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(57) Abstract: An apparatus is described for micron and submicron particles formation of a substance using the GAS process,
comprising a particles formation vesse] (22) and means for introducing a solution of the substance and a supercritical fluid into the
particles formation vesse] (22), wherein said means comprise a nozzle (27) having a central orifice {39) serving to carry a flow of
o solution, and a plurality of separate outer orifices (41) serving to carry a flow of pure supercritical fluid or a flow of supercritical
fluid mixed with a modifier, such that the solvent is extracted from the solution by the supercritical fluid and precipitation of micron
and submicron particles occurs. Also a process is described, carried out with such an apparatus.
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25 August 2005 WO 02/068107 PCT/ GB02/00840 - 1 APBARATHSsANDOMETHOD FOR
M CRON AND SUBM CRON PARTI CLE FORVATION 5 Field of the invention The
present invention relates to an apparatus and nethod of form ng very fine
particles of cheni cal congnqgﬂgzwg‘;cdﬁlJ c anmmmHNMHMWMffﬁ i

More pa : s ,

mcro particles of pr ot ei ns, for exanpl e protelns of phar maceuti ca

- i nterest Pulidekground of the invention A | afg GW#mwbdww@b*wnﬂns@mw&mﬁwnﬂp%3m£
i nterested Wi g %m%ﬁ“@ﬂokﬁw@rﬁﬂénwﬁ%ﬁ‘ F’;’&J SPIRETIE af e begin-
di fferent affftre&td 6%&PThe need for an apﬁﬁ?ﬁ?ﬂgwﬁﬁﬁmﬁq” ﬁmﬁo produce
subm cron particles is particularly pronounced in the pharmaceuti cal
field. There are several reasons for enploying drugs as fine powders in
phar maceutics, such as the need to 20 inprove the bioavailability or the
requi renents for specific pharmaceutical fornms (nasal, ophthal mc

i njectables, nodified release), etc. The conventional techniques for
particle size reduction (grinding, mlling, spray drying, freeze 25
drying) present many di sadvantages, in particular for biological active
principles. For instance during the initial step of freeze drying, the
drug (protein) and the buffer and other ingredients tend to concentrate

| eading - to changes in pHand ionic strength; this can 30 cause protein
denaturation. Concerning spray drying, the main limtations of this
technique are essentially high costs, thernal degradation and | ow
efficiency with |low yield and high |l evels of residual noisture. Wthin the
| ast decade, different processes have 35 been proposed for mcron and
subm cron particles




fornatlon by utilizing supercrltlcal fluid techni ques A(RESS 2668 SEDS,
PGSS). 25 August 2005 WD 02/ 068107 PCT/ GB02/00840 - 2 These processes have
recei ved cowWouzieisalyl e attention, because they all ow honogereEpegBopmsio Ccl es
with a dianmeter smaller than 1 micron to be obtained. In addition these
processes allow very good control of size S and norphol ogy of powders, the
conpounds are not subject to nechanical antl +hermal shock, and the powders

obtained are free of any solvent. Two processes for obtaining
m cro-particles by supercritical fluids have attained high interest: Rapid

10 Expansion of Supercritizepagoks 005 KE¥Ry) B0 e8s R M J- W,
Debenedetti, P.G The formatigp b - _6 bl'e [ MEri c n1crosphere and

mcro partlcles by rapid exp8 ' e :
Bi oTechnol . Prog. 1991, 7, 403--411 ) and Gas Antl-SoIvent 15

recrystallgzen|f¥% éyg% CHSP agher, P.M, Coffey, MP., Krukonis,
V. J Kl asuti s 1 @%Q %$§%£¥Ser 1989, No. 406). In the RESS
process the subst anc@%fprﬁeﬁti'esltn‘f@tm utsda tesd tion am syppenetivts @add f | ui d

and the sol uti Qetifod 29F SESAYREy WA, R Ladaq_l%glggq;f Uhe¥ssg! through a

‘nozzl e: rapid expansion of the supercrltlc ution causes fthe
preci pitation 6¥£%9R¥§§% Hekng qﬁﬁﬁQLﬁﬁﬂPa@?ﬁQ#H%§%&é§ﬁ bl ¥oge add a

subcriti cal sobarﬁlcdrarmﬁlbﬂﬁ ok bh@rﬁaﬁﬁél htC&blﬁbﬁbdtozﬁ ﬁe@h@ﬂbaCk
ar.e sol_.ubl e eno

of this t?Fh”'?#ﬁﬁﬁémﬁﬂgﬁ | ;aﬁﬁ e@r pﬁg&&lnﬁn gag,pﬁaﬁpige rapid

supercritical
expansi on of sDFOtedns 9@]p@@rmacentubadughtehesnozzIe can cause the

Ekgeﬁlggegg Zu§§F§?§5§%a=ﬁ?;??%tgﬂqehgg° 30 bl ockage of the nozzle. In the
large number of industries are interested in the
production of wmicron and submicron particles for
i5 different applications. The need for an apparatus and a

method to produce submicron particles is particularly
pronounced in the pharmaceutical field.
There are several reasons for employing drugs as
fine powders in pharmaceutics, such as the need to
20 improve the bicavailability or the requiremehts for
specific pharmaceutical forms (nasal, ophthalmic,
injectables, modified release), etc.
The conventional techniques for particle size
reduction (grinding, milling, spray drying, freeze
25 drying) present many disadvantages, in particular for
biological active principles. For instance during the
initial step of freeze drying, the drug (protein) and
the buffer and other ingredients tend to concentrate
_ leading to changes in pH and ionic strength; this can
30 cause protein denaturation. Concerning spray drying,
the main limitations of this technique are essentially
high costs, thermal degradation and low efficiency with
low yield and high levels of residual moisture.
Within the last decade, different processes have
35 been proposed for micron and submicron particles
formation by utilizing supercritical £luid techniqués
(RESS, GAS, SEDS, PGSS).




dissolved in a liquid solvent that is mscible wthzssupgreri booal fluid,

while the solute is not soluble in the-supercritical fluid. 35 The

sol ution iwospreested t hrough a nozzle into a particle for naCGBIZAESIP

which is pressurized with supercritical fluid. The rapid and intimte

contact 25 August 2005 WO 02/048107 PCT/ GB02100840 - 3 between-solution

and supercritical fluid causes the extractd on of solvent fromsolution in
r

ti itical fluid and leads to th i pitati f | ut ' -

parti ol es. 1t i s ottt BPErHisRAATR RHCHITY S or St  qui d sol vent

iﬂ tge agpeLcerUEﬂtﬂdnucbéqauaérthey aﬁiﬁwihumog%nedﬁﬁspartiﬁﬁ?nwﬁnﬂones
e drawbacks s al . r o] rocess

| % dﬁ%ﬁﬁ?%r@fofe%f ﬁcer?%gé i 1:%{ ol A H &ng ‘

paraneters. The Crucl st'e process is the mxing 1 _
sol uti on and s@dedddion ddiese papcesras @dlaw wanaigrodreriTlacE #dEe api d

M Xing a & SpeiRsidohophlddy BF Fowddt, tHORGIFoudd® d:he i enbiiddical
flurd is required. ff.erent devices have been propqsed to,inject solution
and supercriti &S apiiGalo and ihema ﬁ%é’(qq%n a\%ég e Poo"fq?]%;r der to
_ 8bt ai ndaoggod mﬁtbﬁ@e&aﬂmm:%ecaﬁ ldrar walammite, With a di aneter between
.1 and 0.2 nmm has pheen_use | rst ] D] .
Formation of mcrop 5’u?r&ﬁ% efsquérg?égggﬁd“}?& ?{e}'g:tr&]f%ﬁigéb)gy .
preci pi tation wuphrerdsiseds Sauizy Haved adteiiseid digh JintansestPoRppdd
Sei '\ Ao 19289424 on! 383 kuplhic-1194h1e SN NSRS Wirbclsap al ong

its length leadfng to a poor “conversion pressure i nt,o “kinetic energy

at the capill af¥oBut Fel. 2 Debepesiettdri PrGs "Themtemmation, ®@fHome R . K
(US patent Nop08696d9b0e Mol yheri20R@rrosphehe GHY REQIRS particliesnby

protein mcro Egﬁiécéﬁﬁanls?.o%hk %%%gr%ggtical solutions" BioTechnol.
Prog. 1991, 7, 403-411.) and Gas Anti-Solvent
is recrystallization (GAS) process (Gallagher, P.M.,
Coffey, M.P., Krukomis, V.J., Klasutis, N., Am. Chem.
Symp. Ser., 19288, No. 406}.

In the RESS procesg the substance of interest is

solubilized in a supercritical £luid and the solution is

20 - sprayed into a particle formation wvessel through a
nozzle: rapid expansion of the supercritical sclution
causes the precipitation of the solute. In some
applications it is posgible to add a subcritical solvent
{modifier) to the supercritical fluid.

25 . A drawback of this technique is that only a few

' compounds are soluble enough in supercritical fluids,
even if a modifier is used. In addition the rapid
expangion of supercritical solution through the nozzle
can cause the freezing of supercritical fluid and the

30 blockage of the nozzle.

In the GAS process a solute of interest is
dissolved in a liquid solvent that is wmiscible with
supercritical fluid, while the solute is not soluble in

. the supercritical fluid.
35 L The solution is sprayed through a nozzle into a
particle formation vessel which is pressurized with
supercritical fluid. The rapid and intimate contact




protein solution is sprayed through a laser drilledsphathR¥m@icsc With a
di aneter of 20 mcron and a length 30 of 240 mcron inside the particles

~formati on wep@aksieeont ai ni ng the supercritical fluid mhlchpb§nhgﬁma§50ed

by a different inlet. The laser-drilled platinumdisc has an outside
dianeter of 3 nm a thickness 0.24 mm and the orifice is 20 mcroneters
in dianeter. This 35 technique has been uséd o0 formparticles of catal ase
and insulin: (0 Olwbmlv) fron1ethano|/water (9:1 v/v) sol utions using

carbon di oxi de BeEWERRATUGICH And P nitgenl 08 ANCAUEEE68heT

- PCT/ GBO2/ 00840 exwaaﬁmmwrsdm@m; W GRIRItESOYln e%&ﬁ!&’ér%qc%
supercritical f Qggiflo %@b bout 36, mn and t sol ution flow
rate was about \rgg’alt #Fer EER Y @of?ﬂ@tet RE MisEo-
drilled 5 di s®aprdssss oﬂ:@ o pommiteag:ex eirfhanicat ithebeblailikengigh and
di aret er gf 't Nexy il P lbaVant! BLTLHN G fler LR SRLTHYLE 9P, ARG CTET Y

pressure is al nost, _.conpl etely conver et anergy;
way, very hi gfc8ditdaon Fﬁ?e§A§n919€ﬁ?Ssﬁﬁﬁﬁﬁ@méﬁléhs duawbacks10f

obtained. In thhe mmmﬁeggobagssuﬁgrgﬁgbw@al bedicdr BbRErbS 0@0% 8RLLEI zed:
the sol ution |n%ect| gccurs in an alnost static atnosphere f
supercritical PROPEES®"tnh 1 ow turbul ence. 15 SubramaniamB., Saim S.,

Raj ewskj R A, Stellha Wruc{aktsoedp bﬁrtnerGAslprﬁbéé@niéath@nmﬂﬁﬂng

nanon 2e16on Pe RRUKSLA LhaThuBl kP BRSNS A I SNCREEBLTLO 2

conpr essed antlso vent .
of a connerC|aﬁncéaﬁiﬂﬂtéoﬁﬂérﬁﬁmid mbxﬂngeagémspﬁnaz¢mzmﬁ $mqutionoaat|on

|
into a particleniD1nakbsTevssstto Jﬂ@ B0B&LEx e 1cca £ 9ggt %}%ﬂ’&@

passage for t S ex si pn and an nner coaxl a l'ary
solution inje %gg?ﬁ? gﬂ £Yiees have been proposed to 1ngect gsolution

and supercritical fluid into particle formation vessel
15 - in order to obtain a good mixing.
A simple capillary nozzle with a diameter between
0.1 and 0.2 mm has been used first (Dixon D.J. and
Johnston K.P., Formation of microporous polymer fibers
. and oriented fibrils by precipitation with a compressed

20 fluid antisolvent, J. App. Polymer Sci., 50, 1929-1942,
1993).

_ This device shows high pressure drop along its
length leading to a poor conversion of pressure into
kinetic energy at the capillary outlet.

