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I's discl OsecluHch area and short dissolution time. Purification can be accomplished by

crystallization of the compound from solution. However, when crystallization takes

place directly in a high supersaturation environment, the resulting material is often

unsatisfactory due to low purity, high friability and lack of stability because the

20  crystal structure formation is inadequate. Further, oils commonly produced during
processing of supersaturated material may solidify without sufficient structure.

It is possible to slow down the crystallization process to obtain a higher purity,

more stable product. However, slowing the process decreases crystallizer

productivity and produces particles which are too large, having low surface area.

25  Such particles require high intensity milling to create a useable product.

2. DESCRIPTION OF RELATED ART

To overcome those problems, and provide crystalline particles of high surface
area, high chemical purity and high stability, without the need for post-crystallization
30 milling, a crystallization process, known as the “impinging fluid jet” process, has

been developed.



detail in U S. Patent No. 5,314,506 entitled "Crystallization Method To
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t he streans ihnge ngee 6OANEEAde/et alhewned by PhikertIne., ptowides faites inforihgort o
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of 2 Reactive crystallization involves two reactive intermediates. Fluid streams of

20  solutions of the reactive intermediates are impinged in a chamber under appropriate
reactive conditions. For example, a first solution containing one reagent (for
example, an acid) in a solvent is reacted with a second solution containing another
reagent (for example, a base) in a solvent are reacted to form a product, such as a salt.
The product is not soluble in the solvent mixture and thus it rapidly crystallizes out.

25 In the pharmaceutical industry, the drug substance is often in a salt form, so reactive
crystallization is commonly used.

The impinging fluid jet process produces a satisfactory result in terms of
purity, particle size and stability. However, several major drawbacks of this process
have been observed. For example, the nozzles used to form the fluid streams must be

30 very accurately aligned so that the streams impinge correctly. The ratio of the flow
rates of the two streams is limited by the size of the nozzles. The process cannot be

used for low flow rates as the impingement would not offer a sufficient degree of
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It is another object of the present invention to provide a system for
crystallizing an organic pharmaceutical compound using homogenization wherein the

20  necessity for critical alignment of fluid jet streams is entirely eliminated.

It is another object of the present invention to provide a system for
crystallizing an organic pharmaceutical compound using homogenization wherein the
ratio of the solutions fed to the apparatus can be easily controlled.

It is another object of the present invention to provide a system for

25  crystallizing an organic pharmaceutical compound using homogenization wherein the
apparatus for performing the process can be set up relatively rapidly.

It is another object of the present invention to provide a system for
crystallizing an organic pharmaceutical compound using homogenization that can be

used with non-chemically reactive constituents or chemically reactive constituents.

30
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partlcles that are as stable and have as high a surface area as those
obt ai ned by ¥/l as solutions.

The process may also be used for reactive crystallization, for example, to
20  prepare pharmaceutical salts. In that case, a first solution may contain a first reactive
intermediate, such as an acid, and solvent and the second solution may contain a
second reactive intermediate, such as a base, and a solvent. The solvents used for the
first and second reactants may be the same or different. The reaction product is not
soluble in the solvent mixture and thus rapidly crystallizes out as the solutions are

25  mixed.

Since the process of our invention does not depend upon using nozzles to
create fluid jet streams, the problem associated with the critical alignment of the
opposing fluid jets is entirely eliminated. The ratio of the first and second solutions is
easy to accurately control. It takes much less time to set up the apparatus to perform

30 our process. Moreover, tests indicate that the resulting product is at least as pure, with
particles that are as stable and have as high a surface area as those obtained by the

impinging fluid jet process.



inmpinging fluid jet process. 4 WO 03/095059 PCT/US03/12314 In accordance
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t he present liﬂiwdﬂ%[m;tyﬁﬁ&@tsbmntIﬁﬁdﬁ_&EI tuents are utilized in a process for
t he crystal lization of a chemical material 25 froma first solution
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t he chanber agﬁ(fgl,vegtoﬁ@lggpxbns’ﬁeﬁ process takes place in an papparatus with a chamber

including a stator and rotor. The material-containing solution and the anti-solvent

20  solution are introduced into the chamber. A high shear mixing force is applied to the

solutions in the chamber to form the crystallized product by rapidly rotating the rotor
relative to the stator. The crystallized product is removed from the chamber.

In accordance with another aspect of the present invention, reactive

constituents are utilized in a process for the crystallization of a chemical material

25 from a first solution comprising a solvent and a first reactive intermediate and a

second solution comprising a solvent and a second reactive intermediate. The process

takes place in apparatus including a chamber having a stator and a rotatable rotor.

The first solution and the second solution are introduced into the chamber. A high

shear mixing force is applied to the solutions in the chamber under conditions of

30 temperature and pressure that permit reaction of the first and second reactive

intermediates to form a product of limited solubility in the solvent mixture by rapidly



30 tenperature and pressure that permt reaction of the first and second
reactive internediates to forma product of limted solubility in the

sol vent nwetasmesosy rapidly 5 WO 03/095059 PCT/ US03/ 12314 paraisas/iizsg4 t he
rotor relative to the stator. The product is then renoved fromthe
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sol uti ons prregulation meshanismsr swdiues meteringtpinpse va hesndnelr the Tike semysteedbed fyist al s
nmust be insobuble in the individual solvents and in the solvent m xture.
20 The Sded CFVYRASE are preferably introduced to the chanber on a
continuous basi Sthel@mperitite BEORS Bt BHE Gf Bhe DAR{onE Wy HeYadjiBted pridttdndng a
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chanmber. Theouggperature of one or both of the solutions may be adjusted
prior to introduction into the chanber. In accordance with another aspect
of the |d|5esent i nﬂ@nP‘iOS‘?ﬁs rg’@ba],s%tm@uql%the step of introducing seed crystals into the

chamber. The seed crystals may be placed into the chamber prior to the introduction

of the solutions or seed crystals may be added to one of the solutions prior to its
introduction into the chamber. These seed crystals must be insoluble in the individual
solvents and in the solvent mixture.

20 The seed crystals are preferably introduced to the chamber on a continuous
basis. This may be achieved by continuously re-circulating a portion of the contents
of the chamber, such as by connecting the chamber outlet and the chamber inlet.
Alternatively, a continuous supply of fresh crystals may be introduced into the
chamber.

25 The process may include the additional step of mixing the product after it is
removed from the chamber. The temperature of one or both of the solutions may be
adjusted prior to introduction into the chamber.

In accordance with another aspect of the present invention, apparatus is
provided for crystallization of a chemical material from a first solution and a second

30  solution. The apparatus includes a first source of the first solution and a second source
of the second solution. A chamber having a stator and a rotor is provided. Inlet means,

connected to the chamber and to each of the first and second sources, receives the first
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chanber and arytahzduionf of lgechiamisal matsrigbdemy nosdigreit's FRSHIVGBS $ush PRteri al
containing s ' I S0l ti. Q ' /i ded
't e chansaitbh S B Ailia 30 b Rl A0 S ncin MR edfaP b |
accor dance wotvenasuditier isagpeided.ofThe gpirams éndludesve fitst Gourcapp aliea irnageriab
provi ded for crystalljzation of chem cal material fromreactive

const i t Uént origiung solgtion jandia senont | SOHICE RfpRl SptigolyerlopalRiign. afy champgrsy
reactive int; i : i .S . a
Coaond renctrafl 856i@ a3 SEE R0 4t WAEATRG: Bl BoRIFMAM 2 |
first sol utitbastatod #nlstaueand, somegted of the lcbarsbearomd tg @helt ofothe 2§ aAd sbemider

including a stator and rot or. ts‘yﬁr.o.\/i ded. . Ine{?ﬁtt means, conn?ctt ed to the
chamber and SCBCERESTEUFS fifempierial cuinig SoRiioB AR bE anPsRlyeReolipl- ¢ APst  and
second outlet is provided in the chamber through which the crystallized product is removed.

