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1

This invention relates to a process of concen-
trating liguids out of weak solutions, and to an
apparatus to carry out the process. More par-
ticularly, it reiates to a process which consists in
freezing the weak solution to he concentrated,
thereby transforming the solution in a mixture of
solid crystals formed from the diluent, and a
concentrated liquid, and in separating the con-
centrated liguid from the crystals. The separa-
tion is achieved by introducing a suitable liquid
into the mixture, and by displacing by means of
this liquid the concentrated liquid.

In processes of this ¢haracter, displacing
ligquids are preferably used which correspond to
the crystals formed due to the freezing action.

As far as agueous starting solutions are con-
cerned, they are transformed, when subjected to
freezing, into a mixture of ice crystals and a con-
centrated liquid. The displacement liquid is
water which is introduced into the mass of ice
and concentrated liguid at an approximate tem-
perature of 0° C.

_ Attempts to use pProcesses of the type referred
to to concentrate liquids out of weak solutions
have already been made, but all of them have
proven unsatisfactory, the reasons being, for in-
_stance, that no pressure or static pressure only
was used to move the displaecing liquid through
the mass to be treated, thus effecting a slow and
jmpractical displacement action, or that the in-
stallations suggested were complicated and in-~
efficient. The primary object of my invention is,
therefore, to generally improve processes for the
congentration of lauids out of weak solutions,
more particularly, to simplify, cheapen, and speed
up the concentration.

mo.the accomplishment of the foregoing main
.ohject and other more detailed objects which will
hereinafter appear, my invention consists i1 &
method and in an apparatus for the concentra-~
tion of liquids out of weak solutions, as are de-
seribed in the following specification and sought
to be defined in the claims.

The specification is accompaned by a drawing

. in which:

Fig. 1 is a partially sectioned side elevation of
one form of the apparatus embodying features of
my invention; _

Fig. 2 is a partially sectioned side elevation of
a modified form;

Fig. 3 is a partially sectioned side elevation of
still another modification; and

Fig. 4 illustrates a further modification.

. Referring to the drawing, and more particu-
larly to Fig. 1, a finely divided mass of ice crystals

2 .
and fruit juice is fed through & hopper {8 into &
herizontally arranged tube {2, The feed eniry
port is provided at one end of this tube. The
starting material, which has been prepared oub-
side of the apparatus by freezing 8 weak solution
of fruit juice,»constitutes'a mixture of ice crystals
and concentrated fruit julce, the diluent having
peen frozen out. The frozen mass 1s moved

- through the tube 12 by means of a screw conveyor
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i4. Coupled with the tube {2 is another tube 16
comprising a frusto-conical portion (8 and a
cylindrical portion 2¢. The portion i8 is given
a conical shape for the purpose of compressing
the ice-juice mass. 'The cylindrical portion 20 is
provided with narrow longitudinal slots 22 within
a certain boundary to permit the escape of con-
centrated juice which is withdrawn at 24.

At its other end, the tube portion 20 is con-
neeted to a melting chamber 26 heated by a heat-
ing- coil 28, preferably a condenser coil of a re-
frigerating plant. The ice-juice mass, after be-
ing pressed through the tubes i2, I8 and 20, and
after being freed from the juice, forms a body of
jce which enters the melting chamber. The ice
bar entering the melting chamber is melted, and
the melting water collects in the chamber. The
apparatus shown is designed for continuous
operation so that 2 continuous ice bar is forced
into the melting chambper, and eontinuous melt-
ing takes place. Surplus water is removed from
the melting chamber with the aid of a spring-
Joaded relief valve 30 through the pipe 32. A
pressure air vessel 34 partly filled with air is in-
terposed between the chamber 26 and the valve
32, 'The pressure compensation caused by the'
pressure air vessel renders it possible to maintain
a constant pressure in the melting chamber even
though the relief valve owing to its construction
operates at intervals.