25 Debenedetti P.G., Lim G.B., Prud'Homme R.K. (US
patent No 006063910, May 16, 2000) use the GAS process
to form protein micro particles. 1In this case the
protein golution is sprayed through a laser drilled
platinum disc with a diameter of 20 micron and a length

30 of 240 micron inside the particles formation vessel
containing the supercritical fluid which is introduced
by a different inlet. The laser-drilled platinum disc
has an outside diameter of 3 mm, a thickness 0.24 mm,
and the orifice is 20 micrometers in diameter. This

35 technique has been used to form particles of catalase
and insulin (0.01% w/v) from ethanol/water (9:1 v/v)
solutions using carbon dioxide as supercritical .fluid.




coaxial capillary tube is energized by the expandings23,,gas+ 3h6s9as that
expands in the convergent-divergent nozzle can reach supersonic

vel oci t i eswoldamsgransi tion from subsonic to supersonic rat epmcgﬁms@ozzl e

| eads to the formation of a Mach disc which enhances dispersion of the

sol ution and m xi ng between 30 sol ution and supercritical fluid. ,
Subramani am et al. propose as energ|2|ng §as an inert gas as heliumor the

supercritical uid, In.the.cited exa t ors.__use

suger critical H‘ﬁl FFRETAMS LR VTS % @}’Z:naﬁ%f rg‘t & Néf’écﬁréﬂﬁérgom c

velocities veryupegbriﬁlpadsfﬂmaddidpw mhtbham@nab@un RG afmiar andegher ed
about 40 MPa n t I r tions, wusin

( bo %EEESEt%3§“§§%t%ﬁ%%% %b%ht”b g% % EﬁHUSt 2005 WO 821068107

pressure drops o ﬁ SO théy
PCTI GB02/ 00840 - 5 Cewmppaefotor eachpd Qér:yonp@z\l@ho&:hﬁ desepprnilhedandi ng,

they cl ai g subgt 88t pakseAPEOVARE MaInCAARAHBHGEY tHANYARE OBy Process.

Experlnentally t hey, recrystal |l i sed hydrocorti_ sone and t ot hecin
obt ai ni ng powdtF2g ¥h ﬁaa&@tsr © aﬁBSaPFFgF€§ Pé Swg ﬁﬂfﬁgﬁﬁlﬁﬂvﬁﬁtage

of ‘this technithe pseﬁbaretaﬁopsaﬁdrenetgpabrhbuuﬁelHBralmﬁsthe sol ution

spraying in t fi dy opl anot her .advani age is 10
due to the |nt|%§§1éee§§ 8°§Y¥%Eéﬁ gg? #5ﬁe§ﬁ8 egﬁﬁchrFP|§§F£ guyﬁymhlch
- occurs in a vé?@rxdbightSaéutloatrahesnandlEevutSmalleeopleaavaﬂnabe of
this techei quegheaih@y. the mxing between solution and supercritical fluid
occurs 15 before entering into the particle formation vessel: this

si tuation coul d IE%EPtEPb%f??%?%sﬁoFﬁ%t?%ﬂe%EFEFécﬁlufagldehﬁ%ﬁti#ﬁo t he

particles forrmét %pty:aﬁ_s@édanﬂhecmﬁ@mtiﬂgaé@%ﬁg@c@uréhenrmzl e. Hanna
M. York P. (V\QnP atentta%){) l 'aci%és? nhez:e of supercritical fluid, with '
low turbulence.

15 Subramaniam B., Saim S., Rajewskj R. A., Stella V.
(Methods for particle micronization and nanonization by
recrystallization from organic solutions sprayed into a
compressed antisolvent. U.S. Patent No 5874029, Feb. 23
1999) disclose use of a commercial coaxial convergent-

20 divergent nozzle to inject solution into a particle
formation vessel. The nozzle has a convergent-divergent
passage for the gaS'expansioﬁ and an inmner coaxial
capillary tube. The solution injected through the
coaxial capillary tube is energized by the expanding

25 gas. The gas that expands in the convergent-divergent
nozzle can reach supersonic velocities.

The transition from subsonic to supersonic rate in
the nozzle leads to the formation of a Mach disc which
enhances dispersion of the solution and mixing between

30  solution and supercritical fluid. Subramaniam et al.
propose as energizing gas an inert gas as helium or the
supercritical fluid. In the cited examples the authors
uge the supercritical fluid as the energizing gas.

Even if to reach supersonic velocities wvery high

35 pressure drops of the energizing gas are required (about
40 MPa),; the inventors operate at milder conditions,
using pressure drops of about 40 bar (4 MPa), so they




20 96/ 00610, January 11, 1996) propose a new net hodsang,, %usrae\goggpar atus to
obtain very snall partlcl es by supercritical fluid technique named SEDS

(Sol ution wigwmeses D spersion by Supercritical Solution). ptR-HibaekessS 1S
based on a ‘new coaxial nozzle: the 25 solution expands through an inner

capillary with a dianeter of 0.25 mm the supercritical fluid expands
t hrough an exter naI coaX| al pathway wt h“a5c0n| cal ly tapering end; the
di anet er of coni ca e at ghhe end is, about nm The m Xxi ng bet ween

the supercriti 88}1 On‘f’ ufF g2 dSPI‘?@r§8Pt‘JF|Eﬁl‘aﬁi‘:ﬁ‘ésrn ¥rEvithstapdinge.
They al so propbsg chelmsaubétantﬁlaﬂz61u@:y6véméﬁt§.cbﬁghhéd gdded way a

nmodi fier can bg, ﬁ'@gnifm?é? 5_»88&?%9 the mxing. They apply the SEDS
i on-of

technol ogy for “precCip particles of water soluble 35
conpounds, nanely sEfResipentadbly, theytvserydrahbissd hyddodentiszee and

proteins §R- T%@e@a@a&&@aﬁﬁ)ebta{ﬁfng%&a@fs (5t PROOLaRGe &M1aN0l ) is

I-ntroduced 25 Au ust f g into the particles formati on vessel either
together with ? tF’u‘f o &P:SthréBhh a different inlet. This nozzle

al lows a good and |M|aim¢mmgen©f bmgve@ébmhaﬁélpﬁécﬁhéttcaheﬂ uid and the
solution: the e & tween su cr|t| fluid and sql ution
occurs in the’ c%]%]]‘e% ‘%p%ﬁ%’d‘g %r?‘ﬁﬁé)ﬁi ]g'%é’r?}é "RrPmthe™hozzl e
outl et at hi gPxdgndia wlalrﬁdin heerxl@me:rdztopﬂaeta‘;l b teheer adesitEge lisqui d
sol uti omghi chyydrgaks,d r&!zﬁ:ﬁﬁﬁhié rﬁi.{ ﬂ%ﬁ?tb%ﬂ”’éé"b% ﬁeaglc{ ormation 10

vessel . The di sadvantage qf, thys. ue 1s re he cont act
“bet ween super cﬁ‘-}H‘?%lthi%]d félnat%mhqumcoamr@ é\t‘@mgemﬂitlo tawet,

particles forrat i@ vwessdls oydlesd pitation of the powder could occur in the

‘nozzle |5 and can,gvenj.ual ause e blo e. The ercritical

fluid vel ocity at t %ffl é%n age o%oé%us tec :L e is t art): t%
mixing between solution and supercritical fluid occurs

i5 before entering into the particle formation vessel: this
situation could lead to particle formation before fluids
enter into the particles formation-vessel and
conseqguently blockage of the nozzle.
Hanna M., York P. (WO patent application No
20 96/00610, January 11, 1996} propose a new method and a
new apparatus to obtain very small particles by
supercritical fluid technigue named SEDS (Solution
Enhanced Dispersion by Supercritical Solution).
The process is based on a new coaxial nozzle: the
25 solution expands through an inner capillary with a
diameter of 0.25 mm; the supercritical fluid expands
through an external coaxial pathway with a conically
tapering end; the diameter of conical zone at the end is
about 0.2 mm. The mixing between the supercritical
30  fluid and the solution occurs in the conical zone. They
also propose the use of a three ways nozzle: in the
added way a modifier can be fed in order to improve the
mixing. They apply the SEDS technology for
precipitation of small particles of water soluble
35 compounds, namely sugars (Lactose, Maltose, Trehalose
‘and Sucrose) and proteins (R-TEM beta-lactamase).
The modifier (methanol or ethanol) is introduced




outlet is limted by the orifice dianmeter that is quist @,gl,@k9€eg0kt is known
fromGE-A-2 322 326 to provide nodified 20 apparatus for particle
formati on using the SEDS technique. The apparatus conprises a particle
formati on vessel and neans for introducing a solution of the substance
and a supercritical fluid into said particle formation vessel, said neans
conprising a nozzle having 25 respective passages for the solution and the
supercritical fluid and separate outlets at downstream ends of the
respective passages, such that in use cogtact between the solution and the
supercritical fluid first occurs in the particle formation vessel

downst ream 3§)nfm|€) the paaaﬁauesoﬂbk:@hsmﬁTM&EN [ Ekedt N&@Gi}:l@t Ticcl er m |
"supercritic UI n OL . ve it itical pressure an
its crit|cala%geteﬁngggﬁrér’Tﬁkgégs ofvggfé£%95§%§% liquid, whichis
able to forma soThisonowkle ahbowabstaned. au@ﬁiuximiﬁﬁiﬁpﬁégwhugust 2005 7

Thf L frm S?Eﬁéﬁﬁéé ?ﬁén§u§e§@£igz_eél tgi‘ié{&rféfd“&ﬁéﬂsdﬂni@{l&ﬂ Mﬁl chis
soluble in ven i's substanti i nsol ubl e jn e
supercri |cal 1¥3 dcoﬁﬁﬁcge?ﬁFwﬁﬁﬁl?P%? %ﬁHﬁggzﬁhﬁﬁf é) i9thances
sol ubility ofotd¢mrsoimenhei notheabupbaped temdl tHalitvo Aifﬁ.wh;leec&menfget he

pr esent mvenﬂ_.&m ﬁetﬁoggfécgg@leeh&%@ %%&htg d)rt{k% art techni ques

descri bed above. In_particular, enbodi resent i nvention

provide a pr CRERITFHLGHER nE1Rie W?%fﬂ@% S LaHeR Vi SHar at us
to make an i nidewks mt@ ufa Dl Gtdisiane e ang ipirtidlfed Mol i ti cal
flu'd vessel. , ,

The digadvantage of this technique is related to
the contact between supercritical fluid and solution
before entering into the particles formation vessel;

y precipitation of the powder could occur in the nozzle
15 and can eventually cause nozzle blockage

The supercritical f£lwid velocity at the nozzle
outlet ie limited by the orifice diameter that iz guite
large.

:t is known from GB-A-2 322 326 to provida modified

20 apparatus for particle formation using the SEDS
technique. The apparatus comprises a particle formation
vessel and means for introducing a selution of the
substance and a supercritical fluid into said particle
formation vessel, said means comprising a nozzle having

‘25 respective passages for the solution and the
supercritical fluid and separate outlets at downetream
ends of the respective passages, such that in use
contact between the solution and the supercritical fluid

_ first occurs in the particle formation vessel downstream

30 of the geparate ocutlets.

TATEMENTS OF TON .
The term “"supercritical fluid® means a fluid at or
above its critical pressure and its cz::.t:.c:a.l
35 temperature. A
The term “solvent"' wmeans a liquid, which is able to
form a solution with the substance.

AMENDED SHEET




Viewed from one aspect the invention provides appanratus fat Biygson and
subm cron particle formation of a substance using the ggé antl-solvent
recrystallization (GAS) process, conprising a particle formation vessel
and neans for introducing a solution of the substance and a supercritical
fluid into said particle formation vessel, said neans conprising a nozzle
havi ng respective passages for the solution and the supercritical fluid
and separate out|Bts teruowmstseamEhdeeofs thesokiabpettive passages, such
that in use gonatlebeleen ,ihgs0litian and e spel Gid Isal dddi d first

occurs in the particle tormation vessel downstream of the separate
outlets, whed®d nviheh phas syt amaise dsp bk alr?etfé}e upst ream portion
whi ch f eeds @Mémm@m]ﬂld downst ream portion. Viewed from anot her
aspect the inventjon provi ngzzl e for_the introdycti f a solution

of a substance and a-Sudpe cr%gc%ilﬁjceaq A i eﬁ‘HrCta}]cl ché’r BirFessel
for mcron mmwmmelmHéMM|m cn‘u;mmhstukmﬁlarﬁﬂmﬂsdai ng t he gas

anti-sol vent recryst t qgir:qg[
respecti ve passa Ae/rz &% héeP;lc ut| onS%%%qﬁﬁe%%lgg} (I;i(r)s}ztl Cal d“gé and 25
‘August 2005 thyg %vémlm e fouthetir nr dovihsiadamamts dsfsaridacespect i ve

passages, sughhddat in use contact between the solution and the
supercritical fluid first occurs‘% st ream of the separate outlets,

wherei n the passagesEdmdt H%ﬁ“&r?et RS RESR o tivSR b h f eeds
a narrow dimnetede daovmsdd@emtpprdbmn \ﬂlemq:dm'masa dfurd kembsaspeet t he

i nvention prov des r:_}0 Qces for km cron ubm .Cr.on arill cle formation
of a substdfit alf%laf‘%) e ugsas Al < cﬂr\/elrﬂ ﬁfltﬂ ati on , (GAS)

process, conpiisianee e fussidimgidfh eti“wpsexmndmdalcalf |fulivd d. pur e or mixed
with a modifier, A 260 dHd Ybpe d WO R HEZE p iR Particle

formation vessel at
apparatus for micron and submicron particle formation of

a substance using the gas anti-scolvent recrystallization
{GAS) process, comprising a particle formation vessel
and means for introducing a solution of the substance
and a supercritical fluid into said particle formation
Vessel, gald means comprising a nozzle having respective
passages for the solution and the supercritical fluid
and separate outlets at downstream ends of the

- respective passages, such that in use contact between
the solution and the supercritical fluid first occurs in
the particle formation vessel downstream of the separate
outlets, wherein the passages comprise a wide diameter
upstream portion which feeds a narrow diameter
downstream portion.