20 In accordance with another aspect of the present invention, apparatus is
provided for crystallization of chemical material from reactive constituents such as a
first solution comprising a solvent and a first reactive intermediate and a second
solution comprising a solvent and a second reactive intermediate. The apparatus
includes a first source of the first solution and a second source of the second solution.

25 A chamber including a stator and a rotor is provided. Inlet means, connected to the
chamber and to each of the first and second sources, receives the first and second
solutions. Means are provided for rotating the rotor to combine the first and second
solutions in the chamber under conditions of temperature and pressure that permit the
first and second reactive intermediates to produce a product of limited solubility in the

30 solvent mixture. Outlet means are also provided for removing the crystallized product

from the chamber.



solutions. Means are provided for rotating the rotor to conbine the first
and second solutions in the chanber under conditions of tenperature and
pressure whaB/opasit the first and second reactive inter mediEes23to
produce a product of limted solubility in the 30 solvent m xture. CQutlet
nmeans are al so provided for renoving the crystallized product fromthe
chanber. 7 WO 03/Wbs80 nPCIwac/$0a o x3edve Ynstientsnan-beggceanbinet, theanei ve

. . . ave g aul ve
First and s RS TOhGEmTRUtE, JEfuet iR oo ShofRBRadly f s BRERL AR el i os >

respect i vel ythe Eagdhdoourtts, eespedtives. haachrofeihd @RdtitOMad Ratendt portionaghaes i n
the chanber. In this way, the solutions can be introduced separately into
£

5 the chambeftmipgesiethe chamahereldn Wirhuen. tienolutions cart be merodesed srpasately inkcat ed
within the Qfx«%@?amb%?”d“i t. In another preferred enbodi nent, the conduits

i nclude parallel end sections adjacent the chanber. The inlet neans may

i ncl ude a m xi ng laamdyiréferrdthembbdinregt, onadfiithe tenduts & Bdated Qvithéxi Weesthéhe
sources and the chanber. The apparatys may al so jnclude first neans for
punpi ng t he coRE. Bomathesreieshy ophedimept fheenpduns tnafqdﬁ@aalﬂawmecws()ugh
the inlet meangentlthe M¥nKRES0 i nclude second neans for punping the second
solution fromthe second source to the chanber, through the inlet neans.
15 The rotor defiTednkt mearsmay ehide iamsixingodantion The chixing cordonid lemtadt i on

are rec@iv d wthin the rotgr. Lecess. The outlet means is preferably
| ocat ed Qut SEHE-NHRE sQyess sPd e ChamBet, ot us further incl udes means for

adj usting the tenmerapbiatshaytde ihElnas firss Hedhd 8 pumbingBbe flss Solficd e/ means
for adjusting the tenperature of the second 20 solution. The apparatus nay

further i nclthgiérsisawse toherciamben thipugtythg iplst mears. oft mdyealse ngtudatsscasid t he
e = e
i ncl udes neamsuflotherihket mgashe product after it is 25 renpved fromthe
chanber 15 The rotor defines a recess. The first solution and the second solution are
received within the rotor recess. The outlet means is preferably located outside the
stator.
The apparatus further includes means for adjusting the temperature of the first
solution. It may also include means for adjusting the temperature of the second
20  solution.
The apparatus may further include means for recirculating a portion of the
contents of the chamber. A re-circulation conduit connecting the outlet means and the
inlet means may be provided for this purpose.

The apparatus further includes means for mixing the product after it is

25 removed from the chamber.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

To these and such other objects which may hereinafter appear, the present

invention relates to a crystallization process using homogenization, as described in

30 detail in the following specification and recited in the annexed claims, taken together
with the accompanying drawings, wherein like numerals refer to like parts and in

which:



BRI EF DESCRI PTI ON OF THE SEVERAL VI EWS OF THE DRAWNGS To these and such
ot her objects which may herei nafter appear, the present invention relates
to a cryswelmiogasd on process using honogeni zati on, as dese@ciThsd3/i23180
detail in the follow ng specification and recited in the annexed cl ai ns,
taken together wth the acconpanying draw ngs, wherein |ike nunerals refer
to like parts andfigere Wh$ @hschemagi GBAWOE0HOtheGIppasyey uilized toFpepferen thd s a
schemati c dravvicengopflfl_letpee APRALALYS utilized to performthe process of the
pr esent i nventTon’ I8UF% 2" M8 cr oss- sectional view of the chamber with
the stator and r afigire 2 iFh@tise-s&ctiohalview @8 threhaibernaith wHegwtbiedadomk,ong | i ne
3-3 of Figure 2; 5 Figqure 4 is a cross-sectional viewof a first preferred
enbodi ment of theFlg‘I'fér%’dgéﬁf%&ls?%’r?“élp‘ﬁ%l‘f’é‘tkﬁg alopg dige 3-Fof Kighreck oss- sect i onal
vi ew of second ey r sbodi t | zaf | : ;

Fi gure 6%is a cr&@gﬁééﬁffghal vggaﬁo gé?ﬁ??%fgggﬁgﬁﬁgﬁ %h@%%@ﬁ@ﬁ?ﬁg t he
10 honogeni Zatmagenappar appasatusand Figure 7 is a cross-sectional view of a
fourth preferred enbodi nent of the _honogeni zatign arat ys.. DETALLED
DESCRI PTION OF T g‘FrRl(\yEN'ﬂ eRSSTBeCHON!| VISt Pt SEFOPA HfFa%FIF%e l,ﬂ’OE'Wée“bPB s of
the present {gpveehi-f%bd sppee@d; for crystallization of a chemcal materi al
preferably an organic coipound. It involves the use of two punps and three
vessel s, in addi tFiguretf it hecrbssnsgaenak aidvorof e gardapreserredTerabodimentenf thet i on
apparatg% iqg}udes q.chanbelmmjap a stator and a rotor. One vessel holds a
first sol'uti oWt HAPPERE28"G source of that solution. The other 20
vessel holds a semgid Bal alckdas-saditbnhliieli N8 fasttR prefetcsedbodifiRht 6PkHet | on.
The third vessel I's used to collect the crystallized product, after it is
removed fr orROMMMEeniGYIATGPRALAIISI on apparatus. Punps are used to control the
feed rate of the first solution and of the second solution, respectively,
to the honogeni zati on chanber. For sinplicity, the apparatus is disclosed
as it would be used to cDETAIIED DESCRIBTION ©F THEUNVENTIGN t wo

constitulesnts. However, it shaould be llederstoo t hat addi ti onal.

As illustrated in Figure 1, the process of the present invention is used for

crystallization of a chemical material, preferably an organic compound. It involves
the use of two pumps and three vessels, in addition to the homogenization apparatus.
The homogenization apparatus includes a chamber with a stator and a rotor. One
vessel holds a first solution and functions as a source of that solution. The other
20  vessel holds a second solution and functions as a source of that solution. The third
vessel is used to collect the crystallized product, after it is removed from the
homogenization apparatus. Pumps are used to control the feed rate of the first
solution and of the second solution, respectively, to the homogenization chamber.
For simplicity, the apparatus is disclosed as it would be used to crystallize a
25 material utilizing two constituents. However, it should be understood that additional
constituents and sources of those additional constituents could be used, if the process
so required.
The process is preferably performed continuously. The first solution is
continuously mixed with the second solution by the rapid rotation of the rotor within
30 the chamber. Shear, mixing and crystallization take place simultaneously in the

chamber. Through the regulation of the flow rates of the solutions, as well as



constituents and sources of those additional constituents could be used, if
the process so required. The process is preferably performed continuously.
The firstweaBwbsoen is continuously mxed with the secondpsalusvs/orsiby t he
rapid rotation of the rotor within 30 the chanber. Shear, m xing and
crystallization take place sinultaneously in the chanber. Through the

regul ati on okgulpéorf ofghe pgitasion speadd theolotari ®high dggregeif kcortzol cgn Yexa¢iegH059

