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PROCESS FOR THE REDUCTION OF THE CONCENTRATION OF SALTS IN
AN AQUEQUS STREAM CONTAINING THEM

The present invention describes a process for the re-
duction of the concentration of salts in an aqueous stream
containing them which can be applied in particular for the
desalination of seawater.

There are two solutions in the known art for the de-

salination of water:

e desalination by direct freezing;

e desalination by indirect freezing on surfaces.

The desalination process by direct freezing consists
in a crystallization by means of direct freezing, a separa-
tion and washing phase of the ice, melting of the ice,
separation of the coolant residues from the water produced.
In crystallization by direct freezing, the coolant is in-
jected directly into the stream containing salts to be fro-
zen.

The desalination process by indirect freezing consists

in the partial freezing in successive steps of the water to
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be desalinated on an exchange surface, draining of the re-

sidual brine, melting of the ice produced and sending to a

new step for a further purification step until the desired

purity is reached.
Both solutions have various drawbacks.

Desalination by direct freezing has the following critical

technical aspects:

° danger of the formation of hydrates due to the direct
contact between water and coolant which drastically
reduces the process performances;

° the washing phase is extremely critical due to the
presence of the coolant which can contaminate the wa-
ter produced;

* the single separation and washing apparatus is ex-
tremely expensive due to the high washing efficiency
that this phase must have to eliminate the coolant
from the water produced;

. in spite of the efficiency of the washing phase, a fi-
nal stripping of the water produced is necessary to
ensure that the residual traces of coolant are lower
than the limits allowed.

Desalination by indirect freezing, however, has the
following critical technical aspects:

e low thermal efficiency due to the fact of having to

freeze and melt the water several times to obtain the re-
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quired purity;

¢ each single step has a batch functioning for which the
exchange surfaces are continuously cooled and heated with
consequent thermal fatigue problems.

It has now been found that by effecting the production
of ice by means of continuous crystallization in suspension
with external cooling, the critical aspects of the solu-
tions of the known art are overcome.

This type of crystallization has the advantage of not
having direct contact between coolant fluid and the brine
to be frozen, overcoming all the critical aspects of the
known art for aesalination by direct freezing, associated
with direct contact between water and coolant.

In the process proposed, moreover, the formation of
ice essentially takes place in the liquid bulk and not on
the exchange surface, as occurs, on the contrary, in the
processes of the known art, thus eliminating the critical
issue caused by batch functioning.

Furthermore, in the process proposed, the freezing
takes place in a single step in continuous, eliminating
problems of thermal efficiency caused by desalination by
indirect contact present in the known art.

The process, object of the present invention, for the
reduction of the concentration of salts in an aqueous

stream containing them comprises the following steps:
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o production of ice by continuous crystallization in

suspension obtained by the partial freezing of said
aqueous stream, effected by means of indirect heat ex-
change with a cold fluid having a temperature lower
than or equal to -2°C;

. separation between the ice produced and the concen-
trated brine obtained by partial freezing and subse-
quent washing of the ice in one or more steps;

. melting of the separated and washed ice to obtain an
aqueous stream with a reduced concentration of salts.
The cold fluid having a temperature equal to or less

than -2°C is preferably a fluid which absorbs heat passing

from liquid to gaseous state or a fluid which absorbs heat
in supercritical conditions. In particular, the cold fluid
is preferably selected from LNG (liquefied natural gas),

LPG (liquefied petroleum gas), LH, (liquid hydrogen), LN,

(liquid nitrogen), LO; (liquid oxygen), LCO; (liquid carbon

dioxide), even more preferably LNG.

The aqueous stream containing salts can be preferably
seawater or industrial waste containing saline pollutants.

The stage of crystallization in suspension can be
preferably obtained by means of two apparatuses, a crystal-
lizer and a heat exchanger.

In the stage of crystallization thus configured, the

aqueous stream containing salts is fed to the crystallizer
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in which a suspension of ice crystals and concentrated
brine already formed, called ‘“slurry”, is contained. A
stream of slurry is continuously recirculated between the
crystallizer and the heat exchanger where it is subcooled
in order to cause the partial freezing of the aqueous
stream fed to the crystallizer.

The preferred solution for the crystallizer is a crys-
tallizer in suspension, preferably of the “Draft Tube Baf-
fle” type or with forced circulation, with external cool-
ing; other types of crystallizers with indirect cooling can
also be used, such as for example, a crystallizer in sus-
pension with a scraped surface exchanger.

The aqueous stream to be frozen has, inside the ex-
changer selected, velocities preferably higher than or
equal to 1 m/s. In the crystallizer, on the other hand, a
higher velocity than the floating velocity of the ice crys-
tals is preferably selected.

The residence time in the crystallizer is dimensioned
so as to obtain ice crystals which are sufficiently large
for the subsequent separation and washing phases; the aver-
age dimension of the ice crystals is preferably greater
than 0.2 mm.

The separation of the ice formed can be preferably ef-
fected by rotating vacuum filters or by centrifuge.

