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A process for suspension crystallisation The present invention relates to a
process for the separation of crystallisablie. organic conpounds from a
liquid m xture of conpounds by suspension crystallisation. 5 In view of
their synthesis process, organic conpounds are generally obtained in the
formof a m xture of conpounds which contains, in addition to the desired

organic conpourldﬁr cs%gggo: a{ltsi §|S.O{ ﬁr{e rant proportions of other
conpounds such . @—’@@%&gﬁnds, by- products and/or isoners
of the organic conpound. 10 In many cases, the desired organic conpound
can be separated fromthe m xture by crystallisation. A characteristic of
many cryst al | i J26Ipsesspigianentiongalates ielg pracesior thesepanation pheryatallisthle prganie of
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solution yystallisation or static crystallisation fromthe m xture of
conpounds itself, in which the conmpound to be isolated is precipitated on
fixed cool ed suRmigneefl thefresymthesia peacess. Pragricteompegndcare igepmally ablaingd in the
again. 20 [ [ | : L, . Lar :
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be separated. Geperally speaking,, cyystallijsatjon processes in, suspension
can be carried SBGP‘“&S’F ng§°mpo‘quésé9’/‘8 6\ anegr rsbgftﬁgprggp;qqg dt han

static crystal lyj | r i :0- i t
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mel ti ng cryst alcrystedisatiohnA pharactepbtic, ofSmary aystpiiisable organigcoalpousdst is de low
rocesses, partigul arl [..a ous 30 systems, .. such as _e. t he
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US-A 4 316 368,chbiSe Aot Mpaldorind US-A 4 459 144, WO 98/ 25680

PCT/ EP97/ 06611 -2- Moreover, suspension crystallisation processes for
purifying chemcals in several

15 Conventional processes of the prior art are, inter alia, solution crystallisation or static
crystallisation from the mixture of compounds itself, in which the compound to be
isolated is precipitated on fixed cooled surfaces, then separated from the mother

liquor and melted again.

20 Both crystallisation processes require the use of large amounts of energy since the
mass to be cooled and reheated for crystallisation exceeds considerably the mass of

the reactants actually to be separated.

Generally speaking, crystallisation processes in suspension can be carried out using
25 less energy and with better efficiency than static crystallisation processes if so-called
wash columns according to US-A 3 777 892 and US-A 3 872 009 are used for the

separation and as the melting crystal phase.

In principle, such suspension crystallisation processes, particularly for aqueous
30 systems, such as e.g. the removal of water from foodstuff liquids, are known from
US-A 4 004 886, US-A 4 316 368, US-A 4 430 104 and US-A 4 459 144.



st ages -have alweadpsézeen proposed according to US-A 4 787 985pcHEBOEAN
feature of all said processes is that they have a crystallisation vessel
(for 5 each stage in the case of nmultjsstage crystallisation) in which
crystals are frozen out by the renoval of heat, a recrystallisation vessel
in which |arger crystals grow at the expense of smaller ones, and a filter
I n which the crystals are separated fromthe nother liquor. At |east the
filter of the {jnal stage takes t formof a wash cal.um, 10 . The
functi on of ¢ hMoRERRE ARG v Bt Bre Sl Rl by PR ngitats n, &Vl
phase obt ai nedsthgeaMale alredtyWen lpropiaed atddrdifg $o UBSK. 4 tEE9gs.ystal slurry is
fed into the columm from bel ow, conpacted by a stanper which takes the form
of a sieve plate, the nother |iquor flow ng downwards through the sieve
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case, the liquid pressure of the nelted crystals above the crystal block is
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crystals and the tenperature of the crystal slurry fed to the wash col um.

Consequently, such wash colums may be operated advantageously only up to
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tenperature of the starting m xture, [
block is maintained at a level such that a small quantity of the liquid is pressed
through the crystal block for washing out adhering mother liquor. The purity of the
separated crystal phase depends to a large extent on the temperature difference
20 between the melting temperature of the crystals and the temperature of the crystal
slurry fed to the wash column. Consequently, such wash columns may be operated
advantageously only up to temperature differences of 5 to max. 10 °C between

crystal suspension fed in and melted pure phase.

25 Mixtures of organic compounds, on the other hand, are obtained in mixing ratios
which, in so far as they are at all accessible to separation by crystallisation, cause
considerably larger temperature differences between crystal suspension and melting

temperature of the pure compound to be separated, on account of the liquidus curve.