PCT/ US03/ 123 r i.on t he itation speed of the rotor, a high
degree of co(;rllvtéfg’le%g}éﬂnc?%éelgee%f;tﬁngf%@lcﬁﬁ'%é:\r)'esgalsfhe particle size of the resulting

crystals. The fi riie fiol solutivh ib Sitsdtédintactitsi veseelf dehstally@igsighated BN o hby-

desi gnated A. For non-_reactive crystallization, the first solution may be
a super sat urtsdciye saytitlligations the irstssolfionr gy beo? |superpaparated) soleipn af ghe

sol vent. 4Thi [ Lar , - e

chl or o- 2 nydr e A s Bz Rin AR, T Slkiton may; for evamale e 4-5

H) - Qui nol i narhéoro-@-issindxyptienyi)-24(Rduydtoxyethd)SeErifwbremethiyl ) 1 HyQuiroliaded i n a
second vesse|.,, generall designated B.. That.solution is an anti-solyvent,
For exanp o.d4nalEn ngHitols dBE FHEATReLIioR S FySHed i dateroHl ToofloBsRerll
exanpl e, phaje8BAREE BCAhat Iu$di & Sn ahfiSolvbAiStor SRAHPIORaRY b€ a sol ution
containing a first reactive internmediate, for exanple, a reagent such as a

base. The second Wbemnuseshinregactiee arystollzatiom te dormaifior sgamples phaymdceutizelt | ve

i nternediate, . f I a second .reagent .such an acid. For. | e,
the r1r a0 saplieiths TS TP Ry Sl RSN A8 AR A Dot TP
5'yl)-trifl uaamprethydgedr dubhaf 2'bash. MEicet&d MirRInihy bé Hisemzeh cdntadiidg 2 15
f1 uorophenyl ] am nocar bgonyl ] pyrazol e di ssol ved in ethanol at 70 deg. C. The
acid HC I, e igagiivernegbgshiapyior enamila saeorggeasgt such ag gupedbe the
second sol uti on. I I i ' ion
Cpocr B bonp TSRS 968 BIRUR TS, 109 RTRASILGALLP
é- (3 h alm' noIme;n)z-trigb)fomnhetgyl-yl[[)LI[3'-c}lirﬁenymminﬁméﬁhyl)-iﬁnic[ahék1'{)(1}22r

i met m nonet i m dazol -1 -2 20 ) .
{1 Uor op Hany HRRRGEL B parmaUEY e e 95 iAo o, €n e g9 1 0
formthe fi rﬁél,mo%&wgoﬁgwmmlm&gd ENGuRPHBHRIse dﬁhfs%@(igg.t }rﬁ‘g' vents.

The solubility of the solvents differ bas upon the polari
conpounds. Adbitiohy are istoshiced insuthe hotregenizatioaxcbampberins ovenpired bymepidded i n

the S0l Ut Q0 tion DFR3AHRY St ISR 5SS Y5 85 S hARAEhgAen flang upor
[(2'- dimethylaminomethyly)imidazol-1'yl]-2-
20  fluorophenyl]aminocarbonyl]pyrazole.HC1 is formed.

The solvents used to form the first and second solutions may be the same or
different solvents. The solubility of the solvents differ based upon the polarity of the
compounds. Additives such as surfactant or excipients may be included in the
solutions. The parameters of the product may be changed depending upon the type of

25  solvent.

As seen in the drawings, a first solution from vessel A is fed to the
homogenization apparatus, generally designed C, by a first pump 10 through a supply
conduit 11. The second solution from vessel B is fed to apparatus C by a second
pump 12, through a supply conduit 13.

30 The material is crystallized in the chamber of apparatus C. The resulting

crystal slurry is then discharged through conduit 15 into a collection vessel, generally

designated D.
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25 solvent. As seen in the drawings, a first solution fromvessel Ais fed
to the honobgenization apparatus, generally designed C, by a first punp 10
t hrough awsuppbspse conduit 11. The second sol ution from vessaluBlimsided to
apparatus C by a second punp 12, through a supply conduit 13. 30 The
material is crystallized in the chanber of apparatus C. The resulting
crystal slurry i sAcomrel gniscgeaegy desigmaiehE cis saanected %o pumps 40,31 dndde then
vessel, generall desi gnat.e .. 10 03/ Q95059 PCIT/ USO 314 control
it gener drat daet TRLAVESh A0 MECHetEh 2P PR T g 3 T AR

mot or (not stutd) UM Bleodlrolé @he tspeedr oft pumps 1Q,FiDufi®shud dedlod) rites appay at us
C. Control Unit E controls the speed of Purrps 10, 12 and_ thus the_ f]ow
rates of theolusignsintgppuras Gpdhrkpeentrols| the Jptagor speqdopk thenrtorowithingn
speed of sthe ratorvithin 5 apparatus C. A mixer, generally designated F,
is provided €67 m x T he product in vessel D Mxer F is also controlled by
unit E. Further, A exipar géneraiycdasignaledU)iis provigedan ahixythel @sodpoainedesteldnd H,
are provi dz@, U i.ts1 G and H Tiont.rg:l the tenperature of the first solution
and of the BEGhES alee colledRy UpitEpectively, and may take the form of

heaters, cooling Mahls RmpaAYuret Bftrol cmg,ergéneaﬂ}, h&nRfat & CandiSbjend
equi pnent. Figures 2 and g illustrate the crystallization chanber of

appar at us Cprovidededings G atadtRcontrofitles chmataeure jof thedirstrsetiitiop aad of thersdeandal

wal | 14, and si.de wal | 6 and 18. {thin | 14 is.situagted a stator,
Goner ai 19 dasRiR. Bepesfvely Ficarh ke dvdp BF pesstis esoup Aot v iy

bl ades 22 %bﬁ%nﬁ&hﬁﬂ&nf)éﬂﬁ‘r@ﬂﬁus@ihgegﬁiﬁﬁﬂhu mounted on the interior
surface of side wall 18. Side wall 1 as a centrally | ocated chanber inlet

port 24. The sol Jtigwes?2 and3 iljlustratetbel cryistadizaken ekaapies of eppasaigh Cosrareater fr om

an inlet co I o I . rn..J > t,0 fol| J 1 and
15, 50°si de Sl Tk olueh i Berrdithy) & ey RARSELEH 042U BREX AR K WP 14T BT
rotor 28 exWrhiswilhi4igditvardra siglo? Fendatlpdedgndtad 2Qrfortedby a pphrdligl oft y of

spaced bl ades 30 which define a recess aligned with _port 24.
P 15 1 %2 which exten% fr%m and are fig)(edly mounted on the

spaced stationary blades
interior surface of side wall 18.

Side wall 18 has a centrally located chamber inlet port 24. The solutions are
received into the chamber through port 24 from an inlet conduit 34, which in turn is
connected to supply conduits 11 and 13.

20 Side wall 16 also has a central opening 25. The drive shaft 26 for rotor 28
extends through opening 25. Rotor 28 is formed of a plurality of spaced blades 30
which define a recess aligned with port 24.

Wall 14 has a chamber outlet port 32 located outside the stator blades 22.
After processing, the crystallized product and the solvent mixture are removed from

25  the chamber through port 32, which leads to conduit 15.

Figures 4, 5, 6 and 7 illustrate four different preferred embodiments of a
homogenization apparatus which can be used to perform the process of the present
invention. In each apparatus, a chamber defined by walls 14, 16 and 18 with a stator
20 formed of spaced stationary blades 22, a rotor 28 formed of spaced rotor blades 30,

30 and inlet and outlet ports 24 and 32, are present. The main difference between the

first three preferred embodiments is the structure of the input conduit. The fourth

preferred embodiment involves a re-circulation system.

