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; mhe3emj 6T HL CRYSTALLI ZATI ON PROCESS AND APPARATUS THEREFOR Fi el d of the
_Inverition The present invention relates to a crystallization process and an
_apparatus therefor and, nore particularly, to a Cmﬂ@ﬂall | i zati on process

whi ch can achieve, in the operation of crystall izl M"IWWVI ng the
average particle dianeter and the distribution of e dianeter and

preventing sticking of crystals to the crystallizatiomssank and appar at uses
connected to the crystallization tank in sinple procedures w thout
conplicated apparatuses. Back r In the fields of fertilizers such as

amoni um sul CRAVSTALLIZATEON RROCESE AND: APPARATUSFHEREEQEN cal
products, pharmaceutical products and food products) various
crystallization apparatuses are used for producing crystalline particles.

From the stapdpqinf of the type of heating) the crystallization apparatuses
can be CIM&J&M@%&M lization
The present invention relates to a crystallization process and an
apparatus therefor and, more particularly, to a crystallization process
which can achieve, in the operation of crystallization, improving the
average particle diameter and the distribution of the particle diameter
and preventing sticking of crystals to the crystallization tank and
apparatuses connected to the crystallization tank in simple procedures

without complicated apparatuses.

Background

In the fields of fertilizers such as ammonium sulfate fertilizers and
urea fertilizers, various chemical products, pharmaceutical products and
food products, various crystallization apparatuses are used for producing
crystalline particles. From the standpoint of the type of heating, the
crystallization apparatuses can be classified into crystallization
apparatuses of the inner heating type and crystallization apparatuses of
the outer heating type. From the standpoint of stirring, the
crystallization apparatuses can be classified into crystallization
apparatuses of the spontaneous stirring type using boiling of a liquid and
crystallization apparatuses of the forced stirring type having stirring
blades disposed inside the apparatuses.

It is important for every type of the crystallization apparatus that
the average particle diameter and the distribution of the particle diameter

of crystals are controlled and sticking of crystals to the wall surfaces of
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~app‘ar\at uses of the inner heating type and crystallization apparatuses of
.the outer heating type. Fromthe standpoint of stirring) the
.crystallization apparatuses can be classified into crystallization

appar atuses of the spontaneous stirring type using boiling of a liquid and
crystallization apparatuses of the forced stirring type having stirring

-bl ades di sposed inside the apparatuses. It is inportant for every type of

the crystallization apparatus that the average particle dianeter and the
distribution of the particle dianeter of crystals are controlled and
sticking tlie arystadlization t dpp avabisesuid quegented. Varines catpemaits i ad on
apparatuses is prevented. Various attenpts _have been made to control the
average pheen sradaiteennteol theaverage perficleutinmeter and she sistridiioriphnet er

and to prevent sticking of crystals to the_agll syrfaces of %}ge
appar at ustle particles diameter| abdt foopreyad: sicing, ok Keystatehe ithe Make of a

slurry int crystallization (the volune of a crystallization tank) is
deci ded f POHAEHROLENCARRATAERSOSnce and the tine of crystallization necessary
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of the change I n the above conditions i's restricted.
crystallization is decided. When the average particle diameter or the
distribution of the particle diameter as the target value is changed, the
new target value must be achieved by a change in the retention time of a
slurry during the crystallization within the range which the change in the
liquid level in the crystallization tank allows or by changes in the
temperature and the pressure of the crystallization. Naturally, the range
of the change in the above conditions is restricted.

To overcome the above restriction, various attempts have been
made for a long time. For example, a complicated structure is formed
inside the crystallization tank. Typical examples of such structures
include the crystallization tank of the Oslo type (Crystal Oslo) and the
crystallization tank of the draft tube type. For example, in a process
described in Japanese Patent Application Laid-Open No. Heisei
6(1994)-226003, an annular tube having many outlets for blowing a liquid
is disposed at a lower end of an outer tube of a draft tube, an outer
circulating apparatus is connected to the annular tube and a solution is

supplied to a crystallization tank via the annular tube.

To prevent sticking of crystals, local measures are taken at portions



_To overcone the above restriction, various attenpts have been nade for a

*long tinme. For exanple, a conplicated structure is forned inside the
~crystallization tank. Typical exanples of such structures include the
crystallization tank of the Gslo type (Crystal Gslo) and the
crystallization [ ank of the draft tube type. For exanple, in a process

-descri bed in Japanese Patent Application Laid-Open No. Hei sei

6( 1994) - 226003, an annul ar tube having nmany outlets for blowwng a liquid is
"di sposed at a | ower end of an outer tube of a draft tube, an outer

circul at i mhappaystalsstick andrrowes describedanrihedollawhng.and a sol ution is
supplied to a crystallization tank via the annul ar tube. To prevent
sticking of crystAessupmeab sticking efscrystals altdinuid svwfaceqrytians ofteay e
crystals stick and grow as described in the foll ow ng su ress

sti cki ng @mp@rgﬁsxsmtge aurfacqup ertionstarectrpated by ya@mumqlwgmat(

surface portions are treated by vari ous, pO|IShI ng. (buffing or e ectrol ytic
pol i shi ngPrcﬂle@é%lb’FlﬁgJQM&mn ghceating ‘@tﬁbp’% @rs%qewgl SUPBKeSHNE SHEKINE coat i ng
with Teff 2) To,provi d& hhe solution in the vicinity of liquid surface
portions $“(3ha%tﬁ??éila$ﬂ@thm eflon). property of preventing formng crystals,

iﬁﬁsf?'tﬂi'eg”ﬁ'r%vag@e# &Iatt%egem o d@%ﬁﬁ%@ﬁ M%ﬁ%&%gﬁs a[%ﬁsthi
crystal s oF ealifépﬁn@r%%‘ﬁ?%@s@aﬁopeﬁgp B R Tl 3%2?3%%%3 oy
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crystallization under a reduced pressure whiTe the solution is stirred by a
stirrer haKpRatwlaltion, heafdtRbs ¢odlé® vaporized solvent is condensed at the
outside of a crystal [ization tank and the condensed solvent is sprayed to
the gas phase [39r tToprevfent peowtly of atystalstéven wheik cpysthlsadresstiuek the of
crystals at the gas phase portion of the crystallization tank is prevented.
As descri beystalsoare, mechamicallpremoped. Greanvevdodan scragingblades).

