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A et hod and apparatus for separating a substance froma liquid mxture by
fractional crystallisation The invention relates to a nethod of separating
substances froma liquid mxture by fractional crystallisation by
depositing a crystal |ayer on one side ofla~wall of a crystalliser which is
cool ed on the other side, and subsequently nelting the crystal |ayer.
Crystallisation processes are becomng increasingly inportant, in addition
to the prevailing distillation nmethod. There are various reasons for this.
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Crystallisation processes are becoming increasingly
important, in addition to the prevailing distillation
method. There are various reasons for this. An
advéntage of'crystallisation, for example, is that
heat-sensitive substances can be obtained or purified
at low temperatures. Also no expensive vacuum
eguipment is needed, in contrast to vacuum

- distillation. 'In many cases, higher purity can be
obtained than by distillation.

Another important advantage of crystallisation over
distillation is the'energy costs, which are usually
lower. Admittedly cooling energy is usually'much more
expensive than heat energy. Even so, the total cest of
energy for separating substances by crystallisation is
usually much lower than when the substances are
separated by distillation, simply because the energy
required for separating substances by crystallisatioh

is usually much less than when substances are separated
by distillation.

US-A-3 272 875 describes a crystalliser comprising
tubes through which a coolant flows and the outer wall
of which serves as a crystallisation surface. The



'US- A-3 272 875 describes a crystalliser conprising tubes through which a
¢ool ant flows and the outer wall of which serves as a crystalli-sation
surface. The 2 coolant circuit is a secondary circuit and conveys liquid
coolant fromthe outlet of a circulatifng2punp to one end of the tubes,

t hrough the tubes, fromthe other ends of the tubes to a heat exchanger and
t hence back to the circul ating punp. The heat exchanger is for transferring
cooling energy froma primary circuit, i.e. the circuit of a cooling

system The progicinC é,ﬁ%hﬂ %dSa B P WG i C&H@tdd?ﬁze?}&ﬁ to the
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i.e.- the circuit of a cooling system. The preduct
circuit leads from a product-circulating pump to the
outer walls at one end of the tubes and from the other
~ends of the tubes to a heat exchanger and back to the
product circulating pump. The heat exchanger in the
product circuit receives heat energy from a heat
-source. '

During operation of the aforementioned crystalliser, a
crystal layer forms on the outer wall of the tubes.

The specification gives no details of how the crystal
lafer is removed. It is known, however, that after the
mother ligquor has been drawn off ffem the product
circuit, the crystal layer can be melted either by
increasing the temperature in the cooling circuit oxr by
introducing and circulating previously producéd
product. The heat energy necessary for melting can be
supplied through the heat exchanger disposed in the
product circuit. The cited specification deseribes the
process only on a laboratory scale. No information is
given as to how the process described can be put into
practice in industry. ' More particularly, there are no
details about a multi-stage crystallisation process.
Clearly, however, the need for a number of heat
exchangers will result in expensive apparatus. Owing
to the resulting energy losses and the chosen process
conditions, the energy requirement will be large, a
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I ncreasing the tenperature in the cooling circuit or by introducing and
¢ircul ating previously produced product. The heat energy necessary for

mel ting can be supplied through the heat exchanger disposed in the product
circuit. The cited specification describgs_the process only on a |aboratory
scale. No information is given as to how the process described can be put
Into practice in industry. Mre particularly, there are no details about a
nuL%i-st?ge crystallisation process. Clearly, however, the need for a
nunber of heat _exchanger.s will resylt..in expensi rat.us. | o the
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requi renent wenexgy.l arge, a 3 particularly inportant item being the
expensi ve cooling energy. Efforts have | ong been nmade to reduce the cost of-
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cooling the crystalliser directly via the medium in the
cooling plant, by removing vapour from the jacket space
of the crystalliser. No details,.however, are given
about putting this into practice, and also no directly-
cooled crystallisers have become known during the
twenty—four years since publication of the cited
specification.

In the crystalliser according to DE-A-17 69 123, in
contrast to the crystalliser in the initially-mentioned .
US-A-3 272 875, the tubes are cboled from the exteriox
and the liquid mixture is supplied from above in a film
trickling down the inside of the tubes. Also, a
crystalliser is not required for each stage of a multi-
stage crystallisation process. Instead, multi-stage
crystallisation is brought about in different cycles in
a single crystalliser. In order further to reduce the
energy costs, it is proposed that the heat evolved in
the condenser in the cooling plant should partly be
stored in a heating-medium tank and subsequently used,

~ via a heat exchanger in the product circuit, for
melting the crystals. Excessive heat is discharged in
cooling water or, in extreme cases, via a second
cooling plant. The disadvantages of this known method
are the high cost of apparatus and the energy losses
during storage and conversion of energy.



cool ed crystallisers have beconme known during the twenty-four years since
publication of the cited specification. In the crystalliser according to
DE-A-17 69 123, in contrast - to the crystalliser in the initially-nmentioned
US- A-3 272 875, the tubes are cool ed frofh the exterior and the liquid

m xture is supplied fromabove in a filmtrickling down the inside of the
tubes. Also, a crystalliser is not required for each stage of a nmulti-
stage crystallisation process. Instead, multi-stage crystallisation is
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cooling. water Of, Tn extreme cases, via a second cooling plant. The

di sadvantages of this known method are the high cost of apparatus and the
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mixture by fractional crystallisation by depositing a
crystal layer on a walllof a crystalliser is
characterised, according to the invention, in that for
the purpose of crystallisation the medium is evaporated
on the other side of the wall and the pressure of the
gaseous phase 6f the medium in the:crystalliser'is
controlled in accordance with the temperature required
for crystallisation. Since in this method the
crystalliser operates as an evaporator for the medium
used for cooling, such as ammonia or water, etc., no
heat exchanger is needed for transferring cooling
energy’from the coolant circuit of a refrigerating
machine to the coolant circuit of the crystalliser.
This also eliminates the resulting energy losses. The
process temperature can be controlled in optimum manner

by controlling the pressure of the gaseous phase of the
medium. |

Advantageously, the medium is made to trickle in a film
down the wall. This results in uniform cooling of the
wall, as is desirable for the crystallisation process.