Viewed from another aspect the invention provides a
nozzle for the introduction of a solution of a substance
and a supercritical fluid in a particle formation vessel
for micron and submicron particle formation of said
substance using the gas anti-solvent recrystallization
(GAS) process, the nozzle comprising respective passages

for the solution and the supercritical fluid and




controlled pressure and tenperature, such that the »sohyefikyi $ogxtracted
fromsolution by the supercritical fluid and precipitatifon of mcron and
submicron particles occurs, wherein the supercritical fluid and the
solution are fed through respective pasgages of the nozzle to exit
therefromvia separate outlets at downstream ends of the respective
passages, with contact between the supercritical fluid and the solution
~first occursemRrate et iadl edorstatdagh areks@lf ddvinstasematdfve t he

separate OUt;Le_ﬁésSag@s!ﬂ,d et einnd he R@@ﬁ&m&tﬁﬁeer@ t‘Méj%cﬁﬂLﬁ_ri%tner
upstream portion which feeds a narrow _di aneter downstream portion. The

process acc@M nd's ¢ URF Tvetd orf i i idSh@cae Mt edicOion into a

particle fortred i separesseloutfl et 25 wigisin 2005 pa B a3@isutdaiprdrisesespensi on of
t he substanceicilenOgisn(l)eltveentLi ch a su ecr.criti cal ffl uid and, Ipref erably, of a
modi fier. THe hodidher rrr:aulps‘t)erefr%é3 ound’ ml&? i"§ %5 dbI"E5 Y he  sol vent
and in the sljmmratrdn idmindtingasn phrivodi fier may be used when the sol vent
is substantially i} i i tcals fluid, .. or |

sol ubi lity. w]en\{r%‘%s&or)ﬂu‘g’iﬂat 9—”“5?‘9%&2 el vant hféﬁlt,"léewtgﬁéleﬁ%ﬁ‘ﬁd%\gl f1uid
i s low, the UFFTICEE rfsth MO FIST HHAMHIJBPa Ragks: Cd eh @2 tiioni 9 bet ween

sol ution and supalGidd E@ing ltHed gAdhemta Hdivien®r ree ryged1 1tibetiahi o of
nodi fier flo ate and of sol ut.ian fltg}v%r te .has to be chosen soaﬁs to
I

preferably h Ja BRGIF S FoRRE I5H b SBIEE 8F1 FeMtPSTT e ©
supercri ti catldildy churEhemadixdddewiddn dendditfriedycathdwiotth &t e lsitpengriti cal
fluid, with ol_ut | roi, art W t.he rceritical fluid and in
part with tﬁcteﬂg)o gﬁﬁ iao%o%%’mé&t%f g ﬁ;gr%gf&% 5?1) 0 ttiﬁél IV(r;rﬁ’lz‘%(‘is‘lefll Leélrt greatly

i nfluences tdmntexalleast iroesslineh@nds dleygmer adnd et heustr Gdedr #hef particl es

that are ford®dent is extracted from solution by the supercritical
fluid and precipitation of micron and submicron
particles occurs, wherein the supercritical fluid and
the solution are fed through respective passages of the
‘nozzle to exit therefrom via separate outlets at
downstream ends of the respective passages, with contact
between the supercritical fluid and the solution first
occurring in the particle formation vessel downstream of
the separate outlets, and wherein the passages comprise
a wide diameter upstream portion which feeds a narrow
diameter downstream portion.

The process according to the invention may include

the co-introduction into a particle formation vessel of
a




For the precipitation of powders from aqueous solu |50ﬂu§'ﬁlslggz%r5bon

di oxi de as supercritical solvent and ethanol as nodifier the ratio between
supercritical fluid flowrate and the nodifier flowrate is about 7,

while the ratio between nodifier flowstda e and the solution flowrate is
about 20. Thus, in one case the substance solution and a m xture of
supercritical fluid and nodifier are separately introduced into the
particle forpatiiohon vasselspahel ardif i Ere aubstmnsuper or igdlomintf,| wifd may be
m xed befor e; the,d At oduct 1 Oﬂdﬂi %ddie ;Fiaéi‘éfé&y f Q4mal ipnyvessel .

Alternatlvelrf( the nodifier be mxed with the solution before
i ntroduct i ont ¢ frefvok ¥y m@/Bérké? oh PMRHDD s khes ot ks ém itd9 nt r oduced

into the paasdslxﬁézet faQ{c[TBitrh ma%g&émag@ﬂ Wt d herl’ilv;él)htﬁdlqueramy n part

vviththesuercrlt e solv i.s .m.scible

supercriticaf® ]ﬁ?ﬁ d“’ah‘? t%éeoli?ﬁlr T oftd He! 1%%r“?c:]ts=313"|’ M5k \gf”gb;evé’ﬂtthand 25

August 2005 the @mﬂrmabaﬁldidu cbraref s]gparsaﬂeik;a]ijjﬁy .oduced into the

particle formatiqf, 4eSSEl .sdTf %Jﬁ@r@ Olt e+ Sypen@itical fluid with
t sol vent

t he solution and extractl on o e supercritical fluid
occur. The stRGEHTE jealyrigherdbls J@‘*phatrhmdleﬁﬁ |Cl:falf5l nmgshidd@yd sol uble in

the sol vent s?mﬂsﬂa[hﬂﬂﬁl@cﬁflc%s @%et%&stnﬁwrﬁg Ipetise] Wliedind he

supercritical flui In the p e formati on vessel the substance

sol uti on may? B?é’ti:%ttjf‘?atlhgfr %A ure of supercritical fluid and nodifier
or with the pure mlqreracrmdd:caleﬁ lid dised,n dhd sande (e ngeliErlr maywe

~extracted fr ol ut | nd t sub tance ates as fin
particles. Irﬁ&moeﬁl}%edrsrbof(‘jll Sent tai #11eo"‘rprréaseenthas 3: g)ep e 11 WV (o %IO poi nt
of the proceawsefagrakflimdrgye ta dileghf anmatdame dfs Stdielhnbmttyg odf sieresdl uti on

with the supgf &Hd ifflercritical fluid. The modifier can be
introduced with the supercritical fluid, with the
solution or in part with the supercritical fluid and in
part with the solution; the way of introduction of the
modifier greatly influences the extraction of the

solvent and the structure of particles that are formed.

For the precipitation of powders from agueous
solution using carbon dioxide as supercritical solvent
‘and ethanol as modifier the ratio between supercritical

fluid flow rate and the modifier flow rate is about 7,

while the ratio between modifier flow rate and the
sclution flow rate is about 20.

Thus, in one case the substance solution and a
mixture of supercritical fluid and modifier are
separately introduced into the particle formation
vessel. The modifier and the supercritical fluid may be
mixed before the introduction into the particle
formation vessel. Alternatively, the modifier may be
mixed with the solution before introduction. In another
version of the process the modifier is introduced into
the particle formation vessel in part with the solution
and in part with the supercritical fluid.

If the solvent 1s miscible with the superxcritical

fluid, the solution of the substance in the solvent and



fluid: a rapid and intimate m xi ng causes precipitati0 f.rPahhi=cl es with
a small dianeter and allows a high powder yield totzlbr)e%o %gitnggbsTo have a
good m xing, the solution in one enbodiment of the present invention has
to be dispersed into the supercriticat §lwuid in formof small droplets,
thus providing a high interfacial area for mass transfer and a short path
for the diffusion of supercritical fluid in the solution droplets and

~ preventing thee gpengpcrvticadl uiuipdrate| sepanataldi tntomdudrd éntfamcenent  of

mass transfefnd at £rHet Weero SR doN, &4k SUPEE G ddifahixfddi e raye al | ow
operation at mlder, t,enger ature and pressure conditions.” The present

i nvention pet™tsCEtichcabprlatd ontth BRI HEN A Mh et Hettnedn 1 ow
rate of supgiersdéleaht fbuithandidd oy iaiea0firsoiditdaruay all ow the
creation of a lar e, eXGess I%)g:et_{le su%)tercriti cal . fl uicd quer t he sol ution at
the noment of thei e cONCACT CC enhdicrng They df IR G ¥ SF et For mass transf er
of supercrit¢omgabudd usedliimte oltuté grlamhtofarsbl rerthe miali Sigrersgrd ti cal
fluid. 25 AGSL2008 11y Lhsd Pl e ifits ARONE: 4L O Ahogl ent of the
present invention, It IS necessary to have a goo I spersion of the

sol ution into thelBupt? Riftiale flumpriirhrggselb YR SWstancsml |

gr ?pl ets gf b@%iﬁ.mg hee Sﬁi?}?écpfwitﬂ’}t?_tfl'% fﬁﬁd{tﬁ]ﬂéﬂdﬂ%tﬂf@ﬁ@tsidaéybbet ]

et erm ne ) i dodynam c conditiqns in the mxing ., zane and, by the
Dhyst cal - pr e i BT P et L I a1 S CRHP RSN s et g

vi scosity, sinftdce wansilon,sdersit ynaylhes exqrepardd et ehgr eat | y

i nfluenced in.this i t e. present .invention c. t enperature and
pressure forglilh@lsourgregﬁgc?iW%aﬁ‘ﬁ{ﬁ%a}m&eoﬁ%zeé\}teqloc:ﬁe$oéﬁsf&wueti on and
supercriticatafigilest  the nozzle outlets in one enbodi nent of the present
' In one embodiment of the present invention, the

crucial point of the process for fine particle formation

is the mixing of the scolution with the supercritical
fluid: a rapid and intimate mixing causes precipitation
of particles with a small diameter and allows a high
powder yield to be obtained.

To have a good mixing, the solution in one
embodiment of the present invention has to be dispersed
into the supercritical fluid in form of small droplets,
thus providing a high interfacial area for mass transfer
and a short path for the diffusion of supercritical
fluid in the solution droplets and preventing the growth
of solute particles. In addition, the enhancement of
mass transfer rate between solution and supercritical
fluid may allow operation at milder temperature and
pressure conditions. The present invention permits such
operation.

In addition a high ratio between flow rate of
supercritical fluid and flow rate of solution may allow
the creation of a large excess of the supercritical
fluid over the soluticn at the moment of their contact,
enhancing the driving force for mass transfer of
supercritical fluid into solution and of solvent into

supercritical fluid.




invention is related to the mass flowrate and to the xdiaaetepqsf the
outlets. Additionally, it is preferable that the energy pressure of both
solution.and supercritical fluid are converted into kinetic energy wth a
m ni mrum energy |l oss. To get this aima méw-nozzle in accordance with an
enbodi nent - of the present invention has been designed. The solution and

the supercriticalad|ylthedireuOrandiaeth it Lhfodllld &fs (Y be

introduced in the particle fornmation vessel in co-current by the
nozzl e, whi CREHTIRt FESV PR el lout T S12CFDIANNEC et G i99%%hl fluid and

the sol uti ongi&patacdn bet waed sdhe: Sei uinoh |l ddises sparicdit icalidluid
preferably first occurs .in the particl fcgr;ﬂma];i on vessel downstream of
the nozzle otft | RELET THY it i & twlgot RHEtS Gt SA ' of the

nozzl e by the parThelsszevn hler ef ofrordresh 1 dthieonr edbpgelid e ndivsddar ges of t he

supercritic ' t | g g . eX ! 1. 1,3t particle
formation VZ%%%%J?L%&% th'ge Sn@y%%@%%%@%ﬁg%@o@%qh% JL)riylesﬂpﬁ)he@c Frfi Ve %1 ows
conpri si ng azoieleanii drmetidre upsiFiezad poranont e of gadadsian ayd ow di anet er

downstream pOigd Ak tites Nasd OMntdi afRiera POFrLd ALiGaN e, sherd in order to
reduce the ressure drop, along this portion so that a hetter conversion
of pressure-'?ﬁ%l%?'néileffbs%éﬁ"‘ei%e dBtET 2R PR H005 - 11 This

subst anti al | yn OMeseasmsid Neh iy adliersinodnprd Ortay tpraeaa eswitchomar e
essentially k():oa,%in?l A bul ar Cﬁrran erren"tets i q?}whi ch a narr.ow ditilrmt ris

mai ntai ned & ong HHE 1T TEhGHH DT the Ho2t%e SHRH G Ligii't iah® drop in
pressure. The outThet W@Jrcezlpnefodi atri yut iogateed adjrecemti ticadadi uict ker, for
exanpl e at a ’Hcg 1d N6y NG, YnLOodin o?‘f‘th%uyr%ts}na{e preferably

coplanar. Preferably the nozzle has one central outlet
-invention 1s related to the mass flow rate and to the

diameter of the outlets. Additionally, it is preferable
that the energy pressure of both sclution and
supercritical fluid are converted into kinetic energy
with a minimum energy loss.

To get this aim a new nozzle in accordance with an
embodiment of the present invention has been designed.

The solution and the supercritical fluid, pure or
mixed with the modifier, may be introduced in the
particle formation vessel in co-current flow by the
nozzle, which provides separate outlets for the
supercritical fluid and the solution. Contact between
the solution and the supercritical fluid preferably
first occurs in the particle formation vessel downstream
of the nozzle outlets. This minimises the potential for
blockage of the nozzle by the particles which are
formed. The respective discharges of the supercritical
fluid and the solution can expand and mix in the
particle formation vessel.