For example, in a process described in Japanese Patent Application
Laid-Open No. Heisei 10(1998)-156103, a solvent is vaporized from a
super saturated solution containing a crude material for crystallization
under a reduced pressure while the solution is stirred by a stirrer having
stirring shaft, the vaporized solvent is condensed at the outside of a
crystallization tank and the condensed solvent is sprayed to the gas phase
portion of the crystallization tank so that sticking of crystals at the gas
phase portion of the crystallization tank is prevented.

As described above, various attempts have been made on the
crystallization tank to improve the distribution of the particle diameter
and prevent sticking of crystals to walls. However, in general,
complicated apparatuses or operations are required and practical effects
are not achieved in most cases. For example, in the process described in

Japanese Patent Application Laid-Open No. Heisei 10(1998)-156103, the



.cry‘stal |ization tank to inprove the distribution of the particle dianeter
“and prevent sticking of crystals to walls. However, in general, conplicated
.apparatuses or operations are required and practical effects are not
achieved in nost cases. For exanple, in the process described in Japanese
Pat ent Application Laid-Open No. Heisei 10(1998)-156103, the 3 sol vent
-obt ai ned by the vaporization nust be sprayed to the inside of the
crystallization tank. The concentration of the nmaterial in the
crystallization tank which is already concentrated is diluted again with

t he spraysalvent vktainaddyt the ezfqﬁdrciz'aetimym:ntsttheesp:afmyedrttorizklteil'cmtzidblaeaf%1 theses. In
the process described in Japanese Patent Application Laid-Open No. Heisei

G 1990) - 208608)izatioonpiankat edThebeoheentmgtiont |oft $heormpteswalngina theui d i s
required. Summary of the Invention The present invention has an object of
provi di ngeryspalbiations tank whiekiisplrepdydeencenteated dsotiluted peain with di anet er
and preventing sticking of crystals to I.l's in sinple procedures. w thout
conpl i cat g@ﬁ sPrAed: spdeent %gttﬁée aney \é?ﬂ&p@pgqn&gtg%ﬁpg‘seagw-t pr esent
inventors _on the crystal]igzatiqgn proce an he.crystal l.i,zat i on, .appar at us
o achi eviiq nroges, destined T SRpBRSo TR ASgaon ReitfJaes Nooar | on s
conduct ed . whi l.e i r the entire . a t .of fo slurry is

t aken out s?h%ﬁgpgjs%ggﬁga?ic(gﬁlq %ﬁeiﬁ}}gtﬁ)m‘?\g‘agc‘iﬂf?tﬁt%@%mg

recycl i ngy, . e crystals in the slurry are separated or the slurry
IS concenyggf‘gﬁeﬁﬁéﬁcrystal recycling apparatus and the separated
crystals or the concentrated slurry is recycled to the crystallization
tank, the residence tinme of crystals in the crystallization tank and the
concent r augiimaty bhthSInfengigzoul d be increased, the distribution of the
particle dianeter was i nproved and crystals having a desired average
particle di aneThe possesitbmvehtishnhes byn csbjéstobf iprgvidigg f 4 yocedse fof t he

recycled crystals and sticking of crystals at the Iiquid surface portions
in the crimpedingathendistrikutiod afptreatpediclel diameter and preventing

sticking of crystals to walls in simple procedures without complicated
apparatuses.

As the result of extensive studies by the present inventors on the
crystallization process and the crystallization apparatus to achieve the
above object, it was found that, when the crystallization is conducted
while a portion or the entire amount of the formed slurry is taken out of
the crystallization tank and introduced into a crystal recycling apparatus,
the crystals in the slurry are separated or the slurry is concentrated in the
crystal recycling apparatus and the separated crystals or the concentrated
slurry is recycled to the crystallization tank, the residence time of crystals
in the crystallization tank and the concentration of the slurry could be
increased, the distribution of the particle diameter was improved and
crystals having a desired average particle diameter could be obtained by
controlling the flow rate of the recycled crystals and sticking of crystals at