Advantageouslf, the medium supplied for melting the
crystal layer or for sweating in the géseous state is
condensed on the wall, and the pressure of the gaseous
medium being adjusted in accordance with the
temperature reguired at the wall. This eliminates the



needs | ess energy, particularly |less expensive cooling energy, and also
needs | ess conplicated apparatus than previous nethods. The novel nethod of
separating substances froma liquid mxture by fractional crystallisation
by depositing a crystal layer on a wall- @&f -a crystalliser is characterised,
according to the inventien, in that for the purpose of crystallisation the
medium i s evaporated on the other side of the wall and the pressure of the
gaseous phase of the nediumin the crystalliser is controlled in accordance
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opti mum manner by controlling the pressure of the gaseous phase of the
medi um Advant ageousl the mediumis made to trickle in a filmdown the
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the crystal layer o6 {fle 8t idds fol e FESEP Un '@t fts, and the
gaseous medium occurring in one crystallisgr during
crystallisation is compressed and is condensed for
melting the crystals in the other crystailisgr.
Consequently one crystalliser acts as a condenser in
alternation with the 6ther crystalliser'operating as an
evaporator in a refrigerating machine. 1In this manner
both the cooling energy and the waste heat from the
refrigerating machine are directly used. The total
resulting energy saving is 30% or more, cdmpared with
conventional methods. The refrigerating machine can '
therefore be made smaller than in the prior-art
methods.

According to a particularly advantageous embodiment of'
the method, during the melting process, the
crystalliser is additionally supplied with external
heat energy, and the excess heat energ§ is subsequently
discharged. This enables the process to be made much
more flexible. For example the crystals can be melted
more quickly than the crystallisation process, if
external heat energy is additionally supplied to the
crystalliser during the melting process, and the excess
heat energy is subsequently discharged. The
refrigerating machine can always be operated
independently of the amount of process heat required at



condensed on the wall, and the pressure of the gaseous nedi um bei ng
.adjusted in accordance with the tenperature required at the wall. This
elimnates the 5 need for a heat exchanger for supplying heat energy.
The process tenperature can be control ked +n opti mum manner by controlling
the pressure of the gaseous phase of the nedium Particularly

advant ageously, at |east one crystalliser is used for crystallisation and

at | east one other crystalliser is used for nelting the crystals, and the
gaseous nedi um occurri
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The invention also relates to an apparatus for working
the method. The apparatus comprises a crystalliser
having a casing, in which the crystallisation space is
separated from the medium space by a wall on which
crystals can be deposited, and the medium space has at
least one inlet and one outlet for liquid medium.
According to the invention at least one connection is
provided for inflow or outflow of the gaseous phase of
the medium, and means for controlling the pressure of
the gaseous phase of the medium in the crystalliser.

The méans for contfolling the pressure of the gaseous
phase of the medium can e.g. be control flaps or valves
which, on the basis of the pressures set by the process
control, enable the gaseous phase of the medium to flow
out of the crystalliser during the crystallisation
process, and to flow into the crystalliser during the
melting or sweating phase. As already mentioned in the
description of the process, the process temperature can
be controlled in optimum manner by controlling the
:ampe;atufefnessuxe.

Advantageously an auxiliary evaporator is provided. If
necessary the auxiliary evaporator can generate gaseous
medium, preferably for a crystalliser operating as an
evaporator, by evaporation of liquid medium. The



According to a parti.cularly advant ageous enbodi ment of the nethod, during
tthe melting process, the crystalliser is additionally supplied with
external heat energy, and the excess heat energy is subsequently
di scharged. This enabl es the process to pe-nmade nuch nore flexible. For
exanple the crystals can be nelted nore quickly than the crystallisation
process, if external heat energy is additionally supplied to the
crystalliser during the nelting process, and the excess heat energy is
subsequent |y dLsgharged. The refrigerati ng machi ne can al ways be_operat ed
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a shorter time than the c¢rystallisation process.

An auxiliary condenser, cooled e.g. with cooling water,
can be provided for discharging excess hegt energy
after the crystals have melted. If steam or water is
used as a medium, the auxiliary evaporator will not be
needed. The pressure and consequently the temperature

in the crystalliser can then be reduced by letting off
steam.

In one advantageous embodiment of the invention, the
wall is formed by at least one tube, preferably
disposed vertically and closed at one.end, and means
are provided for conveying liquid medium to the region
of the closed end, from where it can trickle in a film
down the wall. As explained in detail hereinafter,
this results in a particularly advantageous
construction of the crystalliser, which is leakage-

proof even when the medium used is at relatively high
pressure.

The liquid medium is introduced preferably by means of
@ riser. In order not to obstruct the trickling film,
the riser can be kept spaced from the wall by spacers.