The nozzle may have passages for the respective
flows comprising a wide diameter upstream portion which
feeds a narrow diameter downstream porticon. The narrow
diameter portion can be short in order to reduce the
pressure drop along this portion so that a better

conversion of pressure into kinetic energy is obtained.




plurality of outer outlets. The central outlet may 2%3%‘(1?&5@ ggbgy a flow
of solution and the outer outlets nmay serve to carry a flow o
supercritical fluid. By providing a plurality of outer outlets, m xing of
supercritical fluid and the solution rsiprenoted. Preferably the outer
outlets ‘are arranged at the sane distance fromthe central outlet. Thus
they nmay be on the sane radius, preferably equiangularly spaced. Again,
this assi st sThixisgos tret put 1 etavemyones dthe her@nidned separiaie dutbes or

the |1ke. 1inds NONGYRIRILISTISAACI 1P QRIS Do, pfov' ded at

downst ream ends of respective passages throug nozz The passages
may for exarpFeAmEerenistriniitiGhgs. n%“ﬁd&%@ﬂ%)ﬂw%a&lr&%k Thus a

preferred arémm BONPriSef R MPZUE ndvdhe JiamMmpfsighidiisdans th an
outl et at i%cenl er and two or nore outlets at the sane di stance fromthe

center and Ve y*P dpaeEtP dfong a circunference. Al the outlets nay
comuni cate w t h Thre dutlest Oramof piﬂ‘tefqa&rﬁlyclle;cfacﬂenﬁtaidzmcemsst&i .eakthe

solution is RLel er outé[}g]%ﬁé)gélv\ﬁ q%eqqg&e %tép%aﬁeirhorg@tdbo& ve3ssel

t hrough the central esupercrltl urd, pure or with
the nodifigm. e mutbk&m@nmrmaﬁenakelsomcmlmn ets. The passages in the

nozzl e body may @V@féﬂ%?dlryeadﬂe efls; iy idhdise e If edhwdih dle 4
supercritical_fluid and the solutiqn, respectively. Preferably, the nozzl e

25 August 2005Ur2413Y KddyP &S Br BVitde v t ARE S&RIE Tk QRELPAGIMPE S epar at i ng
respective @@iv@aﬁbeadsmfathEOpassageﬁutm@ﬁe&ﬂﬂoug@ ouﬁéﬂSOuth@tyse of a

nozzl e body al |l ow the drilli ther for.nmatian f t assages with
t he i deal ar%r%‘?rvnes 9 ]?ymasglgjt C?Jflﬁué)efrlc q;% I ev passages
can be seal ggrdvrighireach ;dnirearllaiy tdiblquumstmﬁdmtsenat&xﬂmg td'fle case of a

gggl”a' out | ghand- Al WAl £ Ut ehiy rafll alddhQuardly sRaced therefrom the
Preferably the outer outlets are arranged at the same

distance from the central outlet. Thus they may be on
the same radius, preferably equiangularly spaced.
Again, this assists mixing.

The outlets may be at the end of separate tubes or
the like. It is however preferred for the outlets to be
provided at downstream ends of respective passages
through a nozzle body. The passages may for example be
laser drillings. The nozzle body may be a disk. Thus a
preferred arrangement comprises a nozzle in the form of
ca disk with an outlet at its center and two or more
outlets at the same distance from the center and evenly
spaced along a circumference. All the outlets may
communicate with the interior of the particle formation
vessel. The solution is preferably introduced into the
particle formation vessel through the central outlet,
while the supercritical fluid, pure or with the
modifier, is introduced through the outer outlets.

The passages in the nozzle body may have upstream
ends which in use are fed with the supercritical fluid

and the solution, respectively. Preferably, the nozzle




25 August 2005 - 12 may be annular in form (being % ggsg Fb@g) and
di sposed radially outwardly of the central outlet an rally Tnwardly of
the plural, outer outlets. A further annular seal is preferably provided
radially 5 outwardly of the plural owan=outlets. Preferably, the or each
seal is received in a groove in the nozzle body, e.g. an annular groove.
The outlets are preferably provided downstream of the apex of conically
tapering portedinsi ofprdieidet ziith A Gkie fyas sagesimely Eedaoratechgn th these
conically t t Vi t wi de

y taparing partions. o iU, & Fb%fg&%er egl@s]%aelse &Jr%f%fowﬁeﬂ

di aneter portion at 1ts up strean1end d by a

conical ly tﬁ@ﬁfngtf}ﬁ)rlﬁ%rp%aﬁ rrt%m'lge i2le:Y Wradvqui atrm &rlﬁdmﬁ%@r for

exanpl e 20 BHONStorkiit ilon Naf M PARIRSs mrﬂn Qthd S.'Ld'e%fle”ed to herein as
an "orifice?, The w de ortlon and .t he con c ortlo for exanpl e be

mechani cal | ST S Vi | G e ot L Sor Wﬂﬁ 5 §hﬁﬁf be | aser
drilled. Thq:alﬁ’@,jelfs afan tdee smdl&ecpcﬂrtdnorea& ﬁrb&txamtu alHed rgngattetearhan t he
.20 length of fi 0 a Ie e relatively
thick in the rec #o%ﬁgf %% # ééS%& F o@%ﬁ% gﬁﬁ %@r%gsy to handl e,
Wi t hout causikigletheradiflte @@tmwlﬂnsgm@@stlv@rehéngnh tihes¢xhgt h of
the wi de portion nay for exanple be at least 5 tinmes, 25 nore preferably 10
times, greater than the length of the orifice. In alternative
arrangenments, the orifice, with a narrow di aneter, may extend through the
full thickness of the nozzle body, but this is not preferred as the 30
nozzl e body would have to be thin (in the direction of flow) and thus
difficult to handle. The expansi on of solution and supercritical fluid

t hus occurs downstream of orifices. A preferred orifice is characterized
by a length to dianeter. -ratio ranging




35 from5 to 10. It has the advantage over the capi blsany,@aM 2ipln CW:r-T
25 August 2005 WO 02/068107 PCTI GB02/00840 - 13 of mni'm zing the
pressure energy loss and of efficiently converting the pressure energy
into kinetic energy. The nozzle preferably has orifices with dianeters 5
rangi-ng fromO0.02 to 0.1 mm nore preferably from0.02 to 0.04 mm and

|l ength ranging fromO0.1 to 0.2 mm Such dinensions allow very high
velocities to be obtained at the orifice outlet for both solution and
supercritical fluid: 10 In the preferredzmodi nents, the plura
supercritical fluid outlets are positioned around the solution outlet and

at a very shonaydibet ammlEabdnt £8xrmmtbeinghiesacoahi Gurangbnarnéll ows for the
solution to bg. O : : | fizcab, o f Luj usyenhanghgg the 15
di spersion ofa%ﬁgEgggt%%%%g¥%%283§%§%??2255rggFekg?grépoé?gin ﬁ#gh :

interfaci al s@irfded lyetnwarddnecfnbhepRatEalaRuteEsPUEXEEScti®n of sol vent

! Rt O supercri Eh&i&hfalrf !agxh@lla}h_géalpﬂgnﬁﬁ‘&lﬁérlébiyppfbiﬁidédri:adﬁéilﬁi ent when
the supepcritig | city at the outlet.-reache gLgeat er
t han thegspeeaugwa SgﬁaP*aﬁﬁﬁ P%B%a&UBBFE iPP&%Fggruigrég?g%P%i’r%ﬁ%hes or
is greater thaw epioh spaddief rsoehvedaiiaahgubovei tnf cheetdoninlehbedvses
the dispersiog, gf agl Hhh@fakngPodeey fine droplets. - This phenonenon is

wel | "known and Tt IE “‘8%& gsed |nré£ tgglRESS_gr qgsé éaggggn Exgv,_ _
Fulton J.L., Peter<$8ft RUEIEES e RIREF2DIRBTY %ﬁ% ne? Wptcritica
fluid solutithe: apekubé fonirealby tipepingrportivms fof nehe anozzieber s”
;PgidEve Og??£h?gﬁﬁg§§%8§g%a%3?eO?o%ﬁ%ﬂi?%@%'%E&%gd%%¥d%§1%?p?%gé%%%églOf
sound, a subRPERLPER - enhENE AEPROBRIS JPRY | BAVEI 3 perkibhvely wide
diameter portion at its upstream end, for example 1 mm,
followed by a conically tapering portion narrowing to a
narrow dilameter portion, for example 20 microns. The
13 narrow diameter portion im referred to herein as an
"orifice®. The wide portion and the conical portion may
for example be mechanically drilled, whilst the narrow
portion or orifice may be laser drilled. The length of
the wide portion ig substantially greater than the
20 length of the orifice, so as to allow the nozzle body to
be relatively thick in the direction of flow, for
example 5 mm, and thus easy to handle, without causing
the orifice to have an excesgsive length. The length of
the wide portion may for example be at least 5 times,
25 more preferably 10 times, greater than the length of the
orifica.
In alternative arrangements, the orifice, with a
narrow diameter, may extend thrdugh the full thickness
of the nozzle body, but this is not preferred as the
30 nozzle body would have to be thin (in the direction of
flow) and thiis difficult to handle.
The expansion of solution and supercritical f£luid
thus occurs downstream of orifices. A preferred orifice
- is characterized by a length to diameter ratio ranging
35 from 5 to 10. It has the advantage over the capillary

AMENDFEN QHEET




obt ai ned (Subramaniam B., Saim S., Rajewsk] R A 2§tghgasy.2pgghods for
‘particle mcroni zation and nanonlzatlon by recrystalllz tron fromorganic

"~ sol utions @ @Rkeeed | ntoa conpressed antisolvent. U S Papgiicdeznos2s 74029,
Feb. 23.1999). it is known that during adi abatic expansion of a 25 August

2005 WO 02/ 068107 PCT/ GB02/00840 - 14 real fluid through a
conver gent -di vergent nozzle, the domnstTéﬁ%Tbressure (usually called the

critical press f.or. which.the supercritical fluid reac sound

velocity is rel® %é%‘ql L8 &h% B (?5%.'1‘?@ FRerHE +8SFoPH a\/\P%g relation: P, 2

) k-7 P k+1 M@‘ﬁadiamlyheommm phes pureesuP€ enerhy idtonkineafio

pressure and k dyg, %gge rati o between cP and c4 (specific heat at constant
I'C

pressure and speci heat at constant volune of the supercritical fluid,
10 respectively). F3he popgheepreierebdiplpsr prifires| with fdiavatevs

di oxi de, fsor V\Ai*a(ﬂglhg—fﬂ'oﬁlo bb EBeonV\ﬁﬁz”ﬂéﬂé f@ﬁéﬂéﬁlySf%QmNB’aazthe
upstream pressure h Z to be a81 NE? to reaﬁg SE sound i.e.
pressure drop g 4P 28 e LPBg Ty T8989 RBWeP mF?h p?e@@ure H?%p of
_abgut 4fNPa i t dimengdeasbhklow geryShmghcveloeﬁtlébutd el obthjnedl abe
order of magni e _of ed a at
40C. The spgedkég 8%&%%8% %QiF gog L§€Po§§?9£ﬁ§§2%%§ngagégsﬁﬁtﬁégggﬁre

and t enper at ur &tudHte n1n|nun1value of speed of sound for carbon dioxide in

the supeggritical regigRe ]bfeﬁérfé)& BhBo@inént®a @d ¥hérado get the

advantage of the aboye mentioned phenomena it 1s, convenient to. = work

around these oPEPSFFREticaki £18id QREtetardem poeiiipned axowd the
:supercrltlcal Eblufion outlet and at a very short distance (about 3

mm) : this configuration allows for the solution to be
energized by the supercritical fluid thus enhancing the
15 dispersion of the solution into very fine droplets,
providing high interfacial surface between the two
phases and fast extraction of golvent into supercritical
fluid. These phenomena are particularly efficient when
the supercritical fluid velocity at the outlet reaches
20 or is greater than the speed of sound. When the
supercritical f£luid velocity reaches or is greater than
the speed of sound, a Mach disc is formed which causes
the dispersion of solution into very fine droplets.
This phenomenon is well known and it is widely used in
25 the RESS process (Matson D.W., Fulton J.L., Petersen R.
C., Smith R.D., "Rapid expansion of supercritical fluid
solutions: solute formation of powders, thin films, and
fibers® Ind. Eng. Chem. Res., 1987, 26, 2298-2306).
Even if the supercritical fluid velocity is less,
30 but of the order of magnitude of the speed of sound, a
substantial enhancement of solution dispersion is
obtained (Subramaniam B., Saim S., Rajewskj R. A.,
Stella V. Methods for particle micronization and
nanonization by recrystallization from organic solutions
- 35 sprayed into a compressed antisolvent. U.S. Patent n.
5874029, Feb. 23 1999).
It is known that during adiabatic expansion of a