11



Wal |l 14 has a chanber outlet port 32 |ocated outside the stator blades 22.
After processing, the crystallized product and the solvent m xture are
renoved fworms/ 02954 he chanber through port 32, which | eads pra/usosdasis 15.
Figures 4, 5, 6 and 7 illustrate four different preferred enbodi nents of a
honogeni zation apparatus which can be used to performthe process of the
present inventi dn.the pmbadimeapphFigues4, ialet lsandur 34 afoludsd apyinigelal snbes36 16
and 18 with a st dstatloa bl.ades .22

formed of o QRRitbloo et obe Ty ol BRAN o el ralk e r eondal e 55,
are present. Tu&@ér@dtéhd@hiﬁtf)eihl%ﬂ?ﬁrt lat orae chdifberf | THet sebbidE soltiel Breddved
enbodi nents is the structure of the input conduit. The fourth preferred

embodi ment ifFRBIVeEE] B.r BravighsupPRlyi Rdey d3ctifo the RYTtion of gseseondet3dgbay 12314
In the elgboceggﬂjgﬁll]i dsOfubE ! Bur %c%?rd'lrglftth %@ﬂl‘fi'oh e 161%&69?@ B\aﬂjr t@lgeﬁlgbasut ube

36 connect to recerve th ut| on From vesse pply
conduit 11. chimber. 3Gryawilesaden, mixing ahdetheao btcuzhlmbstt sautireotdy wﬁhlireﬂmecond
solution is received fromvessel B, through supply conduit 13, into the
portion of i“M®P®conduit 34 that 5 surrounds tube 36. Accordingly, the

solutions are intp qgé‘%‘?@feﬁ@c?%ﬁ%@irﬁ/en’t 'Uf%é&k@ 5, CA?@IH?&M Qb¥5’§8ais frn%@i}dhﬁ’.tr"

m xi ng and shear occur alnost sinultaneously within the chanbe he
preferred eM|%BnmoomeCEmr@S®l Aaby ismpEy wahduiubk t@&ceyephofirdedlutioTube 38

Sol uttord 8 HakevaRe 26 e 247 Rekad 106 ult o b RGBS Pe ¢ ube

36 of Figur Qn&eadblﬂérrﬂxméseaa@nfeerdmdi@é effomOfRe dhrt apie f rAQ'&deh%]j' nligthport .
Accordingly, in this enbodinment, m xing of the solutions occurs within

i nl et conduiembRdimgnt; @rlxmg of ribe selwione rpcedrst withisolinlel saBdYinGd, toier cleanber .
The | ength h e
t akes plgace%tfg&ﬁ?gm? %&gg Pﬁgelnfgﬁg hﬁalﬂ& %@g?‘f"\%@?‘é@gg?% %}} n %IFC] @u@es 36

and 40 are mhassgenhepwthhaetrmhmgl%dkes“ﬁwnes 36 and 40 are connected to
ondwts 11 and 13, respectivel The tubes have parallel end sections.

The end lSecti ons Iph eo‘HP‘PP‘*“ﬁ‘B’é‘sOfé:)&B‘gﬁ& PR 8P P3ERE ‘“1324“'%‘303& IAY arp@resettut i ons
are int rOdUQﬁﬁnﬁ%ﬂ%rﬁ e’i‘&‘bés@éoantd“g)egg% R tedat%dd ?dx’il&ell &P esli thle Figure

4. 20 Although the apparatus has cribe use i n conbining two
sol uti ons, The tubes have parallel end sections. The end sections of both tubes extend into port

24 such that the solutions are introduced separately into the chamber, as in the
embodiment of Figure 4.

20 Although the apparatus has been described for use in combining two solutions,
in some instances, more than two solutions may be involved. In those situations,
additional supply vessels, supply conduits and inlet conduits can be incorporated into
the apparatus.

A wide range of rotor speeds can be used depending on the system of interest.

25  The crystal size distribution of the product may vary with the rotor speed. Further,
mixing of the product after it is removed from the chamber, by mixer F (shown in
Figure 1), may effect crystal size distribution by yielding smaller crystals.

The flow ratio of the solutions also effects crystal size distribution.
Exemplary flow rates of 34.8 ml/min for the first solution and from 34.3 to 140.8
30 ml/min for the second solution have been used. Other flow rates may be selected

according to the system components and reacting conditions.

12



in sone instances, nore than two solutions may be involved. In those
situations, additional supply vessels, supply conduits and inlet conduits
can be i nworipepased i nto the apparatus. A wi de range of rmratnaUsospmseds can
be used depending on the systemof interest. 25 The crystal size
distribution of the product may vary with the rotor speed. Further, m xing
of the product affher hamdgenizatwy eapphratws t@e cathabdeobtaingd mby e mddifygigown i n

Figure 1), ef fect crysta i Ze i i i i,el di ng snal.l e

oot s &) iR e R b R R AL P B Rt bEofpE SIS rom
distributi OrIKA By 61K Bicy of 2695 Ndres Chhse3Harkway /IB, Wihidingtbs, NortBtCa6lind i on
and from34.3 to 140.8 30 m/mn for the second sol uti on have been used.

Ot her flow r28s. kg cosvensiped tdispensgs db medifipdifer psreinstis Pevresopipdaaiessnand

react ng scondl Bty A M9 daogés(e(g%gi%ﬁmff 41833 P, DORASRL AT

apparatus C can ng a conme

ULTRA- TURRAXo ltHe chambtninien @od] spitinsgeted inFagdredd, & dndaem | KA Works, Inc. of
2635 North Chase Parkway SE, W/ m ngton North Carolina 28405. The
conventional di spfé’r‘i§8’f“ela§PHﬁH‘i°f‘F dtimaybe desirable g, alter; the derapesptupe,f Peedent 5

i nvention by,gé hl* ﬂh%'s rqmllq?(ﬁiugp@ﬁjm ﬁl@%ﬂ%bér"@o?%%m 1@%%99 UI t

connected to the ch a port, as 1] [Ustrated in £ gures
For some apgimscatutomsby aﬁlealalbemcUeh;]lmgbhe s¢condlsblation hlenngea’rpmimglham Hf one

or bot of t he sol ution rior ta introduction into the chanber. For
exanp) e Ohediians sprrabraugh ditan e el @n peR chi 111 ng § he second

sol ution using a 1eRA! diIbebatdurd thdtQdamy se@Pasls SR maRtUE Bf idtididmd}d t he
crystallization process. It has al so been found that adding seed crystals

to the mixt wlter die egbtatlingrformeyf thepreduct. hdhisr gant bd peqvenpiliched bY filheg Breoduct .

Thi s can be t se t al rior
Lo beg mni e RERBOP LR g Byl B¢ BeeinGHRTRE brolell oP SEMSINSL it | °F

of the sol utﬂ@hSeedJ&ydtmshﬁ@ebﬁenegbﬁtﬁfrmed that if the seed crystal s are
present in the chapber prior to running, this seed material is gradually

di schard€d fromt hha%branw@ﬁerm Hat Hehe secdarizytals affdpresenins theychambreprieinay
0ur 19, LS, i, IR, ST GRGRL Bl) St T VBB S,
7 i s essent ipmbdugcttahé ismnelyagashedtiway detiggiforger runs. To overcome this problem, a
modified apparatus, illustrated in Figure 7, was developed.
The preferred embodiment of Figure 7 is essentially the same as that of Figure

20 4, with the addition of a recycle conduit 42 connecting outlet conduit 15, at a point
beyond outlet port 32, and second solution supply conduit 13, at a point before it
connects to conduit 34. Recycle conduit 42 serves to continually re-circulate a
portion of the contents of the chamber, thereby providing seed material to the
chamber on a continuous basis.

