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 appar atus and nethod of form ng very fine
particles of cheni cal comsw.odgzyﬁ 89 (17 UAS anlﬂlllﬂlﬂ]ﬂﬂlﬁlﬂﬂﬂ]l : i

More pa : s ,

mcro particles of pr ot ei ns, for exarrpl e prot ei ns of phar maceuti cal

- i nterest Pulilishekgr ound of the invention A | afg @mmﬂwardfowrnmwr@rt@"&zd-
i nterested Wi g %m%ﬁ“@ﬂokﬁw@rﬁﬂénwﬁ%ﬁ‘ F’;’&J SPIRETIE af e begin-
di fferent affftre&td 6%&PThe need for an apﬁ’éﬁ"ﬁi"‘ﬂ‘?g‘é{‘ﬁdf“‘ﬁof' ﬁ’e’ie'o 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 forns (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 levels of residual noisture. VvtbgnAhggskagbogecade,
.different processes have 35 been proposed for mcron and subm cron
‘particles fWwoo0E8®07 by utilizing supercritical fluid technigmeeBoyiesssS,

GAS, SEDS, PGSS). 25 August 2005 WO 02/ 068107 PCT/ GB02/00840 - 2 These
processes have received considerable attention, because they allow
honogeneous particles with a dianeter smaller than 1 mcron to be
obtained. In addition these processes allow very good control of size S
and nor phol ogy -of powders, the conpounds are not subject to nmechanical and
thermal shock, and the povwiessramahi aine dndfeon Rk M@ @pent. Two
processes for obtaining mcrogparticles Dy I ca ui ds have

attai ned high interest: Rapid®=%8 ARTL e cal Sol utions
(RESS) process (Tom J.W, Debenedetti, P.G The formation of bioerodible

pol yneric gicrqﬁﬁggae 'ﬁﬁp | cles by rapid expansion of

supercritical so utléﬁgﬁgng}o 53 n01¥ Prog. 1991, 7, 403--411.) and Gas

Anti - Sol vent 15 recriiRe DFeIeNt omv RS opruledey Gl layppartMs, andof f ey,

M P., Krukoni s métnod d¢ afditihg N'ertfrfirﬁh rt il lo%.rcilrenﬂi , No. 406).
ubilize

I'n the RESS process the substance of interé€st 1s solub ed Th a
supercritical'ﬂqﬂHP%ﬂé%tqﬁQQQMﬂHHR§1QQ¥1QQ¥%%Nh¥EEQHm%§%§Hﬁ%miBk%f
folrrra_t | on vessgaxtircanlgirly herz het Pe?dailﬁlsi?(r}%lﬂljﬁii(tnlz:@flaﬂ:@% enar melchoed!
sol uti on4caus recipitation,qof .the solute. .In sqQme a cations it
i s possigfg togghgﬂgngﬁ%%Pﬁf%ghpa§8ﬁ€&ﬁﬁ tn P%Fépf'tg°Fh8xg§Bchritica
fluid. 25 A dr PHekeidingf ofhpbareekeugdealls inkaetreenl.y a few conpounds are

sol ubl e enoughphieyRehd bl ¢k fhikdEioneven if a nodifier is used. In
addition the rapid”_expansion of supercritical solution through the nozzle
A 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).




can cause the freezing of supercritical fluid and the a3@ulkogkage of the
nozzle. In the GAS process a solute of interest is dissolved inaliquid
sol vent thwioo2mesosci ble with supercritical fluid, while trgr/(cERI2I0$30i S Nnot
soluble in the-supercritical fluid. 35 The solution is sprayed through a
nozzle into a particle formation vessel which is pressurized with
supercritical fluid. The rapid and i nti net & contact 25 August 2005 WO