The preferred nozzle used for the apparatus of the presgatstl Byenti on has '
| aser drilled orifices. The supercritical fluid velocity at the orifice

out | et can“ﬂp&yﬁ?hﬁnated fromthe energy bal ance between a ﬁ@ﬁ&h&ﬂM:QDOf
the supercritica | ui d passage upstreamof the orifice (section 1) and a
section at the orifice outlet (section 2). The energy bal ance negl ecting
the energy | osses can be cal cul ated by t-ha4 el |l om ng equation: 25 August
2005 WO 02/ 068107 PCT/ GB02/00840 - 15 H + X plVl2 = H2 + X P2v22 where H
and H2 are the ®pati fluvidnthubpobsaotonvapgent riivargéhti donpbe) etise and
downstream t he @bdhbeLeah®Psbhye! (uaflend E21868 LHE depeilhes Of S
supercritical fluid upstreamand downstreamthe orifice respectively; vl
and v2 are the RepIRWredsier whigh thetsepereriticapsfivish neackemnst ream

the orifice rmmdivgweifyriéfwepa@é&c%oapgéréamgpﬁémé By & queous
10 solutiqps mﬁéagihe.GA§H$iocess usi ng carbon di oxi de as supercritical
sol vent arnd et ouLn ?5+?nft has been found that optiml operative
conditions are within 8-12 Ma of pressure and within 35-50C of
tenperature: |In the experinental appBgat{is s quor carrying out the 15
experinmental tests the supercriticaljgwﬁ flow rate was 30 g/ mn,

the solution flowrate 0.2 g/mn, and” th rfier mass flowrate 4 g/ mn,
having set the ratio of supercritical fluid to nodifier nass flow rate at

.7 and the ratio oflgﬁgfier fo iflution mass flow 20 rate at_ 20 and
supercritical fluid%R8%EiR y-SittheaPHEea RIRgBiren Bbddt tB60 mis. As an

al ternative todeuistireaie prddimt-aaloie k e tirIpeio thetted W,daganche
R el e L T T TR TR DT
constant volume of the supercritical fluid,

10 respectively). For instance if the supercritical fiuid
is carbon dioxide, for which k = 4.81, if the downstream
pressure is 10 MPa, the upstream pressure has to be 38.4
MPa to reach the speed of sound i.e. a pressure drop of
28.4 MPa are required.

15 However, with pressure drop of about 4 MPa it is
posaible to get supercritical f£luid velocity of the
order of magnitude of speed of sound for downstream
pressure of 10 Mpa at 40°C.

The speed of sound of a fluid is strongly dependent

20: on pressure and temperature: the minimum value of gpeed
of sound for carbon dioxide in the supercritical region
is of 208 m/s at 8 MPa and 40°C. To get the advantage
of the above mentioned phenomena it is convenient to
work around these operating conditions when carbon

25 dioxide ig used as supercritical fluid.

The preferred nozzle used for the apparatus of the
present invention has laser drilled orifices. The
supercritical fluid velocity at the orifice outlet can
be estimated from the energy balance between a section

30 of the supercritical fluid passage upstxream of the
orifice (section 1) and a section at the orifice outlet
(section 2). The enexrgy balance neglecting the energy
logses can be calculated by the following equation:




their m xtures; the solvent of the pharnmaceuti cal ﬂgtsgb%EBon can be
‘a supercritical fluid mscible one such as ethanol anol

i sopropan ne, THF, acetic acid, ethyleneglyco
polyethylenedpﬁg ? N, N—dlnethylanlllne The sane oIven?ng%Wm@%M%sed as

nodi fiers when an aqueous sol ution of pharmaceutical conpound is enpl oyed.
Description of the drawi ngs Certain preferi®gd-enbodi nents of the invention
will 35 now be described by way of exanple and with reference to the
drawi ngs, wherein: Fhgtr¥ prwhowsHa séhegad®ic fl ow sheet of the 25 August

2005 10,02/ 008107 RELEPRR) 00810, <rd e RIS AR GPEY ol (e

process according to this_invent gur 'S a

t he nozzle tkmusuHQ¥QE§SEQQ§<§%ﬁ%@-@@ﬁtﬁﬁ@ﬂpﬁ@ée@@w@@ééﬁaﬂhghﬁoorhélée

i nventi on, tak%s@ie@&gv‘e& oA d,l B¥eetBe §6HBiR3EESofOf the nozzle

bei ng sho enIa ed | | ure 31is section of the nozzle on the
Vine BB Jof f a@ é@u&da SETERR ABHe dQURSErEa™ FERsOSIR-Far to

10 figures 2 am@s@ectéypéytlvebmd.Bbgare ﬁheSveléeEtieﬁabfVIewlof the
nozzle arrang S d [ EM hat o raphs of | GVA  ALP
%ﬁﬁ%Ecrgggﬂgi £{u gﬁ Ul s@ ga , g g 8m Eg NG L SEM

produced under conditrons o
phot omi cr ogr apKeseRCtEVEMA- | ysozyne produced under the condltlons of

exanpl e 2; Fi gur espdg eﬁé é§o§ﬁ@t@3ﬁt g Eiﬂsrﬁ&l?&e% f{»em%gﬁéo gr oduced
nd 20 gur e IS, a ow ng the

under th condlt ons o

particle i ze SB#HF??BﬁtVbﬁhth?rGAﬁJB§%°%$%d%%§@9uﬁ@%@oﬁhgl%%#ﬁﬁtQQWB
supercritical solvent and ethanol as modifier, it has
been found that optimal operative conditions are within
8-12 Mpa of pressure and within 35-50°C of temperature.
In the experimental apparatus uged for carrying out the

15 experimental tests the supercritical fluid mass flow
rate was 30 g/min, the solution flow rate 0.2 g/min, and
the modifier mass flow rate 4 g/min, having set the
_ratio of supercritical fluid to modifier mass flow rate

. at 7 and the ratioc of modifier to solution mass flow

20 rate at 20 and supercritical fluid velocity at the
nozzle outlet at about 300 m/s.

Ag an alternative to what is described above, the
supercritical fluid can be ethane, ethylene, propane,
sulfur hexafluoride, nitrous oxide,

25 chlorotrifiuoromethane, monofluoromethane, xenon and
their mixtures; the solvent of the pharmaceutical
compound solution can be a sgupercritical f£luid miscible
one such as ethanol, methanol, DMSO, isopropancl,
acetone, THF, acetic acid, ethyleneglycol,

30 polyethyleneglycol, N, N-dimethylaniline. The same
solvents can be used as modifiers when an aqueocus
solution of pharmaceutical compound is employed.

Description of the drawings

Certain preferred embodiments of the invention will

35 now be described by way of example and with reference to

| the drawings, wherein:

Figure 1 shows a schematic flow sheet of the




of exanple 3. Detailed description of the invention 2Refaeigustg 20@5i gure 1,
t he apparatus shown includes 25 a particle formation vessel 22. This is a

standard r essel of an appropriate volune. The n the
vessel |s‘ﬁ§%%?§ﬁHﬁd constant by neans of a heating Jackegqgﬁﬁ%¥ﬁﬁub

pressure in the vessel is controlled by neans of a mcro netering val ve 30
25. The tenperature and pressure in the paagi<cle formation vessel are
measured by nmeans of a thernocouple 29 and a pressure transducer 30. The
particles fornmegparatnet aseddtbycariiyl bat 2he pRocElizsacsoardihgi gabess stee

basket, the bo made by a.sintered stainless steel disk
(0.5 n1cron) kﬁgggg%nggkgpF 24 (0.5 mcron) is put at the vessel 25

August 2005 WO 021oEsggreP@Tﬂ@B@Q&gbsmatlcl$ecﬁapnepf threnogpéecthaktca

fluidis Wthdié\/\hééaﬁtéﬂ:hﬂﬂ?f ot thel pr6eadanaedohuifgoLss eheand pumped
by neans of to the gartl tion vessel thiough line 34. 5

Prior to nter?ﬂ ePF%BnthEa QPtFiPﬁgfgﬂﬁﬁtﬁoﬁ-9§s§é9“thé'sﬁBE?CPFFFEaI

fluid is heat edftahéhﬁodemerbdmgeﬁneﬁvﬂt ehialpyedeans cof:chegsheater 14 and
sation.da

heater 17. The pre heat 14 al sg ac e The
Supercritical {1 Ul GTTSURFS3 1P RobRREIom LS, npRRLE, OR; hheol fRecE-B
m cron). Tenpemétﬁlguaﬂdzpressure of the supercritical fluid prior it

enters into the prq@iggféélgn H&S§e£r@fﬁor§33é§é§#ﬁayv Ssﬁﬁiier coupl e

28 and pressure, transducer respective e noditier 1's wthdrawn
fromtankl 2, ifigurerinpeandpy. ﬁ@%ﬁ@e@tlﬁﬁkﬁ 9 toline 34 and it is nixed
with the SUperCFItFiéﬁré|alﬂsnélééct£bﬁéleﬁiéwlaﬂ thé OondhLle

- arrangement ;
Figures 7 and 8 are SEM photomicrographs of SIGMA
ALP produced under the conditions of example 1;
15 Figures 9, 10 and 11 are SEM photomicrographs of
SIGMA lysozyme produced under the conditions of example
2;
 Figures 12 and 13 are photomicrographs of trehalose
produced‘undet the conditions of Example 3; and
20 Figure 14 is a graph showing the particle size
distribution of trehalose produced under the conditions
of example 3. )
Petalled description of the invention
Referring to Figure 1, the apparatus shown includes
25 a particle formation vessel 22. This is a standard
reaction vessel of an appropriate volume. The
temperature in the vessel is maintained constant by
means of a heating jacket 21. The pressure in the
vessel is controlled by means of a micro metering valve
30 25,
The temperature and pressure in the particle
formation vessel are measured by means of a thermocouple
29 and a pressure transducer 30.
The particles formed are retained by a filtexr 23.
35 This is a stainless gteel basket, the bottom of which is
made by a sintered stainless steel disk (0.5 micron). A
second filter 24 (0.5 micron) is put at the vessel




particle formati on vessel. The nodifier is also f'b%eh%& R gs of
filter 12 (0.5 mcron). 20 Line 34 is equipped witha re ve 16. The
“sol ution i WOoMEORIWEWN fromtank 1, it is punped by neans GCThnnpmmnoto t he
particle formati on vessel through line 6. The solution is also filtered by
means of filter 13 (0.5 mcron). 25 In 9@@?h9r version of the process the
nmodi fier may be introduced into the partitie fornmation vessel in part

with the SO|LH16H£¥¥§1I n part with the supercritical fluid. The
supercritical flu pure or mixed with the 30 nodifier, and the sol ution

are fed into the pafiie spesicritionly ddadd iz mithsmssmotremoyilisder.
Downstream of t3)e iparld SoadeRisdR RN MRS 42%nd1? n@%ﬁ%b Getbs oF
supercritical fluid, nodifier an?{gﬁ%vent ar.e tered neans o
the-filter 24 PO & &ofpe paak LorpRtipR, Veered ﬁBFC’b‘HE'viléﬁgl 34.
retained By filPrdor 28 ehterting dmoOﬁ:hSaUpaﬁ:Qﬁ.btleC&brfnb.ub.dn fregkkLer and

sol vent is depg n m,cr r ust 2005 WO

05/ bes 107 poy £E85 PEBE ST TE TR 58 BefEed, E P M T
separated fromtemperabiie by mﬂanshefspreeheatarthé segahatber267.its fl ow
rate is measur eflobyraeaRacal FRSA1LLOYCER! £E ,g&lsaeloht aaankschfﬁged- 5

Figure 2 and 3 show the nozzle that is_use carry out rocess
according to t APReFRyERLreh. TIRid igozipe félﬁeﬁﬁétPKCW??ESfﬁﬁtﬁ%%t%# t he

process ag¢cordiLBg(ot® #hegonpvention. The nozzle allows the introduction of
modi f1er, in the pafPIBFESF BFFetlBro0Besere; o che FrRRr et il itz o
;prOV|des separpréovpuit eentévs imko the precipitation vessel are
measured by means of thermocouple 28 and pressure
transducer 43, respectively.
15 The modifier is withdrawn from tank 2, it is pumped
by means of pump 9 to line 34 and it is mixed with the
supercritical fluid prior to it entering into the
particle formation vessel. The modifier is also
filtered by means of filter 12 (0.5 micron).
20 Line 34 is equipped with a relief valve 16.
The solution is withdrawn from tank 1, it is pumped
by means of pump 10 to the particle formation vessel
through line 6. The golution is alsgo filtered by means
of filter 13 (0.5 micron).
25 In another version of the process the modifier may
be introduced into the particle formation vessel in part
with the golution and in part with the supercritical

fluid.
The supercritical fluid, pure or mixed with the
30 modifier, and the solution are fed into the particle

formation vessel 22 by means of a nozzle 27.