25 It should now be appreciated that the present invention relates to a
crystallization process using homogenization that produces a pure crystallized
compound with molecules having small, uniform particle size, high surface area and
short dissolution time, which require no post-production milling. The stator/rotor
structure within the chamber permits crystallization, mixing and shear to occur almost

30 simultaneously. Problems of alignment of high velocity fluid jet streams and solution

ratio control are entirely eliminated.
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20 4, wth the addition of a recycle conduit 42 connecting outlet conduit
15, at a point beyond outlet port 32, and second sol ution supply conduit
13, at a woimtdmesore it connects to conduit 34. Recycl e Pecandios/t2342 serves
to continually re-circulate a portion of the contents of the chanber,

t hereby providing seed material to the chanber on a continuous basis. 25
It should now be Algpughiated timied trvenber @f gnefermd eambodimend$ af gbe tpoesant
crystal lizat.ion prqcess using, ho eni zation .fhat .produces a r

rystal || sednvauRhdaRE orrt HRRRL BtaRirpdist 98 iLikGierBhoRiis SPyRpSAF aranssi e,
hi gh surf acengdiféatdng an® Widiod 80 bé hade thefBo. Wi Hlfendedity éePAl] of these
post-production mlling. The stator/rotor structure within the chanber
perm ts crygnedificatipns end vasiationy vereh Elewithinghe seape of|the presgp invention, as

si mul t angous| I. :gnment of high velocity fluid jet streans
and solu ioﬁeM?g f%a%gﬁﬁ?o%gg%ggghtirely elimnated. 13 WO 03/095059

PCT/ US03/ 12314 Al though only a limted nunber of preferred enbodi nents of
the present invention have been disclosed for purposes of illustration, it
is obvious that many nodifications and variations could be nmade thereto.
It is intended to cover all of these nodifications and variations which
fall within the scope of the present invention, as 5 set forth in the
followi ng clainms: 14 WO 03/ 095059 PCT/ US03/ 12314 WE CLAIM 1. A process
for crystallization of a chemical material froma first solution and a
second solution utilizing apparatus conprising a chanber having a stator
and a rotatable rotor, the process 5 conprising the steps of: introducing
the first solution and the second solution into the chanber; applying a
hi gh shear mxing force to the solutions to formthe crystallized product
by rapidly rotating the rotor relative to the stator; and renoving the
crystallized product fromthe chanber. 10 2. The process of Caim1 wherein
the first solution conprises the naterial to be crystallized dissolved in
a solvent and the solution

14



conprises an anti-solvent solution. 3. The process of Claim1l wherein the
first solution conprises a solvent and a first reactive internedi ate and
t he seconwosclosdoson 15 conprises a solvent and a second PeIOiSOy/€2314

i nternedi ate and wherein said step of applying a high shear m xing force
conprises applying the mxing force under conditions of tenperature and
pressure t haWKELAIM: eacti on of the first and second reactive

internediate to forma product of limted solu t he. vent
mxture. 4 The phocess: ok RS SEPBFHTELEhe sheriral sl bt pairst
introduced separately i ndoutidacarihakbeind @1utmeutmzmge§§p££tuﬁcammlén%Larther
conprising the step of mXIPn% the solutions prior to Introducing t

solutions into the chambethampsr diavinge applaesandofa eptaiahiel reiRsr dien pravessst ep

of introdqucing the solutj] A a th | ow of
the fi rs;3 solution into :.'{:ﬁ@? ﬁ%@erﬁgp‘; 5¢hgﬁ%)°§i§%1§éstﬁgg}% go}aﬂT deﬁhel n the
step of introducing the seobid sainsorcimprhesetmnibee, Spbndh Hgh lsﬁédrnﬂlxiﬂge

tenperature of the 30 first sol utlon prior to introducing it to
chanber. 15 WD 03/ 095059 P@P/teﬁb%ﬁm%ﬁt8fomﬁéh?ﬂye@%lszeéfpr@weranwgr ei n

the step of [ntroducing (BeuingOlist kDS GARDE! R°5hd NSk S lrehBgipalng the

flow of the second solution nto the chanber rocess o
wherein the step of |ntradymalliged[bredud’ofwuitlnbmbmsbctronpr| ses the step of

adj usti the tenperature_of the ond _sol ution prior tolntroducmglt
f6 the dfarber o The. cRBRSESor &g 1w haTFinBr e ghitEn (ramEes tn o

introducing seed cryst alIﬁatem]qotbeebrydaﬂmrdlssﬂelvedThea Raseasd tle E@idm 10
wherein the step of introducing seed 10 crystals conprises the step of

i ntroduci ng seed cryst al scomprisesean antiaspbeant golitéen.t o t he i ntroduction of the

sol uti ons. 3. The process of Claim 1 wherein the first solution comprises a

solvent and a first reactive intermediate and the second solution

15 comprises a solvent and a second reactive intermediate and
wherein said step of applying a high shear mixing force comprises
applying the mixing force under conditions of temperature and
pressure that permit reaction of the first and second reactive
intermediate to form a product of limited solubility in the solvent

20 mixture.

4. The process of Claim 1 wherein each of the solutions is introduced
separately into the chamber.

5. The process of Claim 1 further comprising the step of mixing the
solutions prior to introducing the solutions into the chamber.

25 6. The process of Claim 1 wherein the step of introducing the
solutions comprises the step of regulating the flow of the first
solution into the chamber.

7. The process of Claim 1 wherein the step of introducing the
solutions comprises the step of adjusting the temperature of the

30 first solution prior to introducing it to the chamber.

15



12. The process of C aim 10 wherein the step of introducing seed crystals
conprises the step of adding seed crystals to one of the solutions prior
to introdwotisemsosd that solution into the chanber. 15 13. pCrayps/omsess of
Claim 10 where the step of introducing seed crystals conprises the step of
providing fresh seed crystals to the chanber on a continuous basis. 14.
The process of C&i m 13 whks @rereshef Stleim of whemin dhagtér of hngeding thest al s

conprises the step of continuously re-circulatin . portinn of th
contents of the chanber. lﬂlofﬁeco%llpgﬁeéstée(%#ép(ﬂfﬁ l%fpgi\ﬁlgrf&%ogﬁg SEEH of
re-circulating conprisessdliftbnSh@Rh®thagsbenect i ng the chanber outlet and the

chanmber inlet. 16. The process of Caim1 further conprising the step of
mxing the 25 c¥ystal prbfuProcsss of Glaim sl peheriedhe rséeh Chanedueing ther7. A

process fsor crystallizatigp, s acoﬁ{%?i?%spﬁl: d‘ﬁ%tg{ 5@\[}%@&%%&&1@%&%9&% of éh

containing the material to be crystallize SSO in a solven nd an
anti-sol vent sol ution utidecandl@tjpparidr usinoddingitngthe chaindedber having a

stator and a rotatable raotor, the process_30 conprising the steps_ of:
i ntroducing the néterial -thQF?fFHgC?%@IhW%ﬁr%PYﬂ%g tS1EPsQII PEHUCE ut i on

into the chanber; applyi nQe@crvdiaBin®NeaEndmpekng force to the solutions in
the chanber to form 16 WO 03/095059 PCT/US03/ 12314 the crystallized

product by rapi dii.rot atiBig presessoefoClaime| Hi iwhereim thdetep sifaintoducamgl seeinovi ng
the crystallized product fr t he chamher. 18.. .The process, of ajm.17
wher e nsl@ach of the sol ut‘i%ﬁé?sicé)mﬂrﬁ‘fsr u_%tSBI °§e‘BHPQ‘FCéIP%/ SPtk 8r_ytsﬁ(*ﬂ§ Ehilifoer. s
19. The process of O ai mchamberF priéiito BRMAMrb&ICHEN bhtheSbRIBoAS. M Xing the
solutions prior to introducing the solutions into the chanber. 20. The

process of C ai mi27 wher efhe prosesst &fpClaimi Mt mbeiedn tep step ofsiotradycdigs seed
ggmﬁ: zﬁsi ;Pg tshgpcg;ngg?&y&his ng&)ngesfthg \Qlteroftmm@agegaic%l's'talg ?ongﬁé 81” t
solutions prior to introduction of that solution into the chamber.

