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Distillation plant with a heat pump

The invention relates to a distillation plant with a heat
pump in accordance with the preamble of claim 1 and to a
distillation method with a plant of this kind.

It is known that when carrying out distillation using a
column the exhaust vapours can be utilised by means of a
heat pump for the purpose of saving energy. A portion of
the thermal energy arriving at the head of the column is
brought to a higher temperature level by the heat pump and
the so transformed thermal energy is used for the heating
of a sump vaporiser. In this arrangement a direct
condensation of the exhaust vapours can, for example, be
performed with radial compressors.

It is known that a vapour jet compressor operated with
water vapour can be used economically for condensing the .
exhaust vapours if the head product is water. The object of
the invention is to provide an economical distillation
plant with a vapour jet heat pump, in which the head
product does not however consist of water. This object is
satisfied by the plant characterised in claim 1.

The distillation plant comprises a heat pump whose working
fluid is compressed by means of vapour jet compressor. A
collection location for a liquid is arranged in the
stripper part of the distillation column of the plant. At



Jt is known that when carrying out distillation using a colum the exhaust"
“'vapours can be utilised by neans of a heat punp for the purpose of saving
.energy. A portion of the thermal' energy arriving at the head of the colum
is brought to a higher tenperature |eyel by the heat punp and the so
transfornmed thermal energy is used fof the heating of a sunp vaporiser. In
this arrangenent a direct .condensation of the exhaust vapours can, for
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two vaporisers and to the column in such a manner that the

vapour from the second vaporiser can be compressed under

the driving jet action of the vapour from the first

vaporiser and used in the column as strip vapour. A pump is

arranged in the connection to the first vaporiser and at

least one restrictor member is contained in the connection

to the second vaporiser.

In a preferred special case the vapour Jjet compressor
operates with a vaporised sump product as the propulsion
jet and also as the working fluid (where working fluid is
understood to mean the substance by means of which the heat
pump performs the thermal transformation: taking up heat at
a lower temperature / giving off heat at a higher |
temperature). The resultant vapour mixture is fed into the
column and acts there as a stripping means. Instead of the
sump product, liquid can be provided from a collection
location which is arranged between two installation
sections of the driving part. The low temperature heat is
won through condensation of a portion of the vaporous head
product or through condensation of vapour which is branched
off between the installation sections of the upper part of
the column. .

Instead of a single heat pump, a plurality of heat pumps
with vapour jet compressors can also be provided, with, for
example, the sump product being used as the working fluid -
of a first heat pump and with an intermediate product being
used as the working fluid of a second heat pump. The



2- . least a portion of the collected liquid is provided in vaporised form
‘as strip vapour. Connections |ead fromthe collection location to a first
vaporiser and to a second vaporiser. In these vaporisers the liquid can be
vapori sed at an el evated pressure apdsat a reduced pressure respectively.
The vapour jet conpressor is connected to the two vaporisers and to the
colum in such a manner that the vapour fromthe second vapoLis$r can be
conpressed under the driving_jet action of the vapour fromthe first
vaggriseFeEHGrﬁEBHeFn°fhEheoiBWnt8§P§¥PFHr9aBGGF.SR“EGﬁﬁ_F§naP¢aﬁ§§d in the
connect i eaméookh@ifféesénvapohesarivifigatietsast e beshbrel RéafENbEr is:
contained in the cgnnﬁc&ign to the second vagorléfr. In.a preferred
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product templeapuvpubsiiboej eanaalisal be assbbéatedkivdghf twbdotwhere wor ki ng

fLUid isheat punmps.

In the following the invention will be explained in
relation to the accompanying drawings. Shown are:

Fig. 1 a first exemplary embodiment of the
distillation plant in accordance with the
invention and

Fig. 2 a second exemplary embodiment.

The distillation plant with a heat pump shown in Fig. 1
comprises the following parts: a column 2 with a stripper
part 20, a sump 24, a sump vaporiser 94, a head 25 and a
condenser 95 for exhaust vapours from the column; a vapour
jet compressor 10, a first vaporiser 7, a pump 70, a second
vaporiser 8, a restrictor member 80; furthermore, various
connection lines.

A raw solution F from a reservoir 3 is separated into
fractions by the distillation, namely into a sump product B
(reservoir 4) and a distillate D (reservoir 5). The raw
solution F is for example a mixture of iso-propanocl, water
and acetone with the following composition in percentage by
weight: 82.5, 16.5 and 1.0 respectively. The sump product
which is produced is water which still contains acetone;
the distillate consists of 85.6 % iso-propanol, 13.4 %
water and 1.0 % acetone. The following figures relate to
this special example of the method.