the liquid surface portions in the crystallization tank and apparatuses



connected to the crystallization tank is prevented. The present invention
““has been conpl eted based on the know edge. The present invention provides a
.crystallization process conprising introducing a solution or a slurry
formed by inconplete crystallization of a solute into a crystallization
tank, crystallizing the solute in the crystallization tank, formng a
-slurry conprising crystals and a solvent and di scharging the forned slurry
to an outside) the crystallization being conducted, wherein a portion or an
entire amount of the formed slurry is taken out of the crystallization tank
and i ntr odomeettedito the crystalizatmaytankny meyentedus Thepresens tavention t he
slurry are separated or the slurry is concentrated in the crystal recycling
appar at us hasdeeheomyatest leasedropsthe knewledge. concentrated slurry is recycl ed
to the crystalljzation tank and A cr%qtal | i zat i on apparatus for, a
crystal | i zati o heryesent BuieRstios PrPVIGRS @ GurStALIZAtN PRACERS BAMATISING ry
formed by.incqnpl ete st II|zt|o sol ute nto ystalli atlon
t ank) cryél%fépa}l%linﬁga §qﬁé‘¥1é’8| Q}?t%suﬁrlt’ @EY&’P‘FQ“&B t%ﬁrbfséﬂﬁl fZ
slurry co S|n stal nd. a nt_an i scha ng .t he for d slurry
to an out SPHE t“ﬁ@ cty St ?ﬁ'ﬁ'ﬂan Earﬁ’tyﬁgajglﬁ g}?%gg‘& E‘?y’s‘fa $ecycling
appar at us _for, s t r ncentrating
the formef*% sﬁtﬂ%%lgﬁdtﬁrgﬁy@?{nﬁﬁ tan§ ‘%iﬁa og?prééﬁ ”&ygféélé’ 4&%% s@g’ﬁ% nt rat ed
slurry to thhe i iRt
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Figure 1 s ows a am ex e principle resent ventl on.
Figure 2 shougetadf %\@r%aétpo%oﬁ dioé}i/ %Hh'r@%houﬁﬁpﬁf ﬁfélﬁ)rhfbxﬁslur)é%é?h the

crystallization is conducted by flashing a slurry at a high tenperature.

Figure 3 siless dutl lofwtled adrysttizdtion Ngnlkh e dherdduedd i thtbha crystal
crystal lization apparatus of the present invention conprising the apparatus

shown in kregutiag2aputatus; rthetalystads e thaghapparatsepardtedusrethe slhovys a flow
chart exhibiting an enbodi mrent of the crystallization apparatus of the

present i iveoncemtratetprinsilng dryetat resyding eapparats amuhrthe usgmrakedjure 5
shows a flow chart exhibiting another enbodinent of the crystallization

appar at us cxistalseorptles epncentvasedi durtyniswrecytled todihe ewstalliaatipurtapki aken out
of the crystallization tank is not recycled to the crystallization tank but
di schar ge@do the out si de.

A crystallization apparatus for a crystallization process comprising
introducing a solution or a slurry formed by incomplete crystallization of a
solute into a crystallization tank, crystallizing the solute in the
crystallization tank, forming a slurry comprising crystals and a solvent
and discharging the formed slurry to an outside, the crystallization
apparatus comprising a crystal recycling apparatus for separating the
crystals in the formed slurry or concentrating the formed slurry and
recycling the separated crystals or the concentrated slurry to the

crystallization tank.

Brief Description of the Drawings

Figure 1 shows a diagram exhibiting the principle of the present

invention. Figure 2 shows a flow chart of a conventional apparatus in



_Explanation of the Mark In the above figures, V neans a crystallization
“tank, R Rl and R2 each nean a crystal recycling apparatus, PP neans a
_punp, A neans a stirrer and C 1 and C2 each nmean an instrunent for
controlling the flow rate such as a control valve. Detail ed Description of
the Preferred Enbodi nents The type of the crystallization tank used in the
-present invention is not particularly limted. A continuous crystallization
tank is preferable. In general, the entire amount of the slurry fornmed in
the crystallization tank is introduced into a crystal recycling_ apparatus
via a punplrich thekicrystallizagiops isiconduetede biiefagkingya slusey taton bigh he
slurry fornmed in the crystallizati%? tanpk ma .Be,ta en OutﬁLP thghoutside
Wit hout piemparRtugeouliEuRe shams aifloveghart exhibiing thebasighovw iy the|

recycling appajatus is constitutegd wth either an 6 apparat us f.or
separ at i n§FXSIFSIZLON; ARRATARUS h@FcF}E&tB¥%seRFe1 VGTHRoR eﬁg’BPB‘ﬁWg\et}%‘P urry

taken out of the crystallizati tank or .2 aratusf(%r copgcentrating a

slurry i n2RRPEHUSHIONT, 11} I%?tqgﬁﬂﬁﬁgcﬁyﬁg &%@@HP%%W% URent RSt the
talli ' tank i . f ] by which

R i S T S N
talli ' | i t '

cryat al s) AQRoPAC0f B OrESHE teniith | APHRREAND WEIAERRRRIME e

crystals faggﬁ}%ﬂﬁ%eé.' ur rEigFfé shesipRar gt Lﬁmﬂ?orch%?t“?@i?ﬁi'b%ihgg ghothbf Iy, any

appar at us e used as long as the apparatus can concentrate the slurry.
For exanplegmbodimede dfahe! 4§ seANYEA0h UpParaPRAGALHE pTdSdhtAinvienltiotidl .
cyclone) a gravity precipitation apparatus and a centrifugal precipitation

appar at us wisch ke postion asf 4 uayptdlanusut of thenagstallkation aankuis ot The fl ow
rate of the slurry fornmed in the crystallization tank and
recycled to the crystallization tank but discharged to the outside.

Explanation of the Mark
In the above figures, V means a crystallization tank, R, R1 and R2

each mean a crystal recycling apparatus, PP means a pump, A means a
stirrer and C1 and C2 each mean an instrument for controlling the flow

rate such as a control valve.

Detailed Description of the Preferred Embodiments

The type of the crystallization tank used in the present invention is
not particularly limited. A continuous crystallization tank is preferable.
In general, the entire amount of the slurry formed in the crystallization
tank is introduced into a crystal recycling apparatus via a pump for
taking out crystals. Where necessary, a portion of the slurry formed in
the crystallization tank may be taken out to the outside without passing
through the crystal recycling apparatus.