In one advantageocus embodiment of the apparatus, the
crystalliser comprises a number of tubes which are



crystals can be deposited, and the nedi um space has at |east one inlet and
one outlet for liquid nmedium According to the invention at |east one
connection is provided for inflow or outflow of the gaseous phase of the
medi um and neans for controlling the pr&ssure of the gaseous phase of the
mediumin the crystalliser. The nmeans for controlling the pressure of the
gaseous phase of the nediumcan e.g. be control flaps or valves which, on
the basis of the pressures set by the process control, enable the gaseous
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independently of one another. Other advantages of the
apparatus defined in the sub-claims have already been
mentioned in the description of the process features,

or will be clear from the following description.

An exemplified embodiment of the invention will now be
described with reference to the drawing, in which:

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

Fig. 2 shows a crystalliser particularly suitable for a
cooling system according to Fig. 1, and

Fig. 3 shows a variant of the system in Fig. 1, for
operating with steam.

The invenfion is particularly advantageous for multi-
stage crystallisation using two or more crystallisers.
The invention will therefore be described with
reference to a multi-stage crystallisation process, but
is not limited thereto. Since plants for multi-stage
crystallisation are very well known to the skilled man,
no details need be given here regarding the flow in
these plants. Reference can be made to the relevant



i s produced during crystallisation, liquid nediumis evaporated by waste
vapour. This has the advantage that each crystalliser can be operated

i ndependently of the others. For examl g the crystals can be nelted in a
shorter tinme than the crystallisation process. An auxiliary condenser,
cooled e.g. with cooling water, can be provided for discharging excess heat
energy after the crystals have nelted. |If steamor water is used as a
medium the auxiliary evaporator will not be needed. The pressure and
consequently the tenperature in the crystalliser can then be reduced by
letting off steemnitalonetedagniragesusocthedspenifotathensnmentionedt he

wall is forned b ube, preferably disposed vertically and
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one as an evaporator and the other as a condenser of a
refrigerating machine 11. One crystalliser operates as
an evaporator during crystalisation and as a condenser
during melting. In the plant according to the
invention, therefore, the refrigerating machine 11 does
not comprise a conventional unit made up of a
compressor 13 and evaporator and condenser. The
evaporator and the condenser are taken out of the unit
11 and form a part of the crystallisers S1, S2 and S3.
This presupposes that in principle at least one
crystalliser always operates as an evaporator and at
least one other operates as a condenser, unless an
auxiliary condenser or an auxiliary evaporator is
available. Even when a number of crystallisers operate
simultaneously as evaporators or condensers in
different stages of the proéess, the temperature of the
wall on which crystals are formed can be kept different
for each crystalliser. This can be done simply by
controlling the pressure of the gaseous phase of the
medium in each crystalliser in accordance with the
temperature required at the wall. If the heat energy
required is more than the waste heat generated by the
refrigerating machine 11, an auxiliary evaporator 53
must be provided. The pressure of the gaseous medium
* in the crystallisers 81, 82, S3 is controlled by
measuring and control devices PCl, PC2 and PC3



grystalliser conprises a nunber of tubes which are 8 permanent |y
¢onnected to a base underneath and project at the top through openings in a

distribution tray, a gap being fornmed thgough which the liquid mxture for
fractionation can fl ow downwards al ong tﬁe outer wall of the tubes. This
construction ensures that when the tenperature varies, the tubes can expand
and contract independently of one another. O her advantages of the
apparatus defined in the sub-clains have already been mentioned in the
description of the process features, or will be clear fromthe follow ng
descri pti on. ,%mmeimdd' fice dhanipoigen 2V, &6 tamad imert&ieorsem' ldr essndse
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the cooling s according or a plant for nulti-stage
fractional crystalllsatlon Fig. 2 shows a crystalliser particularly
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more crystall iB&€dds to the inlet side of the compressor 13. The
collecting pipe 23 is at relatively low pressure, e.g.
2 bars. Control valves 28, 29, 30 can individually
control the pressure of the gaseous medium, e.g.
ammonia, in the crystalliser during the crystallisation
process. This determines the evaporation temperature
of the medium which cools the tubes of the
crystalliser.

Gaseous medium from the pressure side of the compressor
13 can be supplied through a distribution pipe 21 and
branch pipes 15, 16, 17 to each crystalliser Sl1, S2, S3
(Fig. 2: spigot 96). The distribution pipe 21 is at
relatively high pressure, e.g. 14 bar. Control flaps
18, 19, 20 in the branch pipes 15, 16, 17 can
individually control the pressure of the gasecus medium
in each crystalliser S1, S2, S3 when the crystals are
melted. This determines the condensation temperature
of the medium heating the tubes of the crystalliser.

The set pressure and consequently the temperature
during crystallisation and melting can be determined by
the process control 33.

Ligquid medium is conveyed from the collecting tank 35
to the crystallisers S1, S2, S3 by a pump 37, whose
pressure side is connected to pipe 39. Reference LC1l
denotes a liquid-level measuring and control device.



