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(54) Method and apparatus for dis-
tilling liquids

(57) In a method and apparatus

for distilling liquid the latter is
repeatedly vapourised and con-
densed in respective successive
distillation units [-1I-—N at de-
scending temperature levels T\-T,
——TN, the liquid also being vapour-
ised"and condensed in two or more
stages V,-V,~V,, in at least one of
said units I-1l-=N. The liquid
passes from the evaporator 11, of
one distilling stage V, of a distilling
unit | to the evaporator 12, of the
succeeding disstillation stage V,, in
which prevails a lower pressure
than in the preceding evaporator
11, and the liquid flowing in the
evaporators 11,, 12, 13, of the
succeeding distillation unit Hl, oper-
ating at a lower temperature level
T.. is conducted as a cooling

medium through the condensers
16,, 15, 14, of the distillation
stages V,,, V,, V, of the first distilla-
tion unit |. The said units |-11——N
comprise condensers 14, 15, 16
with horizontal tubes. Pipes 22, 23,

25, 26, 27 and pumps 17, 18, 24,

28 serve for transfer of cooling and
other fluids, pipes 31 serve for dis-
charge of distillate if required. The
liquid to be distilled enters through
pipe 29, and final concentrate
leaves through pipe 30. A heater
10 heats liquid passing via the
pump 17 from the evaporation 13,
to the evaporator 11,.
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The drawings originally filed were informal and the print here reproduced is taken from a later filed formal copy.
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SPECIFICATION
Method and apparatus for distilling liquids

The object of the invention is to provide a
method for distilling liquids in at least two
successive distillation units operating at differ-
ent temperature levels. The liquid to be dis-
tilled is vapourized in each distillation unit and
the formed vapour is condensed into distillate
in heat exchange with the liquid which flows
in the following distillation unit operating at
the lower temperature level. Another object of
the invention is to provide an apparatus for
realizing the method.

The distillation methods generally used
nowadays, especially for distillating sea water,
are so called vertical tube multi effect evapo-
ration (VTE) and multi stage flash distillation
(MSF). Both of these methods have their own
advantages and disadvantages. The disadvan-
tages of these known methods come clearly
out when trying to use distillation for concen-
tration of different industrial waste waters.

At vertical tube evaporation the liquid va-
pourizes on the inner surface of heat ex-
changer tubes. As a consequence of this scale
is formed at heat exchanger surfaces, which is
the main disadvantage of this method.

When the MSF-distillation is used for con-
centrating liquid the inconvenience is the fact
that the same concentrated liquid has to be
circulated within the whole temperature range
of the distillation plant. So the boiling point
elevation of the concentrated liquid as well as
the increase in viscosity reduce essentially the
efficiency of the distillation plant. When ap-
plying this method the distillation plant is
forced to be provided with very many stages if
one tries to keep the size of the most expen-
sive component, the condenser, of the distilla-
tion plant reasonable. This is caused by the
fact that the smaller the flashing temperature
drop of vapourizing liquid per one distillation
stage is, the larger is the temperature differ-
ence between vapour and cooling water.

One object of the invention is to provide a
method for distilling liquids which eliminates
these disadvantages of the earlier known
methods. A more detailed object of the inven-
tion is to provide a method for distilling
liquids in which one can influence, within
certain limits, on flashing temperature drop in
a distillation stage without being forced to
increase the number of distillation stages. A
further object of the invention is to provide a
method for distilling liquids by which one can
process liquids of different concentrations at
different temperatures, and thus boiling point
elevation and increase in viscosity do not have
influence on the whole temperature range. {t
is also an object of the invention to provide a
method for distilling liquid in which the liquid
can be vapourized by flashing off in a free
liquid space and so the heat exchange sur-

faces can be prevented from scaling.

The objects of the invention will be
achieved by a method characterized by the
fact that in at least one of the distillation units

70 the liquid is vapourized and correspondingly
condensed in at least two distillation stages.

One more object of the invention is to
provide an apparatus for realizing the method
in accordance with the invention. The main

75 characteristics of the apparatus are defined in
patent claims 6-9.

The invention is described in more detail by
referring to the schematic illustration of one
method and apparatus according to the inven-

80 tion presented on the enclosed drawing. The
invention is not, however, meant to be limited
only to this embodiment.