15 13. The process of Claim 10 where the step of introducing seed
crystals comprises the step of providing fresh seed crystals to the
chamber on a continuous basis.

14. The process of Claim 13 wherein the step of providing fresh seed
crystals comprises the step of continuously re-circulating a portion

20 of the contents of the chamber.

15. The process of Claim 14 wherein the step of re-circulating

comprises the step of connecting the chamber outlet and the

chamber inlet.

16. The process of Claim 1 further comprising the step of mixing the
25 crystal product after it is removed from the chamber.
17. A process for crystallization of a chemical material from solution

containing the material to be crystallized dissolved in a solvent
and an anti-solvent solution utilizing apparatus comprising a
chamber having a stator and a rotatable rotor, the process
30 comprising the steps of: introducing the material-containing
solution and the anti-solvent solution into the chamber; applying a

high shear mixing force to the solutions in the chamber to form

16



10 21. The process of Claim 17 wherein the step of introducing the

sol utions conprises the step of adjusting the tenperature of the

mat er i al -worBabsvsfng sol ution prior to introducing it to treTalsasiomsis 22.
The process of Caim17 wherein the step of introducing the solutions
conprises the step of regulating the flow of the anti- 15 solvent sol ution
into the chanber. 23. Théh?)ﬁlt)’@@ﬂgedpr@uaiwmpldmeqt@tmg thh gotet eqbatryfe to the

of the anti-sol vent ol OEan oy It PrhBRBeAg R hORbCARERT ol ©

The process of Cligim 17 ful‘Hehpfocegsrrbfl(Slhﬂ@ Ihevheieap eath ofOtHentslocoisi g seed
crystals into the chanber. 25. The process of Caim24 wherein the step of
introducing seed cryst aligtredsiepd pepagatel dntethgychgmbent r oduci ng seed crystal s

to the ghanber pgor to ’H%Sarb#k% QpEEs qr‘) fﬂhhérflgn@ggﬁ% tf?é‘?taP 5B midifg iy ocess

of daim 24 wherein the |ntro uci ng see S conprises the
step of addi ng seed crystsahmohopnmetooﬁtrdsdumngsbé sflutions 1mb|tbascttamhentroduct| on
into the chanber. k 27. Th rocess 84(:% 24 where the step o(; i nt roduci ng
seed crystals cdfpri ses ep@F%ﬁﬁ |‘h'(}f"r?‘Pe R e ot dpyedugng ths ¢ he

chamber on a continuous Bggi®ns @&n}t%g esTKées,t OGS Raig it HoW rthiigkdia t he

step of providing fresh seed crystals conp rlses the step of continuously
re-circulating a portion Cootfailtihwsqiomremtcsthofchmhbﬁrchanber 17 WO 03/ 095059

PCT/ US03/,12314 . The ocess of er.ei the st.e
re-circdPating céﬁpri ses hr‘?e Ve %E@%Wnﬁt eéelf‘h t B%?échlg $d the
chamber inlet. 30. The prsgrfivss Qémﬁhé?dsmhéltefpuéﬂ g NRE iterhpdatuReopstiRp Of
m xing the 5 product after it is renmoved fromt anber. 31. A process

for crystallization of areHemnslcantaydagselation prgnte imrgdumgslltlmutlamcl@mbpru si ng
a solvent and a fjrst reagf ' ¥1%césr§t§1; @aq}natﬁ %Qem the step of introducing the

solutions comprises the step of regulating the flow of the anti-

15 solvent solution into the chamber.
23. The process of Claim 17 wherein the step of introducing the
solutions comprises the step of adjusting the temperature of the

anti-solvent solution prior to introducing it to the chamber.

24, The process of Claim 17 further comprising the step of
20 introducing seed crystals into the chamber.
25. The process of Claim 24 wherein the step of introducing seed

crystals comprises the step of introducing seed crystals to the
chamber prior to the introduction of the solutions.

26. The process of Claim 24 wherein the step of introducing seed

25 crystals comprises the step of adding seed crystals to one of the
solutions prior to introduction into the chamber.

27. The process of Claim 24 where the step of introducing seed
crystals comprises the step of providing fresh seed crystals to the
chamber on a continuous basis.

30 28. The process of Claim 27 wherein the step of providing fresh seed
crystals comprises the step of continuously re-circulating a portion

of the contents of the chamber.
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a second solution conprising a solvent and a second reactive internediate,
utilizing apparatus conprising a chanber having a 10 stator and a rotatable
rotor, theomsmemss conprising the steps of: introduci ng tPlaa/gS0s/s13180l uti on
and the second solution into the chanber; applying a high shear m xing
force to the solutions in the chanber under conditions of tenperature and
pressure that péit reathd eroasss tOIﬂeCl‘alm528 awlersiac dhed stiepaet irgreirculating

internediates to 15forma r odu in th ent
m xture by rapidly rot at 5% rfsﬁs %o ?{eT‘lCE, |\(/:§n%(b)m? hcga%Pg tleeian"ﬁi }érmw ng

the product fromthe Chadjﬁaﬁfberﬁ)?et The process of C aim 31 V\/ner ei n each of
the solutions is introduced separately into the chanmber. 20 33. The
process of C ai m31 furthEe @r@ﬁﬁ?ﬁp&ﬂ?g“tlﬂefugb%r;foawrm&th@stﬁa@f migngtheons

prior tosintroducing thep&%‘&& L AES;t ls%rﬂo@&ﬁfr&ﬂ%%’ . The process of

Claim 31 wherein the ste I ntroducing t utlons conprises the step
of regulating theli|ow of Atprecdss rfet crystllidatiom ofnd echeiral handriad .frétb faSt The

process of Caim31 wherein the step of trodu the . solutiaqns
conprises the step of adj Stﬁ’g‘itl(’i’fgtomé‘S‘f‘gr?'psé’?@f‘h?‘éf%?lgs{tI‘i"eacnf’? f“é?m?giaéﬁ agh

prior to introducing it U0 tQ@dCMIRAT comtisifgd RIIRGRShdOh sgcﬁaun}e%émv@ere' n

the step of introducing the solutions conprises the step of regulating the
fl ow of the second 30 sohterinediatentidlizing appraatbe compsing 0S1apPE059ving a

PCT/ US03/,12314 37. The process, o erein the step nt r aduci ng
the sol Ufi ons conpri ses tsﬁ% %?rédpad?tqﬁgl ursc’??r @4] G RO HPEIPAE e tg%fS{ePﬁé’?
second sol ution prior to intbd QWYL tHdfitst sbfutioleareh &EbgdcondGolulibe RfPERSS Of
Claim31 further conprising the step of 5 introducing seed crystals into
the chamber. 39. The procd@sber, appling 3dighhghear mixing fercegodhe pelutioruiti ng

seed crystals conprises §0¢n3h68 Maek Wh@LYEL 39 G5 aftle ShE pPesh e AS:

permit reaction of the first and second reactive intermediates to

15 form a product of limited solubility in the solvent mixture by
rapidly rotating the rotor relative to the stator; and removing the
product from the chamber.

32. The process of Claim 31 wherein each of the solutions is
introduced separately into the chamber.

20 33. The process of Claim 31 further comprising the step of mixing the
solutions prior to introducing the solutions into the chamber.

34, The process of Claim 31 wherein the step of introducing the
solutions comprises the step of regulating the flow of the first
solution into the chamber.

25 35. The process of Claim 31 wherein the step of introducing the
solutions comprises the step of adjusting the temperature of the
first solution prior to introducing it to the chamber.