The column 2 contains sections 230, 240 and 250 with



.understood to nean the substance by neans of which the heat punp perforns
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-3 201, trough 202) is arranged under this section 230 and is
constructed in such a manner that the flow of vapour
streaming upwards is largely unrestricted. The liquid of
the collection location 6 passes partly into a distributor
204 of the lower installation section 240 and is partly
transported into the vaporisers 7 and 8 via a line 26 and
connections 27 and 28 respectively. The distillate D is
conducted back into the head 25 of the column and is
distributed there over the upper installation section 230
by means of the distributor 205.

The vapour jet compressor 10 is fed via the line 71 with
driving vapour from the first vaporiser 7 (absolute
pressure for the particular example of the method: 19 bar;
temperature: 182°C). Vapour (1 bar; 83°C) is sucked in via
the line 81 from the second vaporiser 8, whose heat source
is formed by condensing exhaust vapours. The condensed
exhaust vapours pass into the reservoir 5. A strip vapour
(2.3 bar, 148°C) is produced by the vapour jet compression
and is fed into the column 2 via the line 11 at the
collection location 6. Liquid from this collection location
6 is partly (67 %) forwarded by the pump 70 into the first
vaporiser 7 (pressure increase: 16.7 bar) and partly (33 %)
conducted via the restrictor member 80 into the second
vaporiser 8 (pressure reduction: 1.3 bar).

The second exemplary embodiment, illustrated in Fig. 2, is
distinguished from the first in two respects:

a) The sump 24 of the column 2 is the collection location 6
for the liquid which is used for the production, in



.fenberatures of the low tenperature heat sources can be the same or
"different. The driving jets of two or nore heat punps can be fed by a
comon vaporiser. A common | ow tenperature source can al so be associ at ed

with two or nore heat punps. In thegfallowing the invention will be
explained in relation to the acconpanyi ng draw ngs. Shown are: Fig 1
a first exenplary enbodi nent of the distillation plant in

accordance with the |nvent|on and Fi second

exenpl ar pcessdangentith the dnveptigni.of pF&ﬁPRMWéiqgrhégitgﬁhp shown in
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sunp sunp vapo r .94, a 25 .and a conden
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punp 70, imsteddativapedctdion® 250 esty i2600ofihdiise uger fpanthafndhe vari ous
column 2, forms the heat source for the second vaporiser 8.

In the present example the vapour condensed out in the
second vaporiser 8 is fed onto the middle installation
section 260 by a distributor 206. Since the strip vapour is
produced from the sump product B, a sump vaporiser 94 is
superfluous. The pump 70 is arranged in the line 26
upstream of the branch position where the two lines 27 and
28 branch off. This special arrangement is not necessary.
The branch position could also lie upstream of the pump 70
so that the pump 70 would be located only in the connection
27; and — if necessary at all — a second pump could be
provided in the connection 28 if required to overcome a
difference in the static liquid pressure between the sump
24 and the second vaporiser 8.

Naturally other combinatioﬁs of the two exemplary
embodiments described are also possible:

a) Arrangement of the vapour jet compressor 10 and of the
first vaporiser 7 as in the example of Fig. 2, arrangement
of the second vaporiser 8 in accordance with Fig. 1;

b) Arrangement of the vapour jet compressor of the first .
vaporiser 7 in accordance with Fig. 1, arrangement of the
second vaporiser 8 in accordance with Fig. 2.

An example of a method for the first combination in
accordance with item a follows.

Raw solution F, formed by a mixture of l1l-butene, n-butane,
c/t-2-butene, with a composition (% by weight): 99.0 %, 0.2
% and 0.8 % respectively. — Resultant fractions with a



..connecti'on |ines. A raw solution F froma reservoir 3 is separated into
fractions by the distillation, nanely into a sunp product B (reservoir 4)
and a distillate D (reservoir 5). The raw solution F is for exanple a

m xture of iso-propanol, water and acetene with the follow ng conposition
I-n percentage by meight: 82.5, 16.5 and 1.0 respectively. The sunp product
which is produced is water- which still contains acetone; the distillate
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the first vaporiser 7: 24.4 bar, 120°C. — Vapour of the
second vaporiser 8: 2.8 bar, 27°C. — Strip vapour produced
by the vapour jet compressor 10: 5.6 bar, 69°C.

In practice the methods described have to compete with
distillation methods without heat pumps in which the strip
vapour is produced by means of a sump vaporiser 94 and the
exhaust vapours are liquefied without heat retrieval in a
condenser 95. Substantial savings in costs in the
expenditure for energy can be achieved with the plant in
accordance with the invention, with the additional costs
for the vapour jet compressor (including the equipment for
the production of the drive jet) turning out to be
relatively low. The savings in costs for the energy are 34
% in the first example of the method (Fig. 1) and 36 % in

the second example of the method (combination in accordance
with item a).