The distillation process presented on the
figure of the enclosed drawing consists of

85 many successive distillation units or modules
I, 11, lif...N. In accordance with the inven-
tion in each module there are several distilla-
tion stages V,, V,...V,. Each distillation
stage consists of an evaporator and a conden-

90 ser which communicate with each other so
that the vapour evaporated in the evaporator
can flow to the condenser and condense there
into distillate. Thus for instance the evaporator
11, of module | and the condenser 14, belong

95 to the first distillation stage V,, the evaporator
12, and the condenser 15, to the second
distillation stage V,, as well as the evaporator
13, and the condenser 16, to the last distilla-
tion stage V,,. The evaporators 11,, 12, and

100 13, are in connection with each other so that
the liquid to be distilled can flow from the
evaporator 11, to the evaporator 12, and
further to following evaporators, but vapour
flow from one evaporator to another is pre-
105 vented.

The liquid to be distilled flows in the mo-
dule I to the evaporator 11,, in which part of
the liquid flashes into vapour and the vapour
condenses in the condenser 14,. The liquid to

110 be distilled flows further to the evaporator 12,
where there is a lower pressure than in the
evaporator 11, and again part of the liquid to
be distilled vapourizes. When vapourizing the
liquid cools down and the cooled liquid dis-

115 charges from the last evaporator 13, via pump
17 to the heater 10, where the liquid is
heated up by outer heating energy, and from
where it returns to the evaporator 11,.

The liquid that flows through the conden-

120 sers 16,, 15, and 14, of the module | be-
comes warmer when it receives the latent heat
of evaporation from the vapour that con-
denses. The warmed liquid flows from the
condenser 14, via pipe 22 to the first evapora-

125 tor 11, of the module !l where there is a
lower pressure and temperature than in the
first evaporator 11, of the module I. The liquid
vapourizes in the evaporators 11,, 12, and
13, of the module Il when the liquid cools

130 down and flows via pipe 20, pump 18 and
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pipe 21 to the condensers 16,, 15, and 14, of when it flows through all the distillation
the module |, which thus operate as heaters stages of one module 6T, so the average
of module II. logarithmical temperature difference between
The distillation process proceeds correspon- vapour and cooling water flowing in the con-
5 dingly from one module to another until the 70 denser can be written to:
heat energy first fed to the heater 10 is T/m
transferred to the cooling water flowing N\T = .
through the condensers 16,, 15, and 14, of 8o T-ZN8'T-8T ’
the last module N. This cooling water is fed In
10 by pump 28 via pipe 26 and discharges from 75 O T—2N6'T-6T-N-Z- e
the process via pipe 27. .
The liquid to be distilled can be fed to the This temperature difference /\T effects es- '
process for instance into the last module N via sentially on the size of the most expensive
pipe 29. In module N part of the liquid to be components, the condensers, of the distilla-
15 distilled becomes distillate and part is fed 80 tion plant. From the above formula one can =
further to the following modules. The feed see that this temperature difference depends
pump 24! feeds the liquid to be distilled via on the flashing temperature drop per distilla-
pipe 25’ to the liquid circulation of module tion stage, the proportion 6T/m as in the
11I, from which again part of the liquid is MSF-distillation, too. The essential difference
20 transferred via pipe 23, pump 24’ and pipe 85 is that when 6,T in MSF-distillation is deter-
25’ to the liquid circulation of the module il. mined, one can effect on the proportion 6T/m
From the liquid circulation of module Il part of only by increasing the number of distillation
the liquid to be distilled flows via pipe 23, stages. In the method according to the inven-
pump 24 and pipe 25 to the liquid circulation tion one can on the contrary effect on the
25 of module I. The final concentrate is dis- 90 proportion 6T/m regardless of the total tem-
charged from the liquid circulation of module perature difference 8§,T by changing the liquid
| via pipe 30. flow rate in each module I, Il1... N and the
The original liquid to be distilled can, de- dimensioning of condensers.
pending on the temperature, be fed to any The following comparison will demonstrate
30 module and the final concentrate can be dis- 95 the advantages that will be achieved by the
charged, depending on its characteristics from invention. If §,T = 60°C, §'T = 1°C and the
any other module. The distillate can be dis- performance ratio of the MSF-distillation, (the
charged from each module I, Il... N sepa- proportion of the produced distillate to the
rately through the pipes 31,, 31,...31, or quantity of the used heating steam) is 8, the
35 from the module N operating at the lowest 100 logarithmic mean temperature difference will
temperature by collecting all the distillate to be 5.09°C. If the design temperature range is
the module N and discharging the distillate the same, the logarithmic mean temperature
from there through the pipe 31,. difference will be 5.61°C in a plant according
By the method according to the invention to the invention, when N =8, m = 3 and
40 the concentration of the flowing liquid can be 105 6T = 3°C. The corresponding distillation ca-
adjusted in each module I, Il... N separately, pacity according to the invention can thus be
which has a considerable advantage specially built with 10 % smaller condenser and with
when concentrating liquids such as waste wa- all together 24 distillation stages only. This is
ters of industry. Thus the boiling point eleva- to compare with the previous result in which :
45 tion of the liquid effects essentially only in 110 was supposed 48 stages in conventional MSF- %
part of the temperature range. In addition the process. )
corrosion and scaling inhibitors can be added From the formula of temperature difference 4.
to each module separately or they can concen- one can also see that the boiling point eleva-
trate automatically to the liquid circulations in tion &'T of liquid can be different in different
50 which the concentration of liquid is the high- 115 distillation units and they effect on the aver-
est. age logarithmic temperature difference AT as
In applying the method and apparatus ac- a sum when the boiling point elevation caused
cording to the invention the condensers can by the largest concentration effects on only a
be built essentially below the free liquid sur- distillation unit and not on the temperature
55 faces of the evaporators by using horizontal 120 range of the whole process.
tubes, when the liquid does not vapourize The distillation units can be arranged for
when flowing in the condensers. The whole their inner structure and their mutual location
distillation plant can be built of modules simi- so that in the closed liquid circulation the
lar to each other, which has an influence on liquid to be distilled flowing in the condensers
60 the planning and building costs of a distilla- 125 of a certain distillation unit is on a lower
tion plant. elevation than the free surface of the liquid
If the difference T,~T, of the highest and flowing in the evaporators of the following
the lowest temperatures is called §,T, the distillation unit. All the distillation units of the
boiling point elevation of the liquid 6'T and distillation plant can be built in the way
65 the flashing temperature drop of the liquid 130 mentioned above. Thus one achieves the ad-
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vantage that the liquid does not vapourize
when flowing as cooling medium in the con-
densers, which essentially could cause scaling
of the heat exchange surfaces and decrease in
the heat exchange. This is known to be the
essential disadvantage of the conventional
VTE-evaporation, especially when concentrat-
ing liquids, because in the VTE the vapouriza-
tion takes place just on the surfaces of heat
exchanger tubes. By the method according to
the invention on the contrary the inner sur-
faces of the heat exchanger tubes can contin-
uously be kept clean for instance by placing a
suitable quantity of sponge balls to each recir-
culation of the liquid.