Downstream of the particle formation vessel 22, the
mixture of supercritical fluid, modifier and solvent are
filtered by means of the filter 24 (0.5 micron) to

35  retain the particles not previcusly retained by filter
23. The mixture of supercritical fluid, modifier and
~solvent is depressurised by means of micro metering




supercritical fluid and for the solution. The nozzl ade of
stainless steel, or of other appropriate naterial.%?hé%ﬁggﬁlgﬁggéhas a

nozzl e bo i formof a disk 36 with an orifice 39 at_jitfs.center and
two or rm%'oogﬁgﬁ?:es 41 drilled at the sanme di stance from]{(lﬂléé%%ﬁlp%ﬁ% 20
and evenly spaced along a circunference. The orifices conmmunicate with the

interior of the particle formation vessell8 The solution is introduced into

the particle formation vessel through the central orifice, and the
supercritical VR&VE, 2pur Ebgr sUpehcriabifgadi prdwents igs spppradeledrrm o t he

particle fornmthenmy@ssebrt BhQughe EbBeventernokhbi @éparzharpgssaqeﬁN for
as a

th | uti i pel ud bhol f __di t D3. Th d:of the hol

coni ool shape B5bH 588, B8 BeRburduniv, Bhrbs: obniaRd. EevePEESEnEY) 206 30

drilled orificet3®s dhechanged.L1 of the central orifice is 5 to 10 tines

its di ameger D1. Th?ighggeéeé?dtg QﬁgwbghghﬂégglbntﬁggP%gTﬁggdtgoobta|n any

desired velocity o solutron a he~or1tice outlet _passages 38
for the supercERFF¥aPut| the precess acrexdéngdianthiées bmvemhdormnd Bhisach

hole has a copbgdlesShars difstMctieeapPeXtfiet B8 €RBI pRbcBBH 4écot8ShE IS
the laser drilled orifjce 41, The length L2 of 25 August 2005 WD 021068107

PCT/ GB02100840F2 &S t1vept¥9Re is 5 to 10 times its diameter D2. The
di aneter D2 can be THhossmzile alflows eliet Dnebbaiot oy ofleshe esoYet Dent y of

t he sup riti ui t the.ordfice. outlet. 5 The ratio between | ength
(L1 or E‘f ana&%?aérr%f £u%%%1%zi) %fgi"ge BrtEi 2bsmses n‘&liﬁ ]?% chosen so
as to set to wedifiemmirhdhen@aptiobs fodnaipiobtwessdl ghercovelocentes by
converting enefgy,pressure into kinetic energy. ‘

The nozzle provides separate outlets for the
supercritical fluid and for the solution. The nozzle

is may be made of stainless steel, or of other appropriate
material.

The nozzle 27 has a nozzle body in the form of a
disk 36 with an orifice 39 at its center and two or more
orifices 41 drilled at the same distance from the center

20 and evenly spaced along a circumference. The orifices
commmicate with the interior of the particle formation
vessel. The solution is introduced into the particle
formation vessel through the central orifice, and the
supercritical fluid, pure or with the modifier, is

25 introduced into the particle formation vessel through
the outer orifices.

The passage 37 for the golution includes a hole of
diameter D3. The end of the hole has a conical sghape 40.
At the apex of the conical end 40 there is the laser

30 drilled orifice 39. The length L1 of the central
orifice is 5 to 10 times its diameter D1. The diameter
D1l can be chogen in such a way to obtain any desired
velocity of the solution at the orifice outlet.

The passages 38 for the supercritical fluid are

35 holes of diameter D4, The end of each hole has a

' conical shape 42. At the apex of the conical end 42
there ie the laser drilled orifice 41. The length L2 of




10' In figures 4 and 5 detailed drawi ngs of the nozz [ e present
I nvention are shown. Oifices can be drilled with gsaﬁggggg gggﬁ to 0.02

nm . The n at have been used for carrying out the ' I
tests have 'or‘fi iG%ltgg of dianmeter ranging from0.02 to 15 O;EQP%%O%%gnot her

enmbodi nent - of the invention, one or nore of the outer orifices are drilled
In such a way that their axes converge omghe axis of the central orifice.
The angle formed by the axes of the outer orifices with 20 the axis of the
central orificé&he cufjidesdeds Betbmedd Eimesd i@ dilmeitpmeb2sur Thee of the

di sk 36 of theqjozzl i Lt.h.an _Lnner %@gu r e whi ch
extends round the |t%%p2er%r%?;eyﬁgm\gg%t P’a Spaggls.gge 7!':@.’aﬁg‘:§%¥2%§ ut er
annul ar gr oove ®BEigec redpcdids ofohe shpergprdticadd$lyidt pt phesages 38.

Figure 6 shows ohliFizesomhetQf the nozzle 27. The annular groove 5.0 of
the disk 36 receivesg a first rin eal .54 and th uter, gpnul ar groove
52 receivgs a :30 s @Gh&aEEPiﬁ%tyggP g@ng?ﬁe(&FsPrggzgsancg?§@%t?ﬁ a cup
- 58, which al so(Pdcexveg)aotiorhkeeoliitkes03 9t Aad auearendhosén s ClisifSoi n

.engagenment Wit he sec NN S 6 el the | . f.its

| engt h the noz% % %fogkﬁggéﬁpé g38v§§%ﬁgén?ﬁg% %Bﬁt§8|8loé%$a%éﬁ%?%2 whi ch
35 conmuni cat e¥edpcitiesubpercangriiing eneng¥r pregsnresinto deinetie upper
part of its | eagkkgythe nozzle block 60 has a central upper bore 66. A
nozzl e shaft 68 exfends,25 August 2005 WO 02/ 068107, PCT/ GBQ2/ 00840 - 20

al ong th 81central uEBe?lﬁﬂﬂe?oﬁe?n§o$é@e%%%%%gaaﬂaﬂégg%.Ofcﬁﬁﬁ nG7r-4eh

engagenent w thsetfieihi thé Presegt staveridion Taee nshawe. shafifiided odor ned
BN ot A S R ST agER Bl gty A bAEp!1Y be
' that have been used for carrying out the experimental
tests have orifices of diametexr ranging from 0.02 to
15 0.04 mm,

In ancother embodiment of the invention, one or more
of the outer orifices are drilled in such a way that
their axes converge on the axis of the central orifice.
The angle formed by the axes of the outer orifices with

20 the axis of the central orifice is comprised between 1
and 30°, _

The upper surface of the disk 36 of the nozzle 27
is formed with an inmer annular groove 50 which extends
round the inlet end of the central pasgage 37, and an

25 cuter annular groove 52 which extends round the inlet
ends of the passages 38.

Figure 6 shows the assembly of the nozzle 27. The
annular groove 50 of the disk 36 receives a first O-ring
seal 54 and the outer amnular groove 52 receives a

30 second O-ring seal 56. The disk 36 is received in a cup

58, which also receives a nozzle block 60, the lower end

of which is in engagement with the second O-ring seal
56. Over the lower part of its length the nozzle block
60 is provided with a central lower bore 62 which

35  communicates at its upper end with a lateral bore 64.
Over the upper part of its length the nozzle block 60
has a central upper bore 66. A nozzle shaft 68 extends




upper part of the nozzle block 60. In use, liquid s Iu S to the
central shaft bore 70 and fromthere to the inlet gndkhgﬂfhezgggtral

passage 37 through the disk 36. The junction between 10 the haf t
bore 70 anﬂ’qug*igk 36 is sealed by _the first Oring sealp(%ﬁa%%osf
Supercritical fluid, optionally with a nodifier, is fed to the |ateral
bore 64 which communicates with the centrag l.onwer bore 62, and fromthere
to the passages 38 through the disk 36. 15 The junction between the central

IOower bore F252ﬂﬂoié§eth@a§éﬁg_@§l 3&1:.%&::;5 ﬁﬁ&edoﬁfﬁﬁt beresssde slzy arnhe:tlesr st

ring sea and_on out si de n

sol ut |gon emer get© V?Bn??‘a f’&eﬁ’f‘gﬁg E'F%F t§9%§9 f?‘iFﬁh veF'OL%igt 7%3%2% is
broken in fine Thephetsleoshait @9 is fomnadt wikhhat benbupér shaftchbril ui d.
The breaking ofghe gobutiny! el d et Lhohhy"hbusahaacsday bhe

supercritical uid ‘énerg fromori
supercriti®al fpm‘ﬂl@@ﬂoﬂ@\}ndsth@rpoﬁﬁéﬁ Sbﬁ-ftt f@ Bedeeadf aﬁ‘&@ﬁﬁf—u&bet he

vel ocity of sou&ﬂ?gﬁ gﬁtZéfmeﬁglﬂgzgggpglgbkrgoand pressure. The effect of
the supercritica ];{Iglrfg‘?'%g en&g Sgyéhggﬁrggkk%& of '%ﬂ FEP}E t8 g#@lfgw d
jet-is a crucial on et S a % y
product . ExpernﬂﬁnéaiopmﬁEQEWmm Bilefbetsuphecinlecadnd | af dthe €edttralt he
precipitation ch N e
supercritical it Etﬁ?aaqef ow ra u%egﬁ%prr%]g‘?’}é\t,\%?e ofll"tl' %E&ésﬁi%#lcg?ﬁt!%éﬁ fluid
flowi ng i¥0|inelBs dentusl tghanﬁarborm'?@nean@rthq disly 36 ghersealed b¥an the
tenperature 35 ﬂl.fg | e %_,q_airﬂé ‘%%ai of 4Rt | g gf&sﬂlcép £plieqi nto account
owerin

the tenperature due tO the_expansio rou the nozz e orifices.

The nodifier |§Rq‘i‘é?naédd'ed’12§1 A geRdi Dpeps, P 058bdmL 0848 - 21
at a predet er mgye il doninfud idthes &Hiﬁﬁcﬁhélcﬁaitfdyllbwer bore 62,

and from there to the passages 38 through the digk 36.

15 The junction between the central lower bore 62 and the
passages 38 is sealed on the inside by the first O-ring
seal 54 and on the outside by the second O-ring seal 56.

The solution emerges from the central orifice 39 at

high velocity and it is broken in fine droplets coming

20 in contact with the supercritical fluid. The breaking
of the solution liguid jet is highly enhanced by the
supercritical fluid emerging from orifices 41, provided
that the supercritical f£luid velocity is wvery high, of
the order of magnitude the velocity of sound at the

25 working temperature and pressure. The effect of the
supercritical fluid in enhancing the breaking of the
solution ligquid jet is a crucial one and determines the
shape, size and yield of the product.

Experimental procedure

30 The supercritical fluid is fed to the precipitation
vessel by means of pump 8, which allows setting of the
supercritical fluid flow rate. The temperature of the
supercritical £luid flowing in line 35 is set by means
of heater 17 to a higher value than the temperature

35 inside the particle formation vessel, to take into

~ account the temperature lowering due to the expansion

through the nozzle orifices. The modifier is then added




f"

by means of punp 9. The solution is punped by nmeans 2&f Ay 2Qoisnto the
particle formati on vessel when steady state conditions are attained. 5

After that woedysgmyn anount of solution is fed to the partptq-}(g;{,&mmtlon

vessel, punps 9 and 10 are stopped and only the supercritical fluid is fed
to the particle formation vessel until the precipitated powder is free of
solvent and nodifier. 10 The particle forndlion vessel is depressurised and
the powder is r overed 2anpLES __The foll owi ng exanpl es were_carried out

usi ng a nethod Srined FlavemRabaend SuPI?é'CISt&SB&r dluddused

is simlar to thlahneiﬂ‘lm/\mﬁ rpdm;gwr.e the Boamionl i epabali BY E\Eaﬁbkelﬂ ne
t he i nventi on

h hat | n_thi

Psosﬁsgdafg érgR%Fg pr ot to EBS: 3&§?§§ ;%1 ?ﬁqaﬁ¥¥kvﬁﬁsﬁﬂo§%ﬁ§t§§§a XLP) A
sol ution of ALﬁt@QW@mcuw ore atdeiimeidzed water at a concentration of
0.2% W w iss used. Carfl H=aXi0@ea4p ‘%1? @x?r%‘i’:!nta oE ‘é'.%ﬁﬁti@?eggef%&' H?cal

fluid and as difier, respectlvely ne sol ution
particle formats paytdsde forpativanyessed . 1 OUEDSaSf AR 18taref 0.2 g/ nin.

Supercritical etoppeddiag %1y5thedsbpe&e%a&1@ulpf§u§a ils féawt:batﬁegf ?0
e 0 g/ mn

g/mn, ethanol is fed b u | ow r
and it is n1xe8aﬁF%ﬁg§0¥8 &PﬁtngﬁﬁeiapﬂgﬁRngﬁl EGEFPbFaF% APYYernt o
the particle ﬁsrﬁneeoqfvssi&bntThadsmpdifierlcaI fluidis |nJected into

the parihcle formihanoyessehe! ALANAR: LHoLAUL: O iRl QIL{AEE 2 L he

nozzle, each with a € s0 I N ect into
the particle fERfaPPEderyvégsErceviesedh the central orifice of the nozzle,

“having a dianeter pfa@pfldsrm The length of all orifices is

The following examples were carried out using a
method according to the present invention. The

15 apparatus used is similar to that shown in figure 1.

Example 1

Preparation of alkaline phosphatase (ALP) particles

In this example, the method of the invention is
used to prepare protein powders using alkaline

20 phosphatase (ALP).

A solution of ALP (SIGMA Chemicals) in deionized
water at a concentration of 0.2% w/w is used. Carbon
dioxide and ethanol are used ag supercritical fluid and
as modifier, respectively.

25 The solution is fed into the particle formation
vessel 22 by means pump 10 at a flow rate of 0.2 g/min.
Supercritical carbon dioxide is fed by means pump 8 at a
flow rate of 30 g/min, ethanol is fed by means pump 9 to

~line 34 at a flow rate of 4 g/min and it is mixed with

30 supercritical carbon dioxide prior to entry into the
particle formation vessel.