The crystal recycling apparatus is constituted with either an



.infroduoed into the crystal recycling apparatus is suitably decided in
*accordance with physical properties of the solute such as the solubility
_and physical properties of the slurry. By disposing the crystal recycling
apparatus and recycling the crystals in accordance with the process of the
present invention, the amobunt of the crystals in the crystallization tank
-can be increased in conparison with the anount w thout using the crystal
recycling apparatus. The concentration of the slurry is several to several
tens percent and it is occasional]|y possible that the concentr?tion of the
slurry i sapparates famsepazating srystelsinpwhidnthe @ystals ape separataddsamon of the
slurry in_the crystallization tank can _be increased to a desired,val ue,
advant agethes shrerys talray oniti of the eystalliation tank Oryanappparatugefoxa) |
surface of the crystalljzation EaTg are_exhibited., 7 Mor eover, subst ances
whi ch ar econsentzading asgyarndnawhiche the sharsy eantaming the srypiakse apd: n

fﬁEVESELgﬁ%%LeaP&?rE&iﬁéég%g%ﬁ%@vf lg;i‘r'dg%E&%&&%ﬁeﬁ@a@‘ﬁﬁ}%‘eﬁsﬂﬁoﬁfrm A
s g cooRPHETRRabE whishe Rt ohaeHtal Fusile Ban Y Folrigated Sk bl s
control v lal:r/lgfegﬁ%cggi gl{cfzeé%r%?@#gg@&n 'tﬁnlgg‘{)? peéﬂﬁn%m %rs' R aé%%%gt&safbrb €

controlle rstri I On~0 he parti Ianeter can be

changed [ ' Vi I o6 i n be

obt ai ned aghgi;f]i iaérfgs% EEr}g’{ g‘?ﬁ%ﬁ“@‘%ﬁ“@?‘ gé %tg E%p%ofr?%l goifs \ima?ggbgﬁa_t e screw
conveyor when sbhiera3eParaitals Chit akke OkldR9. CONKENtRAL @dpakatly for recycled
fromthe crystal recycling apparatus to the crystallization tank. Crystals

having a ¢rgbntradlng Ya Airige 0f aapieskaltis t & Wpaisd aR. 1ddy ey ahe the
operations of separation of crystals and transfer of the separated crystals
i n the neappatadps agan fcancéntrateedhansiuripe efffoi cexamplepf an himexpensitvieons can
be inproved. In the present invention, for obtaining the sufficient effect
of prevengdnvgnsionakiapgyasatushsuckabp & liqvid eyelenei @pgearitiy pre@piationi but i on

of the particle diangter, it is inmportant that the slurry in the
cryst al | | ZRRALS{UE ?scepitt}&‘égajrﬂf%lﬁlﬁtéqféﬁppﬁr%‘i‘%@e‘%ﬁn Ili’ﬁ ‘g@:}]eamt}l%

crystallization tgnk havi{}% a stiyrer inside the tank is used.

Al t er nat | Y3FAER T ORCERIAENE MUY st al | i zati on tank may be fl uidized,
PLLrr 0 and TGS ) e LRSS e PRBLEB ANk e P o
crvstel] AR g S At S A Mg oyl Lhe o
of the preseplandyy Rt PhyMchl pRep&anGr berl WollteSsuch as the solubility

and physical properties of the slurry. By disposing the crystal recycling

apparatus and recycling the crystals in accordance with the process of the

present invention, the amount of the crystals in the crystallization tank

can be increased in comparison with the amount without using the crystal

recycling apparatus. The concentration of the slurry is several to several

tens percent and it is occasionally possible that the concentration of the

slurry is greater than several tens percent.

Since the concentration of the slurry in the crystallization tank can
be increased to a desired value, advantages such as prevention of sticking

of the crystals at the wall surface of the crystallization tank are exhibited.



reference to figures in the followng. Figure 1 shows a di agram exhibiting
“the principle of the present invention. In Figure 1, a raw material is
introduced into a crystallization tank V via flow route Tl. Crystals are
formed in the crystallization tank V. The crystals fornmed in the
crystallization tank are transferred as a slurry to a crystal recycling
-apparatus R via flow route T2. The crystals separated in the crystal
recycling apparatus R or the slurry concentrated in the crystal recycling
apparatus Ris recycled to the crystallization apparatus V via flow route
T4. PortiMoseofert bebstapsesiwvhicintre dot edsdy seharatad hyaenystallizatidntihe
crystals formed in the crystallization apparatus flow out of the_crystal
recycl i ngachopdanteuwith conyentional iprocassesmtdies tieha tsnaall tdhangenimertheof t he
crystals in the crystal recycling apparatus is kept in a balance. The
concent r atdlubildy depending ey thedietwaraturer ¢an acqasianalynbe sppazated oy i s

i ncreased by the recycled crystals. As the material bal ance of th

cryst al s, COOHBESWATAHF Cath 8ceasamally geglsgdoqn AHEY aflon PROGeEE WG nat eri al

For hed arouahrlioy SHPE syl VAR TSR v T's equal to the flow rate. S3
rystals T ecycdedte et Foradl FEdselal S unamkl Jalvd g’ &gty 1 1e
crystal s CRYeRpRP AR the Yottt RG0REr Do Biniiled Ralsppled BB diE, D7 10
tank V t Oditsl‘%kgbﬁﬁgﬁto?lthé ﬁ’g’%gblen&agg&%ﬂ Bin b2 L8aSed &stéa‘ishéﬁ%g %:n the

amount of 't crystals I nsi e crystalllization’tan
absence ofediitql fdvavagd PARicEE Yahddetel | @ |19 iR AT by ThhfRfSeheed by HO,
the amount Hl1 of the slurry held in the crystallization 9 “tank Vin the

presence mtatios Spevd of tHee coni®l avavei ar flhewsérewt @ohdeydt avhdrowheat e of S4
is obtained as: HlL - HO X (S4+S3)/S3 - HO X (S4+P+S 1)/ (P+S 1). As shown
above, theparatadeagstilsnr dfe tdreentnatbdistuiny ishecgedyd fedrhi that ¢rystdlank V in
the presence of the flowin the flowrate of S4 is increased by the factor
of (H1l/ Hoecyelong tapparaBisdtm ke ceyallization swslencerystaishbayvingnailighhe 1 ow
rate of S4. Therefqre, the crystals can be grown and the average particle
di aneter EREBLCHdeae ibyubtes onexgtisna Marovetarthe grexatigh et i onal