It is advantageous to build a distillation
plant of several similar distillation units which
for its part reduces the capital costs of the
plant.

It has been presented above only the basic
principle of the invention and it is clear to a
person skilled in the art that the details of the
invention can vary very much within the limits
presented in the patent claims.

CLAIMS
1. A method for distilling liquid in at least
two successive distillation units (I, [1...N)

operating at different temperature levels (T,
Ty ... Ty). in which distillation units (I,
il...N) the liquid to be distilled is vapourized
and the produced vapour is condensed into
distillate in heat exchange with liquid flowing
in the following distillation unit operating at
lower temperature, and in at least one of the
distillation units (I, 1. .. N) the liquid to be
distilled is vapourized and the vapour is corre-
spondingly condensed in at least two distilla-
tion stages (V,, V,...V,).

2. A method according to claim 1, in
which the liquid to be distilled is conducted
from the evaporator (11,) of one distilling
stage (V,) of a distilling unit (1) to the evapora-
tor (12)) of the succeeding distillation stage
(V,). in which prevails a lower pressure than
in the preceeding evaporator (11,) and the
liquid flowing in the evaporators (11,, 12,,
13,) of the succeeding distillation unit (l1),
operating at a lower temperature level (T,), is
conducted at a cooling medium through the
condensers (16,, 15,, 14)) of the destillation
stages (V,,, V,, V,) of the first distillation unit

(1.

3. A method according to claim 1 or 2, in
which the liquid to be distilied is fed into one
of the distillation units (I, Il... N) from where
the liquid is conducted further to the other
distillation units, and that the concentrate is
discharged from some other distillation unit
than that where the liquid was fed in.

4. A method according to one of the
claims 1-3, in which the distillation is col-
Izcted to the distillation unit (N) operating at
the lowest temperature level and is discharged
from this distillation unit.

5. A method according to some of the
patent claims 1-3, in which the distillate
formed of the liquid to be distilled is dis-
charged from each distillation unit (I, II...N)

70 separately.

6. An apparatus to operate the method
according to one of the claims 1-5, compriz-
ing at least two successive distillation units
(I...N), at least one of which comprizing at

75 least two distillation stages (V,...V,).

7. An apparatus according to claim 6, in
which the condensers of the distillation units
(I, H...N) are made of horizontal tubes.

8. An apparatus according to claims 6 or

80 7, in which condenser of at least one distilla-
tion unit is on a lower level than the free
liquid level in the evaporators of the succeed-
ing distillation unit. )

9. An apparatus according to some of the

85 patent claims 6-8, in which the distillation
units (I, 1. .. N) are structurally similar.
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