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A nmet hod and device for separating a substance froma |iquid n1xt re y:*ﬁg
Fractional crystallisation The invention relates to a nethod an

for separating a substance froma liquid m xture by fractiona
crystallisation. In addition to the normal distillation nethods,
crystallisation nmethods are becom ng increasingly inportant. There are
various reasons for this. One advantage of crystallisation, for exanple, is
that heat- sensitive substances can be obtained or purified at | ow
tenperatures. Also, there is no need forjan expensive vacuuminstallation,
as in the case of vacuumdistillation. In many cases al so, higher purity
can be obtained than by distillation. US- A-3 272 875 describes a
crystalliser with pipes through which a coolant flows and the outer walls
of which serve as a crystallisation surface. The coolant circuit is a
secondary cik dugthath @b deyicd ifpx sepastating posubstapge| frowfag
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the other e 0 a heat exc then back to the
circulating punp. The heat exchanger transfers cooling

The invention relates to a method and device for
separating a substance from a liquid mixture by
fractional crystallisation.

In addition to the normal distillation methods,
crystallisation methods are becoming increasingly
important. There are various reasons for this. One
advantage of crystallisation, for example, is that heat~-
sensitive substances can be obtained or purified at low
tenmperatures. Also, there is no need for an expensive
vacuum installation, as in the case of vacuum
distillation. In many cases also, higher purity can be
obtained than by distillation.

US-A-3 272 875 describes a crystalliser with pipes
through which a coolant flows and the outer walls of
which serve as a crystallisation surface. The coolant
: circuit is a secondary circuit and conveys liquid coolant

from the outlet of a circulating pump to one end of the
pipes, then through the pipes and from the other ends of

e ' the pipes to a heat exchanger and then back to the
circulating pump. The heat exchanger transfers cooling
energy from a primary circuit, i.e. the circuit of a
cooling system. The product circuit leads from a product
circulating pump to the outer walls of the pipes at one
end of the pipes and then from the other ends of the
pipes to a heat exchanger and then back to the product-
circulating pump. The heat exchanger;%n_;hé“prodnct
circuit receives heat emergy from a héat source. -



energy froma primary circuit, i.e. the circuit of a cooling system The
vroduct circuit leads froma product circulating punp to the outer walls of
the pi pes at one end of the pipes and then fromthe other ends of the pipes
to a heat exchanger and then back to the product- circulating punp. The
heat exchanger in the product circuit receives heat energy from a heat

sour ce. 2 When t he af orenmenti oned
crystalliser is in operation, a layer of crystals fornms on the outer wall

of the pipes. The specification does not give any details as to how the

| ayer of crystals is renoved. It is known however, that after the nother
l'iquor has been run off fromthe product circuit, the |ayer of crystals can

be nelted o%ﬁ eiﬁg ? ra s n t he te ure in the coolln circuit or
by i ntroductff§™a %ﬁ?ﬁ?? ﬁ?%v?EXE iﬁﬁ I SRERYA Reat i ng
ener gy necedsyey bﬁrcnybtahg fambeonupmélmdtmr avah‘e dﬁaaiheemljmigersh
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process on sca e on reishoin orna ow t he
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there is noaicgker gkl ﬁatﬁéﬁuilﬂﬂbi'hﬁéaﬂéeﬁrfﬁaéff SEikdnp! qé? e _seen.
however, that, the neegﬁnigya numb heat exchaanrs Wi esu

expensi ve aE&gF&t"-Es t &5 ?’Flecm§'ﬁ§%? nteR e Jlettad of & withar chosen
nmet hod of opgr aaiielngt hneeﬂemgaraeqneremhevwdaélmg he e iith e s} | ng

energy belngn%% dugghgraXd ﬁiaglng previously-obtained product.
The heating energy necessary for melting can be supplied
via the heat exchangers disposed in the product circuit.
The cited specification describes the process on a
laboratory scale only. There is no information as to how
the method described can be converted to industrial
practice. More particularly there is no information
about multi-stage crystallisation. It can be seen,
however, that the need for a number of heat exchangers
will result in expensive apparatus. Owing to the
resulting energy losses and the chosen method of
operation, the energy requirement will be high, the
cooling energy being particularly expensive.

Efforts have long been made to reduce the expense of
apparatus and energy required for fractional
crystallisation. For example in DE~A-17 69 123 it is
proposed to cool the crystalliser directly by the medium
in the cooling plant, by withdrawing vapour from the
space in the crystalliser jacket. However there is no
information as to doing this in practice, and also no
directly-cooled crjstallisers have become known during
the 25 years since the cited specification was published.

In contrast to the crystalliser according to the
initially-mentioned US-A-3 272 875, in the crystalliser



Efforts have |long been made to reduce the expense of apparatus and energy
Yequired for fractional crystallisation. For exanple in DE-A-17 69 123 it
is proposed to cool the crystalliser directly by the nediumin the cooling
pl ant, by w thdraw ng vapour ' fromthe space in the crystalliser jacket.
However there is no information as to doing this in practice, and also no
directly-cooled crystallisers have becone known during the 25 years since
the cited specification was published. 3 In contrast to the crystalliser
according to the initially-nentioned US-A-3 272 875, in the crystalliser

3 according to DE-A-1 769 123 the pipes are cooled fromthe exterior and
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: single crystalllser. To reduce the energy costs further,

it is proposed that the heat produced in the condenser of

the cooling plant should be partly stored in a heating-

medium tank and used later to melt the crystals, via a

heat-exchanger in the product circuit. Excess heat is to

be discharged in cooling water or in extreme cases via a

second cooling plant. This known method has the

disadvantage of expensive apparatus and energy losses

during energy storage and conversion.