36. The process of Claim 31 wherein the step of introducing the
solutions comprises the step of regulating the flow of the second

30 solution into the chamber.
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chanmber prior to the introduction of the solutions. 40. The process of
Claim 38 wherein the step of introducing seed 10 crystals conprises the
step of awoingy®esed crystals to one of the solutions pri@cTiusos/m3noducti on
into the chanber. 41. The process of Caim 38 where the step of introducing
seed crystals conprises the step of providing fresh seed crystals to the
chanber on a cont37nuous bHE® procgs 4P Clailve 3prehereis e Tmioh introdueengeithe t he
step of proving fresh seed, crystals conprises.the ste f continupusly
re-circulating a portion Sob‘*tloflﬁéoglé’ﬁfeesn&g stqp ?fh%cggﬁgﬁbtg? gerﬁg‘?rat’\"ﬁeeo cess
of C aim42 wherein the skeeshd¥olitRnGrioW AtrotginERMPhHezhsmbere st ep of
connecting the chanber outlet and the 20 chanber inlet. 44. The process of

Clai m 31 further 3Bonpri siThe triecess epf dFlaim xPhofurther qomprising dhe eftep tofi s
renoved f5r om t he chanber 'ipéz?ducﬁ%;s%g%%tafs%@%é/?l’i{i’xl. drzation of a cheni cal
ut1on “an soluti

material "froma first so a-’secon on, the apparatus
conprising a firs9. 25 sorHecprooésstdfeClaims38 sukiein olfe s@p sefcianddwing seedof t he

second sol ution; a chanber caonpri sing stator, and a rotor, inlet neans,
connected to said chambéFYS#Y CHPaisch st SR infredycing, decde eyaidlss BuiCes,

for receiving the first C%QJHIBHﬂfbr-ng]etinéoa@ﬁgﬁfgf&Q|SHfui[i8H§. means for

rotating said rotor relative to said stator to forma crystallized 30
product; and out 146t neanslHeoprocessoofi Ghprimhi8 ehysimithe step gfrintroducing seath sai d
chanber. 19 WO 03/ 095059 PCT/,US03/ 12314 46. .The. apparatus of C ai jn 45
thereinPhe Tirst sofuti GRYUBREPHEHESHE St oL Aot Goh Eryayetosprs ble

di ssolved in a sol vent angdpjtigs %ﬁglqaqmr&ﬁbg@ﬂ R GRMAMB&S an anti -sol vent
solution. 47. The apparatus of aim45 wherein the first solution

conprises a 5 sdilvent arkheapfocesst of &daim ¥8 wherertheditent of dntoduséngs sesdnd
solution conprises a sol yenh apd 336600, LEBfVIdiRe FRLEEIRA M Ss the

chamber on a continuous basis.

15 42. The process of Claim 41 wherein the step of proving fresh seed
crystals comprises the step of continuously re-circulating a portion
of the contents of the chamber.

43. The process of Claim 42 wherein the step of re-circulating
comprises the step of connecting the chamber outlet and the

20 chamber inlet.

44. The process of Claim 31 further comprising the step of mixing the
product after it is removed from the chamber.

45. Apparatus for crystallization of a chemical material from a first
solution and a second solution, the apparatus comprising a first

25 source of the first solution; a second source of the second solution;
a chamber comprising a stator and a rotor, inlet means, connected
to said chamber and to each of said first and second sources, for
receiving the first solution and the second solution; means for
rotating said rotor relative to said stator to form a crystallized

30 product; and outlet means for removing the crystallized product

from said chamber.
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wherein the mxing force is applied under conditions of tenperature and
pressure which permt reaction of the first and second reactive

i nt er medi woas/ob®sé orm a product of limted 10 sol ubility Por/use®1s04 vent
m xture. 48. The apparatus of C aim45 wherein said inlet neans conprises
first and second conduits connected to said first and second sources,
respectively, ead$.of saithecappaaius®f Cdaim Hawhergini the &isst dolutipmedreprisssdie t hat

first solution and the second sol.ut ] ' 15 inteo tely into
sai d chanber. 49. The applglfgtgﬂﬁlst%o %&%ﬁ?ﬁzg%d\gﬁ%él?@el i gﬁéﬁg*]ts%@?{&%csgﬁ%ﬁfl ts is
| ocated w thin the ot hersohftichaothpeiceschni dnsi-sobdnt Sddeti@ppar at us of Cl ai m 48
wherein said conduits conprise parallel end sections adjacent said

chanber. 20 51. _'I‘We appar steudpparatyy qi%a% ‘Wﬁ‘é‘?’eé‘?iﬁ the, figpt spluEen pRrpRAGses a _
conpriseg a mXxing Condutﬂscﬁvg??gfgﬁrhr% e?ctfx’eri?ﬁerﬁm@&liaé.eﬁf?i”@le%Qégnﬁe§ylut%d sai d

chanber. 52. The appar at I'm urther conprising first means for
punpi ng the first sol uti coonfprses sasdvéntr std sosecndt ccasaved inthamdakeate andls

t hrough said inlet nmeans. 53.. The apparatus of. Caim 45 further conprjsing
second neans for punpi ng'R¥ENs n'gp u’téf(i?n if r gpplied; ginderc SRRditigny c%tj to

said chanber, through saigptihfl ABPRSsureAvhilhPeARRFERLBR RTthOrRétMHO
wherein said rotor defines a recess and 30 where the first solution and

t he second sol ution are rsee@idyaenctivg tintenmedipgs r @ dorm ex epreduck CofiNDNBiBd095059
PCT/ USO%12314 55. The a g‘-]%rﬂ?tt uEtof 1(\:,1 atl m 45rewher ein said outlet neans is
| ocat ed ' “out si de said stat ¥ A thegQlVent IMIXYTES" of Ol ai m 45 furt her

conpri sing means 4gor adj URid fhardtiteot ETRRS 45 WiRredh shideinfot midans @biphigey. 5
57. The apparatus of Claim45 further conprising means for_adjusting
first and second conduits connected to said first and second
sources, respectively, each of said conduits terminating in said
chamber such that first solution and the second solution are

15 introduced separately into said chamber.

49. The apparatus of Claim 48 wherein one of said conduits is located
within the other of said conduits.

50. The apparatus of Claim 48 wherein said conduits comprise
parallel end sections adjacent said chamber.

20 51. The apparatus of Claim 45 wherein said inlet means comprises a
mixing conduit between said first and second sources, and said
chamber.

52. The apparatus of Claim 45 further comprising first means for
pumping the first solution from said first source to said chamber,

25 through said inlet means.

53. The apparatus of Claim 45 further comprising second means for
pumping the second solution from said second source to said
chamber, through said inlet means.

54. The apparatus of Claim 45 wherein said rotor defines a recess and

30 where the first solution and the second solution are received

within said rotor recess.
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the tenperature of the second solution. 58. The apparatus of C aim 45
further conprising nmeans for re- circulating a portion of the contents of
sai d chanwero3/089s59 The apparatus of C aim 48 further conpripsiTngosezsns f or
re- 10 circulating a portion of the contents of said chanber. 60. The
apparatus of Caim45 further conprising a re-circulation conduit
connecting said cftl et neBresappachteadidClannetS whenemn sad outtetemapisais doentedof
Claim 45 further conpri si N9 peans for mxing the product after it is
removed from said chanmber® S_ﬂ%e B SHRL apparatus of Claimb59 further
conprising a re-cg cul atiTie appanisi df CIORN4ES firthgr Sarhpritng hehnsfaaguaig sai d
inlet means. 63. The apparatus of Claim48 further conprising neans for

m xi ng the product aft erthg femperataiesy e finsbspliang chanber. 64. Appar at us
for crystallizati of a -ghem il . ' j,ni ng
t he mat etrsi al to bsglncr ystaﬂkl Jzyggﬁhisgﬂgcfgﬁ@gghsl ?\J@Q} g%rpé%rllrt?é) ?%gﬁsg}aggﬁﬁ%tg{ﬁ

i ncludi ng an anti - sol ventthe tengpeapp@radthessecamigoiutmnng: a first source of the

