containers, In
which the conversion of the Ca(NQs)z into
2 NaNQOs; simultaneously takes place.

‘When using several containers, higher degrees
of concentration of the nitrate are attained, pro-
vided only the middle, most hlghly concentrated
part of the solution obtained from the container
is coliected, the less concentrated parts—com-
ing before and after the middle part—belng used
as admixture in the other containers before and
after & fresh supply of nitrate solution. By this
means, it 1s possible to avoid any loss of nitrate.

When several containers are employed, the de-
gree of conversion can be heightened by the fol-
lowing method:

The portion of nitrate solution supplied to a
container is made say three times as large as
that which is sultable, when only one container is
employed. Only the first, more thoroughly con-
verted part of the solutlon is collected as a fin-
Ished solution after conversion has taken place
in the container, whereupon the remainder or a
suiteble part thereof is conducted to another
contalner containing newly regenerated zeolite,
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To this container a concentrated caleium nitrate
solution that has not been converted is then
immediately supplied.

This can be repeated several times so that from
contalner No. 2 only the first, more thoroughly
converted, part of the solution is collected, the
remainder or a sultable part thereof belng trans-
ferred to container No. 3, containing newly re-
generated zeolite etc. The degree of conversion
will thus rise as nearly as possible to the state
of equilibrium.

By combining the two mentioned methods,
1t is possible for the collected finished nitrate
solutions to attain the highest possible degree of
concentration and the highest possible degree of
converslon.

When sea water 1s used as a regenerating solu-
tion the reuse of withdrawn solutions in the con-
tainer will result in enriching the magnesium
salts in the solutions passing through the con-
tainers and withdrawn thereupon.

Contrary to previously known methods, it 1s not
the chief aim of the present process to attain
complete conversion by means of the exchange of
bases. It has, in fact, been found to be perfectly
sufficlent for an economic effectuation of the
process, if conversion of 60 per cent is acquired.

The zeolite is not absolutely insoluble under
the conditions described above. A part of it,
therefore, becomes lost during the operation of
the process. The solubllity and consequently the
loss is dependent upon the salt content In those
lgquids which pass through the zeclite, and it is
therefore the clean water that dissolves the
greater part.

It further appears that the silicic acid in
the zeolite is more easily dissolved than the
aluminium oxide, and this applies both when the
zeolite is immersed in water and when it is con-
tacted with salt solutions.

I have ascertalned that the loss of zeolite can
be reduced practically to nil, if a small quantity
of a soluble gilicate, for Instance sodium silicate,
is admixed to the water used in the process. Sill-
cate can also be admixed to the solutions used,
provided they do not already contaln a sufficlent
quantity of silicic acld. It is especially advan-
tageous to admix silicate to the sea water used
for the regeneration of the zeolite in the produc-
tion of sodium nitrate and to the freshwater em-
ployed between the salt solutions (nitrate and
chloride solutions). Usually no sllicate need to be
added to calclum nitrate solutions of the charac-
ter and origin above specified.
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I have found it sufficlent, in order to reduce
the loss of zeolite to a minimum, to admix such
a quantity of silicate that the water, and prefer-
ably the solutlions too, contains 5-20 mer. of SiOs
per litre. A suitable amount of Si0Oa may for ex-
ample be about 5 mg (total) to the litre of sea
water and for example about 16-20 mg of SiCa
(total) to the litre of freshwater.

As 1t will be undersicod, the process described
above can be used for a wilde range of different
salts, provided the salts cannot react with each
other, unless base-exchanging substances are
used. In the example described above, sodium
chloride and calcium nlirate are used, which do
not generally, that is to say, without the applica-
tion of base-exchanging substances, react with
each other to form sodium nitrate or calclum
chloride with such a yield that that the process is
practicable from a technical point of view.

As already mentioned the process according to
the invention may be used with advantage as an
intermediate step In the manufacture of alkaline
metal nitrates from dilute nitrous gases, When
this Is done, one may proceed as follows:

Nitrous gases obtained by the catalytic oxida-
tion of ammonila are passed through large perco-
lation containers, wherein the nitrogen oxides are
absorbed In water to obtaln nitric acid.

The residual gases are treated with a soda solu-
tion, whereby a solutlon of sodium nitrate results,

The sodium nitrate sclution is then passed
through a layer of ammonium zeolite, whereby
sodlum zeolite and ammonium nitrate result.

The sodium zeolite 1s regenerated to ammonium
zeolite by being contacted with ammonium car-
bonate solution. The sodium carbonate solution
obtained by the zeollte treatment is thereupon
employed to absorb further quantities of dilute
nitrous gases,

The ammonium nitrate solution 1s reacted upon
with lime or limestone to obtain nitrate of lime
which is then treated in a zeolite container in
the same manner as described in the ahove ex-
ample, using a sodium chloride solution (f. inst.
sea water) as a regencration iiquid for the zeolite,
Sodium nitrate may be recovered from the solu-
tion In & solid form by evaporation and crystal-
lization.

The same process may be used to produce po-
tassium nitrate instead of sodium nitrate. In this
case a solution of a potasslum salt 1s used as s
regeneration iiquid for the zeollte.

HENRY JOHNSEN.