As the ice bar is pressed into the melting chazi-
ber which is filled with water of approximately
o° C., water is forced from the melting chamber
into the tube 20 countercurrent to the motion of
the ice-juice mass. First the water displaces the
air [pressure} present in the spaces between the
ice erystals, and then juice adhering to the ice
crystals. The water acts as a displacing liquid
which pushes the juice ahead, thus being de-
veloped a water-ice zone a, a transition zone b,
and a zone of concentration ¢. 1t is within the
zone ¢ that the aforementioned slots 22 are pro-
vided. The econcentrated ligquid escapes con-
tinuously through these stots.

1t will be clear that the whole of the melting
water must not be forced through the ice-juice
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bar. The amount to be used as a displacing lquid
depends on the desired concentration of the juice.
Accordingly, more or less melting water is re-
leased through the pipe 32. i

The apparatus shown in Fig. 2 differs from
that of Fig. 1 mainly in the provisions for the
feed of the ice-juice mass. The mass, again,

-for instance, a fruit-juice mass, is introduced

_return motion of the piston

b

through .a pipe 38, in which a preliminary com-
pression may take place, and is pressed through
& tube 38 by means of a piston 40. The piston
is connected with a threaded rod 42 and is ac-
tuated by a screw nut 44 rotatably supported in
a bearing 46. The screw nut ¥4 Is rigidly con-
nected with a gear 47 which meshes with a pin-
ion 48, the latter being driven by a motor 50,
The direction of motion of the piston 40 can
be changed by reversing the motor. During the
40, care has to be
taken to prevent the ice-juice body from being
pushed by the pressure prevailing in the melt-
ing chamber 26, the pressure amounting, for in-
stance, to 2 to 6 atmospheres above atmospheric
pressure. A simple way of preventing such s

pushing-back action is to roughen the inner sur- *

face of the tube 38 within the region g, for ex-

-ample, by providing the inner circumference g

with a fine thread.

In the position illustrated in PFig. 2, the piston
40 is shown in itg furthermost front position.
The motor 50 will promptly return the piston to
its initial position over the pinion 48 and the
gear 47. Then such g quantity of ice-juice mix-
ture is introduced through the pipe 36 as fills
the whole cross section of the pipe 38 in front
of the piston 40. By again reversing the direc-
tion of rotation of the motor, the piston ig caused
to advance again and to push on the newly in-

- troduced mixture onto the body of ice-juice al-

ready present in the tube 38. The bushing sur-
face of the advancing pistonn 40 passes by the
entrance port of the pipe 3§ so that, due to the
pressure exerted on the piston, no diversion of
any ice-juice mass from its straight course into
the pipe 36 t{akes place. In order to move the
ice-juice bar towards the melting chamber 26 as
slowly as desired, the motor speed is regulated
accordingly.

In the apparatus of Fig, 3, ice-juice mass is fed
through a hopper 52 into the tube 54 and is
pushed by a piston 56 operated to and fro by a
crank mechanism generally ‘designated 60.

Referring now to Fig. 4, the pipe 62 through
which ice-julce mass and water as the displacing
liquid are forced countercurrent to one another
is vertically arranged. The pipe §2 is connected
at its bottom end to the melting chamber 26.
The frozen mass is Introduced at or near the top
of the pipe 62 and is forced downwardly. The
ice body, after being freed from the juice, moves
on into the melting chamber 26. The displacing
liquid is forced upwardly.

The apparatus of my invention is advantage-
ously protected from heat losses by insulation.
The tube in which the separation of the con-
centrated liquid from the solid constituent of
the mixture takes place, and the conduits for
the mixture to the tube, are to be insulated ahove
all.

The preparation of the ice-liquid mass which
is of a porridgelike or pastylike viscosity can be
effected in different ‘ways, for instanece, by bring-
ing the initial solution into contact with refrig-
erating surfaces, and continuously scraping off
the ice formed. When concentrating, for in-
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stance, fruit juice, the preliminary treatment re-
sults in a mass of ice crystals covered with g
thicker or thinner layer of fruit julee, whereas
the spaces between the individual crystals are
filled with air. The presence of such air inter-
stices has proved to be advantageous when work-
ing according to my invention.