The not previously-published Singapore Application No. 9501816-4
Bleseribes a method of separating a s$ubstance from a liquid mixture by
fractional crystallisation, wherein a layer of crystals
is deposited on one side of a wall which is cooled on the
other side. Cooling is effected by evaporating a medium
and by adjusting the pressure of the gaseous phase of the
medium in the crystalliser, in accordance with the
temperature required for crystallisation. On the other
hand, the layer of crystals is melted or is caused to
sweat by condensing the medium, supplied in the gaseous
" phase, on the wall. In this operation the pressure of
the gaseous phase is controlled in accordance with the
temperature required for the purpose at the wall. If at
least two crystallisers are present, one crystailiser can
be used for crystallisation and the other crystalliser
for melting the crystallised substance. Consequently one
crystalliser operates as a condenser and another
crystalliser operates as an evaporator in a refrigerating



di sadvant age of expensive apparatus and energy |osses during energy storage
‘and conver si on. The not previously-published Singapore Application No.
9501816-4 descri bes a nethod of separating a substance froma |iquid

m xture by fractional crystallisation, wherein a | ayer of crystals is
deposited on one side of a wall which is cooled on the other side. Cooling
Is effected by evaporating a nmedi um and,by adjusting the pressure of the
gaseous phase of the nediumin the crys?alliser, i n accordance with the
tenperature required for crystallisation. On the other hand, the | ayer of
crystals is nelted or is caused to sweat by condensing the nedium supplied

in the gaseB@Shbhr@se, Inrthie manner hath ke gedditenerghans ddeure of the
gaseous phaggsté Re&t!SFhROthd FEHASNRG 1Y adHihd Wrﬁﬂg&léﬁqu' red for
t he purpose_at .the wall. If at least t crystallisers are presént, one
crystal | i se5edn bEALE BRYSF ‘E‘?W‘iﬁ’ﬁ i LGN qmPasigt With &he | ser for
mel ting theknoystméthed@d substance. Consequently one crystalliser operates
as a condenser and another crystalliser operates as an evaporator in a

refrigerating - 4 machine. In this
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melting the crystallised substance. This purpose is
served by an auxiliary evaporator which can be connected
by pipes and valves to one or more crystallisers
requiring the additional heat energy. For example the
crystallised substance can be melted more quickly than if
the only available energy is from another crystalliser.
In general, the availability of external heat energy
makes the process more flexible. The disadvantage,
however, is the expensive apparatus required in the form
of piping and liquid separators for the refrigerating
medium. There may also be problems through condensation
and resulting liquid surges.

The object of the invention is to improve the process according to
| Singapore Application No. 9501816-4.s0 that it ean be carried out
: with lower investment and energy costs and higher
reliability.

. ’ This problem is solved by the method according to claim
1.

Since according to the invention the additional heat
energy is not supplied via a separate auxiliary"
evaporator but is supplied to the medium in the
crystalliser, there is no need for a separate auxiliary
evaporator and the pipes from it to the crystalliser. It



Al so, in the nethod described in Singapore Application No. 9501816- 4,
addi tional heat energy is supplied if necessary for nelting the
crystallised substance. This purpose is served by an auxiliary-evaporator
whi ch can be connected by pipes and valves to one or nore crystallisers
requiring the additional heat energy. For exanple the crystallised

subst ance can be nelted nore quickly than if the only avail able energy is
from another crystalliser. In general, fhe availability of external heat
energy mekes the process nore flexible. The di sadvantage, however, is the
expensi ve apparatus required in the formof piping and liquid separators
for the ref dlger asliminaedsuthe TAssachayed!| soolhbems pbdwets ddriaigpiid

condensati o r |t l.gui ges. T ject of the invention is
to i nprove e Fo%%gsbggggb%gn%g?%géi%%a%%?égig%$1cation No. 9501816-4 so
that it can be carried out with | ower investnent and energy costs and
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evaporatoraTEaJiea é 1%%.frngg%négi%gfyCLthggéiggét could be
disposed in a separate tank communicating with the
crystalliser, so as to have the same pressure in the
crystalliser as in the separate tank. This variant is
particularly advantageous when an existing plant needs to
be refitted but there is no space in the crystalliser for
incorporating a radiator.

Advantageously, an inlet and outlet device for gaseous
medium is disposed in the medium chamber of the
crystalliser and has upwardly directed openings, and a
drop separator is dis@osed at a distance above the inlet
and outlet device. This prevents drops of liguid medium
from being entrained towards the compressor with the
extraction gas.

Other advantages of the embodiments of the invention
described in the claims will be clear from the following
description. In the drawings:

Fig. 1 is a diagram of the cooling system according to
the invention for a plant for multi-stage fractional
crystallisation, and

Fig. 2 shows a crystalliser which is particularly
suitable for a cooling system as in Fig. 1.



5 al so elimnates the associ ated problens, such as liquid surges and
ressure | osses in the pipes. The invention also relates to a device
according to claim6. Advantageously in this device the radiator is

di sposed inside the crystalliser in the sunp for the liquid nedium
Alternatively the radiator could be disposed in a separate tank

comuni cating with the crystalliser, so_as to have the sane pressure in the
crystalliser as in the separate tank. T s variant is particularly

advant ageous when an existing plant needs to be refitted but there is no
space in the crystalliser for incorporating a radiator. Advant ageousl vy,
an inl et anfheuihwengdoncésf pargicedarlycddvantsgedspobe nulttire nmedi um
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suitable for a cooling Systemas in )
in such plants. Reference may instead be made to the
relevant technical literature and to the initially-

mentioned publications.