As already mentioned, the invention also relates to plants

in which a plurality of vapour jet heat pumps are in use
simultaneously.



.packings. The installed inserts can also be bulk collections of filling
bodi es or bases. The raw solution F arrives via a distrjbutor 203 at the
installation section 230 with an installed insert. A l{qugisgg 19
(lamell a 201, trough 202) is arranged,under this sectipn ZBQH@QQC- _
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| argely unre‘sl,“mn (I“ uid of the collection |ocation 6 passes partly
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t he cquBn’gEg bg glstributed there over the upper installation section 230
by neans i but or 205. The vapour jet conpressor 10 is fed via
the line 71 with driving vapour fromthe first vaporiser 7 (absolute
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first of the collected liquid being provided in the

vaporised form as strip vapour, .

characterised in that connections (26, 27, 28) lead
from the collection location to a first (7) and to a
second vaporiser (8) in which the liquid can be
vaporised at an elevated pressure and at a reduced
pressure respectively; and in that the vapour jet
compressor is connected to the two vaporisers and to
the column (71, 81, 11) in such a manner that the
vapour from the second vaporiser can be compressed
under a driving jet action of the vapour from the
first vaporiser and used in the column as strip
vapour, with a pump (70) being arranged in the
connection to the first vaporiser and at least one
restrictor member (80) being contained in the
connection to the second vaporiser.

2. Plant in accordance with claim 1 characterised in that
the sump (24) of the column (2) is the collection
location (6).

3. Plant in accordance with claim 1 characterised in that
a liquid collector (201, 202) which is arranged
between two installation sections (230, 240) of the
stripper part (20) is the collection location (6).
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,&apbrisef 7 (bressupguhnpfease;_l6.7 bar) and partly (33 % conducted_via
‘the restrictor nenber 80 into the second vaporiser 8 (pressure reduction:

1.3 bar). Tfﬁ"ﬂ mjlml’ﬂmllﬂtly enbodi nent, illustrated in Fig. 2, is

di stingui shed % Al i S/ 18h two_rgspects: a) The sunp 24 of the colum
2 is the collection l'ocation 6 for the liquid which is used for the
production, in -5- accordance with

the invention, of strip vapour by the vapour %et conpressor 10. b) Vapour,
whi ch i s4branthdftoin apcardpnee whithperaeceh the rhsdias| it ton3secti ons 250

and 260 of thghapagtePBEbdOint ARaEOLHENWEpot8685nEHE pRaluseUbeether the

vapori ser 8. . .
second P coiumn (2) is provided as a heat source for the second
vaporiser (8).

5. Plant in accordance with one of the claims 1 to 3
characterised in that vapour which is branched off
between two installation sections (250, 260) of the
upper part of the column (2) is provided as a heat
source for the second vaporiser (8).

6. Plant in accordance with one of the claims 1 to 5
characterised in that a plurality of heat pumps with
vapour jet compressors (10) and in each case with a
first as well as a second vaporiser (7, 8) is
provided; and in that the sump product (B) in
particular is the working fluid of a first heat pump
and an intermediate product is the working fluid of a
second heat pump.

7. Plant in accordance with claim 6 characterised in that
different heat sources are associated with the second
vaporisers (8) of the heat pumps in particular with
the temperatures of the heat sources being at
different levels.

8. Plant in accordance with claim 6 or claim 7 ,
characterised in that at least two heat pumps have a

common first vaporiser (7) or a common second
vaporiser (8).

9. Distillation method with a plant in accordance with
one of the claims 1 to 8 characterised in that in the
or in each heat pump the vapour from the associated



I'n the present exanpl e the vapour condensed out in the second-vaporiser 8
"“is fed onto the middle installation section 260 by a Slnce
the strip vapour is produced fromthe sunp product B”"mmm ﬂvﬂﬂi m

i s superfluous. The punp 70 is arranggd in the line 26 upstre

branch position where the two |ines 27 and 28 branch off. This special
arrangenent i s not necessary. The branch position could also |ie upstream
of the punp 70 so that the punp 70 ,would be |ocated only in the co necti on
27; and - if ﬁ%@%@@aV?Pa¥1§P¥ (7% ééc%ﬁﬁpﬁeﬁﬁeéoﬁpdab@fﬁﬁﬁvrseﬂ 0t he
connect i on 28nhE sBautredite tMereanBeaodi ther eagerigeirhgressuire.|l i quid
pressure between the sunp 24 and the second vaporiser 8. Nat ural | y ot her
conbi nati ons of the two exenplary enbodi nents described are al so possi bl e:
a) Arrangenent of the vapour jet conpressor 10 and of the first vaporiser 7
as in the exanple of Fig. 2, arrangenent of the second vaporiser 8 in
accordance with Fig. 1; b) Arrangenent of the vapour jet conpressor of the
first vaporiser 7 in accordance with Fig. 1, arrangenent of the second
vaporiser 8 in accordance with Fig. 2. An exanple of a method for the
first conbination in accordance with itema foll ows.