The invention will therefore be described with reference to a multi-stage
erystallisation process, but is not limted thereto. Since plants for
multi-stage crystallisation are very wekl _known to the skilled nman, no
details need be given here regarding thé flow in these plants. Reference
can be made to the rel evant 9 technical literature or to the
specifications nentioned in the introduction. Fig. 1 shows a

crystallisation plant for multi-stage fractional crystallisation conprising
e.g. three crystallisers 81, S2 and S3. Usually at |least two crystallisers
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evaporators and consequently which valves 40, 41, 42
are to be opened or closed. Each crystalliser S1 to 83
is connected to a liquid discharge trap 45, 46, 47 in
order to supply excess cooling medium, or condensed
medium when the crystalliser operates as a condenser,
through pipe 49 to the collecting tank 35. The liquid
discharge trap is designed so that it discharges liquid
but not gas, so that the gaseous medium in the
crystalliser remains at the same pressure.

The crystals can be melted in a much shorter time than
it takes to form the crystals. If therefore one
crystalliser is used for crystallisation while crystals
- are melted in another crystalliser, the waste heat
delivered by the refrigerating machine 11 is
insufficient to bring about melting faster than
crystallisation. Consequently external heat has to be
supplied. Additional heat energy can be provided by an
auxiliary evaporator 53, 55. The auxiliary evaporator
55 can operate on waste steam, e.g. via pipe 50 and
valve 52. The valve 52 is controlled in accordance
with the set pressure determined by the process control
33 and the pressure in the distribution pipe'21
measured by the measuring and control device PC4. The
outlet of the auxiliary evaporator 53 is connected to
the distribution pipe 21 in order to supply it with
gaseous medium when the amount of heat energy consumed



crystalliser always operates as an evaporator and at |east one other
operates as a condenser, unless an auxiliary condenser or an auxiliary
evaporator is available. Even when a number of crystallisers operate

si mul t aneously as evaporators or condend2rs in different stages of the
process, the tenperature of the wall on which crystals are forned can be
kept different for each crystalliser. This can be done sinply by
controlling the pressure of the gaseous phase of the mediumin each

cLysLalliser i n accordance with the tenperature required at the wall. If
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and valve 57. The auxiliary condenser 55 is connected
to the distribution pipe 21, in order to remove gaseous
medium from it and condense it when less waste heat is
consumed than that delivered at the same time by the
refrigerating machine 11. The valve 57 is controlled
in accordance with the set pressure determined by the
process control 33 and the pressure measured by the
device PC4. The medium liquefied by the auxiliary
condenser 55 can flow into a tank 61 serving as a
receiver for the collecting tank 35 and the auxiliary
evaporator 53. Reference LC2 denotes a liquid-level
measuring and control device LC2, which controls the
valve 63. Liquid medium is supplied from tank 61 to
the collecting tank 35 via the valve 63.

Reference 48 denotes a tank for condensed vapour
connected to the auxiliary evaporator 53. The
condensate in tank 48 can be pumped back to the steam
generator (not shown) by the pump 51. The process is
initiated by the liquid-level measuring and control
device LC3.

The crystallisers S1, S2, S3 in all stages can have the
same construction. One exemplified embodiment of
crystalliser is shown in Fig. 2. The crystalliser 70
substantially comprises a container 71 closed by a
cover 73 above the distributiqn tray 81. A number of



2 bars. Control valves 28, 29, 30 can individually control the pressure of
the gaseous nedium e.g. ammonia, in the crystalliser during the
crystallisation process. This .determ nes the evaporation tenperature of the
medi um whi ch cools the tubes of the cry33alliser. Gaseous nediumfromthe
pressure side of the conpressor 13 can be supplied through a distribution
pi pe 21 and branch pipes 15, 16, 17 to each crystalliser Sl1, S2, S3 (Fig.
2: spigot 96). The distribution pipe 21 is at relatively high pressure,
e.g. 13 b?[. Control flaps 18, 19, 20 in the branch pipes 15, 16, 17 can

i ndi vidual |y control_the pressure of .the gaseous nedi um.in, each
crystalliser %ﬂb‘@z?%g n e 36 FoN)” 278 RREPOFeTARS T8 er ni nes t he
condensat i on toeayerimter lof (Theyrednghitede the walilubberef the
crystalliser. tq s éﬁy} onsggpH LHREN (=3 i
crystalli saticér?%r%elr%él%{aﬁ:}?{{:g)n esgl'eterm ggyué;/itt e procé%glué%nl#c}léqg&

Li qui d medi umirs & diidsy stowry dihe rutes waddisng & &fk the tabese 78-ystThe i sers

S1, S2, S3 by ihIMET B EoSE INARST M@ 1is GRS bvier [FFe 39.

Reference LCl Tq':een Oéiesstrail:ln{tckuc;nd _t!.rea:/ye |81m=haa:.55u ra{ r}gmtaoneq: Coqfntorp(zalni%egvsi CBEZ
through which the tubes 75 closed at the top end 69
project upwards. The liquid mixture can then trickle
in a film down through the gap 83. Crystals form as
desired on the outer wall 76 owing to the cooling of
the tube 75. The outlet 84 is in the product tray 85.
The liquid mixture can be recirculated from the outlet
84 to the inlet 77 in known manner, by a circulation
pump {(not shown) until the crystallisation process in
this stage is complete.

The crystalliser 70 can serve alternately as an
evaporator or as a condenser. To this end each tube 75
contains a riser 87 which leads into the tube 75 from a
screw connection 89 provided for assembly reasons
alongside a riser plate 90. The riser 87 is centred in
the tube 75 by spacers 91. A coolant distributor 92
disposed at a distance from the top end of the riser 87
ensures that the medium used as coolant trickles in a
film down the inner wall 78 of the tube 75, in order to
cool the tube 75. In this arrangement of the coolant
distributor 92, the top part of the tube 75 and the
distribution tray 81 are not cooled, so that the liquid
mixture can always flow unobstructed through the gap
83. If however the crystalliser is operating as a
condenser for melting the crystals, the medium
condensing in the tube 75 also heats the top part of
the tube.