02/ 048107 PCT/ GB021Q0840 - 3 betwe sol ution %fd SL%?écrlt%0a| fluid
causes the  extract 'O BoPRFT ﬁmesoqeiﬁefjo s Fitical fluid

and | eads to tlatenddicp t decausd tdodywitad Jasy thamagepasts qtaastldlies with

possible 10 enhange s bl 1 Yoy & WU 1501 f6ks
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drawbacks of @EfEiRESD &T@&%§m%q%\ﬁ§1@%aﬁﬁf mdmnﬁﬁolprqfc@@ge
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i ca

sol ution and supercr| ui d: |n or.der, obt an infimate and rapid
mxing a di spet$ £S Brehpndsak iafd dhewmdl = (ﬁéﬁ Sdpercritica
fluid is requi bbda:.nBcT faﬂd‘eel’ﬂrék?\dﬁ:%ﬁ‘l&tﬂ'vfm&ﬂ pr oposed to i I’lj ect solution

and supercritical 14 intg

obtain a good m xi n AP§ e?ie;sigs;d“lc g&’&%ﬁ%ﬁ?ﬁ atli"ﬁ:arre air Sljet V\%en
0.1 and 0.2 nwshagrDQQMMmaij s BveoRtbaln iglphimhesest :PRapi
For mat i opgof nj S I ri
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Sci.', A0, 192§T9942J WEQQ@FbeFﬁﬂ§t&éV|BeGsh@W?ehﬁﬁﬁmﬁﬁééghF@ drop al ong

its hI engt hI : eaﬂbaﬁoa@baepwlyﬁ@&\i@r git eRofbheies Seice nlitix® pertttlesebgr gy
at the capi ard Oatexpan51on of supercritical 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




25 Debenedetti P.G, LimGB., Prud Homre R .K (US;spatenistNe0@86063910,
May 16, 2000) use the GAS process to formprotein mcroparticles. In this

~case the wgdRksesol ution is sprayed through a |aser dril lpgycithabddgum
disc with a dianmeter of 20 mcron and a length 30 of 240 m cron inside the

particles formati on vessel containing the supercritical fluid which is
i ntroduced by a different inlet. The laser3drilled platinumdisc has an

outsi de dianet?%?of 3 mm. a thickness 0.24 nm and the orifice is 20
m crometers i n ARHRRREOHLioand smenrr itdeale dinide ¢avssisottivepar ti cl es

. of catal ase arktrmetion JE Gb% & - sy
( ONSITIE) ﬁdﬁnéﬁﬂﬁﬁﬂﬂﬂ‘ﬁﬂwﬂhe(%Rﬁgﬁg%égii?%mo

sol utions usin rbon di-oxide as supercritical-fluid. ™2 )

02/ 068107 PCT/ 8’%@7‘@09&% 159 te ti&?B&’%%&’st%P@ Odr FPEYTEURSaMigTY-MPa
and 35C, supepartticlas.f| Jitd ibl posstd evd anhancds thenkblabdlike of

sol ution &l ow kge 1WRR,idP S;echmn. qggp iLlary.nozzl e,
the laser drilled, 5 dﬁécggpgggﬁtgﬁbﬁgkhéTﬁgﬁ vé%ggég:%}ﬁgar ngﬁgﬁméen

|l ength and di af@OdEisE -t h&hgr CRBcPracesds overicwneisn§hef drawbagkesefir e dr op

and energy presher RESS phtRebs 6AAPhEIBWY GOBERERSd bAEPOK aetgeoeggrsgy: 'n
such a way, very high solution rates and very small droplets ctan be .10
obtained. In tRP%aEF E&8s the supercritical fluid inlet is not optimzed:
the solution injectTbe oruoislistap ofl thet GABaprocassvsphehe wixing

i{pcal s PERYYY 1 ' B.,. SaimsS.
Ry oekj 1o a OFCFEpPEIbA ab@buibRULEReE IR B ORILE: ¢o ShiRth
nanoni zati on b¥? ieEiyate| and axaphdf nibwinggandispereionnst spohyetionneés a

compressed antigglycatopibls ANSEMnMO-EEIA020:1 ERD. £Pia 109 Vedhirbgse use

of ‘a connerci%éiggaxial onvergent - 20 divergent nozzle to inject solltion
into a particl erent devices have been proposed to inject solution

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.




formation vessel . The nozzle has a convergent-divergenk,,passaggsfor the
gas expansion and an inner coaxial capillary tube. The Solution injected

t hrough t hwwo @mesdoal capillary tube is energized by the expsrgEBe/cdds00as.
The gas that expands in the convergent-divergent nozzle can reach
supersoni c velocities. The transition from subsonic to supersonic rate in
the nozzle leads to the formation of a Mich di sc which enhances dispersion
of the solutiop, and m xi.ng between 30 _sql ution and supercritical fluid.