mat eri al - cont ai ni gg sol ut of the anti-sol vent

on; a secqnd sou
sol ution; a cha corrprJﬂsfa ARPaFALUS ¢ t&aﬂan%’f Jurther ofomprising meaRndor re-
connected to said chanberciéggﬁh?a%gn%cd?ﬂggco'}@gn@g i Gstcrap@esecond sour ces,
for receiving the material- containing solution and the anti-sol vent
sol ution; neans fX% r ot akliengpmaatds roft Claim e4&afunthert eompristhgs mgans foo ré-or m a
crystal l.i.zed product; and out.l et ans for r vinhg. the crystallized
product % rom said chamber™U3§n§a POFHPR °£&bea‘%°£f"5§5 ‘%ﬁ]sg’él%am%%% wher ei n sai d
inlet neans conprgoses fiTiel aggiagatae 00 TaigP A Ufuithe @OMPELIAE 4 fc-siddullatidnr St
and second sources, respectively, each of said conduits fermnating in
said 21 WD 03/095059 PCToudn8tramequng sakhbetiles megsnandisatd iplgt giepRg. - cont ai ni ng

solution and the 6e}nti - sofh\ée%tp@gqsﬁﬁégﬂﬁrﬁ éupthgroglo%ﬁ%gg%eg,‘%gﬁt {ﬁﬁikmgg sai d

chanber. 66. The apparatus o erein one con S
| ocat ed the product after it is removed from said chamber.
15 62. The apparatus of Claim 59 further comprising a re-circulation

conduit connecting said outlet means and said inlet means.
63. The apparatus of Claim 48 further comprising means for mixing
the product after it is removed from said chamber.
64. Apparatus for crystallization of a chemical material from a
20 solution containing the material to be crystallized dissolved in a
solvent and a solution including an anti-solvent, the apparatus
comprising: a first source of the material-containing solution; a
second source of the anti-solvent solution; a chamber comprising a
stator and a rotor; inlet means, connected to said chamber and to
25 each of said first and second sources, for receiving the material-
c_:ontaining solution and the anti-solvent solution; means for
rotating said rotor relative to said stator to form a crystallized
product; and outlet means for removing the crystallized product
from said chamber.
30 65. The apparatus of Claim 64 wherein said inlet means comprises
first and second conduits connected to said first and second

sources, respectively, each of said conduits terminating in said
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within the other of said conduits. 5 67. The apparatus of C aim 65 wherein
said conduits conprise parallel end sections adjacent said chanber. 68.
The apparwous/edosel ai m 64 wherein said inlet neans conpri PE€I/EB03/m314 ng
conduit between said first and second sources, and said chanber. 10 69.
The apparatus of Caim64 conprising first neans for punping the

mat eri al - cont ai ni ng sol ut¢hamber suelsghat friatestal-sontpivingt solvtpnl andhthebenti-

t hrough said inlet neans. ar 64 further conprising
second neans for punpi ng I‘H:m Soﬂ?tlonpac% m%rrﬂ%u%egl SeP?rS{e@VlﬁcHaé(g?l}?mb&ond sour ce
to said 15 chantgsr, thr onghappatatusiofiGini®RMerefiloneldfsarfoabaits s 16datdd ai m
64 wherein said rotor defines a recess and where the material -containing
sol ution and the anti - sol Wehip thesgheraf spidgorddiseei ved within said rotor
recess. %2. The gpparatu 6 ei S cat ed
20 outside said stat or. Sgg?%ﬂg%%aéawéhofégd%&e%"g%%urt cgér%ﬁl% ng
means for adjusting the paeaifpterd seceomfadjdventsaidchaalbecont ai n| ng sol ution.

74. The apparatus of Caijn 64 further conprisin ns, for adjusting the
tenperature of tH8 anti- ﬁ}e\/@ﬁ’?raé‘ﬁl ft§lamm 655"%‘%“'% ‘3}‘?{)5’?%%%“8?“58?&1 m 64

further conprising means hind Bondult! el édn Biq EﬁrE’cOsz' QoM sbli€esC ARG %Qfds of

said chanber. 76. The apparatus of Claim65 further conprising neans for
re- circulating a portiorchafbthe contents of said chanber. 77. The

appar at of Caiyn 64 further co a.f € circul ation gconduit
connect ﬂﬁg said olitlet ne pa?r%an@g tstp%Weq FUAREING 8T S B PHTRY Sof
Claim64 further conprisitg xﬁaam-ct)mraim isBHitioh NBorRl Q Flrstaddudde itd shidl
renoved from said chanmber. 22 WD 03/ 095059 PCT/ US03/ 12314 79. The

apparatus of O ai m 65 f urchaeper; iprghsiaithiniet meags.r cul at i on
70. The apparatus of Claim 64 further comprising second means for

pumping the anti-solvent solution from said second source to said

15 chamber, through said inlet means.
71. The apparatus of Claim 64 wherein said rotor defines a recess and
where the material-containing solution and the anti-solvent

solution are received within said rotor recess.

72. The apparatus of Claim 64 wherein said outlet means is located
20 outside said stator.
73. The apparatus of Claim 64 further comprising means for adjusting

the temperature of the material-containing solution.
74. The apparatus of Claim 64 further comprising means for adjusting
the temperature of the anti-solvent solution.
25 75. The apparatus of Claim 64 further comprising means for re-
circulating a portion of the contents of said chamber.
76. The apparatus of Claim 65 further comprising means for re-

circulating a portion of the contents of said chamber.

71. The apparatus of Claim 64 further comprising a re-circulation
30 conduit connecting said outlet means and said inlet means.
78. The apparatus of Claim 64 further comprising means for mixing

the product after it is removed from said chamber.
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conduit connecting said outlet means and said inlet neans. 80. The
apparatus of Claim®65 further conprising neans for m xing the product
after it woommpmsed from said chanber. 5 81. Apparatus forcarusss/aisii4 zati on
of a chem cal material froma first solution conprising a solvent and a
first reactive internediate and a second solution conprising a solvent and
a second reactivéd9.inter i apraratyniofl Gpipar6at twstheo wpmpsising & ré-rirelatinour ce

of the first —solution; agecend Seulee; ol SAERIL RO0H Lam a chanber

10 conprising a stator and a rotor, et means, connecte said chamber
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chamber under conditions of temperature and pressure that permit

15 the first and second reactive intermediates to produce a product of
limited solubility in the solvent mixture; and outlet means for
removing the product from said chamber.

82. The apparatus of Claim 81 wherein said inlet means comprises
first and second conduits connected to said first and second

20 sources, respectively, each of said conduits terminating in said
chamber such that the first solution and the second solution are
introduced separately into said chamber.

83. The apparatus of Claim 82 wherein one of said conduits is located
within the other of said conduits.

25 84. The apparatus of Claim 82 wherein said conduits comprise
parallel end sections adjacent said chamber.

85. The apparatus of Claim 81 wherein said inlet means comprises a
mixing conduit between said first and second sources, and said
chamber.

30 86. The apparatus of Claim 81 further comprising first means for
pumping the first solution from said first source to said chamber,

through said inlet means.
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conpri sing second neans for punping the second solution fromsaid second
sour ce t oweaB@ososhanber, through said inlet nmeans. 88. Thecapsas/atsus of
Claim 81 wherein said rotor defines a recess and 5 wherein the first
solution and the second solution are received wthin said rotor recess.
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the tZe?'nperature of the first solution.
91. The apparatus of Claim 81 further comprising means for adjusting
the temperature of the second solution.
92. The apparatus of Claim 81 further comprising means for re-
circulating a portion of the contents of said chamber.
15 93. The apparatus of Claim 82 further comprising means for re-
circulating a portion of the contents of said chamber.

94. The apparatus of Claim 81 further comprising a re-circulation

conduit connecting said outlet means and said inlet means.

95. The apparatus of Claim 81 further comprising means for mixing
20 the product after it is removed from said chamber.
96. The apparatus of Claim 82 further comprising a re-circulation

conduit connecting said outlet means and said inlet means.
97. The apparatus of Claim 82 further comprising means for mixing

the product after it is removed from said chamber.
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