The average size of the ice crystals may be as
big as approximately 1.5 sq. mm., for instance,
between about 0.3 and about 1.0 8q. mm.  Within
this range, the size of the ice erystals should be
as uniform as possible. :

The temperature of the crystal-liquid mixture
which is introduced into my apparatus has a tem-
perature of about 1 to 25° C. below the freezing
or solidification point of the frozen [of} or solidi-
fled ‘constituent of the mixture introduced. In
the case of frozen fruit juice, the temperature
is about 1 to 25° C., preferably 15 to 20° C., below
zero.

The displacing liquid is introduced at a tem-
perature slightly above the freezing point of the
displacing liguid. Water, for instance, is intro-
duced at a temperature close to 0° C. Upon
pressing a displacing liquid, such as water, into
the ice-liquid mass, first the liquid present he-
tween the crystals, for instance, fruit juice, is
somewhat diluted. Then, as more water is
pressed in, the juice is pushed into an adjacent
colder zone whereby, due to water being increas-
ingly crystallized out, the concentration increases
step by step, and a concentrated lquid is formed
that is continuously removed. )

The process of my present invention is not
restricted to the preparation of concentrated lig-
uids out of solutions diluted with water, but is
applicable to the concentration of all kinds of
liquids containing a solvent capable of being re-
moved by solidifying and freezing operations, re-

-spectively. The fieldls] in which my invention

can be practiced is extremely large. The inven-
tion is suitable for producing concentrated prod-
ucts of fruit juices, juices of vegetables, and
other juices of a vegetable nature, for instance,
Jjuices of medicinal plants, of exiracts of plants
and parts of plants, such as blossoms, flowers,
ete.

The new process is particularly suitable for
handling pure and clear solutions. Sometimes
a preliminary purification has proved to be ad-
vantageous. If orange juice, for instance, is to
be concentrated, it is advisable first to remove
the solid ingredients of the Juice, such as small
particles of the juice cells and so on.

My process is also suitable for the concentra-

.tion of salt solutions of any kind, of liquids of

an animal nature, such as whey and the like.
Emulsions, e. g, skim milk, plant milk, such as
caoutchouc milk, natural and artificial latex, and
similar substances can be concentrated accord-
ing to my invention.

The process and apparatus of my invention
brevents all valuable substances of the initial
material from becoming lost during the concen-.
trating operation, Thus, the concentrated Hiquid
has all properties and activities of the initial
liquid as to taste, flavor, efficiency, ete. Con-
centrated fruit juices when prepared according
to the present invention, e. g. apple juice, orange
juice, lemon juice, have the pleasant taste and
Havor of freshly pressed out juices. Thus, my
process and apparatus are particularly suitable
for the concentration of substances containing
ingredients which are liable to decomposition or
are highly volatile. The preparation of medi-
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elnes, perfumes, and similer products offers -
portant applications of the present invention.

My process may be executed in such a way that
certain undesirable substances are eliminated
without impairing the desived valuable sub-
stances. Especially substances which are diffi-
cultly soluble at low and very low temperatures,
respectively, can be easily eliminated by with-
drawing them with the concentrated liguid,
whereupon they are separated from the liguid
-‘phase by simple operations, e. g. by siphoning
them off or by decanting or centrifuging. For
instance, it is possible to eliminate certain sub~
stances contained in wine while coneentrating it,

and thus to obtain & concentrated product which
" surpasses the initial wine in taste and flavor.
Concentrated wines thus produced are suitable
for many purposes, . £. as elixirs, strengthening
remedies, and admixtures for stimulating agents
and the like.

My process can also be used-as & preliminary
step in the drying of materials by {reezing. If
is possible to transform, for instance, au initial
solution. of akout 5 to 10% into a concentrated
liquid containing 50% of the valuable substances
or more, and subsequently to dry this concen-
trated liquid by freezing. -

Tt is believed that the method of my invention,
as well as the construction and cperation of the
apparatus for practicing the invention, and the
many advantages thereof, will be fully under-
stood from the foregoing detailed description
thereof, and it will be apparent that while I have
shown and described my invention in a few num-
ber of forms only, many changes and modifica-
tions may be made without departing from the
spirit of the invention defined in the following
claims.