Subr anani am et Q'QF &9?5&5%3% s VeTrET &aﬁﬁﬁ%géi’%‘taﬁ‘ti ﬁe%tplv{fé's ard B8 Fam or the
supercritical Bupeteriticed dluvdd Edamphetca hasaabowts 3susg/ntibeand the
supercritical Chuhfidh ESy*I8Edl §ald-B85e 138 bk each supersoni c

vel ocities very |g% 57pressure drops_of the eneré|2|ﬁ gas are required
(about 40 MPa), thE€ommarrdote epeppidlaryniiogedeqotdiet Lgla;w,r dydihgd

pressure gropsdeicapedbefisbane( haVBahdveathBey 2he vglb 2ARRe¥Q 021068107
PCTI GB02/ 0084 cou not reach suggrsonlq vel gci ti es., Notw_thstandi ng,

0,- 5 |.d ) \ ]
they clai m subbEBAFPaPPAFIBPekeR: SEcERpaPEAtEse aédoUs Mimimiaing ppEcess.
E)l;peri ment al {Aéthdaeyressuyet dh:bps];addhyﬂesagyr ph:laesareSiandlﬁn?mt ot hgci n
obt ai ni ng po ' A particles (0. 5-1 : advant age
of this techni%%@p*gt%ggtE?ﬂggrgﬁgeggggt %EFE%FuFéeFﬁgfoggssPﬁg 2of®r1on
~spraying in oveky higbbesalutienyréates andpvery; smabdihdropdetatase be 10
due to tf¢ | ntiwmd gnd@Xi Ng between sol ution and supercritical fluid which
occurs in a very snall tract, at the nozzle outlet. The, di sadvantage of
this technique is tHatthhR PEPeFY Paewepeseritienl ahfusdpintettigal fluid
occurs 15 befste @t Bhifgdi Nthe t S6LWRLdh C1:8 EOF D8h | 6BciBESSh ah hi s

[ i on | d | rticle for i on fore, flui
situatio Couéimé¥¥jééﬁé&%taghgépﬁéfguof s&ﬁééﬁgitigafsfluid, 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




enter into the particles formation vessel and consggugggb%tbbgggage of the
nozzl e. Hanna M, York P. (WD patent application No 20 0610, January

11, 1996) woonRmssioR new nethod and a new apparatus to obt gichcbHesssal |
particles by supercritical fluid technique named SEDS (Sol ution Enhanced

Di spersion by Supercritical Solution). The process is based on a new
coaxi al nozzle: the 25 solution expands~through an inner capillary with a

di aneter of 0. ZSW t he suggrcritical Jluid exgands through an external

coaxi al pat hwaf WEhP]E cORRrER| PYPeEERBLCnYeLtAai LRS- oi HrkViFhstandingal

zone at the enthey chbbmtsGbatantidbeiwmpxovgnéetweedmpheeduper critical 30

fluid and the éBﬁHéﬁQfoR%fuéﬁsig Eggs oni cal zone. They al so propose the
e: 1n e

use of a three ways nozzl added way a nodifier can be fed in
order to inprove theparinagtalheytheyl yeetesiSEDSLsedhhpfingyotwisone

preci pi t agi on 9hd SRt OBheLLheSHLAI WBAE pSRIAIL 81 35t FONPRHNE S NaMR Y
sugars (Lactose, Ml tose, Trehal ose and %ucrose) and proteins (R TEM
bet a- | act anaseﬁlgf‘n‘?PEFﬁfel%‘Eﬁff‘érs'(%relt"ﬁhnol or ethanol) is introduced 25
August 2005 - 6 intantddvpstddge! 6 thisvteciniasselseethderti®gether with
the solution g Lfferent inlet. .This nozzle allows a.good and
et e i APSREHAEAL Slo Miee b i dp o St 5 he 5
first contact dedewedy slpaio ivexynl finaidrepicetsnl Huarher adwntagehds
coni cal ape t t oA smﬁgﬁ{ t ‘P% Z §]{&1tlet at high
vel oci tyfdgmd ﬁ\tgé]%sou gg%crii&ﬁlcrg#% ur | gjreg':lfp;ze((aé's%1 t%gl I'qui d sol uti on which
‘breaks into srgRersdhigad ifduid whikdh qasmdma greryl Gwadds diractihe