The supercritical f£luid is injected into the

. particle formation vesgsel through the four external
, orifices of the nozzle, each with a diameter of 0.04 mm.

35 . The solution is injected into the particle formation
vesgel through the central orifice of the nozzle, having
& diameter of 0.04 mm. The length of all orifices is




25 August 2005 WD 02/ 068107 PCT/ GB02/ 00840 22 O. 2 4 Au‘g%rg& r@b@re and
pressure in particle formation vessel are naintai ne (2,‘

P=10. 0. MP. itated particles are collected on the fi Bg’?ﬂ@ 5 the
bot t om of a-‘ﬁ’é)r(g“glgpf ormati on vessel, while supercritical ‘%‘Eﬁ{a g%of i er
and water are collected into cyli nder 26 at atnospheric pressure. The
solution and the carbon dioxide with the-. ppdifi er have been fed for 240

mn, after the solution 10 feed has been stopped, pure carbon di oxi de has
been fed into pd2imi.e formation vessel in order to extract any trace of

sol vent and nodi fi erg t r i gal l t he
particles formationve “Fspoéﬁaaﬁr@ aeﬁd%%eaésﬁ%] %Wﬁuln%%/go c?:gg% ‘wr{l di oxi de
in order to 15assedi auy yﬂmvmrsed/ﬁt SP=4E6t @exliA=A4 i bMPa-he part icle

formation vessfledigy &f‘%@%f&ﬂé‘c&%%&?rﬁ% et the
col | ected powder, %SF about 70% K e SEM mcrogq#) |gures 7, 8

that the 20 ofH§ ke | ess then 1
ym and a narrowupea:@szﬁtdaublﬂmﬁm H&ﬁiifﬂiléid AT iwiiid eme'rwdlfxemfe‘d Vi ty of

Preparati on of YSoeyHdTaR B8 SF R AR ot hod of (he
“invention is used ﬁ'heplse)ﬂwte.qmrcami rehygo wekenbonu siiggeildes ovdjiie .the sol ut i on0 of
Tl ORIl b i s, s, A Sl Btk O P
- and as ma& fi efeelebpacbepsl ptopmedsobyEeofarhore dioxisiea hnsheerc
formation vesggkoZgakyidBangoRhafit 8sablaihl owdedt edPlex@rict any
' trace of solvent and modifier from the precipitated
powders. Typically, the particles formation vessel was
washed with two volumes of carbon dioxide in order to
15 obtain dry powders.
After depressurization, the particle formation
vessel is opened and the powders are recovered.
The yield of the collected powder, was about 70%.
The SEM micrographs (figures 7, 8) show that the
20 - obtained powders have an equivalent diameter of less
then 1 um and a narrow size distribution.
The found residual enzymatic activity of ALP was
90%, compared to the unprocesséd commercial reagent.
Example 2
25 Preparation of Lysozyme particles
In this example, the method of the invention is
used to prepare protein powders using Lysozyme.
_ A solution of Lysozyme (SIGMA Chemicals) in
deionized water at a concentration of 0.2% w/w ig used.
30 Carbon dioxide and ethanol are used as supercritical
fluid and as modifier, respectively.
The solution is fed into the particie formation
veagel 22 by means of pump 10 at a flow rate of 0.2
g/min. Supercritical carbon dioxide is fed by means of
35 pump 8 at a flow rate of 30 g/min, ethanol is fed by
means of pump 9 to line 34 at a flow rate of 4 g/min and
it is wmixed with supercritical carbon dioxide prioxr to




g/mn. Supercritical carbon dioxide is fed by neans,ef at a flow
rate of 30 g/mn, ethanol is fed by neans of punp égt %ﬁg}’l%gngﬂggt a flow
“rate of Avwonmwssegyd it is mixed with supercritical carbonp@igEbgesqy i or to
25 August 2005 WD 02/ 068107 PCT/ GB02/00840 - 23 - entry into the particle
formati on vessel. The supercritical fluid |s injected into the particle
formation vessel through the four external 23 orifices of the nozzle, each

with a dianmete 0 S_inject into the particle

f or mati on vesée LYh%%é%EH%%ép ﬁ%?g %? %%p ¥t nozzl e, having a

di ameter of 0.04 nnTthﬂ@m¢r@¢1$d¢abrfluré51$51ﬁnébtednxﬁmmﬁﬁﬁature and
pressure in p 5&%% I d 10. 0 Moa
respectively. Q5%?§%§1éof E%E%F% %%égr% aﬁﬁggc ed on hetﬁgééer 23 at

t he bottom of %5%?%?% @%rmﬁ RS s cpachwileh aublamatay of G144 dom.

nodi fi er,5wat erh@@bmwze ievaiidated Doto PERSigpddlad Famiigeted into
cylinder 15 26 at g{ herlgjgress%ge After, that_a certalq_annunt of
solute is fed TRATET PR Uty ’fﬁ'}\fé?s#[e’r FiADpped
and only superacrd:taumiem‘ laf .ot ool i rmengrﬂttoﬁzlaﬂﬂ dxdmmes)riyemsael in
order to dry the precipitated 20 powders: typically, it needs about two
times the volune of the particles formation vessel to obtain dry powders.
At this point, it iZeURSHIILe Eadaressue de teertiste doamagdeat i on
vessel , 1 op%swi ead SRAYRA IR NOWPIS anaSﬁhe Mtlﬁ' QleJeEEE‘LQ')éQ?ed

powder was 90% SEM mi. cr ogr aphs ,(f.i gures 9, show t
obt ai ned powders hEF?Q%P e%a éﬂ FEF‘GP1ﬂ€§§e REn thephidkers
narrow si ze di2 ratblimeom)ot’&ham baupertdsildl dormatioat vesaell, vivhilef ALP was

supercritical fluid, modifier, water and solute
eventually not precipitated are collected into cylinder
15 26 at atmospheric pressure.

After that a certain amount of sclute is fed into
particles formation vessel, pumps 9 and 10 are stopped
and only supercritical fluid is fed into particles
formation vessel in order to dry the precipitated

290 powders: typically, it needs about two times the volume
of the particles formation vessel to obtain dry powders.

At this point, it is possible to depressurise the
particle formation vessel, to open and to recover the
powders.

25 The yield of recovered powder wag 90%.

The SEM micrographs (figures 9, 10, 11) show that
the obtained powders have an equivalent diameter of less
then 1 pm and a narrow sigze distribution.

The found residual enzymatic activity of ALP was

30 94%, compared to the unprocessed commercial reagent.

Example 3

Preparation of trehalose particles.

In this example, the method of the invention is
used to prepare trehalose powders from agueous

35 solutiouns.

A solution of trehalose dihydrate (SIGMA Chemicals)

in deionized water at a concentration of 2% w/w is used.




30 941s, conpared to the unprocessed comerci al reaggnﬁugug{aggb 3
Preparatlon of trehal ose particles. In this exanple, e nethod of the

|nvent|onﬁh§ﬁz@§§ﬁ%to prepare trehal ose powders fron1aqueo*&nﬁ5gﬁ&éﬁ i ons.

A solutio | ose di hydrate (SIGM Chenicals) in deionize at a
concentration of 2% ww is used. 25 August 2005 WO 02/068107 PCT/ GB02/ 00840
-- 24 - Carbon dioxide and ethanol are use2tas supercritical fluid and as
nmodi fier, respectively. The solution is fed into the particle fornmation

vessel 22 by nEambopudpoxide aadf ledhangile agle Mspdy/ag wuperQufdcadi ti cal

car bon dlOXIdEfuﬁlﬁegnan%E%ﬁalgg@& BIQEP%dHﬁ$@1 rate of 30 g/mn, ethano
Is fed by neans pu I.ne at a ow raté of 4 g/ n and it is

m xed Wi th superc?&h?c§P1€§F88n1§|5fﬁdé &ite axtdsle kdOparticl e
formation vessebsselozihbysu@ah@r pumpaliof biti & iflowjretleedf .2 Hiain.

ticl t t f f.th
ozl 6, efoh wPRRCESRLERGALr CorogmoRigmiderty SR av Heane Bid: 8458 no ¢ ne
particle formaflow rabesolf BRr gdg!bnr, hetbanodalisoficld &y ofearise pnopzPeto
having 15 a d'gﬁﬁée§4°£t0 Nl rEEQQB? Qfg?hhnp%kEfQE§1E§on%dnﬁhth

Terrperat ure ana pressure 1 n t par fmati on vessel are mal ntai ned
at 40C and 10. 8URpHCrébheali VéF?OHPfiééﬁEaﬂ?aPé‘éoﬁaitPi enExyad8teorhect ed on

the filter 23;3tti8eebpbiaatobnpaebsele formation vessel, while 20
i fi ntua

itipcal tlui dif |
;?gg{g{Libgg areugg$$€g?éaé$%#bt%9?inggvlazésa?na? Eshépk§ gﬁgssure circa.
After that a qpataimlanﬁunmabioﬁOVeBeelsthrdughtbhep&ohrcbxténnait|on
vessel . punps & Apd 10 BF Ceil WBSH e 2520 ATLY SURELAELLLCBE 5! bk duhs fed

into partlcle
The solution is injected into the particle formation
vessel through the central orifice of the nozzle, having
15 a diameter of 0.04 mm. Length of all orifices is 0.2 mm.
Temperature and pressure in the particle formation
vesgel are maintained at 40°C and 10.0 Mpa respectively.
Precipitated particles are collected on the filter
23 at the bottom of particle formation vessel, while
20 supercritical fluid, modifier, water and solute
eventually not precipitated are collected into cylinder
26 at atmospheric pressure circa.
After that a certain amount of solute is fed into
particle formation vessel, pumps 9 and 10 are stopped
25 and only supercritical fiuid is fed into particle
. formation vessel in order to dry the precipitated
powders: typically, it needs about two times the volume
of the particles formation vessel to obtain dry powders.
At this point, it is possible to depressurise the
30 particle formation vessel, to open and to recover the
powders.
The yield of recovered powder was 80%.
Figures 12 and 13 are SEM micrographs of the
obtained powders.
35 The particle gize distribution shown in figure 14
~has been determined using an Aerosizer mo. 3225 (TSI-
Amherst) and gives a mean size of 1.89 um.




formation vessel in order to dry the precipitated @gwﬁg&géttﬁgbgally,
it-needs about two tines the volune of the particles fornation vessel to
Cobtain drywipiesisy At this point, it is possible to deprag&gkhﬁ obdlg 30
particle formation vessel, to open and to recover the powders. The yield
of recovered powder was 80*. Figures 12 and 13 are SEM m crographs of the
obt ai ned powders. 35 The particle size dis®Fibution shown in figure 14 has
been determ ned using an, Aerosjzer no.. 3225 (TSI- Anmherst) and gives a nean
size of 1.89 pm 25 STV / ors amde 1Rtk Gvo GBI s L ader

~invention may beexnitler SHngs, AoEERIMRitd G BrodE dEpectUshe according to

Particle for matiBioE o STt R AT S i eP SeMp g &
particle fornatpaortivdss doxamedt ivearst foorsubsttarety tisigcp 190 WA prefodshie
substance @ind GuopgliR&IiGd il AR S5 Cl 1] vessel ,
characterized i,n0 t ha%rlg.{g 51 %gﬁgsld%oérjrgrl se %%r?og’%%;s[dhg\%d;gg%%lpéa?gfre outlets
for the sol uti oittHPUHST @ ApPartdon iafalthy wupstessecteingela). According to

anot her broad asgeficrite dally @dieN inkP\Wade paraed ke Fhdtalfien Fekadycti on
ical flyidin a particle

of a solution of __a substance_and a supescri

formati on vessgﬁaFgF%ﬁFEF &ﬁﬂtg@$n§€F§L“E§P§iEngfﬁsﬁoPnE956ﬂeof sai d

subst ance usi njaviegGagppratessutlear foetheegolntibat ahde thezzle

conpriseg g 'Cgﬁbﬁébriﬂﬂbkﬁtfﬁﬁ?ﬁ@&%&p@c@h%%ﬁ.f solution and a plurality of
y aitlowof p

outer outlets to carr i are sugercr fical .fluid or a flow of
supercri ti cal fIu!dAﬁﬂﬁﬁdlmﬂthOaanQDhﬁUd froad. agpeotdihg toventiionhher broad
 aspect the i nvgpbi98es a nozzle for the introduction of a solution of

a substance and a supercritical fluid in a particle

- formation vessel for micron and submicron particle
15 formation of said substance using the GAS process,
characterized in that the nozzle comprises a central
outlet to carry a flow of sclution and a plurality of
outer outlets to carry a flow of pure supercritical
- fluid or a flow of supercritical fluid mixed with a
20 modifier.