P b B AR e SAT el R
0 LR 15k S A O OHREER) i i BLSHEOAGLAY I KOBEATREA S 1O LhE
chart shown i npfigur gré”se[n] LRI R \o/BJcédhL?’q acheas@fﬂlli‘elga %K&Et’".tdf* eis

introduced into a crystallization tank VI a ow route stirrer Ais

di sposed preveling! stedldh iatafhieOR alladiiefite nélimipr¥ving fheediztMblifiohi grat i on

tank V is taken out by a punp PP via flow route T2.” The entire anount of

t he sl urrghd paitivlé diuaetkbr i i3 imporysitath atefhecslumgy Apfles atyssalBzadiohi qui d
cyclone or the like apparatus) via flowroute T2 and separated into a

di | ute sltankyig fland fard edffidiently rmiresd. Tdnagenherat,oacapstadlization wank
transferred via flow route T4. The crystals of the product are taken out as
a sl urry havng oelirsyiinsife. theHandd iswwsed: e Adternasivelyy shealcontersyafithe i nto t he

crystallizati apparatus is contraqlled by a valve for controlling the fl ow
ra%/e di Sﬁg@@iﬂﬁatfqg)@,vya UAYT grﬁui(g{}zeﬁ, stirréd ‘and mixed not y stirrin%l

but by other operations such as supplying the concentrated slurry from
the crystal recycling apparatus into the crystallization tank as a whirling
stream or flashing a solution of the raw material into the crystallization
tank at a high temperature.

The process of the present invention will be described with



In the present invention, various processes may be used for increasing the
" degree of concentration of the slurry and inproving the 10 di stribution
of the particle dianeter. For exanple, the crystal recycling apparatuses
may be used in two steps as shown in Figure 4 or a portion of the slurry
taken out of the crystallization tank may be taken out of the system

w thout recycling into the crystal recycling apparatus as shown in Figure
5. In conventional crystallization apparatuses, a supersaturated sol ution
Is supplied to a crystallization apparatus) crystals are fornmed under

cool i ng anefesencer itng figudes gl whey f@lgow'm'gni nFiguee ck yshaws a sdigigramned. | n
accordance W th the process of the present invention, the concentration of
t he sl urrygxhibiting they priaicinleaef the appeent irvandiamcrlaadégurg 1; e rashbi nat i on
of the crystalljzation apparatus and the crystal, recycljng apparatus. As
the resul materal pgriategducegsinge |3 £aystaHigadrony fank Yoartlew rqectystal can
be kept sgll) and |

be kept ol yand, Jonce) AN hard Shalal s Ip norn ksl FRL iy can
5 MR ML O
2?' g'ltjl gpsgﬁ%p]fl _egn]?\(l)\é;i[%hiel crfl(g‘?a! ??'zat ihon ’S';Sn [ se%(aié‘p% _grréa‘tr}l anlt}%t ebgegr;nragg
i | Thir SPRE Mlrab T ES6) the Bnf dfeinftdin KR8 crite) Hdait
crystalli éﬁbh?i}u%%\‘,i\%(f@&cz@d %?'Rﬁé‘ﬁfn atﬂfrﬁﬁ?g%ﬁjcuslv vEQ?]on(%@t%s of the

pr esent i nvent i on, en‘the slurry the crys zation tank can be

fluidizedTqy SdrtichBIofO¥hé eyétal$ infliodnesd ths Bhé Neve miateidll gadi €ie t ank)
crystals stuck to the wall surfaces at the inside of the crystallization

tank can bgystalsafoethed in et digsfdlivandn tapparhtuy Ylokavubpfathlel cryshalgh
concentration. Thus, sticking of the crystals at the inside of the

cryst al | i reychngtapparatus e poudedhd éal amourte sgchvithiat dhetdontentyeft thies can be

suppresse(giystals in the crystal recycling apparatus is kept in a balance. The
concentration of the slurry inside the crystallization apparatus V is
increased by the recycled crystals.

As the material balance of the crystals, the sum of the flow rate S1
of the crystals in the raw material supplied via flow route T1 and the
amount per unit time P of the crystals formed and grown in the
crystallization tank Vis equal to the flow rate S3 of the crystals going out
via flow route T3. When the flow rate of the crystals recycled from the
crystal recycling apparatus R to the crystallization apparatus V is
represented by S4, the flow rate S2 of the crystals transferred via flow
route T2 (the route from the crystallization tank V to the crystal recycling
tank R) is expressed by (S3+S4).