30 Although it is possible to increase the concentration in the liquid phase of the crystal

suspension in the final stage before the wash column by multi-stage crystallisation



gives rise to swaeeisssgler abl e outlay in terns of equi pment, thetesporo6611
of fsetting the advantages of suspension crystallisation over static
processes. 5 Organic conpounds generally exhibit a very |ow solid phase
solubility in one another, so inherently single-stage suspension
crystallisation processes are suitable for the separation. 10 The
obj ect of the present invention is to provide a process in which the

requi red nunber_of crystallisation.stages in suspensian crystallisation can
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t he crystal sl dorthefseparatidie final crystallisation stage is exchanged
gradually, at least in part, for the starting conpound m xture. 25 The
exchange may take place stepwise in at |east two stages. In preference, the
exchange kes r I L. |y i .
i Cesil - oreedof $HE plotd Mvetth 145 450k b ipeckO F Wik e rPhuied,
t ake t he form abmbervferystallisatidn sthgbssn suipension catstallisation canpe widced. xt ur e
flows in from 30 one side through one sieve and nother |iquor is drawn
off on the other side through the other sieve. WO 98/ 25680
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fl ow channel has an annul ar flow channel s Tornmed by concentric
si eve pipes. Abpr einglerstaieent hmmiistags i suspensiopr tiyetallishtiers whereimteacic gagees,
the two 'f5ner %E&%ﬁsés%kc'r}r/]s(i’aﬁipe% (];p {orﬁqal?}tarsécxe})é&?lisaggf vessel and a filter for separating

liquid phase from the crystal slurry, wherein the liquid phase separated in the filter

is returned to the relevant crystallisation stage, the crystal slurry is transferred to the
succeeding stage or from the final stage into the wash column for complete
separation of the mother liquor, and liquid phase depleted in the compound to be
20 crystallised is expelled from the first stage, the starting compound mixture being fed
behind the final crystallisation stage, which is characterised in that the mother liquor
of the crystal slurry from the final crystallisation stage is exchanged gradually, at

least in part, for the starting compound mixture.

25 The exchange may take place stepwise in at least two stages.

In preference, the exchange takes place gradually and continuously, i.e. constantly
in infinitesimal steps. This may take place in a flow channel with walls which take
the form of sieves on both sides, wherein starting compound mixture flows in from
30 one side through one sieve and mother liquor is drawn off on the other side through

the other sieve.



crystal slurrywengnesog fromthe final crystallisation stage pdoEw7hégiough
the central 5 pi pe, the starting conpound m xture being fed into the
outer pipe and nother |iquor being drawn off fromthe innernost pipe. In a
particul arly advant ageous manner, provision is made for the feed of
starting conmpound m xture and the withdrawal of nother |iquor to be

i nt er changeabl e by 10 reversing valves. In this way, the direction of
flow through the sieve apertures my be reverse ndy, any, bl ockages
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crystallisation stage. In particular preference, it is used for the
correspondi ng exchange of nother liquor in the preceding stage. 25 The
process accor dinng pattiduluelyl sdvanfapesusiarirf, prodisiout is prifecfod the/ fapdt df artiyg one
crystallisation stage. | n particul ar preference, the praocess accordi ng to
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m xture of such that 2 to 5% of the crystal phase are redissolved. This prevents crystal caking

occurring in the exchange device.

The mother liquor drawn off by the exchange is returned to the crystalliser in single-
20 stage crystallisation processes. In multi-stage crystallisation processes, the exchange
mother liquor is returned preferably to the previous crystallisation stage. In particular
preference, it is used for the corresponding exchange of mother liquor in the

preceding stage.

25 The process according to the invention is carried out preferably with only one

crystallisation stage.

In particular preference, the process according to the invention is used for the
separation of isomers of isocyanates, particularly for obtaining pure isomers of 2,4-
30 toluylene diisocyanate and 4,4’-diphenylmethane diisocyanate from the isomer

mixtures with 2,6-toluylene diisocyanate and 2,4’-diphenylmethane diisocyanate.



65 to 69% 2, 4- W oszpd8B5 to 31% 2, 6- TDI on the other hand. Theciriegeti/séet
tenperature of the isonmer mxture wwth 65% 2,6-TDI is about 6.3 [err]C. The
crystal slurry of the single-stage suspensison crystallisation process
consequently has a tenperature of 6.3 [err]C. For an effective separation
of the pure crystal phase in a wash 10 columm, a crystal suspension at a
tenperature of at least 12 [err]C would have to be fed to the wash col um
allowing for t [ rat of .the.pure 2. 4-TDl phase cearding
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m xture which preferably has a crystal content of not nore than 30% such a
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uneconomically high redissolution of at least 50% of the crystal phase, or by multi-

stage crystallisation.