Raw solution F, formed by a m xture of 1-butene, n-butane, c/t-2-butene,
wth a conposition (% by weight): 99.0 % 0.2 %and 0.8 @6respect|vely -
Resultant fractions with a
correspondi ng conposition in each case: distillate Elﬂ?q%S@EBTBA@$EBNO %
‘and 0.2 %respectively and sunp prodi8t=-B with 55.6 %7 KEGLAGRD 36. 6 (%
respectively. - Vapour of the first vaporiser 7: 24.4 bar, 120[err|C. -
Vapour of the second vaporiser 8. 2.8 bar, 27 C. - Strip vapour produced by
t he vapour jet conpressor 10: 5.6 bar, 69[err]C In p@quﬁmeggﬂﬂlnethods
descri bed have to conpete wth distillatien nmethods w thout heat "punps in
which the strip vapour is produced by nmeans of a sunp vaporiser 94 and the

exhaust xpgthastact displddare without heat retrieval in a
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The distillation plant (1) comprises_a.heat pump whose
working fluid is compressed by means of a vapour jet .
compressor (10). A cqllecfion{}qcation,(sy for a 1iéﬁid is
arranged in the stripper particioj{of a distillation column
(2) of the plant. At least a pdrfioﬁ of the collected
liquid is provided in the vaporised form as strip vapour.
Connections (26, 27, 28) lead from the collection location
to a first vaporiser (7) and to a second vaporiser (8). The
liquid can be vaporised in these vaporisers at an elevated
and at a reduced pressure respecfiﬁely. The vapour Jjet
compressor is connected to the'twalvapqrisers and to the
column (71, 81, 11) in such a ﬁannér thatfthe vapoﬁr ffqm
the second vaporiser can be compreséed under a driving jet
action of the vapour from the Fifst vaporiser and used in
the column as strip vapour. ‘A pump (70) is =arranged in the :
connection to the flrst vapcrlqer and 2t least one T ¢
restrictor member (80) is contalnea in the ‘kennection to -
the second vaporiser. '

(Fig. 1)
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_condenser 95. Substantial savings in costs in the expenditure for energy
- can be achieved with the plant in accordance with the invention, with the
additional costs for the vapour jet conpressor (in Inﬂkﬁﬁi{ﬁéi T
t he® production of the drive jet) turning out to be_LgLatrvalx;s Nrhe
‘savings in costs for the energy are 34 %in the first exaﬁp#e~e#—L met hod
(Fig. 1) and 36 %in the second exanple of the nmethod (conbination in
accor dance wuth [ a)) As already mentioned, ghe |nyf on al so rel ates
i ' of vapour jet heat pdhp\ h n use
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Patent C ai ns 1. Distillation plant (1) conprising a heat punp whose
' morkrng fluid is conpressed by neans of a vapour jet —~COHpH-e530t

and a colum (2) including a stripper part (20) as REPE&CEMENT éHFéT
collection location (6) for a liquid in the stripper} ppr vmtn‘aﬂ“?
| east a portion of the collected Iiquid being provided |@ W%p
vapori sed formas strip vapour, characterised in tha 8% ilons
(26, 27, 28) |ead fromthe coILe&LLon | ocation to a fitst—(7yand to a
second vaporiser (8) in which the liquid can be vapotised at an -
el evated pressure and at a reduced pressure respecti vety;—and 1 n that
t he vapour jet conpressor is connected to the two vaporisers and to
the colum (71, 81, 11) in such a nmanner that the vapour fromthe
second vaporiser can be conpressed under a driving.jet action of the
vapour fromthe first vaporiser and used in the colum as strip
vapour, with a punp (70) being arranged in the connection to the first
vapori ser and at | east one restrictor nenber (80) being contained in
t he connection to the second vapori ser.

Distillation plant with a heat pump

The invention relates to a distillation plant with a heat
pump in accordance with the preamble of claim 1 and to a
distillation method with a plant of this kind.