Fig. 1 shows a crystallisation plant for multi-stage
fractional crystallisation containing e.g. three
crystallisers S-1, S8-2 and S-3. Usually at least two
crystallisers are simultaneously in operation, one as an
evaporator and the other as a condenser of a
refrigerating unit. A crystalliser acts as an evaporator
during crystallisation and as a condenser during melting.
In the plant according to the invention, therefore, the
refrigerating machine 11 does not consist of the
conventional unit comprising a compressor 13, an
evaporator and a condenser. Instead, the evaporator and
' condenser are separated from the unit 11 and constitute a

part of the crystallisers S-1, S-2 and S-3. This
presupposes that in principle at least one crystalliser

N ' always operates as an evaporator and at least one other

| as a condenser, unless an auxiliary condenser or
auxiliary evaporator is available in addition. However,
even when a number of crystallisers are simultaneously
operating as evaporators or condensers in different
stages of the process, the temperature of the wall at
which the crystals are formed or melted can be kept
different for each crystalliser. To this end it is only
necessary to control the pressure of the gaseous phase of



6 The invention is particularly advantageous for multi- stage
icrystallisation with two or nore crystallisers. The invention w ||
therefore be described with reference to an exanple of multi-stage
crystallisation but is not restricted thereto. Since multi-stage
crystallisation plants are well-known to the skilled man, there is no need
here for details as to how the substance is conveyed in such plants.

Ref erence may instead be made to the relfevant technical literature and to
the initially- nentioned publications. Fig. 1 shows a crystallisation
plant for nmulti-stage fractional crystallisation containing e.g. three

crystalli Sert?xesmladl&nzlﬁngaogh3crir§t'&iii{séi' i Rasbcérdandy it iRy s are
si mul t aneous operation, one” as, an eV£gorator and the other as a

condenser oﬁe@PF€PFP§§r§FﬂH§r9ﬁl?t whe Yatdi|iser acts as an evaporator
during crystallisation and as a condenser during nelting In the plant
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unl ess an ayddivdl MnCeheeeTystalliser, as explained in detail
hereinafter.

The pressure of the gaseous medium in the crystallisers
$-1, S-2, S~3 is controlled by measuring and control
devices PC-1, PC-2 and PC-3 connected to the lines 25, 26
or 27, the set pressure being determined by the process
control unit 33.

A line 25, 26, 27 leads from the connections 96 of the
crystallisers S-1, S-2, S-3 to a collecting line 23,
which leads to the input side of the compressor 13. The
collecting line 23 is at a relatively low pressure, e.g.
2 bar. Control valves 28, 29, 30 can individually
control the pressure of the gaseous medium, e.g. ammonia,
in the crystalliser during crystallisation. This
determines the evaporation temperature of the medium
which cools the tubes 75 (Fig. 2) of the crystalliser.

Gaseous medium can be conveyed from the pressure side of
the compressor 13 through a distribution line 21 and
branch lines 15, 16, 17 to the connection 96 of the
respective crystalliser S-1, 8-2, 8-3. The dlstrlbutlon
line 21 is at a relatively high pressure, e.g. 14 bar.
Control valves 18, 19, 20 in the branch lines 15, 16, 17
can individually control the pressure of the gaseous
medium in the respective crystalliser S~1, $-2, S~3, when



auxiliary evaporator is available in addition. However, even when a nunber
of crystallisers are simnultaneously operating as evaporators or condensers
in different stages of the process, the tenperature of the wall at which
the crystals are fornmed or nelted can be kept different for each

crystalliser. To this end it is only necessary to control the pressure of
t he gaseous phase of 7 the mediumin

each crystalliser in accordance with theétenperature required at the wall
If the heating energy required for nelting the crystals is nore than the
wast e heat during crystallisation, additional heat nust be supplied. This

i s done accofeditigid @neh@ry2¢@ils.On ThY sS dBReYmAfe8X tAENBbnABAEaLISAYY O the
mediumin the crystallisef, as explalned. in de%gll gerel after. The
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controll ed lyy uriigey.and control devices PC-1, PC-2 and PC-3 connected
to the lines , 26 or 27, the set pressure being determ ned by the process
control unit 33. A line 25, 26, 27 leads fromthe connections 96 of the
crystal |l i sereheés-det Srdluds dft che palessariengnd wenz@guently of the

temperature during crystallisation and melting can be
determined by the process control unit 33.

Liquid medium from the collecting tank 35 can be supplied
to the crystallisers s-1, S-2, §-3 via the line 39.
Ligquid medium from the collecting tank 35 is admitted
through line 39 to the sump 93, Fig. 2, of the
crystallisers S-1, S-2, S-3 by control valves 40, 41, 42,
which are controllable by the liguid-level measuring and
control devices LC-1, LC-2, LC-3, A pump 40 may be
provided to pump liquid medium to the crystallisers.

The collecting tank 35, which is connected to the suction
side of the compressor 13, is kept at a constant pressure
by a pressure-measuring and control device PC-5 and a
valve 44. The collecting tank 35 thus also serves as an
economiser. The pressure in the collecting tank 35 is
adjusted to the optimum value both for the supply of
liquid medium to and the return flow from the
cfystalliser.