As a result of the continuous-gradual exchange of mother liquor by the starting
20 isomer mixture according to the invention, on the other hand, it is readily possible,
by accepting only a favourable redissolution rate in terms of the process of 2.5 to
5%, to provide the necessary starting mother liquor concentration and temperature
for the wash column. If the product desired is a phase depleted in 2,4-TDI with 67%
2,4-TD], it is sufficient to exchange only part of the starting isomer mixture with the
25 mother liquor and to mix the remainder of the starting isomer mixture with the
crystal slurry. If a product with 69% 2,4-TDI is desired, it is sufficient to carry out
the exchange of starting isomer mixture and mother liquor in two stages, wherein a
part of the starting isomer mixture and the crystal slurry are mixed continuously and
mother liquor is then expelled with a filter before the remaining starting isomer

30 mixture is mixed with the crystal slurry in a further vessel. Excess mother liquor may



Fig. 1 stwovss/23689l Ngl e- st age crystallisation process accptrEpg/oba1t he
invention with two-stage exchange. Fig. 2 shows a singl e-stage
crystallisation process with gradual exchagge. 10 Fig. 3 shows a
two-stage crystallisation process according to the invention. Fig. 4

shows a two-stage crystallisation with nother |iquor exchange in both
stages. 15 Fig. 5 shows a preferred exchange device according to the

invention. Fig, 1 s di agr tically a crystalliser 1 in ich,. via the
ool 1 ng_ | acker o el T 1 B iee e By Bbdte arckhefral Ot dutiresty
therein. The cpofheRtashaekhin2 is 20 cool ed by neans of the cooling unit
3. The crystal suspension is fed via line 4 to an exchange vessel 5 which

acts as the first exchange stage for the nother liquor. A part of the

veasel 8 via | THenggtid §exped BN intRGe ottt bpde b e HplmEuBpgE °
crystalliser 1 by neans of filter 7. A crystal suspension is drawn off from

t he exchange vessel 5 25 via line 9, the nother |iquor, of which
suspensi on hasFig Hi gher shawsehtingleistage srystalisadernprogens aceprdiag ¢o thetinyantiend

than the crystal suspensmgt%gs\{%%gﬁx%ﬁ allisation vessel 1 via line 4.
i I's n

The mass flow through Iiné rol ”ed such that a readily punpable
crystal suspension is present inline 9, i.e. the crystal suspension in
line 9 has a sg|lids content of 25-35% The starting subﬁ£anc m xture fed
via line 6a isfed at a Stpwsa ﬁ@&lﬁeﬁt%aewtglﬁwwrpa?eesm rgrefﬁ{ahsth%@ wi th
the crystgl suspension fed via line 4, the mxture is slightly
undersaturated. The remai ning part of the starting conpound WO 98/ 25680
PCT/ EP97/ 06611Fig/ 3- m xt shiows & tWwestage arylstatiisatidn processtdoeordingi toghe @nsnationl O
into which the crystal suspension fromthe exchange vessel 5 is also fed
via line 9. The m xing vessel 10 acts as the second stage for the gradual

mot her | i quor ggchange. ghdvid 4 Go-SRYe é%gsetmileaﬂoﬂ%@ﬁmiﬂeﬁigwrle%hﬁ e gﬂm’stﬁg

vessel 10 by nmeans of which excess fother |iquor is separated an
returned to crystalliserstagessn t he enbodi nent shown, the function of the
filter iﬁstaken

Fig. 5 shows a preferred exchange device according to the invention.

Fig. 1 shows diagrammatically a crystalliser 1 in which, via the cooling jacket 2, heat
is removed from the crystal suspension situated therein. The cooling jacket 2 is
20 cooled by means of the cooling unit 3. The crystal suspension is fed via line 4 to an
exchange vessel 5 which acts as the first exchange stage for the mother liquor. A part
of the starting compound mixture, preferably about 40-60%, is fed to the exchange
vessel 5 via line 6a. Exchange mother liquor is returned via line 8 to crystalliser 1
by means of filter 7. A crystal suspension is drawn off from the exchange vessel 5
25 via line 9, the mother liquor of which suspension has a higher concentration of the
compound to be crystallised than the crystal suspension leaving crystallisation vessel
1 via line 4. The mass flow through line 8 is controlled such that a readily pumpable
crystal suspension is present in line 9, i.e. the crystal suspension in line 9 has a solids
content of 25-35%. The starting substance mixture fed via line 6a is fed at a
30 temperature such that, after being mixed with the crystal suspension fed via line 4,

the mixture is slightly undersaturated. The remaining part of the starting compound