' When the amount of the crystals held inside the crystallization
tank V in the absence of the flow of the crystals via flow route T4 is

represented by HO, the amount H1 of the slurry held in the crystallization



In the present invention) the residence time of the crystals and the

" residence tinme of the nother liquor in the crystallization tank can be

i ndependently controlled by the conbined use of the crystallization tank
and the crystal recycling apparatus. Therefore, the particle dianmeter in
the slurry can be freely controlled and crystals having a desired particle
-di aneter can be obtained. For controlling the particle dianeter, a control
valve for controlling the flowrate of the recycling of the concentrated
slurry is used when an apparatus for concentrating a slurry is used as the
crystal r&ayk|V iy thepereaenes afthe flowr efithosvestals viar flownrawde| Thinthe f1 ow
rate of the recycling of the crystals is used when_an _appar at UI§I for
separ at i nélO(Y‘f yERtg| of | §4ydagohtainpe é?ysftiél =re%9c¥i<§é‘*’§§&§?’at’us. Or¥e process
and the aggarat us)ﬁj t he present invention can be applied, in principle, to
any materi f£PHaly ﬁ'gg]e}s the crystallization can be conducted. Therefore,

the process and the apparatus qf the, present invegntion are_adyvantageously
used in wide i%&u way W‘B’Ieds.ghq rrasHEngsptea PHnthey qrigtals olestheing ¢ he

ST Bl 3T Bl PR B Wbl i
ol T ot ng Rasan: LB83hE Pl df (IO, BT cn b 5o O BRE T} Bhe3n e e
crystal || SRhom P tn tHblAGTTRS of Sd N IR KR! e BrBa DAY BESRAVED 2 ST

d t
val ue and dense anénhardﬂcr stal's "havin I'gh purity can tal ned. 12

(2) The r ] i j f the crystal can be
S /O el Rt e BN

suppressed to a sma gree of supersaturation of the
super sat ur at ed Fs@hiét 2 QhoSPRIflRH chart b aldonveatibhaRhppardtaBkin whi@pt at a
great value and the degree of supersaturation of the solution in the
crystal |l i thé comstalkiaktioarskendapieddly Aashinkla slaktieat Ak temperstureki ng of
crystals to the inside of the crystallization tank can be prevented and the
growt h of Figrerecd ghowss Baw dhart exhibéting dhe bapic\hen in the skystallizsdionbe
fluidized by stirring by a stirrer disposed in the crystallization tank,
crystal s @ppekatug Qm%lwrresemr myeatign eqraprigiig)shefappasatsy shewni It i on
tank can g‘e s%flpea of f. Therefore, sticking of crystals to the inside of
the cryst ALBWEEA ABA & aRtalaecrding apedtattSand the growth of the crystals
can e SUPPr esiedhs bhy St SH¥nd HEFERNR % 100 nfbtolfa? oSSR d high! o tank

temperature is introduced into a crystallization tank V via flow route T1.
A stirrer A is disposed in the crystallization tank V. A slurry in the
crystallization tank V is taken out by a pump PP via flow route T2. The
entire amount of the slurry is introduced into a crystal recycling
apparatus R (a liquid cyclone or the like apparatus) via flow route T2 and
separated into a dilute slurry transferred via a route T3 and a
concentrated slurry transferred via flow route T4. The crystals of the
product are taken out as a slurry via flow route T3. The flow rate of the
crystals recycled into the crystallization apparatus is controlled by a valve
for controlling the flow rate disposed in flow route T4.

In the present invention, various processes may be used for

increasing the degree of concentration of the slurry and improving the

10



’crYStaI recycling apparatus and, further, by using the function of
“controlling the flowrate of the recycled crystals, the concentration of
tthe slurry in the crystallization tank can be adjusted to a desired val ue
and the residence time of the crystals and the residence tinme of the nother
liquor in the crystallization tank can be changed i ndependently. As the
-result, the particle dianeter of the crystals can be adjusted as desired
and crystals having a desired particle dianmeter can be obtained. (5) As
descri bed above, since the physical properties (density, hardness and
purity) ofistmleutieyfdhbe)panicledipmeters dosexampleathe sryytal pecycling
supersaturated sol ution suegtged to the crystalligzation tank, fhe sticking
of the cr3piayatuses may heasesinobwe Fensrassliawn }_1&:5{16’1‘\1'9( 49K aal?l‘éFt’fol’i‘eoér owt h of

the stuck crystals can be controlled.as .desired, th rystal i ng high
qual ity d&® ﬂé‘rﬁbtt&ﬁ%d’“&rﬁ tt?}?ecré(ﬁ@iktz?‘gﬁ’é @Pis@&é(rﬁ? &B%E%r?&‘%t amfer of 13
the crystals after the crystallization e facilitated, (6 i nce the
concent r a?ﬁss‘?{no‘f’lti"ﬁ‘ép é"?‘i}’d‘?gi 19te ﬁﬁe {:‘FW%QF?WQPMPWHW%Q% Sﬁgwflr}c?r eased,
the cryst IIiz%Ei on can be conducted using cooling water at an el evated

t enper at ur'®Y8f %t he crystallization even when the difference in the

solubility dep@ndé&ﬁ,e%iohgf %ﬁfﬁ%gﬂﬁta‘ﬂfoﬁ ;a}fégaMSl Bh%hB%y%{elgéti%ﬁlObt ai ned

by crystallizati oh have snal aneters annot ' be separa

accor dancgjwihf) ﬁOﬁ%@Afma' a %9%&3%%3% g?ﬁ%?aﬁ%?%r?ﬂ%ﬂé NgeWokegat er is

i npossi ble since t ect of TCryst i on di sappears unless the

tenper at uigdéy coolingtald 'sﬁﬁfihg RnidSa SRWRY @6 tadhirtesttd éfyechlaRovBiaikyd.t he

conbi ned use of the crystallrzation tank and the crystal recycling

appar at usin hérianRéowetEtie brodebs ofitlsd pirduehit anveitiémethpadonicehtradioanet er and
the prevention of sticking of crystals to the wall surfaces can be achi eved

i n accor difhadhewsturrgi il ¢heperyataltinationt pphratsisngs chrgreaseat diy ayhgar at uses.
Therefore) the process and the apparatus of the present invention are