For the purpose of crystallisation, the sump 93 of the
respective crystalliser S-1, §-2, §-3 is filled with
liquid medium from the collecting tank 35 through the
connection 115. Each crystalliser sS-1, S-2, S-3 has its
own pump P-1, P-2, P-3 for circulating the coolant from
connection 94 to connection 95. The pump operates
irrespectively of the pressure in compressor 13. The
amount in circulation therefore need not be controlled



which leads to the input side of the conpressor 13. The collecting line 23
qis at a relatively I ow pressure, e.g. 2 bar. Control valves 28, 29, 30 can
i ndividually control the pressure of the gaseous nedium e.g. amonia, in
the crystalliser during crystallisation. This determ nes the evaporation
tenperature of the nmediumwhich cools the tubes 75 (Fig. 2) of the
crystalliser. Gaseous nedi um can be cgnveyed fromthe pressure side of

t he conpressor 13 through a distributiod line 21 and branch lines 15, 16,
17 to the connection 96 of the respective crystalliser S-1, S-2, S3. The
distribution line 21 is at a relatively high pressure, e.g. 14 bar. Control
val ves 18, a9d 2fei puipepbwanclots nest 1charde Wi barnthedingstwade yscont r ol
the pressure of t 0 [ ; CLk 2 diser S-1, S-2,
S 3. when Belhq! 16wHB28°UE - TRY Ugﬁifnﬁhﬁofeéﬁ@}éf?%%é#?gﬁfgwﬁfcrystalS_
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det er mi ned PFesRErSr d06565c4Rt FBE BAPES33D the; GiXeiedi um from the
collecting tank 35 can be supplied

As before, the process control unit 33 is what determines
which crystalliser or crystallisers shall operate as an
evaporator and consequently which valve or valves 40, 41,
42 shall be opened or closed.

The crystals can be melted in a much shorter time than
they are formed. 1If therefore crystals are to be melted
in one crystalliser while another crystalliser is in use
for crystallisation, the waste heat delivered by the
cooling unit 11 will be insufficient to bring about
melting faster than crystallisation. External heat must
therefore be supplied. For the purpose of supplying
additional heat energy, a radiator is provided in each
crystalliser. Each respective radiator 53 (Fig. 2) can
operate e.g. on waste steam through line 50 and valve 52,
52¢, 52'',  The valve 52, 52', 52'' is controlled in
accordance with the set pressure determined by the
process control unit 33 and the pressure measured by the
pressure-measuring and control device PC-1, PC-2 or PC-3.
- ' The outlet connection 114 of the respective radiator 53
l is connected via a liquid separator 117 to the condensate
discharge line 119.

An auxiliary condenser 55 is provided for discharging
excess heat energy. The auxiliary condenser 55 can be
connected to a cooling-water circuit by lines 56, 58 and
a valve 57. Alternatively, it is also possible to provide
an air-cooled condenser. The auxiliary condenser 55 is



to the crystallisers S-1, S-2, S-3 via the line 39. Liquid nediumfromthe
‘col lecting.tank 35 is adnmtted through line 39 to the sunp 93, Fig. 2, of
the crystallisers S-1, S-2, S-3 by control valves 40, 41, 42, which are
controllable by the liquid-Ievel nmeasuring and control devices LC-1, LC 2,
LCG-3. A punp 40 may be provided to punp liquid nediumto the crystallisers.
The collecting tank 35, which is connected to the suction side of the
conpressor 13, is kept at a constant pr%%sure by a pressure-neasuring and
~control device PG5 and a valve 44. The collecting tank 35 thus al so serves
as an econom ser. The pressure in the collecting tank 35 is adjusted to the
opti mum val wenneidteldortot Bhesdpptyibttionulinee2ll uim terdex tdheremstve n fl ow

fromthe cryst is P r e I [ S 93 of
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connect i on to connection oper at es |r espect | t he
pressure i n &St %VlFﬁePgrféuﬁFdl hncPFﬁ‘aF‘aﬂl% Wieh thp é%ed not be
controlled pressure determined by the process cofitroBnghithezpunp power does

not change %ﬁgéf§£|¥§d%g¥§eﬁr%y the auxiliary condenser 55 can flow
into the tank 61, which serves as a reservoir for the
collecting tank 35. Reference LC-4 denotes a liquid-
level measuring and control device, which controls the
valve 63, The supply of liquid medium from tank 61 to
the collecting tank 35 thus occurs via the valve 63.

The crystallisers S8-1, S8-2, 8-3 in all the stages can
have the same construction. An exemplified embodiment of
a crystalliser is shown in Fig. 2. The crystalliser 70
substantially comprises a tank 71 closed by a cover 73
above a distribution tray 81. A number of pipes 75 (only
one is shown) are disposed in the tank 71. They form the
wall at which crystallisation occurs. The liquid mixture
can trickle in a film down the outer walls 76 of the

_ pipes 75. The inlet 77 for the liquid mixture is in the

: cover 73. The distribution tray 81 has a number of
openings 82 through which the pipes 75 project upwards,
the top ends 69 of the pipes being closed. The liquid

; " mixture can then trickle in a film down through the gap

83. The desired crystals then form on the outer wall 76,
owing to the cooling of the pipe 75. The outlet 84 is at
the product tray 85. The liquid medium can be
recirculated from the outlet 84 to the inlet 77 in known
manner by a circulating pump (not shown) until the
crystallisation process in this stage has ended.