over by wash covoosr2ss® The crystal suspension is fed into saipgTwesihosel umm
vialine 11 and the hollow axis of the reciprocating punp 12 above the
sieve plate 13 of wash colum 20. Reciprocating punp 12 noves sieve plate
13 periodically upwards, the nother |iquor flow ng downwards through sieve
plate 13. In view of 10 t he novenent of the sieve plate, a conpacted
crystal block is forned above sieve plate 13. Above the crystal block, pure

crystals are scy; : CALY . . scraper 14
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col unm 20 by n#ssEdstageifer the gradual methsr liguos spehangen filtas may be hﬁwédﬁdaq@étt
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crystal | i sabl e retumedde dryistalljser s dadhaembatinent shuwg, thg Sl hm'bn bﬂﬁle(ﬂ)ﬁf)l aahlesh
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re%/ur ned to cryP¥RbY i"‘é""éﬁI %@Fﬁ%ﬂ@ orystakspspension; ig fed inte spidiwash gelumn via |
crystallisable O4Hackn 3 : ar yat al i ' <t an
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depl eted isoner_m xture still . .containing 69%2, 4-TDI, as scr.i bed |

abgve. In Fig. BV ehﬁx@ﬂ@ﬁbeWs@%YmS iafls thrqugh sigye plate 18 In wiew of
exchange | u Q ' Rcfir | i
exchange gl u?n%egn{osérgglg(rﬁf} ﬂggg’}éﬁﬁ%nﬁog ?a %oet al F&bcer#’%{/ﬂv%#ﬂgkcd@% gcgag owh
accordi ng to Fiplate 23] Abevs thalshystdl blockppuriervrystpl® ave-stiziped bﬁ@lwlhacsysmbidcg by

I somer m xture _contai.ning 80% 2, 4- TDI L1 st si.mul taneously optaining a
depl et ed isonefn%flitotg;}he\%ﬂaﬂe% % 2° ‘-’dl'\g?lle(aﬁteﬂw 3.'\??3'“3 cat e"l“ﬁ%"?ﬂ)s.anﬁhe
entire starti n@xe%lbﬂﬂfs fﬁi—é%l%ﬁllisﬁbll? c8MBo@R] Viavatlel 18 @ thd BirBetfdaadtdfros@ 4#m
via line 6a. 98/ 25680 ' _ _

PCT/ EP97/ 06611 Pag-ofj the; meltedupurs: exystallisglle adomiponnd ds rgnoedste the dtop difmgasho

ig. 3, | f |.Qw t of th | 5is
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with the cryst 8y sieapesfdnodppreptiategdjhsiest ¥Svavd 16ahe pressure maintained at the

top of the wash column is such that part of the pure crystallisable compound is

pressed as wash liquor against the compacted crystal block.

20 The mother liquor separated in the wash column is returned to crystalliser 1 via line
19. Mother liquor depleted in crystallisable compound is expelled from the
crystalliser via filter 22 and line 21. The device according to Fig. 1 is suitable for
separating 2,4-TDI from a starting isomer mixture containing 80% 2,4-TDI whilst
obtaining a depleted isomer mixture still containing 69% 2,4-TDI, as described

25 above. In Fig. 2, the exchange vessel 5 of Fig, 1 is replaced by the exchange column
5 for continuous gradual mother liquor exchange. The exchange column 5 is
described in more detail below. The device shown according to Fig. 2 is suitable for
obtaining 2,4-TDI from a starting isomer mixture containing 80% 2,4-TDI whilst
simultaneously obtaining a depleted isomer mixture with 65% 2,4-TDI (removal via

30 line 21). The entire starting isomer mixture is preferably fed into the exchange

column via line 6a.



31 of the firstysbageso I n filter 47, excess nother |iquor (w PoT/EeZR06E!It O
punpability) 5 Is separated fromthe nother |iquor |eaving the m xing
vessel 40 via line 41 and returned to crystgalliser 31. The crystal
suspension is fed to crystalliser 1 of the first stage. The m xture of
conpounds depleted in the crystallisable conpound is expelled via line 51
fromcrystalliser 31 of the second stage. 10 The process according to