The subsequent washing is preferably effected in two
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steps, of which the first is effected directly either on
the filter or on the centrifuge, the second is effected for
example by means of an elutriation column.

The melting step of the ice can be effected by means
of an exchanger with a source having a temperature higher
than 0°C.

In particular, the melting unit is preferably similar
to the crystallizer but with a lower residence time as the
dynamics of the melting process is more rapid than the
growth dynamics.

The dimensions of the melting system depend a lot on
the temperature of the heat source to be used.

Before being sent to the ice production step, the
aqueous stream can be preferably subjected to precooling.

In this case, the precooling of the aqueous stream is
preferably effected using the aqueous stream at a reduced
concentration of salts obtained and/or the concentrated
brine produced in the ice separation.

If a fluid is used as cold fluid at a temperature
lower than -50°C, such as for example LNG, it is preferable
to also use one or more intermediate fluids which allow to
reduce temperature difference.

In particular, if LNG is used, there are preferably
two intermediate fluids with relative exchange circuits, of

which:
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e the first intermediate fluid exchanges in a closed cir-

cuit on one side with LNG, having an inlet temperature
ranging from -15°C to -5°C and the outlet temperature
ranging from ranging from -30°C to -60°C. The LNG, which
is at an inlet temperature ranging from -162°C to -130°C
is heated and/or vaporized to a temperature ranging from
-60°C to 10°C.

e the first intermediate fluid exchanges on the other side

with the second intermediate £fluid, having an inlet

temperature ranging from -30°C to -60°C and an outlet
temperature ranging from -15°C and -5°C.

e the second intermediate fluid exchanges in a closed cir-
cuit on one side with the first intermediate fluid, hav-
ing an inlet temperature ranging from -2°C to -10°C and
an outlet temperature ranging from -17°C and -9°C.

e the second intermediate fluid exchanges on the other side
with the crystallizer for the production of ice, having
an inlet temperature ranging from -17°C to -9°C and an
outlet temperature ranging from -2°C and -10°C.

An embodiment of the present invention is now pro-
vided, applied to seawater with the help of figure 1 which,
however, should not be considered as limiting the scope of
the invention itself.

The stream to be treated (IN) is taken and preferably

sent to a series of pretreatments ((FIL): Filtration and
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Sedimentation; (AS): Addition of Anti-scaling agents;
(Bio): Addition of Biocide) which contribute to the good
maintenance of the plant. The pretreated stream is then
precooled in a suitable exchanger (PR) recovering frigories
from the desalinated water (DIS) and brine (SAL) streams
leaving the plant.

The precooled seawater is sent to a crystallizer in
suspension (CR) with external cooling (SC) where it is par-
tially frozen exploiting the frigories contained in the
cold fluid (FF), preferably LNG, which is to be vaporized.

The stream of ice and brine (SS) leaving the crystal-
lizer is sent to the separation and first washing phase
(SL1) and subsequently to the second washing phase (L2).
The separation and first washing are effected at the same
time in a single apparatus, for example in vacuum filters
with washing of the filtrate or in centrifuges with inter-
nal washing. The ice (ICE) 1leaving the first washing is
fluidized again in a specific tank (TS),by the addition of
an aqueous stream (CS) taken from the second washing, and
sent to the second washing (L2), effected for example in an
elutriation column, to reach the desired concentration of
salts.

The stream of ice and desalinated water (SD) leaving
the washing phases is sent to a melting unit (FUS), where

the ice is melted by means of heat exchange (SF) with an
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available heat source (for example water).

The streams of desalinated water produced (DIS) and
brine leaving the separation (SAL) are, as already de-
scribed above, used for the precooling of the pretreated
stream or the stream to be treated.

Figure 2 schematizes the particular case of the freez-
ing of the aqueous stream effected with the use of two in-
termediate fluids in addition to the cold fluid. The pre-
cooled seawater is sent to a crystallizer in suspension
(CR) with external cooling (SC) where it is partially fro-
zen exploiting the frigories contained in the second inter-
mediate fluid (I2), which exchanges heat in a specific ex-
changer (SI2) with the first intermediate fluid (I1), which
in turn exchanges heat in a second exchanger (SI1) with the
cold fluid (FF), preferably LNG, which is to be vaporized.

An embodiment example of the present invention is pro-
vided effected according to the schemes of figures 1 and 2
described above.

Example

A flow-rate of 7040 ton/h of seawater is taken and
sent to a series of pretreatments (Filtration and Sedimen-
tation, Addition of Anti-scaling agent, Addition of Bio-
cide). The seawater, taken at about 15°C, is sent to a pre-
cooling unit where it exchanges heat with the streams of

desalinated water (1860 ton/h) and waste brine (5180 ton/h)
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leaving the plant.

The seawater precooled to approximately 0°C is sent to
a crystallizer where it is partially frozen exploiting the
frigories contained in the stream of LNG (1050 ton/h) at -
160°C which is to be vaporized. The temperature inside the
crystallizer is -3°C. The solution selected for the crys-
tallization is a crystallizer in suspension with external
cooling (of the *“Draft tube Baffle” type or with forced
circulation).