being I owered during cooling for the crystallisation process. The
difference in pressure to be overcone by the punp is determ ned only by the
static height and the pressure losses in the pipes in the circuit. As
before, the process control unit 33 is what determ nes which crystalliser
or crystallisers shall operate as an evaporator and consequently which

val ve or valves 40, 41, 42 shall be opeggd or cl osed. The crystals can be
melted in a nuch shorter tinme than they~are fornmed. If therefore crystals
are to be nelted in one crystalliser while another crystalliser is in use
for crystallisation, the waste heat delivered by the cooling unit 11 wl|
be insuffici@h& ¢xyshaligssho 0 waint segveasiléernhtrlyr gstanl i sati on.
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o provide an alr-coole con enser e auxiliary condenser
the pipe 75 in order to cool it. 1In this arrangement of
the coolant distributor 92, the top part of the pipe 75
and the distribution tray 81 are not cooled, so that the
liquid mixture can always flow unhindered through the gap
83. If however the crystalliser is operating as a
condenser for melting the crystals, the top part of the
pipe is also heated by the medium condensing in the pipe
75. A collar 86 is provided on the pipe 75 at a distance
from the preferably curved product tray 85 and consists
e.g. of a ring secured to the pipe 75 and is adapted to
prevent the crystals forming on the pipe 75 from slipping
down. A pipe 88, preferably disposed inside the pipe 75,

_ for deflecting the trickling film extends to the collar
¢ 86 and prevents crystals from forming in the region under
the collar 86. A cavity 88' is formed between the pipe
75 and the deflecting pipe 88. When the crystalliser
. ' operates as a condenser, the bottom part of the pipe 75

is also heated by the medium condensing in the cavity 88°
on the wall of the pipe 75.

During crystallisation, non-evaporated medium or
condensed medium formed during melting or condensation
can flow away into the sump 93. From there, the liquid
medium can be discharged through the connection 94 and
pumped round to the connection 95. The connection 96 is



10 connected to the distribution line 21 in order to renopve gaseous

mmedi um t heref rom and condense it when | ess waste heat is needed than the
cooling unit 11 is supplying at the nonent. The valve 57 is controlled by

t he measuring and control device PC-4 and in accordance with the set
pressure determ ned by the process control unit 33. Mediumliquefied by the
auxi liary condenser 55 can flowinto the tank 61, which serves as a
reservoir for the collecting tank 35. Re?erence LC-4 denotes a | i qui d-

| evel nmeasuring and control device, which controls the valve 63. The supply
of liquid nmediumfromtank 61 to the collecting tank 35 thus occurs via the
valve 63. foredisyhbeglingetheSetapbrated-Mediumldutiwy st ages can have the

same constr ' A | i e ' yst i ser. is.shown in
Fro. 2. The CEYEAa iRaEiBHnab, EPx PREPLIERS G Salé Hodin SHen Jri Dy -
cover 73 aberys&adissarebbeiog medge8l. A nunber of pipes 75 (only one is
shown) are disposed in the tank 71. They formthe wall at which
crystalllsatlon occurs. The liquid mxture can trickle in a filmdown the

outer walls Ite shouddebsi p@§evl5th¢ﬁethﬁ| eryspaldbisene’d i kuidivwidadiby is in
the cover 73&heT oau%ttr ey 88 Lh8¥ BwohaRambarshEs, 0do PRsdtivwaas 82 through

RENERY Gt trper b S
83. The desmmademmmpmd $hbhewybca&nmaatmenouhambanl747ﬁs wsndlglyt @t he

medi um can 58 POCBRER ab%! Bhbikat pkBaBhsh TyRERRHS wid Weim HE,) 1
manner by a is reom.ataltng. pressaret ofhthe) ouder| ofhk4 bar. It is very
important to prevent medium from leaking anywhere into

the product chamber 74. The construction of the

crystalliser 70 according to the invention does not

require any potentially leaky screw joints for the

crystalliser pipes 75. Since the medium is conveyed

through a rising pipe 87 to the top part of pipe 75, the

pipe 75 can be closed by welding at the top end 69. At

the bottom the pipe 75 can be welded into the product

tray 85, which in turn can be welded to the jacket 72 of

the tank 71, Welded connections of this kind are gas-

tight during operation of the crystalliser. Another

advantage of the construction shown is that the pipes 75

can move freely in the distribution tray 81. There is

thus no risk that a pipe 75 will be damaged if the

cooling or heating fails and it consequently contracts or
expands differently from the other pipes.

We shall now describe the special design of the
crystalliser 70 in the medium chamber 80. Below the
rising-pipe plate 90 is a drop separator 100 for liquid
medium dropping from the pipes 75 above. A pipe portion
101 disposed concentrically in the tank 71 contains a°
plate 103, somewhat below the top edge, and co-operating
with the pipe portion 101 to form a cylindrical trough



crystallisation process in this stage has ended. The
crystalliser 70 can serve alternately as an evaporator and as a condenser.
To this end each pipe 75 contains a rising pipe 87 which extends into the
pi pe 75 froma screw connection 89 provided for assenbly purposes on the

ri sing-pipe plate 90. The rising pipe 87 is centred in the pipe 75 by
spacers 91. A coolant distributor 92 is disposed at a distance fromthe top
end of the rising pipe 87 and ensures thht the nedium used as a cool ant
trickles in a filmdown the inner wall 78 of the pipe 75 in order to cool
it. In this arrangenent of the coolant distributor 92, the top part of the
pi pe 75 and mbefdtsrebbﬂvm:_m theydBippimg mediowl edines @1t mairet he |1 quid
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part of the98i pades theoperforated thaynke® umAwnueret mpd wutletpi pe 75. A
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curved product tray and“consi sts_e a ring secured to the pipe 75
and is adapF@&nﬁ§tﬁpév8ﬁt1§h€1€P9§?§I%n¢%¥dFm3 Broughe MHanss from sli pping