I claim:

1. In a process of concentrating liquids out of
weak dilutions, the steps of subjecting the weak
dilution to a freezing action, therehy crystalliz-
ing the diluent and cencentrating the liguid, pre-
paring a finely divided mass of the erystals ob-
tained and of the concentrated Mquid, moving
said mass through o displacement zone, evenly
distributing a displacing liquid over the c¢ross
section of said mass at the exit end of the dis-
placement zone, passing said displacing liguid

under pressure countercurrent to the mass, al- .

lowing the second named liquid to displace the
concentrated liguid, and withdrawing the con-

" centrated liguid near the ingress end of the dis~
placement zone.

2 in the process according to claim 1, with- .

drawing said concentrated liguid in the region
of maximum concentration.

3. In the process according to claim 1, pressing
said mass through an elongated displacement
zone towards a melting zone, allowing the mass
reaching the melting zone to melt, forcing liquid
formed by melting countercurrent to the mass.

4. In the process according to claim 3, pressing
said mass into the melting zone filled with the
displacing liquid to be used, maintaining uniform
pressure conditions in the melting zone, allowing
the mass reaching the melting zone to exert pres~
sure on the displacing liquid in the melting zone
and to force a part of the liquid countercurrent
to the mass, and allowing surplus Ewater] liquid
to be removed from the melting chambher.

5. Apparatus for concentrating liguids out of
weak dilutions, camprising a tube, means to move
through the tube a finely divided mass of crys-
tals obtained from the diluent by freezing out of
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_loaded relief valve.

the concentrated liquid, slots provided In a por-
tion of the wall of the tube for the discharge ot
the concentrated liquid, said slots being provided
hetween the ends of the tube, & melbing chamber
associated with the tube at ifs outlet end, and
o heating device in the melting chamber.

6. In the apparatus according to claim 8, &
pressure air vessel being in communication with
the melting chamber and being provided with an
outlet pipe, and a spring-loaded relief velve be-
ing provided in said outlet pipe.

7. In the apparatus according to ciaim 5, the
melting chamber being provided with an outlet
pipe, said pipe being equipped with a spring-

8. In the process according $o claim 1, subject-
ing said mass to the displscement action at &
temperature below the [freeing] freezing point
of the displacing liauid to be used, and introduc-
ing the displacing liquid at & temperabure slight-
1y above its freezing point.

9. Tn the process according to claim 8, subject~
ing a finely divided mass of ice eyystals and of
the concentrated liquid to the displacement ac-
tion at a temperature between ahout minus 1 to
minus 25° C., and introducing water as the dis-
placing liquid at a temperature slightly above
0° C. .

10. A process for recovering a concentrated
liquid from o liquid mizture containing ¢ crystal-
lizable substance, which comprises preparing &
mass of crystals of said crystallizable substance
and of concentrated liquid, moving said crysials
as o continuous compacted mass through a con-
fined displacement zone,; introducing o displacing
Tiquid of the exit end of said confined dispiace-
ment zone, passing said displacing liquid counter-
current to and through said continuous compact-
ed mass under the displacement pressure being
ererted by the advancing compacied mass
through said confined displacement zone, and
withdrawing the concentrated liquid and the dis=
placing liquid from said displacement zone.

11. A continuous process for recovering a COr~
centrated liguid from o liguid mizture contain-

ing a crystallizable substance, which comprises

preparing o mass of crystals of said crystailiz-
able substance and of concentraied liguid, con-
tinuously pressing said crystels as @ continuous
compressed mass through o confined elongaied
displacement zome toward a melting gone, melt-
ing in the melting zone the crystal mass reach-
ing the melting zomne, forcing liquid formed by
melting countercurrent to and through said con-
tinuous comapressed mass under the displacement
pressure being exerted by the advancing com-
pressed mass, withdrewing concenirated tgquid
jfrom the displacement zone, and withdrowing
liquid formed by melting from the melting zone.

