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The present invention relates to a process for
the production of salts by means of base-
exchanging substances.

It iIs well known that certain aqueous salts
containing silicle acld and alumina or' alkali
earth bases, especially minerals belonging to the
zeollte group, and similar salts produced artifi-
clally—the so-called permutites—possess the
property of being able to exchange their alkalt or
alkali earth bases with other bases. This base-
exchanging property of the above mentioned sub-
stances has been utilized. for rendering hard water
soft, for freeing drinking water from certain bases
and for the purification .of salt solutlons. .

The most important feature of all these.proc-
esses is that a salt solution.or the water that.is to
be purifled, is passed through a base-exchanging
substance, for instance permutlte composed.of
grains of a sultable size, whereby an exchange of
bases is attained.

It has also been suggested that base-exchanging.

substances be used for the production of salts,
the same principles being used as in the processes

by which hard water is rendered soft and by

which salt solutions are purified.

Base-exchanging substances for the production
of salts have not as yet been employed. to any
great extent in.industry, because, hitherto, only
very weak solutions of the required-salt have been
obtained, and the evaporating ¢osts have conse-
dquently been too high.

By means of the present invention this draw-
back can be remedied, because sufficiently con-
centrated solutions can be obtained by this proc-
ess, thus rendering It possible, both technically
and economically. to produce salts on a large
scale by means of base-exchanging substances.

In order to give the best possible illustration of
the process, and as an example of how it can be
employed, it will be described in the following
how sodium nitrate can be obtained from calcium
nitrate and sodium chloride by means of per-
mutite. The word “permutite” may be taken to
means any suitable base-exchanging substance.

To commence with, one has a calcium nitrate
and a sodium chloride solution, also permutite
saturated with soda saits, in other words, sodium
permutite. 'Fhe permutite must be of a quality
through which liquids easily penetrate, and must
be composed of grains of a suitable size. It is
placed inside a tower that is a few metres high
and is deposited on a perforated plate or the like.
‘The major part of the space In the tower Is occu-
pied by the permutite, which forms a horizontal
surface at the top. In the upper part of the
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tower there are devices for the liquid supply, and*
at the bottom there are outlet devices, through
which the liquld may be discharged.

When starting the process, the tower is filled"
with water that is free from air, until it reaches
just above the surface of the permutite. THe hest’
way of carrylng out the first filllng process is to
press the water slowly through the permutite
from below, thus eliminating all air from the
permutite.

In order to avoid the formation of air bubbles
while the process is in operation, all the liquids
supplied to the tower are first rendered free from-
alr to the greatest possible extent, for insftance,
by placing them under vacuum. Air bubbles have
the effect of stopping the activity of the permu-
tite, and causing disturbances in the regular
movements of the varlous layers of liquid (see
later). Owing to the fact that vacuum sometimes
occurs in certaln parts of the tower, air bubbles
may be formed, If there Is any alr at all even in
the form of a solution, in any of the liquids that
pass through the permutite. From this it will he
scen how very important it is that the liquids are
free from air, By means of suitable devices care
is taken that the level of the ligu'd remains prac-
tically statlonary through the entire process, that
is to say, just above the surface of the permutite.
When the apparatus is in operation, the permutite
will thus remain in liquid all the time. For
supplying the liquids while the process is in oper-
ation. a suitable spraying device is installed in the
top of the tower, having several outlets just above
the surface of the layer of permutite and evenly
distributed above It, but under the level of the
above mentioned liquid.

After the tower has been filled with water, a
concentrated caleium nitrate solution is supplied
through the aforementioned sprayers.to the layer
of sodium permutite. The solution is evenly dis-
tributed over the surface of the permutite and
sinks downwards, displacing on.its way. a- corre-
spording quantity of water. which runs away at
the bottom of the tower. During this process.
the calcium from the nitrate solution zradually
penetrates through the permmntite, calcium per-
mutite being formed, whilst sodium in equivalent
nroportions is forced out of the permutite, sodium
nitrate being formed in the solution. It is-a
characterist ¢ feature of the present process that
during the operation thereof. am equally large
quantity of liquid is discharged from the bottom
of the tower as that which is supplied to the
permutite at the top of .the tower.

At this state In the process there is a nitrate
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solution on top and clean water just beneath it,
and the liquids move gradually downwards
through the permutite. When a suitable period
has elaps=d, the supply of calcium nitrate solu-
tlon ceases, clean water being supplied through
the sprayers Instead. After a certain time there
will thus be three different layers In direct con-
nection with each other moving downwards
through the permutite, viz, first water, then the
nitrate solution and finally water. As the nitrate
solution now comes continually into contact with
sodilum permutite that has not been converted,
it will gradually become more enriched with so-
dium nitrate, whilst the quantity of calcium ni-
trate decreases. After clean water has been sup-
plied at the top of the tower for a brief perlod,
the water is turned off, and a sodium chloride
solution is added, this having the effect of re-
generating the used permutite, As the regenera-

tion must be as thorough as possible, a consid- :

erably larger quantity of this solution is used
than of the nitrate solution, The difference In
volume becomes still more marked, if a diluted
sodlum chloride solution is used, for instance sea

water, which we have found can be employed for .

this purpose.