down. A pi gavR@B3taBeshslgbbinpispescd pise deréde wide Jﬁté‘ aridefd ecting
the tricklin f|In1extends to the collar 86 and prevents crystals from

formng in QQron under the collar 86. A cavity 88 is forned between
the pipe 75 and the deflecting pipe 88. Wen the crystalliser operates as a
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relatlvely high speed, about 9 m/sec, through the annular
gab 110, entrained drops of liquid medium falling on the
perforated tray 109 and flowing into the sump 93. The -
gaseous medium on the other hand is diverted upwards at
the perforated plate 109. The speed of the rising gases
is relatively low, about 0.25 m/sec. At the plate 109
they are again deflected downwards and can flow away
through the device 111 and the connection 96. The drop
separator 100 prevents drops from being entrained towards
the compressor 13 by the gas sucked through the
connection 96. '

The sump 93, containing the inlet 115 for liquid medium,
is disposed under the perforated tray 109. The radiator
53 is disposed in the sump 93 and has an inlet connection
113 for steam and an outlet comnection 114. The radiator

. ’ 53 is in the form e.g. of a pipe coil or a plate heat

' exchanger. It is possible to design the crystalliser as

to permit the fluid medium to trickle down on the
radiator 53.

Before melting of the crystals, the excess liquid medium
in the sump 93 is discharged therefrom under the control
of the liquid measuring and control device LC-1, LC-2 or
LC-3 until the radiator 53 is only partly or not anymore



on the wall of the pipe 75. During crystallisation, non-evaporated nmedi um
or condensed nedium formed during nelting or condensation can flow away
into the sunp 93. Fromthere, the liquid mediumcan be di scharged through

t he connection 94 and punped round to the connection 95. The connection 96

S 12 for discharging the evaporated
medi um during crystallisation and for supplying gaseous nedi um when the
crystals are being nelted. It should b& noted that the crystalliser 70 is

di vided by the product tray 85 into two chanbers 74, 80, between which
t here can be considerable differences of pressure. For exanple the

crystal | i satimmergledntiar 114uid medsluey arhertﬁhhgmtuaﬁmyeoﬁrﬂﬁ@nt

pressure, d QLS essure f t he of 14
a1 s e LR Rt BR R Fee iRl PrR S ek R P AR o 1 he
product chabyethed préseurendnr tbei onystalhiserystalliser 70 according to
the invention does not require any potentially leaky screw joints for the
crystalliser pipes 75. Since the mediumis conveyed through a rising pipe

87 to the tdnrpiaa meltingeofstheherpspalsy the appropuiateyraviatony at the
tsgp \iﬂ?cﬁgl rﬁ lﬁaﬁeg%g%%‘i@bhgﬁ Bh{’gsz:gg&@ﬂr@& ""egﬂédsﬁﬁfxf’yt&‘? fLogict tray
to the respective radiator 53 is controlled by the
pressure-measuring and control device PC~1, PC-2, PC-3
which acts on the valve 52, 52', 52'‘'. The respective
outlet connection 114 for the condensate is connected to
the condensate discharge line 119 via a ventilated
condensate trap 117. This results in total emptying and

prevents damage through frost.

Various modifications are possible without departing from
the inventive idea. One possibility, for example, in a
crystalliser according to DE-A-1 799 123, is to spray the
liquid medium in the crystalliser in order to wet the
pipes externally.

Also, the invention is not restricted to the example of
falling-film crystallisation shown. On the contrary, the
invention is applicable to other crystallisation methods,
such as static crystallisation. The pipes 75, for
example, can be replaced by cooling elements of a
different configuration.



the tank 71. Wel ded connections of this kind are gas- tight during

operation of the.crystalliser. Another advantage of the construction shown
is that the pipes 75 can nove freely in the distribution tray 81. There is
thus no risk that a pipe 75 will be damaged if the coolfing or heating fails

and it consequently contracts or expands differently f ' es.
We shall now describe the special desigp.of the crygt a““mummmﬂ"rHMF
medi um charmber 80. Bel ow t he rising-pipgsplate 90 is a 8rop deplrafor® 100
for liquid mediumdropping fromthe pipes 75 above. A pipe portion 101

di sposed concentrically in the tank 71 contains a plate 103, sonewhat bel ow
the top edgeiladmk co-operating with the pipe portion 101 to forma
cylindrical trough 13 105 for
receiving the dripping nedium One or nore discharge pipes, 107 | ead from
the trough 106 td meat fosepagatingeapspbstanes £¥ely aoblaydinl et and

outlet device 11lfanGaR04sdRdonanacdyseantetadibn, tWRecoIMaction 96 is
d!sposed under the trough ™05 and advant ageou & conpri ses_a_, pi pe cross
with slits 112 atla¥r (p crysgdeods Relr ﬁFFi ﬁéargﬁ?rqg %?’ygt | i sation

flows at rel ativelepdditied aebnealtdde J76)sof, at Wadlg7$ hewhibel elie gap 110,

entrained drops ‘ﬁthéé“ﬁfhé“?yd¥“éka%bkn%a&& E?E) is cooled by
evaporation of a liquid medium, the pressure of a
gaseous phase being controlled in accordance with
the temperature required for crystallisation after
which, for the purpose of condensing and/or melting
the crystallised layer, the said other side of the
wall is heated by gaseous medium produced by
evaporation during crystallisation in another
crystalliser (e.g. 2-2), the pressure thereof being
controlled in accordance with the temperature
required for melting, and if necessary additional
heat energy is supplied to the first-mentioned
crystalliser for evaporation of liquid medium.