According to a further broad aspect the invention
provides a process for micron and submicron particle
formation of a substance using the GAS process,
compriging the feeding of a supercritical fluid, pure or

25 mixed with a modifier, and of a solution, thxough
separate inlets of a nozzle, into a particle formation
vessel at controlled pressure and temperature, such that
the solvent is extracted from solution by the
supercritical fluid and precipitation of micron and

30 submicron particles occurs.




provides a process for micron and submi cron particle ggggggi 9gpaf a
subst ance using the GAS process, conprising the f eegi ng “of a supercritical
fluid, pure or 25 mxed with a nodifier, and of a solution, through
separate inlets of a nozzle, into a pargiécte formati on vessel at
controll ed pressure and tenperature, such that the solvent is extracted
fromsolution by the supercritical fluid and precipitation of mcron and
30 submi cron@p?éﬁﬂ_ﬁcl es occurs. 25 August 2005 - 26 CLAIMS 1. Apparatus for
m cron and submicron particle formation of a substance using the gas
anti-solvent_ recrystallization (GAS) process, conprising a particle
formati on vessel 2PRPHEENS FOF THIFIHRIGGHREIIRN AP clhe substance and
a supercritigabndtbd sAtO sabskaRad ti L gy Hafdey &%ﬂtﬁi&%% il d means
conprising a nozzle having respective passages tor the solution and the
supercriti care¢tysoe bhizatelen at@ Dutdperce sy, downstsisamae rdstafcltehe
respective p 5??53 S h i use contact between the .sqol.utigon and the
supercriti café u?%nf‘r%%élo?bnudr gﬂ?annst heorpalrr}ctlrc Oguq‘lonrgnaa} isoonlu\%eléjéleloq‘c
downst r eam ofh¢ heulseipaiat earolitd etigge mhreireigw It e yias Sages sagiehpri se a w de
di anet er upstream orS%i on which feeds a narrow di aneter downstream
portion. 2. %lbﬁjr%f% FEG G PTG ol &P ISR SR hézz1 e has one
central outledzang lepinlg adddpeaii UtRissQd alsy, die Lantdiain Qwd et
serving to carry a flow of solution, and the outer outlets serving to
Ccarry a flolrR®fSyrgECsiiperal iflivigd fdiseraratgppartdtais @& claimed in claim
2, wherein i t ;&%"re i st f,rom sai d
central out %&%%%a%%?isﬂ%ﬁ%%ﬁa;aﬁ 'orsc!y , %E%ﬁ:eilﬁll said
respecti ve pmssaywstaxt dmtwasroddie salorzlen Body .the supercritical

fluid first occurs in the particle formation vessel

downstream of the separate outlets, wherein the passages

comprise a wide diameter upstream portion which feeds a

narrow diameter downstream portion.

2. Apparatus as claimed in claim 1, wherein said
nozzle has one central outlet and a plurality of outer
outlets, the central outlet serving to carry a flow of
solution, and the outer outlets serving to carry a flow

of pure supercritical fluid.

3. Apparatus as claimed in claim 2, wherein said outer
outlets are arranged at the same distance from said

central outlet.

4. Apparatus as claimed in claim 1, 2 or 3, wherein

sald respective passages extend through a nozzle body.

5. Apparatus as claimed in claim 4, wherein the nozzle
body is provided with a seal for sealingly separating

respective upstream ends of the passages therethrough.



5. Apparatus as clained in claim4, wherein the nozzlseaube@y iz9oprovi ded
wth a seal for sealingly separating respective upstream ends of the
passages therethrough. 25 August 2005 -_27 6. Apparatus as clainmed in
claim5, wherein the seal is received FA a groove in the nozzle body. 7.
Apparatus as clained in any preceding claim wherein said outlets are
provi ded downstream of the apex of conically tapering portions of the
nozzl e. 8. paratus as claimed in any preceding claim wherein the
outlets are at tMRPRRWHELT coin @fisred iordfdigess, twhentiiandtter ssfalsai d

orifices being hetaepdy .02 andhQyd Ity Lefenaldy. between 0.02 and
0.04 mm and a length to dianeter ratio of said orifices being between 5

and 10. 9. Apparatus as clained in any preceding claim wherein the
outlets are af tirpstovasis easm endsnad iordrfy @S dlididedliginguch a way that

their axes cgnverge,_ the angl e forned betwee he axes beij bet ween 1 and
30. 10. Appavﬁéef%esﬂréssacli ai e e:etns aa}ﬁ/e pDrreocve]\t,]&rfg C{:qwzﬂ reagrhrc[fﬂe ecc?r?ﬁ)ﬁ si ng
means for i m¥otuciconllay nodidiierg ipprisiaing par tihed evdzrlmat i on vessel through
said nozzle. 11. Apparatus as clained in any preceding claim wherein a
respective outlet carries a flow of solution mxed with a nodifier. 12.
Appar at us asB ¢l aikmrh iatwna prelcetiaty ol amg preerdding alrsdspect i ve out | et
carries a flqgw of. sctfgercritical fl uitdtrﬂ'xe with a nodifier. 13. A nozzle
a

for the intrBdttitbn ot RSt St 6 S RS ITEFhE s Gfercri ti cal
fluid in a parificdes, 25 AUGLESIMe2RE5 of 25 id Yriatices wRSsel Yedfvddincr on and
subm cron particle formation of said substance using the gas anti-sol vent
0.02 and 0.1 mm, and preferably between 0.02 and 0.04
mm, and a length to diameter ratioc of said orifices

being between 5 and 10.

9. Apparatus as claimed in any preceding claim,
wherein the outlets are at the downstream ends of
orifices drilled in such a way that their axes converge,
the angle formed between the axes being between 1 and

30°.

10. Apparatus as claimed in any preceding claim,
further comprising means for introducing a modifier in

said particle formation vessel through said nozzle.

11. Apparatus as claimed in any preceding claim,
wherein a respective outlet carries a flow of solution

mixed with a modifier.

12, Apparatus as claimed in any preceding claim,
wherein a respective outlet carries a flow of

supercritical fluid mixed with a modifier.

13. A nozzle for the introduction of a solution of a

substance and a supercritical fluid in a particle




recrystallization (GAS) process, the nozzle conpri sbggAuﬁgggegbbge passages
for the solution and the supercrltlcal fluid and separate outlets at
downstream ends of the respective passages, such that in use contact
between the solution and the supercriti2&al-fluid first occurs downstream
of the separate outlets, wherein the passages conprise a w de dianeter
upstream portion which feeds a narrow di aneter downstream portion. 14. A
nozzl e as cl&dmetion cledgallFor enpriai myca subavaran mrlté»tClIGO carry a flow

of solution [ﬁp? R Wb%“ct pure
supercritica chlOLHfﬂ lodwc% uag{ecr c;bitg"tl?1 alth’f% Saaddgr m xe %%V%fﬁta
modi fi er. 15?ea¥ypﬁrf@ﬂe]9826ftdronn Giféhn ambosEsy dihen Whecl@mpfrdﬁmgl on of a
subst ance u g]% %)aa%gdagessolfvoq:ntthé el st i3t 1y (GAS) process,

ing- o

corrprlsmgt supercriti cal urd, pure or mxed with a
modi fi er, aﬂldDQﬁCIaLtS‘lOiajt ifo'inllct m'rmijgslﬂ:@mctﬁzloelthertt% & pais¢ireant or mat i on
vessel at COéHc{s‘)'#fdcka gjggg% tSures,u hs%gl@tt at Jdae solvent is
extracted froms utlon ercritical preci pitation of

m cron and SubrEcr dletpmetn dﬂ& sm:lcv;rlsvn ek élh@ s egyeitacatl gauidf | ui d
and the sol uti,qn g/ e fed cfcﬂ{ Cch%arme GV & %% A9es 1l lhe Aezzhig to exit

therefromwa separate ets at o wnstr ea s of the respectlve
passages, Wiltch ReEsRass (setmiedp < lve ‘@{ﬂﬁemﬁmﬁw udlstrzg aam e otriié onsol ut i on

first occurr H?LQ:H rfet l%ar&alﬁjo%q T QTARIHON GV ES3G e 00 WAL Sfﬁm of the

Separate out ets, wherein the passages conprise a w de di aneter
upstream port| on V\/m ch feeds a narrow di aneter downstream portion. 25
August 2005 4 29 &ra%%il%l%&l q,: mad sin 16l m% iguherein said
solution is |ntroduce into the partic or mat’i’on essel mxed with a

nmodi fier. 1Temingrloceds eds tel alamd ian fdJOaﬁ wi1sodution wingr @i n t he

plurality of outer outlets to carry a flow of pure
supercritical fluid or a flow of supercritical fluid

mixed with a modifier.

15. A process for micron and submicron particle
formation of a substance using the gas anti-solvent
recrystallization (GAS) process, comprising the feeding
of a supercritical fluid, pure or mixed with a modifier,
and of a solution, through a nczzle, into a particle
formation vessel at controlled pressure and temperature,
such that the solvent is extracted from solution by the
supercritical fluid and precipitation of micron and
submicron particles occurs, wherein the supercritical
fluid and the solution are fed through respective
passages of the nozzle to exit therefrom via separate
outlets at downstream ends of the respective passages,
with contact between the supercritical fluid and the
solution first occurring in the particle formation
vessel downstream of the separate outlets,.and wherein
the passages comprise a wide diameter upstream portion

which feeds a narrow diameter downstream portion.



solution is an aqueous sol ution containing a conpoupg §5 pharpgggeuti cal
I nterest, the supercritical fluid is carbon di oxi de an ?ﬁe nodifier is
ethanol. 10 18. A process as clainmed in claim17, wherein the pressure in
the particle formation vessel is between the critical pressure of the
carbon. di oxi de and 30 MPa, and nore preferably between 8 and 12 MPa, and
the ‘tenperature in the particle formation vessel is between 15 30 and 80C
and nore preferably between 40 and 50C. 19. A process as clainmed in claim
18, wherein the ratio between the nass fJpw rate of carbon di oxide and
nodifier is between 2 and 40 and preferably between 6 20 and 0, and the

[)ai i 0 beg Weeglfghe ﬁg%ofae%w ca%lt %1%&{nemoéhf bgaignﬂgpf g%&ﬁ%@ﬁsséﬂﬂu'f ion is
etween 5 an an refera ween an . pcess as

ol aimed 0 cl SOMESOnRE: dFriolicss CREBoRRE: BRrBACHEI SRPREEITR ne
respecti ve novzkeehutiizted withf at heddfder.of nagni tude of the speed of
sound in the carbon dioxide at the tenperature and pressure in the

particle formation vessel. 30 21. A process as clainmed in claim15 or 16,
wher ei n Ssai d13el uki BROEEEBaPAs CaaéBRPolRICORIPhAP nBE Ll i culierehr k@t and

a sgl velnt Sbﬁxls gbieciont he aur)af;qébﬁbca.bl%%ahdeoﬁgémiﬁg ir@ﬂm?&wQ%f |
net hanol , I SOPropan ‘ceto e, acetl c, acl g, t ezxegl ycol ,
T hal'oei hol cFar YRR RERL 1nEERE PR S HineuReEr iR L ERNYEER S OLY 2005
- 30 22. A prackes dioxidensudi the|mpdififenrig. ethawekein said

supercritical fluid is selected fromethane, ethylene, propane, sulfur
hexaflqﬁéide, ni trous oxi de, %chiorotrxfluo or aet hane, nonof | uor onet hane,
3*

xenon a 5 tHhei rARPXPGREE. 2 2LPed B CLRIR | 4 eTRIR B 15 or 16,
wherein sai coreskirerinstkel patetcle ofoehdhehoh , vamtdianios  bdEIn the

critical pressure of the carbon dioxide and 30 MPa, and

more preferably between 8 and 12 MPa, and the

temperature in the particle formation vessel is between
15 . 30 and 80°C, and more preferably bétween 40 and 50°C.

19. A process as claimed in claim 18, wherein the ratio
between the mass flow rate of carbon dioxide and
modifier is between 2 and 40 and preferably between 6
20 and 8, and the ratio between the maszse flow rate of
- modifier and of agueous solution is between 5 and 40 and
preferably between 10 and 25.

20, A process as claimed in c¢laim 19, wherein the

25 carbon dioxide velocity at the respective nozzle outlet
is of the order of magnitude of the speed of sound in
the carbon dioxide at the temperature and pressure in
the particle formation vessel.

30 21. A procesg as claimed in ¢laim 15 or 1§, wherein
said solution contains a compound of pharmaceutical
interest and a solvent soluble in the supercritical
fluid, selected from ethanol, methanol, DMSOQ,
isopropanol, acetone, THF, acetic acid, ethyleneglycol,

35 polyethyleneglycol, N,N-dimethylaniline,

L AMENDFD SHFFT




| sopropanol, acetone, THF, acetic acid, ethyleneglygglAuégSt 2005

pol yet hyl enegl ycol ,
of clainms 15 to 23,

1 to 12.

io

N, N--dinmethylaailine . 24. A proces

- 30 -

22. A process as claimed in claim 15 or 16, wherein
said supercritical fluid is selected from ethane,
ethylene, propane, sulfur hexafluoride, nitrous oxide,
chlorotrifluoromethana, monofluoromethane, xenon and

their mixtures.

23. A process as claimed in claim 15 or 16, wherein

‘2aid wodifier is selected from ethanol, methanol, DMSO,

isopropancl, acetone, THF, acetic acid, ethyleneglycol,
polyethyleneglycol, N,N-dimethylaniline.

24. A process ag claimed in any of claims 15 to 23,
carried out using apparatus according te any of claims 1

to 12,
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