Control valves 40, 41, 42 admt liquid nediumfrompipe 39 to the
crystallisers S1, S2 and S3. An overfl ow val ve 44 between pi pe 39 and tank
35 is used for setting a constant inlet pressure at the control valves 40,
41, 42. The process control 33 deterninég-which crystalliser or
crystallisers are to operate -as evaporators and consequently which val ves
40, 41, 42 are to be opened or closed. Each crystalliser S1 to S3 is
connected to a liquid discharge trap 45, 46, 47 in order to supply excess
cool ing nmedium or condensed nedi um when the crystalliser operates as a

cond th h 49 to th Il.e 5. h
Crap 1 tesi gy A sPatRrics ‘S e e e aaS cHaC ey Haprhar o
gaseous nedi ura |shdtﬂeiem3&ﬁ atdnippdirs ingh g & rt:m ml}ﬁdeé‘&u’téle The
crystals can AP ORI o TR Ay diak Sordelrd'on { he

erefore one crystal

crystals. If t I Ser is used for crystallisation while
crystals are righa dethe fnen Hekinping doymwards.hd \Né’é’tee &% fordel i vered by

tEe refri gelr?tdémmiﬁ ecHe usmmﬁ&uclmt disgy: rarmlyzi ng faster
Addi i onal - hedtned ”@%S#%%Lyﬁ%&%%%. %aiv#gv AR oS3, s,
The auxiliary mvepstd cerpstabs Opem afermingaist chs grgian gmdma thee 50
and valve 52. Jhe.V@dyed2 I8 CaMiplded 1D S0 Wetween the tube

75 and the deflecting tube 88. When the crystalliser

is operating as a condenser, the medium condensing in

the cavity 88' on the wall of the tube 75 also heats

the bottom portion of ‘the tube 75.

Medium which has not evaporated during the
crystallisation process or which condenses during
melting or sweating can flow away through the spigot 94
to the liquid discharge trap 45, 46, 47 (Fig. 1). The
spigot 95 is for supplying liquid medium from valve 40,
41 or 42. Spigot 96 is for discharging evaporated
medium during crystallisation or for supplying gaseous
medium during melting of the crystals.

Note that the crystalliser 70 is divided by the product
tray 85 into two chambers 74 and 80, between which
there can be considerable differences of pressure.
Usually the crystallisation chamber 74 is at ambient
pressure or slight excess pressure, whereas the chamber
80 containing medium is e.g. at a pressure of the order
of 14 bar. It is very important to prevent the medium
from flowing through a leak into thé\product chamber
74. In the crystalliser 70 constructed according to
the invention, there are no screws attaching the
crystalliser tubes 75, which could give rise to leaks.



with the set pressure determned by the process control 33 and the pressure
fn the distribution pipe 21 neasured by the neasuring and control device
PC4. The outlet of the auxiliary evaporator 53 is connected to the

distribution pipe 21 in order to supplyist w th gaseous nedi um when the
anount of heat energy consuned 12 is greater than that produced at the
sane tinme by the refrigerating nmachine 11. An auxiliary condenser 55 is
provi ded for discharging excess heat energy. The auxiliary condenser 55 can
be connected to a cooling-water circuit via lines 56, 58 and valve 57. The
auxiliary condenser 55 is connected to the distribution pipe 21, |[n order
to renove gasSdnsentheuRefism is SARVEYRHAcKBEOREDWAcRIFREsSHatPethBat is

TRV § etttk e e
det er ni ned bycﬁﬁebﬁr838§§%c WtV&ﬁd%§gandgfh§hﬁr§g§59§ §§§58%§§Sg§ethe
devi ce PC4k ghannbéiueﬂﬂbduéhieﬁgbprbﬁac&uxrhyaBﬁ,cwhdehsén s8rpacanl ow
s o ook BP0, 8, e GHASE U8, o nELhfghinge 9d 30 and (ne
Welding connections of this kind are gas-tight during :
operation of the crystalliser. BAnother advantage of
the construction illustrated is that the tubes 75 can
move freely in the distribution tray 8l1. There is
therefore no risk that a tube 75 will be damaged if the
cooling or heating fails and it consequently contracts
or expands differently from the other tubes.

The cooling plant shouwn in Fig. 1, which operates on a
cooling medium such as ammonia or with similar
properties, is particularly suitable for crystallising
producfs having a crystallisation point below about
120°C. If the crystallisation point is in the range
from approx. 100 to 230°C, water-vapour can be used
instead of ammonia and the refrigerating machine 11 in
Fig. 2 will not be needed.