Under the assumption that a sufficiently high
tower s used, the following layers of liquid pass
through the permutite, 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
permutite, the quantities of Ca In the chloride
solution and of Na in the nitrate solution increase.

After the water has been discharged from the ;

bottom of the tower, the nitrate solution flows
down and is collected and evaporated, whereby
the sodlum nitrate is crystallised out. The
mother liquor which chiefly contains calcium ni-
trate, and to which fresh quantities of calelum
nitrate may possibly be added, is re-employed in
the process.

The reason why a layer of clean water is in-
serted between the nitrate solution and the chlo-
ride solution Is because this prevents the solu-
tlons from becoming intermingled. Consequently,
the layer of water must be so high that those
chlorine fons and nitrate lons that diffuse into
the water from each side do not reach the mid-
dle of the layer of water by the time it gets to
the bottom of the tower. In other words, there
must still be some clean wtaer 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 avoid too great a dilution of the
nitrate solution, such large quantities of water
are not generally employed that complete sep-
aration of the nitrate solution and the chloride
solution is obtained. 'The extent to which this
is done largely depends upon how pure a quality
of salt is required.

The chloride solution, which contalns caleium
chloride, obtained after the regeneration of the
permutite, is also collected separately and evap-
orated, whereby calclum chioride and sodium
chloride are obtained, these belng re-employed
in the process.

If sea water s used for regeneration purposes,
the solution becomes so diluted that it is generally
considered worthless and Is allowed to run to
waste.

When the sodium chloride solution has been
supplied to the permutite at the top of the tower
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for such a long time that the latter hag become
regenerated, clean water is again turned on,
thereupon the nitrate of lime solution, then
water, and then again the sodium chloride solu-
tion ete. as described above.

In thls manner it is possible, by means of the
permutite and a sodlum chloride solution, for
Instance sea water, to convert nitrate of ime into
sodium nitrate in a continuous process.

Ezample

A cylindrically shaped tower of an Internal di-
ameter of 1.5 metres {5 filled with permutite
placed on & perforated plate. The height of the
layer of permutite is 6.4 m., and the gross volume
thereof 1s 11.3 cublc metres. When the tower is
filled with liquid, which just reaches above the
permutite, the volume of the liquid is 80 per cent
of the gross volume of the permutite, or—in other
words—it 1s 9.05 cubic metres.

At the commencement of the experiment the
permutite consists of sodlum permutite, and the
tower is filled with water so that it covers the
permutite,

First, 2.11 cuble metres of calclum nitrate solu-
tion containing 52 gr. of Ca(NO1)a per 100 cubic
c¢m., that is 1100 kilos of Ca(NO3)1 in all, is sup-
plled at the top of the tower, and while this 1s
in progress, 2.11 cuble m. of water Is discharged
from the bottom of the tower.

Immediately the supply of nitrate solution
ceases, 145 cubic m. of water is supplied at the
top of the tower, and directly after that, 4.75
cublc m. of sodium chloride solution containing
26 gr. of NaC1 per 100 cubic m., that 15 1230 kilos
of NaCl in all. Immediately after that, 1.6 cubic
m., of water is supplied, then agaln 2.11 cubic m.
of calclum nitrate solution, All the liquids sup-
Plled at the top of the tower pass through the
permutlte at a speed of 5 metres per hour. While
passing through the permutite, salt from the so-
lution diffuses Into the layers of water. In the
present case, the volume of water which was in
the tower at the commencement of the experi-
ment was 9.05 cuble m. Had there been no dif-
fusion, 9.05 cubic m. would have been discharged
from the bottom of the tower before the first ni-
trate ions could have been detected in the outlet,
and the whole of the nltrate solution would have
been contained in the same volume as before, 1. e.
2.11 cubic m, which could easlly have been col-
lected separately in the form of a nitrate solution.

Instead of allowing 9.05 cuble m. of water to
flow away before eollecting the nitrate solutlon,
the collection thereof is begun—on account of
the diffusion—as scon as 8.325 cubie m. has flown
away, that is to say 0.725 cubic m. of the liquid is
taken out prior to the original volume of the
nitrate solution. Likewise, 0.725 cublc m. is re-
moved after the original volume. In other words,
0.725 cubic m.+2.11 cubic m.4+0.725 cuble m. is
coliected, this equalling 3.56 eubie m., in the form
of a finished nitrate solution.