In particular, two intermediate fluids were also used,
with relative exchange circuits, of which the first inter-
mediate fluid (propane) exchanges in a closed circuit on
one side with LNG, passing from -10°C to -50°C, on the
other side with the second intermediate £luid, passing
from -50°C to -10°C. The second intermediate fluid
(aqueous solution at 20% of NaCl) exchanges in a circuit on
one side with the first intermediate £fluid, thus being
cooled from -5°C to -12°C, on the other side with the crys-
tallizer, thus being heated from -12°C to -5°C absorbing
heat from the suspension of ice and brine which circulates
between the crystallizer and the heat exchanger.

A stream of ice and brine is taken at the outlet of
the crystallizer to be sent to the separation and first
washing phases. The separation and first washing are ef-

fected at the same time in a single apparatus (vacuum fil-
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ters with washing of the filtrate). The ice leaving the
first washing is fluidized again in a tank, by the addition
of an aqueous stream (5000 ton/h) taken from the second
washing, and sent to the second washing, carried out in an
elutriation column, to reach the desired salts concentra-
tion.

The stream of ice and desalinated water leaving the
washing phases is sent to a melting unit where the ice is
melted by heat exchange with water at a temperature higher
than 10°C. The streams of desalinated water produced and
brine leaving the separation are sent to the precooling of

the seawater.
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1.

CLAIMS
A process for the reduction of the concentration of
salts in an aqueous stream containing them comprising
the following steps:
production of ice by continuous crystallization in
suspension obtained by the partial freezing of said
aqueous stream, effected by means of indirect heat ex-
change with a cold fluid having a temperature lower
than or equal to -2°C;
separation between the ice produced and the concen-
trated brine obtained by partial freezing and subse-
quent washing of the ice in one or more steps;
melting of the separated and washed ice to obtain an
aqueous stream with a reduced concentration of salts.
The process according to claim 1, wherein the cold
fluid having a temperature equal to or lower than -2°C
absorbs heat passing from the 1liquid state to the
gaseous state.
The process according to claim 1, wherein the cold
fluid having a temperature equal to or lower than -2°C
absorbs heat in supercritical conditions.
The process according to claim 2 or 3, wherein the
cold fluid is selected from LGN, LPG, LH,, LN,, LO,,
LCO,.

The process according to claim 4, wherein the cold
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10.

11.

12.

fluid is LNG.

The process according to claim 1, wherein the aqueous
stream containing salts is seawater or an industrial
waste containing saline pollutants.

The process according to claim 1, wherein the continu-
ous crystallization step in suspension is effected by
means of two apparatuses, a crystallizer and a heat
exchanger in which the aqueous stream is circulated
for cooling.

The process according to claim 7, wherein the crystal-
lizer is of the *“Draft Tube Baffle” type or with
forced circulation.

The process according to claim 7 or 8, wherein the
aqueous stream to be frozen has velocities inside the
exchanger greater than or equal to 1 m/s and inside
the crystallizer velocities greater than ice crystals
floating velocity.

The process according to claim 1, wherein the separa-
tion step is effected by means of rotating vacuum fil-
ters or by centrifuge.

The process according to claim 1, wherein the washing
is effected in two steps.

The process according to claims 10 and 11, wherein the
first washing step is effected directly or on the fil-

ter or in the centrifuge, the second step by means of
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13.

14.

15.

16.

17.

an elutriation column.

The process according to claim 1, wherein the ice
melting step is effected by means of an exchanger with
a source having a temperature higher than 0°C.

The process according to claim 1, wherein, before be-
ing sent to the ice production step, the aqueous
stream is subjected to precooling.

The process according to claim 14, wherein the pre-
cooling of the aqueous stream is effected by heat ex-
change with the aqueous stream at a reduced concentra-
tion of salts obtained and/or the concentrated brine
obtained in the ice separation.

The process according to claim 5, wherein one or more
intermediate fluids are used, in addition to LNG,
which allow to reduce the temperature difference.

The process according to claim 16, wherein there are
two intermediate fluids, with relative exchange cir-
cuits, of which:

o the first intermediate £fluid exchanges in a closed
circuit on one side with LNG, having an inlet tempera-
ture ranging from -15°C to -5°C and the outlet tem-
perature ranging from ranging from -30°C to -60°C. The
LNG, which is at an inlet temperature ranging from -
162°C to -130°C is heated and/or vaporized to a tem-

perature ranging from -60°C to 10°C.
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e the first intermediate fluid exchanges on the other

side with the second intermediate fluid, having an inlet
temperature ranging from -30°C to -60°C and an outlet
temperature ranging from -15°C and -5°C.

e the second intermediate fluid exchanges in a closed
circuit on one side with the first intermediate fluid,
having an inlet temperature ranging from -2°C to -10°C
and an outlet temperature ranging from -17°C and -9°C.

e the second intermediate fluid exchanges on the other
side with the crystallizer for the production of ice,
having an inlet temperature ranging from -17°C to -9°C

and an outlet temperature ranging from -2°C and -10°C.
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