It is known that when carrying out distillation using a
column the exhaust vapours can be utilised by means of a
heat pump for the purpose of saving energy. A portion of
the thermal energy arriving at the head of the column is
brought to a higher temperature level by the heat pump and
the so transformed thermal energy is used for the heating
of a sump vaporiser. In this arrangement a direct
condensation of the exhaust vapours can, for example, be
performed with radial compressors.

It is known that a vapour jet compressor operated with
water vapour can be used economically for condensing the
exhaust vapours if the head product is water. The object of
the invention is to provide an economical distillation
plant with a wvapour jet heat pump, in which the head
product does not however consist of water. This object is
satisfied by the plant characterised in claim 1.

The distillation plant comprises a heat pump whose working
fluid is compressed by meanssbf”vapour jet compressor. A
collection location for a liquid is arranged in the
stripper part of the distillation column of the plant. At




,'2.'3Plant in accordance with claim1 characterised in that

(24) of the colum (2) is the collection | ocation (6).

accordance with claim 1 characterised in that a liqui

202) which is arranged between two installation secti

t he . stripper part (20) is the cold ection |ocation (6)

Plant in accordance with one of the clains 1 to 3 char

t he vaporous head product of the col umi~(2)i-s provi de heal ...
source for the second vapo Plant in acbordance with one
of the clains 1 to 3 ”HNHHMEHHWHﬂi”"" i ST

2.

t C

Distillation plant (1) comprising a heat pump whose
working fluid is compressed by means of a vapour jet
compressor (10) and a column (2) including a stripper
part (20) as well as a collection location (6) for a
liquid in the stripper part, with at least a portion
of the collected liquid being provided in the
vaporised form as strip vapour, L
characterised in that connections (26, 27, 28) lead
from the collection location to a first (7) and to a
second vaporiser (8) in which the liquid can be
vaporised at an elevated pressure and at a reduced
pressure respectively; and in that the vapour jet
compressor is connected to the two vaporisers and to
the column (71, 81, 11) in such a manner that the
vapour from the second vaporiser can be compressed
under a driving.jet action of the vapour from the
first vaporiser and used in the column as strip
vapour, with a pump (70) being arranged in the
connection to the first vaporiser and at least one
restrictor member (80) being contained in the
connection to the second vaporiser.
L _
Plant in accordance with claim 1 characterised in that’
the sump (24) of the ¢oiumn (2) is-the collection
location (6). '

Plant in accordance with claim 1 characterised in that
a liquid collector (201, 202) which is arranged
between two installation sectlons (230, 240) of the
stripper part (20) is the collectlon location (6).



characterised in that vapour which is branched off het ween two
~.installation sections (250, 260) of the upper part df Egﬁ ! T12)
is provided as a heat source for the second vaporis rRrE dﬂ}f%ﬁl St‘féﬂht
in accordance with one of the clains 1 to 5 charact ¢rijsed i n that

plurality of heat punps with vapour jet conpressors}(300 3mﬁ§§3n?§}§310
case with a first as well as a*econd vaporiser (7, {8).is
provi ded; and in that the sunp product (B) in parti gular is the:
working fluid of a first heat punp .and _an internmedi +e—praduct js the
working fluid of a sBistiltationaplaptimith a heat ppmPnt i n accordance with
claim6 characterised in-timat arfferent heat sources are associ ated
with the second vaporisers (8) of the heat punps in particular with
t he t enpOsiEacssoff digelasuresour ces being at different |evels. 8.
Plant in accordance with claim®6 or claim?7 characterised in that at

| east two heat punps have. a common first vaporiser (7) or a common
second vapori ser (8). :

The distillation plant (1) comprises a heat pump whose
working fluid is compressed by means of a vapour jet
compressor (10). A collectionilgcatioh,(s) €or a liquid is
arranged in the stripper part (20) of a distillation column
(2) of the plant. At least a portioﬁ of the collected
liquid is provided in the vaporised form as strip vapour.
Connections (26, 27, 28) lead from the collection location
to a first vaporiser (7) and to a second vaporiser (8). The
liquid can be vaporised in these vaporisers at an elevated
and at a reduced pressure respectiﬁely. The vapour jet
compressor is connected to the twe vaporisers and to the
column (71, 81, 11) in such a manner that the vapour from
the second vaporiser can be compreséed under a driving jet
action of the vapour from the f£irst vaporiser and used in
the column as strip vapour. -A.pump {70) is =arranged in the
connection to the first vaporiser and 2t least one
restrictor member (80) is contaihed’ in’'the ecnnection to
the second vaporiser. '
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(Fig. 1)



9° Distillation nmethod with a plant
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