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This invention relates to the treatment of solu-
tlens to obtaln solld matter therefrom and has
for its object a process as well as an apparatus
by means of which it is made possible to obtain
the separated solid matter in the form of com-
paratively coarse granules. According to the In-
vention the required Increase in the concentra-
tion of the treated solution is brought about by
contacting the solution with a gas.

It is known that it is possible to Increase the
concentration of a sclution by causing a gas to
act on same, by evaporation, cooling or by chem-
leal reaction, for example by the action of a gas
contalning ammonia, on a liquid containing sul-
phuric acid, whereby sulphate of ammonia is
formed. The means hitherto employed to ob-
tain a large area of contact between liquid and
gas have been elther to force the gas down into
the solution and allowing it to ascend in the
form of bubbles, or also to cause the liquid to
pass through scrubbers, In the form of cascades
or as a rain of jets or drops, downwards through
a flowing gas.

When it Is desired, however, to carry the con-
centration so far as to a state of supersaturation,
such as It is necessary to bring about precipita-
tion of dlssolved solids, the means hitherto em-
ployed have been found to be practically inap-
plicable because after a short time of operation
obstructing coatings are formed on parts of the
solld bodles contacting with the supersaturated
solution in the gas space.

In the specification of a prior U. 8. A, patent
(No. 1,478,337) T have mentioned the various ad-
vantages which are attainable by operating with
degrees of saturation within the metastable limit
particularly, when it iIs desirable to obtain prod-
ucts In the form of coarse granules,

Coarse granular precipitates frequently present
several advantages such as a lower cost of cen-
trifugal and drying treatment, higher degree of
purity (owing to the fact that the percentage
of adhering impure solution is less), decreased
formation of dust, decreased agrlomerating and
baking tendency during storage etc.

In spite of the disclosures in the mentioned
U. 8. A, patent specification No. 1,478,337 the
problem of using a gas to bring about supersatu-
ration in crystalizers has not until now been
solved in a satisfactory manner in connectlon
with the manufacture of comparatively large-
sized crystals.

Primarily this is due to the difficulties con-
nected with the establishinent of & uniform su-
persaturation, which at no point shall exceed the
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rather narrow limits of metastable supersatura-
tion. If the flow of Miquid through the gas space
is slower at some places than at others, parts
of the liquid may from this reason happen to be
sublected to the supersaturating effect of the gas
for a too Iong time. Most markedly this will
take place In connection with splashes causing
drops of liquid to adhere to solid bodles In the
path of the flowing gas resulting in the forma-
tion of finely granular salt and coatings,

I have observed that the maln difficulties are
due to these clrcumstances and the present in-
vention {s based on this observation.

An important characteristic feature of the
process, Which is the object of the invention, con-
sists thereln that the solution to be concentrated
by contact with a gas is Intreduced Into the gas
space In an approximately saturated condition
and by the actlon of the gas Is caused to be
supersaturated to a point within the metastable
limits. The supersaturation so produced is there-
upon released by contact with crystals of the
same substance as that which it is desired to
precipitate, whereupon the solution Is again re-
turned to the gas space to be again subjecled
to concentration to a peint within the metastable
limit of supersaturation,

In the following the invention is described with
reference to the accompanying drawing, In which
Figs. 1 and 2 dlagrammatically 1llustrate by way
of example two types of apparatus adapted to
carry the invention into eftect,

Referring to Flg. 1 the numeral | designates
a pump foreing approximately saturated solution

5 up Into a container 2, having a hottom provided

with holes. The liquid passing through sald holes
flows freely through the space 4 below said con-
tainer (2). Through a pipe §, an annular cham-
ber 6 and openings in a facket wall T a hot gas
is forced Into the space 4. This brings about
evaporation from the surface of the liguid
streams or jets which to a greater or less degree
will be disrupted so as to form drops. This re-
sults in the liquid becoming supersaturated to
within the metastable Umit, vig to a degree of
supersaturation at which no crystals are formed.

The cooled gas flows through the plpe 8 as
indicated by arrows, while the supersaturated
solution collects in the hopper 8, from which it
returns to pump | through pipe 10 and crystal
suspension 11,

In continuous operation fresh solution is con-
stantly supplied to replace evaporated liquid and
deposited solids taken up on the crystals in the
suspension 11. When this added solution 1s un-
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dersaturated, {t may be used to utilize the re-
malning heat (or chemically active constituents,
such as for example ammonia) in the escaping
gas by passing the added fresh solution in the
most Intimate contact possible with the escaping
residual gas as diagrammatically {llustrated In
the drawing. The solution in this example is
passed through a pipe 12 down Into a cup (8,
with holes in the wall or with overflow edge.
From this cup the lquid flows downward in such
a way that the escaplng residual gas from pipe
8 must pass through the “veil” of liquid.