Fig. 3 shows an apparatus designed for use of steam.
Like references are used for like parts, as before.
Since the construction of the plant in Fig. 3 is
largely the same as in Fig. 1, the following
description can be limited to the important
differences. As already mentioned, there is no
refrigerating machine, and also there is no closed
circuit of medium inside the plant. Instead, steam is
introduced into the plant and condensate is discharged.
The resulting alterations are very small. For example
the distribution pipe 21 can be connected to the steam



measuring and control device LC2, which controls the valve 63. Liquid
nmediumis supplied fromtank 61 to the collecting tank 35 via the val ve 63.
Ref erence 48 denotes a tank for condensed vapour connected to the auxiliary
evaporator 53. The condensate in tank;#?gan be punped back to the steam
generator (not shown) by the punp 51. e process is initiated by the

| i qui d-1evel nmeasuring and control device LC3. The crystallisers S1, S2, S3
in all stages can have the sane construction. One exenplified enbodi ment of
crystalliser is shown in Fig. 2. The crystalliser 70 substantially
conprises a container 71 closed by a cover 73 above the distribution tray
81. A nunber nktwork3 ﬁnbeéa550¢ombyaonefkigehatmhgamacﬂﬁaposedaiMhbhe

cont ai ner nst | | re.crystal l.i ogeurs. The
liquid nlxturezggé §§ICkPég%§ %QEFWﬁFBB&ﬁgtﬁégsﬁﬁﬁs ?ﬁgoygh AKE tubes
75. The inl et 637 f 6ondepskitgui d.-ei-xwateriscan beedisvbargéd Thom the

di stribution b&aﬁtS;fhééqm%abe&r% ea%nbasﬁeé%lhar RUAR W8I Ghal RRet UDes 75

cl osed at the top end 69 projeét upward The liqurd m xture can then
trickle vaibe8.”

Various changes can be made without departing from the
inventive principle. Oné alternative, in the case of a
crystalliser according to DE-A-17 99 123, is to spray
the liquid medium into the crystalliser in order to wet
the outside of the tubes. Another alternative, for
example, is multi-stage crystallisation using a single
crystalliser, in which case the liquid medium produced
during crystallisation can be stored in a tank for
subsequent use in the crystallisation process.



in a filmdown through the gap 83. Crystals formas desired on the outer
wall 76 owing to the cooling of the tube 75. The outlet 84 is in the
product tray 85. The liquid-mixture can be recirculated fromthe outlet 84
to the inlet 77 in known nannFr by a circulation punp (not shown) until

E:gﬁ g(ra?/\s/ga;: ![gm“ﬂmmlggﬂgan ) this stadd-is conplete. The crystalliser 70

aporator or as a condenser. To this end each
tube 75 contaihs @ riser 87 which leads into the tube 75 froma screw
connection 89 provided for assenbly reasons al ongside a riser plate 90. The
riser 87 is centred in the tube 75 by spacers 91. A cool ant distributor 92

di sposed at a(g&§%agggakgpn1the top end of the riser 87 ensures that the

medi um used a ickles in a filmdown the inner wall 78 of the
tube 75, in order to cool the tube 75. In this arrangenent of the cool ant

distributor 92, the QA tof)fséﬂ(}e,éﬁ% @Mﬁla& Gyl IDutiRiid ray 81

are not cooled, so that the liquid m xtdre can always fJ] ow unobstructed

through the gdbiaire dhikackionl Gorgtallisation &y SaRa%t Ha% Zondenser
for melting therytst dldrerd h ok WG IERsiwedll (29 dfulee 75 al so heats

the top part of INe {U0&yr (s1, s2, 3, 70) which is cooled on the
other side, and subsequently melting the crystal layer,
characterised in that for the purpose of
crystallisation a medium is evaporated on the said
other side of the wall (75, 78) and in that the
pressure of the gaseous phase of the medium in the
crystalliser (S1, 82, 83) is controlled in accordance

with the temperature required for crystallisation.

2. A method according to claim 1, characterised in
that the medium is made to trickle in a film down the
wall (75, 78).

3. A method according to claim 1 or 2, characterised

in that the medium supplied for melting the crystal

layer or for sweating in the gaseous state is condensed

on the wall, and in that the pressure of the gaseous

medium is controlled in accordance with the temperature
- required at the wall.

4. | A method according to claim 2 or 3, characterised
in that at least one crystalliser is used for
crystallisation and at least one other crystalliser is
used for melting the crystals, and in that the gaseous
medium qccurring in one crystalliser during
crystallisation is compressed and is condensed for
melting the crystals in the other crystalliser.



14 At a distance fromthe product tray 85, the tube 75 has a shoul der 86
eonprising e.g. a ring secured to the tube 75 and adapted to prevent the
crystals Tormng on the tubge fromslipping dowmmwards. A tube 88 for

defl ecting i [ m m di sposed preferably inside the tube 75,

ext ends tOH“mHmlm@umH nd preventslgrystal s fromformng in the region
under the shoulcder 88. A cavity 88 is situated between the tube 75 and the
defl ecting tube 88. Wien the crystalliser is operating as a condenser, the

medi um condensing in the cavity 88 on the wall of the tube 75 al so heats
the bottom portion of the tube 75. Medi um whi ch has not evaporated during

the crystalligatio e | - urd I r; Sweat i ng
can fl ow avvay%?hr Ol?gwetocr%?sd:ﬁ%c%ﬁ o%%?%g'r%%?'glﬁd dﬁ(ﬁ%&g%‘gp%xﬁ& 46, 47
(Fig. 1). The B@tgstugmg the meligmg ipnpaasfui ¢hae@arftaidhsan vié 40, 41 or
42. Spigot 96 dipfiofed iviharLidit AP0 aied-ildingat Wrdige,) kil dnesat i on
or for suppl ylsegg %s%geus medi um during nelti r‘%tof .t%%. cﬁrﬁ/% als. Note that
the crystal i SXCeRs heak SHAN 1§ SFRFLY 4iaahg two chanbers 74
and 80, between which there can be considerable differences of pressure.