i ndust ri adonybiadtiont af ¢hes cryshallizationnappanednsi viihel crystalegeeycling nor e
specifically with reference to exanples in the follow ng. However, the
present iangarates iAsthe vesult; she ate o€ caxstabizaiionEpamymat ameuntof he

crystallization apparatus shown in Figyre 3, grystalli i on_of

pyr onel | i ¥ec Cryst F?Bﬁbeai‘@BF Lﬁm%ﬁv BPdaH%‘?ﬁfdénayﬁﬂélcFY stztlgiS Vg AR

conduct ed, | i guid. cyclqgne was used as the crystal recycling apparatus and
a control® gp\f?agmgltﬁél@}}%eo‘?%a t?‘fol ling the flow rate of the recycling of

the concent ratﬁ{j aEJ:OlHiQXCe %@ﬂ%@aﬁﬁ%@ ofﬁlxéf'&)irgébn(tain%ghﬂt)h?gince the
concentration of the slurry in the crystallization tank can be increased,
the rate of crystallization per unit amount of the crystal can be kept small
even when the degree of supersaturation of the supersaturated solution
supplied to the crystallization tank is kept great and the degree of
supersaturation of the solution in the crystallization tank can be made
small.  Therefore, sticking of the crystals at the inside of the
crystallization tank can be suppressed or prevented.

In the process of the present invention, when the slurry in the
crystallization tank can be fluidized by stirring by a stirrer disposed in the
crystallization tank, crystals stuck to the wall surfaces at the inside of the
crystallization tank can be scraped off by the flow of the slurry having a

11



14° of a crude pyronellitic acid) containing the crystal conponent
“(pyronellitic acid) at a high tenperature was vaporized by flashing into an
~apparatus shown in Figure 3 and a concentrated slurry was recycled fromthe
crystal recycling apparatus to the crystallization tank at a flowrate 0.3
time the flowrate of the slurry taken out fromthe crystallization tank.
As the result, the average particle dianeter of the crystals was 80 (err)m
and the ability of an apparatus for separation of crystals was inproved.
Conpar ative Exanple | The sanme procedures as those conducted in Exanple 1
wer e condbégledonxerirationat Thive, stigking of ttheesrystals gt thee insidetef theat i on
tanks was not supplied to the crystal recycling apparatus (the |iquid

cycl one) &rstalization tanl gan he pyeyentad ox the ﬂp‘ﬁg‘p@?ﬁt%@’y SICARPE out  of
the system wi thout recycling. As the result, the average particle dianeter
of the cry¥PHFeSS®As about 50 (err)m 15 CLAIMES: 1. A crystallization

o oas about S . | A crysial |

D e art ot odnoe PPk Bredus the yofeRe it i bl kTS 8 ISP £l

and . sol FERTen time oA MRS Handi dheroyslkaBR Nk, e he = ©
SO ver . | ! | . f

The: 1 or medt SRR, BY it FhibiheR, A0y bt B Sy fANBRHARC A 0 o0

[ Nto A Cf ¥aliRthd ERNEAl ey RRRA B URadd) © THeYEoRe Sthe phfifel | dihinétdy fo

separated or t urry ts concentrated 1n the crys ~recycling apparatus
and the SgRaIHIAY &Y BbFréelPrcohbRIlednmed cipdtals Rhvingya idesirB8)Fd1@iéld 0 the

crystallization fank.
diameter can be obtained. For controlling the particle diameter, a control
valve for controlling the flow rate of the recycling of the concentrated
slurry is used when an apparatus for concentrating a slurry is used as the
crystal recycling apparatus and a screw conveyor for controlling the flow
rate of the recycling of the crystals is used when an apparatus for
separating crystals is used as the crystal recycling apparatus.

The process and the apparatus of the present invention can be
applied, in principle, to any materials as long as the crystallization can be
conducted. Therefore, the process and the apparatus of the present
invention are advantageously used in wide industrial fields.

In the application of the process and the apparatus of the present
invention, the concentration of the slurry in the crystallization tank can
be increased by the combined use of the crystallization apparatus and the
crystal recycling apparatus and the following advantageous effects are
exhibited.

(1) The rate of crystallization per unit amount of the crystal can
be suppressed to a small value and dense and hard crystals having a high

purity can be obtained.

12



,2.‘A\crystal|ization process according to Claim1, wherein the
“crystallization is conducted while a residence tinme of the crystals and a
.concentration of the slurry in the crystallization tank are controlled by
controlling a flow rate of the separated crystals or the concentrated
slurry recycled fromthe crystal recycling apparatus to the crystallization
‘tank. 3. A crystallization apparatus for a crystallization process
conprising introducing a solution or a slurry forned by inconplete
crystallization of a solute into a crystallization tank, crystallizing the
solute in the @ ydfthe rateaef enystallivatipomarngnig amowat of she crestabcanyst al s
and a solvent and discharging the forned slurry to an outside,, the
cryst al | ibeasuppresperhtas ssnalbrplueseven whenhe degreaglcsunegsapyationgd f or

ST irry arbeiBporrdoyatehaieons gLt e sallisniondanhie depbated ol ur vy
G ai m 3. AIFERE AL i R SeEane ObRPSFIFHGROR | GufHiaPa g i tepar at o
appar ot usHatalAars dhakiarahs KAk e SHRVal o Hero e il s
appar at uety Bt ta SRS BhidE' F Fe bR Mirad e LA ol hegheRbRle L BRHETD, |

SO o 418 SR Shpflem ond L wnoreln (e cryetal

(3) When the slurry can be fluidized by stirring by a stirrer
disposed in the crystallization tank, crystals stuck to the wall surface at
the inside of the crystallization tank can be scraped off. Therefore,
sticking of crystals to the inside of the crystallization tank can be
prevented and the growth of the crystals can be suppressed.