The attached diagram shows. schematically,
the conditions prevalling in the tower at the mo-
ment the colleetion of the nitrate sclution com-
mences.

The collected nitrate solution (3.56 cublec m.)
contains 728 kilos of NaNO3, 312 kilos of Ca(NOy)a
and 7 kilos of NaCl. Thus, about 70 per cent of
the quantity of nitrale present in the solution
is compeosed of sodium nitrate, About 5 per cent
of the nitrate ions supplied are lost on account
of the diffusion.

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

Directly the nitrate solution has been collected,
07256 cubic m.4+4.75 cubic m.+0.725 cubic m.
equalling 6.2 cubic m. Is 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 regeneration of the permutite.

The quantity of water supplled at the top of
the tower after the sodium chloride solution may
easily be greater than 1.6 cubic m. This Is espe-
cially advantageous when deslring to produce ni-
trate that 1s as free as posslble from chloride,
because the greater the quantity of water used,
the more effective is the washing out of the chlo-
ride from the permuitlte.

When large quantities of water are supplied
between the solutions, the middle part of the
volume of water that is free from sall is allowed
to run to waste, the first and last parts belng
collected together wilh the adjoining solutions;
hy this mcans it is possible to avoid unnecessary
dilution of the solutions.

Instead of only cne tower, it is also possible
to use two towers or more. This is particularly
advantageous when the sodium chloride solutlon
used consists of sea water. In this case, extreme-
Iy large quantities ol 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
towcers at a time by conducting sea water through
the tower or towers at a speed that is several
times as high as that at which the solutions or
layers of water respectively pass through other
towers, in which the conversion of the Ca(NO3)2
into 2NaNO: simultaneously takes place.

‘When using =everal towers, higher degrecs of
concentration of the nitrate are attained, pro-
vided only the middle, most highly concentrated
part of the solution obtained from the tower is
collected, the less concentrateq parts—coming
before and after the middle part—belng used as
admixtures in the cther towers before and after
a fresh supply of nitrate solution. By this means,
it is possible to avoid any loss of nitrate.

When several towers are employed, the degree
of conversion can be helghtened by the following
method:

The portion of nitrate solution supplied to a
tower is made say three times ag large as that
which is suitable, when only one tower is em-
ployed. Only the first, more thoroughly con-
verted part of the solution is collected as a fin-
ished solution after conversion has taken place
in the tower, whereupon the remainder or a suit-
able part thereof is conducted to another tower
containing newly regenerated permutite. To this
tower a concentrated calcium nitrate solution
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that has not been converted is then immediately
supplied.

This can be repeated several times so that from
tower No. 2 only the flirst, more thoroughly con-
verted, part of the solutlon is collected, the re-
mainder or a suitable part thereof belng trans-
ferred to tower No. 3, contalning newly regener-
ated permutite etec. The degree of conversion
will thus rise as nearly as possible to the state of
equilibrium.

By combining the two last mentioned methods,
it is possible for the collected finished nitrate
solutions to attain the highest possible degree of
concentration and the highest possible degree of
conversion.

Contrary to previously known niethods, it is
not the chief aim of the present process to at-
tain complete conversion by means of the ex-
change of bases. It has, in fact, been found to
be perfectly sufficient for an economic effectua-
tion ol the process, if conversion of 60 per cent is
acquired.

The perimutite is not absolutely insoluble under
the conditions described above. A part of it.
therefore, becomes lost during the operation of
the process. The solubility and consequently the
loss is dependent upon the salt content in those
liguids which pass through the permutite, and it
is therefore the clean water that dissolves the
greatcr part.

It further appears that the silicic acid in the
permutite is more easily dissolved than the alu-
minium oxide, and this applles both when the
permutite is in water and when it is in salt solu-
Lions.

We have ascertained that the loss of permutite
can be reduced practically to nil, if a small quan-
tity of a soluble silicate, for instance sodium sill-
cate, is admixed to the water used in tlie process.
Silicate can also be admixed to the solutions
used, provided they do not already contain a suf-
flcient guantity of silicic acid. It is especially
advantageous to admix silicate to the sea water
used for tlie regeneration of the permutite in
the production of sodium nitrate.

We have found It sufficlent, in order to reduce
the loss of permutite to a minimum, to edmix
such a quantity of silicate that the water, and
preferably the sclutions too, contains 5-6 mer,
of Si0Oz per litre.

As it will be understood, tlie process described
above can be used ior a wide range of dlfferent
salts, provided the salts cannot react with each
other, unless base-exchanging substances areused,
In the example described above, sodium chloride
and calcium nitrate are used, which do not gen-
erally, that is to say, without the application of
hase-exchanging substances, react with each
other to form sodium nitrate or calcium chloride
with such & yield that the process is practicable
from a technical point cf view.

HENRY JOHNSEN.