Usual ly the crystaljisati o £00eInd 4d Sclif™® €Haracterised in

that external heat energy is supplied by evaporating

D

liquid medium in an auxiliary evaporator.

7. A method according to claim 5 or 6, characterised
in that the excess heat energy is discharged by means
of an auxiliary condenser (55).

8. An apparatus for working the method according to
any of claims 1 to 7, comprising at least one
crystalliser (70) having a casing (71) in which a
crystallisation space (74) is separated from a medium
space (80) by a wall (75) on which crystals can be
deposited, and the medium space (74) has at least one
inlet (95) and one outlet (94) for liquid medium,
characterised in that at least one connection (96) for
inflow and discharge of the gaseous phase of the meéium
is provided, and in that means (33; 18, 28; 19, 29; 20,
30) are provided for adjusting the pressure of the '
gaseous phase in the crystalliser.

9. Apparatus according to claim 8, characterised by
an auxiliary evaporator (53).

10. Apparatus according to claim 9, characterised by
an auxiliary condenser (55).



pressure or slight excess pressure, whereas the chanber 80 cont aining
mediumis e.g. at a pressure of the order of 14 bar. It is very inportant

to prevent the nediumfromdi{]| owi ng through a leak into the product chamber
74. In the crystalliser 70 constructed according to the invention, there

are no scr i .crystallisetdtubes .75, which could give rise to
| eaks. E‘mumnm:l“gmnslum diumis conveyed through a riser 87 to the top
~part of the tulfe 5, "the top end 69 of the tube 75 can be closed by

wel ding. At the bottomthe tube 75 can be welded in the product tray 85,
which in turn can be welded to the jacket 75 of the container 71. Wl ding

connections of..this kind.are =14, urj - fi
crystalliser. 1&Tot ﬁ\é)lpag(ﬁ:élrﬁ aag%%(#i]tq‘rge t%or?sntqgl?g%%gh%nggttroapg)d is that the
tubes 75 can mhardatealisdd irthdhsitsttlieomaldn is fpreed Pwedt ileasferefore no
risk that a tyhg 4o 7998 Hify i@ ield Rerdidaaly Hhd ails and it
consequently contracts or ‘expands difﬁ%rently fromthe o r tubes. The
cool i ng pl ant SR#AS gt Be erd Jhy A et Fe3d i(r% .)r'r&ﬁ%m such as
anmoni a or W tgrcidddrfdqyf Quivding i 1N qiaid inadiam \to uiteateyfanr of
crystallising the closed end (69), from where it can trickle in a

film down the wall.

12. Apparatus according to any of claims 8 to 11,
characterised in that the means for supplying liquid
medium is a riser (87).

13. Apparatus according to any of claims 8 to 12,
characterised in that the riser (87) is held at a
distance from the wall (75) by spacers (91).

14. Apparatus according to any of claims 8 to 13
comprising a number of tubes which are firmly connected
to a base (85) and project at the top through openings
(82) in a distribution tray (81), a gap (83) being
formed through which the ligquid mixture for
fractionation can flow downward along the outer wall
(76) of the tubes (75).

15. Apparatus according to claim 14, characterised in
that the riser (87) extends into a region below the
distribution tray (81). ‘

16. Apparatus according to any of claims 8 to 15,

characterised in that a deflecting device (88), e.g. a
deflecting tube, is provided in the lower region of the
wall (75) for the trickling film, and a cavity (88') is



products having a crystallisation point below about [err], If the
crystallisation point is in the range fromapprox. 100 to [err],
mater;;gEQEL_ggn_be_usedainstead of ammoni a and the refrigerating nmachi ne
11 in"Fig. 2 will not be needed. Fig. 3 shows an apparatus designed for use
of ste m“‘mmﬁ\r\ﬁs are used for_ #é ke parts, as before. Since the
constrm“\“u " t-in Fig. 3 is Targely the sane as in Fig. 1, the
fol | owi ng description can be linmted to the inportant differences. As

al ready nentioned, there is no refrigerating nmachine, and also there is no
closed circuit of mediuminside the plant. Instead, steamis introduced
into the plant and condensate is discharged. The resulting alterations are
very smal | . FQrefexd@twednahd sialilby(t7i50n apidp&he] defi elod ingndesties t o t he

st eam 16 nztgﬁrk, instead of to a refrigerating machine, via the valve
60. Waste steamdn be di scharged t hrough val ve 65. Condensate, i.e. water,
can be discharged fromthe plant if required, fromthe collecting tank 35

via the valve 6A. Yayddpktdd U2y RS BEL of [helimsdenaid ivgg from the
characterised in that the cover (73) of the casing (71)
is disposed above the distribution tray (81).