Fig. 3 is particy arl uitable.for the separatiop gf LS
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i somer m xtur e w4 lihe $0% ot £rysidlliseh 8V iafghaisdconstagé.ure of 40 [err]Cis fed

into the exchange colum 5 via line 6. An exchanged nother |iquor with 76%
4,4 -MDl flows out via line 8 The crystal suspension | eaving exchange

colum 5 yja |ifg aq‘%oé%a ogazlh?% Fiécgqlﬁggaﬁﬁjcﬁllarl Qirabiétfor YR séff»@fa'ii%ﬁ%?%h{ws to

a liquidus tenperdature o err r every 100 parts of starting 25
i somer mi xt ur e dfaliphengdnhéthmmeaiiisFciaBatp {MDI).din yiew of fheiprofictimepresgss| MBd is/i a

line 17 and 22. f an, i ixture sti i %4, A4 = NDI
a6 expel | ed vichthn 3% siing: FGeE GHEBH O 304, A MEaR] RBCAR DI
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content of the crystal suspension l'eaving crystalliser 31 of the first,
stage is only 2g%e $tartingdscandrauixteais abbut 36°C. hepurerh4 3HDI hasaguelting pejint o
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vessel 40 WG O8/ g5630MDI with a liquidus temperature of 18 °C. Accordingly, the crystal
PCT/ EP97/ 06611 9 - and line 41 may be increased such that the solids
content in |i newuspensigng leayings cms@ﬁiser 31 has a temperature of 18 °C. The second
crystallisation stage 1 is operated at a temperature of 27°C. This corresponds to a
mother liquor containing 72% 4,4’-MDI. The mother liquor is fed into the exchange
20 column 5 via line 4. The starting isomer mixture with 90% 4,4’-MDI having a
temperature of 40 °C is fed into the exchange column 5 via line 6. An exchanged
mother liquor with 76% 4,4’-MDI flows out via line 8. The crystal suspension
leaving exchange column 5 via line 9 has a mother liquor with 80% 4,4’-MDI
corresponding to a liquidus temperature of 32 °C. For every 100 parts of starting
25 isomer mixture fed via line 6, 77.8 parts of pure 4,4’-MDI are expelled via line 17
and 22.2 parts of an isomer mixture still containing 55% 4,4’-MDI are expelled via
line 51. A solids content of 30% in lines 4, 9 and 11 is obtained by controlling the
mass flows in line 8 and line 49. The solids content of the crystal suspension leaving
crystalliser 31 of the first stage is only 23%. In the embodiment of the invention

30 according to Fig. 4, an exchange column 5 and 35 is provided in the two stages I and

II respectively. As a result, the mother liquor concentration in the mixing vessel 40



i ncreased, i.ewdbg2smss flows during the isoner separation ofpclPPoBates1
reduced. Moreover, with a device according to Fig. 4, it is possible to
separate m xtures of conpounds in two stages wherein an even greater
depletion of the mxture to be 5 expelled via line 51 takes place than
that described for the isoner separation of MDI. The dashed |ines 6b, 8b
and 49 denote only mnor mass flows which serve to control the process or

dapt th th is.conduct ifi b | yed.
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count eract ed byoledi odi cal reversal, or a 20 bl ockage of the sieve
apertures can be counteracted by nmeans of reversals initiated by a pressure
change detected in lines 6 or 8 The change in the nother |iquor
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the mot hefS H q%%rin(t}@ diréction lélrra'olwy 6,%vxl§:1c a?nqgtgref éters annular channel 64 through the

sieve pipe 62. At the same time, mother liquor is forced into the inner sieve pipe 61

and expelled via line 8. The direction of flow through sieve pipes 61 and 62 can be
reversed by means of the simultaneously reversible valves 66 and 67 so that a
blockage of the sieve apertures can be counteracted by periodical reversal, or a
20 blockage of the sieve apertures can be counteracted by means of reversals initiated
by a pressure change detected in lines 6 or 8. The change in the mother liquor
concentration in the annular channel 64 brought about in each case by the reversal

is evened out in the downstream mixing vessel 10 in each case.
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mother liquor of the crystal slurry from the final crystallisation stage is

exchanged gradually, at least in part, for the starting compound mixture.

A process according to claim 1, characterised in that the exchange takes place
in a flow channel with walls which take the form of sieves on both sides,
wherein starting compound mixture flows in from the side through the sieve

and mother liquor is drawn off on the other side through the sieve.

A process according to claim 2, characterised in that the flow channel has an

annular cross-section which is formed by concentric sieve pipes.

A process according to claim 2 or 3, characterised in that, in order to avoid
blockages of the sieves, reversing valves are provided for exchanging the

sides of feed of starting compound mixture and withdrawal of mother liquor.

A process according to claim 1, characterised in that the starting compound

mixture used is an isomer mixture of organic compounds.

A process according to one of claims 1 to 5, characterised in that the starting

isomer mixture used is a mixture of 80% 2,4-toluylene diisocyanate and 20%
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15°12. ° A proceass/psegot he separation of (1) a crystallizabl e pefraabt/6s611
conpound from (2) a m xture of organi c conpounds by multi-stage suspension
crystallization of (3) a slurry containingjgenpound (2); ar at us
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associated wth each crystallizer 20 (1) for sep i
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t he
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