12. A process for the separation of one com~
ponent from o liquid solution, said component
being capable of being removed by o erystalliza-
tion operation, which comprises converting @
portion of swid component to crystuls, passing &
resulling miziure of crystals and uncrystallized
liquid into an elonguted confined disviacement
zome, separating near the inlet end of said dis-
placement zone ¢ liquid from said crystals, fore-
ing through said displacement zone a continuous
compressed ‘mass of s¢id crystals extending
through said displacement zone to the other end
of said zome, melting crysials at said other end
of said displacement zone, removing @ poriion of
the resulting melt, and forcing a Jurther poriion
of the resulting melt under & superatmospherie
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pressure resulting from the forced movement of
said compressed mass of crystals through said
displacement zone and through and countercur-
rent to said compressed mass of crystals.

13. A process for purifying an impure crystal-

line material, which comprises forcing an elon-’

gated compressed mass of impure crystals
through an elongaied confined displacement zone
toward a ‘melting zone at one eng thereof, melt-
" ing erystals in seid melting zone, removing a por-
tion of the resulting melt, forcing a further por-
tion of the resulting melt through said displace~
ment zone and through aend countercurrent to

said compressed mass of crystals by pressure '

displacement resulting from the movement of
said compressed mass of crystals, and removing
the resulting liquid fogether with said tmpuri-
ties from said displacement zone,

14. A continuous process for recovering ¢ com-
ponent of a liquid mixture, which comprises cool-
ing said liquid mizture and jorming therein
crystals of a component thereof, continuously in-
troducing into an ingress end of g confined dis-
‘placement zone a mizture of resulting crystals
and . accompanying liguid, compressing  said
crystals into a continuous compact mass in said
displacement zone and forcing said continuous
compact mass of said crystals through said dis-
placement zone toward a melting zone, withdraw-
ing a lguid from said ingress end of said dis-
placement zone, melting crystals in said meli-
ing 2ome, continwously withdrawing g portion of
said melt, and continuously forcing under g su-
veratrzospheric pressure a further porfion of said
melt countercurrently through said conéinuous
mass of crysials toward said ingress end.

15." A continuous process for removing water
from an agqueous material, which comprises freez-
ing said aqueous material and forming a mass of
ice particles and concenirated agueous medium,
intraducing a resulting mass of ice particles and
concentrated aqueous medium into q displace-
ment zone, withdrawing jfrom said displacement
. Rone concenitrated aqueous medium, compressing
said mass of ice particles in. said displacement
Zone and moving a resuliing coniinuous com-
pressed. mass of ice particles through said dis-
placement zone toward a melting zone, melting
ice in said melting zone, withdrawing a portion

of the resulting water from said melting zone, .

and forcing a further portion of the resulting
water from seid melting zone under a superat-
mospheric pressure through and countercurrent
to the continuous mass of ice crystalg in said dis-
placement zone. i

16. A process for concenlrating an aqueous
solution, which comprises subjecting an aqueous
solution to a freezing action and forming ¢ mass
of finely divided ice and resulting concentrated
aqueous - solution, pressing said ice as @ com-
pressed mass of finely divided ice through g con-
fined elongated displacement zone toward a inelt-
ing zone, melting ice in the melting zone, fore-
ing water from said melting zone countercurrent
to and through said compressed mass under the
displacement pressure being exerted by the ad-
vancing compressed mass, withdrawing g concen-
trated agueous solution from said displacement
zone, and separately withdrawing water from said
meliing zone,