inventive principle. One alternative, in the case of a crystafHISSRHEET HAS BEEN
according to DE-A-17 99 123, is to spray the liquid nediumilhto tR&EPLACED

crystalliser in order to wet the outside of the tubes. Another—arternati Ve,
for exanple, is mlti-stage crystallisationzmsing a single crystalliser, in

mhlch case‘the IOUId neduun1 % L %ghlgnfggﬁ be stored
e : fﬁ—ggg%ess—————c LAI MS

iSebals s 5 RS e by fractional

crystalllsatlon by dep03|t|ng a crystal Iayer on one side of a wall (75) of
a crystallpser s($1R &82C 83, 70) which is cooled on the other side, and

subsequently nelting the crystal |ayer, characterised in that for the

pur pose of crystallisation a nediumis evaporated on the said ot her, side of
the wal | (25cry@tadidser ten sepayatdgwagtantesfeauss pht@el Gmixgire

medi umin ghe ﬁra)@:tl%r{dls%rfs%]allsi%a@ft)n '&n&%&!é’é& |£¢Eé§lﬁ§cmﬂﬁm@‘7m<§ ha

the tenperature require or crystallisation. 2. d
claim gp cf?d?rléﬁﬁaéﬂqls%%ﬂrfﬁl t%cghg%cﬁr&ﬁn? sm?f;b’démt?f’??‘? c@%?cggéa#ggﬁéd%%

the wall (7%b.wai8).(75) on which crystals can be deposited. The medium
space (80) has at least one inlet (95) and one outlet (94) for
a liquid medium and at least one connection (96) for inflow and
diécharge of the gaseous phase of the medium. The connection
(96) is connected with means for adjusting the pressure of the
gaseous phase in the medium space (not shown). This allows the
control of the temperature of the wall by controlling the
pressure of the gaseous medium. Advantageously, in a

purification process at least one crystalliser is used for
crystallisation and at least one other crystalllser is used for
melting the crystals. The gaseous medium occurring in one
crystalliser during crystallisation is compressed and is
condensed for melting the crystals in the other crystalllser

In this manner both the cooling energy and the waste heat from
the refrigerating machine are directly used.

(Fig. 2)
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3. A nmethod according to claim1 or 2, characterised in that the nmedi um
supplied for nelting the crystal layer or for sweating in the gaseous state
i s condensed on the wall, and in that the pressure of the gaseous nediumis
controlled in accordance with the tenperature required at the wall. 4. A
met hod according to claim2 or 3, character3sed in that at |east one
crystalliser is used for crystallisation and at |east one ot her
crystalliser is used for ;nelting the crysUals, and in that the gaseous

medi um occurring in one ¥rystall Nsqp i Ay crystallisation is conpressed
and is condensed for neltN t he < inthe other crystalliser. 5.
A nethod according to cl gmm4,_ G euiseﬂain that during the nelting
process, the crystalliser suppl i ed %h addi jipnal external heat energy,
and the excess heat enerdy ws subsequ nnlyhdls- A met hod
according to 5, chgracterisjed i t E\ZR:
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8. An apparatus for working the nmethod according to any of clainms 1 to 7,
eonprising at |east one crystalliser (70) having a casing (71) in which a
crystallisation space (74) is separated froma nedi um space (80) by a wall
(75) on which crystals can be deposited, and the nedium space (74) has at
| east one inlet (95) and one outlet (94) 36% 1iquid nmedium characterised
in that at | east one connection (96) for inflow and discharge of the
gaseous phase of the nediumis provided, and |n that nmeans (33; 18, 28; 19,
29; 20, 30) are provided for adjusti,ng e ofeéﬂe gaspgous phase in
terised by an

the crystalliser. 9. ratus ac ' to cI ﬁ?K
auxi liary evapor at or (53)8? S g% cl al

characterised by an auxili condenser, (55) g?ys according to
any of clains 8 to 10, ragterised in thgt '™y S med by at | east
one tube (75), prefer di_ gposed vertli cal nd _cl at one end (69),

and in that neans (87 Te proviged TorconyeyT g 11qu mediumto the
region of the closed e (69), from wh wigtan trick g in gifiln1domm t he
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12." Appafatus according to any of claims 8 to 11, characterised in that the
freans for supplying liquid nediumis a riser (87) 13. Apparatus according
to any of clains 8 to 12, characterised in that the riser (87) is held at a
di stance fromthe wall (75) by spacers (91). 14. Apparatus according to any
of clains 8 to 13 conprising a nunmber of XA®es which are firmy connected
to a base (85) and project at the top through openings (82) in a
distribution tray (81), a gap (83) being formed through which the liquid

m xture for fractionation can fl ow downward al ong the outer wall (76) of
the tubes (75). 15. Apparatus according to claim 14, characterised in that
the riser (87) extends into a region below the distribution tray (81). 16.
Apparatus according to any of clains 8 to 15, characterised in that a

defl ecting device (88), e.g. a deflecting tube, is provided in the | ower
regi on of the wall (75) for the trickling film and a cavity (88.) is

| eft between t - ( 75) and the deflectlna devige (88). 17. ar at us

according to anNsf cljaims 8 to 16, 8\0-?& O')
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characterised in that the cover (73) of the casing (71) i s @b@@ﬁ”&ﬁ'&ﬁé"en
the distribution tray (81).

-21-

A method and apparatus for separating a substance
from a liguid mixture by fractional crystallisation

ABSTRACT

A crystalliser for separating substances from a liquid mixture
by fractional crystallisation comprises a casing (71) having a
crystallisation space (74) and a medium space (80) separated by
a wall (75) on which crystals can be deposited. The medium
space (80) has at least one inlet (95) and one outlet (94) for
a liquid medium and at least one connection (96) for inflow and
discharge of the gaseous phase of the medium. The connection
(96) is connected with means for adjusting the pressure of the
gaseous phase in the medium space (not shown). This allows the
control of the temperature of the wall by controlling the
pressure of the gaseous medium. By operating two crystallisers

simultaneously the cooling energy and the waste heat can
mutually be used.

(Fig. 2)