(4) By using the combination of the crystallization tank and the
crystal recycling apparatus and, further, by using the function of
controlling the flow rate of the recycled crystals, the concentration of the
slurry in the crystallization tank can be adjusted to a desired value and
the residence time of the crystals and the residence time of the mother
liquor in the crystallization tank can be changed independently. As the
result, the particle diameter of the crystals can be adjusted as desired and
crystals having a desired particle diameter can be obtained.

(5) As described above, since the physical properties (density,
hardness and purity) of the crystals, the degree of supersaturation of the
supersaturated solution supplied to the crystallization tank, the sticking
of the crystals to the inside of the crystallization tank and the growth of
the stuck crystals can be controlled as desired, the crystals having high

quality can be obtained and the operations of separation and transfer of

13



.7. Acrystallization apparatus according to Caim6, wherein the apparatus
“for concentrating a slurry is a liquid cyclone. 8. A crystallization
.apparatus according to any one of Claims 3 to 7, which conprises at | east
two crystal recycling apparatuses connected in series and has a function of
recycling the separated crystals or the concentrated slurry from each
‘crystal recycling apparatus into the crystallization tank. 17
. A& AH. A . AH. A5. AH. A. A Al . A[. Al. AH. AL. A" 5. A&n. AH. AHAXp#i CO & )
Z? yzupkfa\V]c”a] ca] ca] ca] ca] ca] ca] ca] ca] ca]cal]c
a] cTa] ca] ¢hi cajstalscaf}enttuadnyaiadtipatape 22 fajibitdted] ca] c~a] ca] ca] cTa] cal yBO™
"N HEVEE &CE&&& . ) _ o
"2 )W\ ) - | 0g028) ubizics) thye] avarentratipn 0f dhp shywrulin dhe sxystallizgtion tanka) cra] ca
] ca] ca] ca] c™a] ca] ca] c%] cal] ca] cal ca] ca] ca] ga] cal ca] cal 4&4; p>u>l ?@\1E7EFI
LLLQRRRTVPRoesincxeased, she sprrtaliazption] can barenguotad UsiRs Feoling ot a] ca) ca]

ol oed ol S pisehiel falrahiale o o solalisaharboal SaohisarRReg ) ook
I et
cal] ca] ca a C = - ' - &#10
ccE L1 Oy o Palte BV b diameters and saagt Be 8PASOEY)  Axporx
o oo ol adcbrd R0 Mith (oo SR phrbcesfied BMiBudd] yhen gooling with
&s Yy 10%&& v dter $9HAEORSHI) sindel DYB8EEt-of &ry kaUEMt{on dsappears unless the

temperature of crystallization is lowered.

As described above, by the combined use of the crystallization tank
and the crystal recycling apparatus, the improvement in the distribution
of the particle diameter and the prevention of sticking of crystals to the
wall surfaces can be achieved in accordance with simple operations
without using complicated apparatuses. Therefore, the process and the

apparatus of the present invention are industrially advantageous.

The present invention will be described more specifically with
reference to examples in the following. However, the present invention is

not limited to the examples.

Example 1
Using the crystallization apparatus shown in Figure 3,

crystallization of pyromellitic acid from a solution of a crude pyromellitic
acid was conducted. A liquid cyclone was used as the crystal recycling
apparatus and a control valve was used for controlling the flow rate of the

recycling of the concentrated slurry. A raw material solution (a solution

14
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tank. As the result, the average particle diameter of the crystals was 80
pum and the ability of an apparatus for separation of crystals was

improved.

Comparative Example 1

The same procedures as those conducted in Example 1 were
conducted except that the crystals taken out of the crystallization tanks
was not supplied to the crystal recycling apparatus (the liquid cyclone)
and the slurry in the crystallization apparatus was taken out of the
system without recycling. As the result, the average particle diameter of

the crystals was about 50 um.
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apparatus and the separated crystals or the concentrated slurry is

recycled to the crystallization tank.

2. A crystallization process according to Claim 1, wherein the
crystallization is conducted while a residence time of the crystals and a
concentration of the slurry in the crystallization tank are controlled by
controlling a flow rate of the separated crystals or the concentrated slurry

recycled from the crystal recycling apparatus to the crystallization tank.

3. A crystallization apparatus for a crystallization process comprising
introducing a solution or a slurry formed by incomplete crystallization of a
solute into a crystallization tank, crystallizing the solute in the
crystallization tank, forming a slurry comprising crystals and a solvent
and discharging the formed slurry to an outside, the crystallization
apparatus comprising a crystal recycling apparatus for separating the

crystals in the formed slurry or concentrating the formed slurry and
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recycling the separated crystals or the concentrated slurry to the

crystallization tank.

4. A crystallization apparatus according to Claim 3, which has a function
of controlling a flow rate of the separated crystals or the concentrated
slurry recycled from the crystal recycling apparatus to the crystallization
tank.

5. A crystallization apparatus according to any one of Claim 3 and 4,
wherein the crystal recycling apparatus is an apparatus for separating

crystals.

6. A crystallization apparatus according to any one of Claim 3 and 4,
wherein the crystal recycling apparatus is an apparatus for concentrating

a slurry.

7. A crystallization apparatus according to Claim 6, wherein the

apparatus for concentrating a slurry is a liquid cyclone.

8. A crystallization apparatus according to any one of Claims 3 to 7,
which comprises at least two crystal recycling apparatuses connected in
series and has a function of recycling the separated crystals or the
concentrated slurry from each crystal recycling apparatus into the

crystallization tank.
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