2. A method according to claim 1, characterised in that
excess heat energy is subsequently withdrawn from
¢ the medium by an auxiliary condenser (55).

3. A method according to claim 1 or 2, characterised in
that the liquid medium for evaporation for the
purpose of crystallisation on the wall (78) is
conveyed in a circuit through the crystalliser.

4. A method according to claim 3, characterised in that
the ligquid medium is pumped upwards from the sump
(93) of the crystalliser and is trickled in a film
down the wall (78).



perforated tray 109 and flowing into the sunp 93. The gaseous nedi um on the
other hand is diverted upwards at the perforated plate 109. The speed of
the rising gases is relatively |ow, about 0.25 nmisec. At the plate 109 t hey
are again defl ected downwards and can fl ow away through the devi ce tii—and

t he connection 96. The drop separator 100 prevents drop mmmmnum

entrai ned towards the conpressor 13 by the gas sucked t '""ﬂ
connection 96. The sump 93, containingbthe inlet 115 for i qui d médi tim

i s di sposed under the perforated tray 109. The radiator 53 is disposed in
the sunp 93 and has an inlet connection 113 for steam and an outl et
connection KA. HEegtdddiavcording ito ahg bgr oleigs ofte $jpe coil or a

permt the f1u d SERasne e O bl el A,

mel ting of the cquiLﬂQ§ln@h¢a@*bd§§)laqd:dnnsuaUnalpreaauranp593 is

di scharged theref e u and control
device LC 1, LC—fkg?hg%gggun A e ra %P%? Eghﬂ tﬁengéég%??y or not
anynor e difference between the collec;Ang tamsr §88) i andi thed

medi um The transﬁggﬁéﬁﬁiyb(aiggy%ﬂyrggkd @E@lungo gbg)cgglectlng tank 35
wll be effected qY g res %.ln t.he cr sfa
£ficier iquid medi at the beglnnlng of
crystalllsatlon to be conveyed to the crystalliser
and liquid medium to be conveyed from the
crystalliser to the collecting tank (35) at the

beginning of condensation or melting.

6. A device comprising at least one crystalliser (70)
comprising a casing (71), wherein a crystallisation
chamber (74) is separated from a medium chamber (80)
by a wall (75) on which crystals can be deposited,
and the medium chamber (80) has at least one inlet
(95) and one outlet (94) for liquid medium and at
least one connection (96) for an inflow and outflow
of the gaseous phase of the medium, also comprising
means (PC-1, PC-2, PC-3) for controlling the
pressure of the gaseous phase in the crystalliser,
and a radiator (53) associated with the crystalliser
for evaporating liquid medium.

. ' 7. A device according to claim 6, characterised in that
the radiator (93) is disposed in the sump (53) for
the liquid medium in the crystalliser (70).

8. A device according to claim 7, characterised by an
auxiliary condenser (55}.

9. A device according to any of claims 6 to 8,
characterised in that an inlet and outlet device



During nelting of the crystals, the appropriate radiator 53 can be sw tched
,on as required. The supply of steamto the respective 53 IS
controlled by the pressure-neasuring and control devi Cﬁm&ﬂu ﬂﬂ!" 3
whi ch acts on the valve 52, 52', 52''. The respective ﬂﬂL 114

for the condensate is connected to the condensate dlscharge I|ne 119 'via a

ventil ated condensate trap 117. This regylts in total enptying and prevents
damage t hrough frost. Various nodifications are possible wthout

departing fromthe inventive idea. One possibility, for exanple, in a
crystalliser according to DE-A-1 799 123, is to spray. the Ii U|d medi umin
the crystalliser (11 dor gaseeus: Redinpedseddspagery in tthBe 1R

i nvention i s not t t | | ] N
shown. On the c ontt?%%é,xc (?b ol haet a1 sba! knAghke! apwayatgl | isation

|nvent|on |s a li,ca to qt her
crystal lisation rEtfRfIed Qrapingssi(didiZ) %‘91‘" 8 T$Re pipes 75, for
g?aﬁp|e, can be réﬁﬁéﬁéﬁbﬂﬂ«lnny u&gdms@m%mﬁsa&faaddﬁthmnenabovaftgaratlon.
arms inlet and outlet device.

10. A device according to claim 9, characterised in that
the inlet and outlet device (111l) is in the form of

a pipe cross having openings in the form of slits
(112) at the top.

11. A device accdrding to claim 9 or 10, characterised
in that the drop separator (100) comprises a
collecting trough (105) disposed concentrically in
the crystalliser casing (71) and having an outlet
(107) and an edge (101) which extends downwards over
the trough bottom (103), an annular gap (110) being
formed between the wall of the casing (71) and the
drop separator (100).

12. A device according to any of claims 9 to 11,

| characterised in that at a distance below the inlet
and outlet device for gaseous medium (111l) a
perforated tray (109) is disposed.

13. A device according to any of claims 6 to 12,
characterised in that each crystalliser has a pump
(p-1, P-2, P-3) for conveying liquid medium for
cooling the wall on which the crystals can be
deposited.