In the case of the volume of added solution
being so small that it will be difficult to bring
about a uniform distribution of the “vell’ over
the entire cross sectional area of the contalner,
its volume may be increased by first mixing it
with a part of the circulating liquld from the
apparatus,

Instead of causing the added undersaturated
liquid to fall freely downward, the lquid may
also be brought to trickle in cascades or through
a scrubber In which the residual gases ascend.

The crystals In the suspension || grow as a
result of the supersaturation belhg released on
them. The larger ones sink farthest downwards
and are continuously or intermittently removed
through pipe (4.

In the operation of the described plant no part
of the liquid will be subjected to the supersat-
urating effect of the gas for a too long time, and
there are no solid bodies in the path of the
particles of liquid, on to which liquid might ad-
here to form coatings. 'The only solld body with
which the particles of liquid enter into contact
while in the flowing gas, viz. the bottom 3, s left
by the liquid before there has been time enough
to arlse any substantial degree of supersatura-
tion. Further the re-supersaturation of the
liquid at each cycle is released In the crystal sus-
pension I{, and this meang that the total super-
saturation at no point will arise above the met-
astable limit, so that the holes In the hottom 3
will not be obstructed. The fact that the gas
flows Inwards into space 4 further counteracts
splashing from the streams of liquid on to the
Jacket wall T particularly In the case of this lat-
ter having been given a tapering form as illus-
trated, because the spreading or disintegration
of the streams or fets Into drops will increase the
longer the streams have moved downward.

It 15 also possible to dispense with the jacket
T because also In this case It is possible to ob-
tain sufficient relative velocities between gas and
liquid when there is provided for the production
of a strong whirling motion in the gas already be-
fore it enters between the streams of Uquid.

The brocess as explained operates with super-
saturations, which are at all points within the
metastable limit so that coatings (crusts) on the
parts of the apparatus are avolded. This means
that the supersaturation per eycle which shall
glve the entire broduction, is quite small, usually
only a fraction of & percent of the entire contents
of salts in the liquld. For this reason very large
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quantities of circulation must be employed, viz.
many times as Iarge as the quantity of liquld
added per second through i2. This Is an im-
portant new feature of the present process, inas-
much as it is only thereby rendered possible to
employ a great number of liquid jets in the space
4, i. e. a very large contacting surface between
the llquid and the gas without having to resort
to the use of spray, or quite thin films of liquid
as employed in scrubbers, as this would result in
formation of flne salt and coatings caused by
local exceeding of the metastable supersatura-
tion, a5 explained above.

The method of causing liquid to fall freely
down through the space through which gas is
flowing, viz. without solld bodles having at any
point a chance to produce injurlous local non-
uniform motion, is also capable of belng carried
into effect In other ways than illusirated In
Fig. 1.

In Fig. 2 is shown as an example a modified
embodiment of the Invention. In this case the
circulation pump | forces the circulating liquid
through a pipe 17, provided with holes and into
the space 4, through which gas Is flowing.

If liquid splashes on the wall 15 of chamber
4 and this splashing is unsufficient to maintain
the wall molst, the undesirable effects of the
splashes can be avolded by constantly causing an
auxiliary flow of liquid to wash over the wall 1B,
so that no part of the wall is alternately dry and
wet (which would result in the formation of coat-
ings on the wall). 'To bring about such continu-
ous washing of the wall one may for example
make use of a secondary pipe 18, and an annular
slot 18, The main principle on which the pres-
ent invention is based Implies that the circulat-
ing quantities of solution, as above explained,
are very large, and from thils reason the em-
ployed “washing” flow of solution does not in-
volve any appreciably decrease ln the quantity
of solutlon which is utilized az a shower of
streamlets or jets.

Fresh solution is introduced through pipe (8
or for example through 186,

In order to secure & uniform distribution of
the gas blown in through pipe § and also to ob-
tain comparatively large gas velocities in an In-
ward radial direction in space 4, so that jets of
solution from pipe 1T shall not splash on to the
walls of the chamber, an annular shield 20 may
also be arranged.

It 1s not necessary to maintain atmospherical
pressure in the chamber 4. This space may also
be kept under vacuum.

As an example of flelds In which the present
invention can be adapted may be mentioned—in
addition to the manufacture of ammonium salt
above described—the crystallization of anhydrous
sodium sulphate by forcing hot combustion gases
through space 4, so as to cause evaporation of a
part of the water in each cycle of the flowing
solution,
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