17. A process for removing water from fruit
juice, which comprises freezing seid fruit juice
to form a mixture of ice and concenirated fruit
juice, introducing resulting ice and concentrated
fruit juice into a confined displacement zone,
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withdrawing from satd displucement zone concen-
trated fruit juice, compressing satd ice into @
continuous compact finely divided mass which ex-
tends through said displocement zone and fore~
ing resulting compressed ice through said dis-
placement zone toward a melting zone, melting
ice in said melting zone, withdrawing a portion
of the resulting water from said melting zone, and
forcing by the displacement pressure of said com~
pact ice mass a further portion of the resulting
waler from said melting zome through and
countercurrent to said continuous compressed
tee mass in said displacement zone. :

18. A process of concentrating an aqueous soly-
tion, comprising subjecting an aauecus solution to
o freezing action, thereby forming ice and con-
centrating the solution, preparing o mass of finely
divided ice so obtained and of the concentrated
solution, forcing said finely divided ice ag o con-
tinuous compressed mass through a confined dis-
pvlacement zone at a temperature between about
minus 1 to minus 25° C., introducing water af g
lemperature slightly above 0° C. into said mass at
the exit end of the displacement zone, passing said
water through and countercurreni to said ice
mass under a superatmospheric displacement
pressure, allowing said water to displace the con-
centrated solution, and withdrawing the concén-
trated solution near the ingress end of the dis-
placement zone.

19. Apparatus for concentrating lguids, com~
prising a tube, means to move through the tube a
compressed mass of crystals obtained from q solu-
tion by freezing and which compressed mass of
crystals extends continuously through said tube,
means for the discharge of @ concentrated liquid
Jrom said tube, g melting chamber associated with
the tube at its outlet end, and an outlet in com-
munication with said melting chamber,

20. Apparatus for crystal purification compris-
ing a tube, a melting chamber in communication
with one end of said tube, ¢ lquid outlet from
said meliing chamber, gn inlet entering the op-
posite end of said tube, « piston in suid opposite
end of said tube adapted to compact a mass of
crystals and force g resulling compacted mass of
crystals toward said melting chamber, and a
liquid outlet from said tube removed from said
melting chamber for withdrawing liguid substan-
tially free from crystals. .

21. Apparatus which comprises a tube, a meit-
ing chamber associated with one end of said tube,
means for supplying heat to said meliing cham-
ber, a first liguid outlet associated with suid melt-
ing chamber, means for introducing crystels into
said tube at @ point removed from said melting
chamber, a reciprocating piston within said tube
and removed from said melting chamber, and ¢
second liquid outlet adjacent and aheud of said
reciprocating piston at its noint of furthest entry
into said tube.

22. Apparatus for crystal purification compris-
ing a tube, a melting chamber in communication
with one end of said tube, a liquid outlet from
said melting chamber, an inlet entering the op-
posite end of said tube, means in said opposiie end
of said tube to compact crystals into a compacted
mass which fills said tube and to Jforce g result-
mg compacted mass of crystels toward said melt-
ing chamber, and o liguid outlet from said tube
for withdrawing liquid substantiolly free from
crystals.

23. Apparatus - jor purifying crystals which
Ccomprises g heating chamber rovided with a
liquid outlet, ¢ displacement tube in communion-



' 28,810 ‘
8 i0 ' :

Hon with said heating chember, meens for in- Teferences Cited in the fle of ihis oatent

- troducing crystals into said tube, and means for . or the original pabent

forcing said crystals as a compacted mass through UNTTED ing .

suid displacement tube inio said heating cham~ STATES PATENTS

ber whereby melt in said heating chamber is dis- Number Name ' Date

placed through said compacted mass, and means 761,387  Montl __ oo May 31, 1504

in communication with said tube end removed 925,820  Monbi oo—oooeen June 22, 1569

jrom said heating chamber for withdrawing soid 940,644  Montl oo Nov. 16, 1309

melt ajter it has passed through ai least a por- 2,324,862  OMAN o July 20, 1943

tion of said compucted mass. . 10 2,540,977 A__rnold e . Feb. §, 1851
2,617,273 FINdley —eeemcaeeam Wov. 11, 1882

JOACHIM SCHMIDT. 2,632,314 Vanee o e iMar. 24, 1953