14. A device according to any of claims 6 to 13,
characterised in that a collecting tank (35) for
liquid medium is provided, wherein the pressure of



1. A nethod of separating a substance froma liquid m xture by
fractional crystallisation, wherein a | ayer of crystals in a
crystalliser (e.g. S-1) is deposited on one side-%75~—6T‘a‘mﬁ++—415)
while the other side (78) of the wall (75) is coolg u"

evaporation of a liquid nmedium the pressure of a I"’[HIMIMH’ ng
s *

controlled in accordance with t he gnperature required fér
crystallisation after whi ch, for t pur pose of condensi ng and/ or
mel ting the crystallised | ayer, the said other side of the wal |
i s heated by gaseous nedi um produced by evaporati on during

crystal l'isation itheamediam can ber ftepsl| byser ptesgura-apasuhingrasdur e
thereof being  cont2ell delgee! pecdyrdanaevinbl Lhen' eiRE! Pdifa
y addi ti1onal- eat enerqgy is

required for nelting, and if necessa .
supplied to the i BRegonveyed, ot khei seystallisaporrttontle | i quid

medium 2. A rﬁbtl!l%ta.@xgotdhkg(tigwbg' Ehé pelakaebeaigedréficé hat

excess heat energy s su%igquegalﬁ W t gragg from t he medi um by an
auxi li ary condendSFVees) the callegting; fank:-(3rdi Agd: bhe| Epfpackive,
characteri sed i ncrystaflidiserhg skilquise2yes-8y Hepeadangr 8hi the fodé he

pur pose of cryst i J n_th I i S conveyed in a circuit
t hrough t he crys%g:F%%%%$&°% 2& %R@ﬁgkﬁ%égééééfarng to claim 3,
characterised in that the liquid mediumis punped upwards fromthe
sunp (93) of the crystalliser and is trickled in a film down
the wall (78).



16 5. A nethod according to any of clains 1 to 4,

that liquid
pressure is

mai ntai ned in said tank such that the pressure

di fference between the collecting tank (35) and the respective

crystalliser (S-1, S-2, S3) is sufficient for liquid nmediumat the

begi nni ng of crystallisation to belgonveyed to the crystalliser

|l iquid nediumto be conveyed fromthe

crystalliser to the collecting

characterised in
mediumis stored in a collecting tank (35) and in that a

and

tank (35) at the begi nni ng of condensation or nelting. 6. A device

conprising at |east one crystalliser (70) ~conprising a casing (71),
wherein a CRYRéfhdd Sahd Wevice X HParktdhg & S6BIEAMEE FrQN A TRAIIIM

chanber (80hixtureyy arv@ttidndl) HysMa1ahsaitishal s can be deposited,
and the nedi um chanber (80) has at |east one inlet (95) and one outl et

(94) for liquid nediumand at

and out fl ow

means (PC- 1,
phase in the cry

to claim 6,

t he gaseous phase of the nmedium also conprising

| east one connection (96) for an inflow

PC-2, PC-3) for controlling the pressure of the gaseous

talliser, and a,radiatorﬁ¥53) associated with the
crystal | i seor ‘the purpese,pit srRarpgiPd fedPR

ance fremgayiig@uidcording

bt &y ee¢stallishation, the dadestwal{83dfi §i§é§pﬂﬁes in the
SUMP (53) fQfryseartiflend (@409 B84, U8 50 LBE €0816E by &habditing a

liquid medium, the pressure of the gaseous phase of the
medium being controlled in accordance with the
temperature required for crystallisation. In these
conditions a layer of crystals forms on the outer walls
of the pipes and can later be melted. The previously-
formed crystal layer is melted in one crystalliser
simultaneously with crystallisation in another
crystalliser. This is done by introducing gaseous medium
which is produced in a crystalliser during the said
evaporation. In addition, heat energy can be supplied to
the crystalliser where melting occurs, in order to
evaporate liquid medium there so that melting is
accelerated. The two simultaneously operating
crystallisers operate respectively as an evaporator and
as a condenser in a refrigerating unit (11), thus saving
considerable energy compared with known crystallisation
methods.

(Fig. 1)



8. A device according to claim7, characterised by an auxiliary
condenser (55). 9. A device according to any of clains 6 to 8,
characterised in that an inlet and outlet device

17 (111) for gaseous nediumis disposed in the nedium chanber
(80) of the crystalliser and has upwardly di rected openings (112), and
in that a drop separator (100) is disposed at a distance above the
inlet and outl et device. 10. A devicei?%cording to claim9, characterised
i n that the inlet and outlet device (111) is in the form of a pipe
cross having openings in the formof slits (112) at the top. 11. A
devi ce according to claim9 or 10, characterised in that the drop
separator (100) col | ectidg—tfough (I05) diSposed
concentrically i [ | d having ap o¢utl et
(107) and an edge ¥) the trgpugh bottom
(103), an annul a the wall ©F 1he

casing (71) and t} 8
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12. A device according to any of clains 9 to 11, characterised in

that at a distance below the inlet and outl et device for gaseous
medi um (111) a perforated tray (109) is disposed. 13. A device
according to any of clains 6 to 12, characterised in that each
crystalliser has a punp (P-1, P-2, P-3) for conveying liquid nmedium
for cooling the wall on which the crystals can be deposi t ed.
14. A device according to any of clain? $ to 13, characterised in
that a collecting tank (35) for (quid mediumis provided, wherein

t he pressure of 18 the nedium can be kept
by a pressure-neasuring and control device (PC-4) at a value such that

| i qui d nmedi um can be conveyed to the cryqyalllser or to the collecting tank
(35) by the pressure dlfferen(& @&\Eé‘ﬂ Iegsng tank (35) and the
respective crystalliser (S-1, S 3, _ di zge node of operatlon

of the crystalliser.
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