di sadvant age eft, HHd nodAchutised s related to the contact between

supercritical fluid,and.solutiqn before .entering into the particles
formation vessel; T G age Of this technique is Lhat the
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




preci pitation of the powder could occur in the nozzhe Ab%u%@dZQQQ
eventual |y cause nozzl e bl ockage. The supercritical fluid velocity at the
nozzle outlet is limted by the orifice dianmeter that is quite large. It
is known from GE-A-2 322 326 to provide nodified 20 apparatus for particle
formati on using the SEDS technique. The apparatus conprises a particle
formation vessel and neans for introducing a solution of the substance
and a sUpercriticaI fluid into said particle formation vessel, said neans
conprising a nozzle having 25 respective gassages for the solutlon and the
supercritical fluid and separate outlets at downstream ends of the
respective pasadgeshespalttibaesi SonmationnrassebediEionrt iegsidiet ivitland t he

supercriti cal |UI occy the icle f tion vesse

downst r eam BL ?ﬁgtseparafe ou?P@P gﬁgﬁ%ﬁﬁNi lgkg?NVENTICN The term
"supercritical fluthismsangle aliPWsat @eodavedelntimate thislngr essure and
its critical ﬁét%é@ﬁe{:ﬁéué eIBﬁ:L{:E&Hl EDLYENing r@%‘%@l&ﬁf&ﬂd i ch is

able to _fornLa sol ut subst ance ) SHEET 25 August 2005 7
The term "su %’éﬁ’&em%aﬁ 958??18 S?Pe’ﬁ%%%%f% . i"?ﬂ%r%%t ULIth i s
sol ubl e in theccutgeim thadcwhichl i shapddtand, dihey twisafliblds iemdige
ol ubi 11ty of tRY EaF vaBrEFE bRERSY SRR I IRT et ot of the |
present i nvertHRACFSLboal cftvif e’?%’eﬁ%ﬁd&@-@%@%ﬂ%‘hﬂh%hm ques
descri bed ahsweakd rurnaﬂtmallnrdr@m@b N ttSheD fpatel 11k EtirmidtMesd | on
10 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 f£luid
_ 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




provi de a process to obtain fine powders of a substérgc%uﬁ%gq apappar at us
to make an intimte m xture of substance solution with the supercrltlcal
fluid. Viewed fromone aspect the invention provides apparatus for mcron
and subm cron particle formation of & substance using the gas anti-sol vent
recrystallization (GAS) process, conprising a particle formation vessel
and neans for introducing a solution of the substance and a supercritical
fluid into said péreitdenfswettioreVassels saialivkars conprising a nozzle
havi ng fespeﬁﬂéf’rﬁac@@é?@@ﬁ i 1 rddie Vﬁ‘ﬁéﬁ 'ﬂiﬂ @dﬂlﬁﬂﬁ SURSILrddieae Fluid

and separate outlets at downst ream ends  of respective passages, such
that in use ¥mtEEIChet et stare: 5ot Lt |36h‘3%]rﬁplt€he‘-%LFﬁ@r critical fluid first
occurs in t&\@p@@éﬂ@i@aj of td on vessel downstream of the separate
outlets, wherein assages, C Jse a wde dianeter . .upstrea ortlon
ohi ch £ eeds . narT it T e dBrL s A fordi oA ST ORI She

aspect the imbniblbrtgoranﬁ/lm solverz|is fidre tdhed mdriodiuectli dilwifd.a soI uti on
of a substance So fRCTSt AL Qe dd o] L3 1 5 Qmldcas, vessel

for mcron and subm cron orrra I on sal'd substance Usl ng the gas
anti -sol ventth%diwla’:l%szaﬁ d}he (AT i esshnimiarodaseddegst i sing
respective passages for the soluti on and the supercritical fluid and 25

August 2005 - 7a _separ at e out I e dovvnst ream ends of the respective
passages, such thdt Hari<? 8 REGIE and vierdton
supercriticardvide £ IpLSdchELtrcS diﬂymsi rﬂam q;‘owdelles sEpar atud salifriet s,

wherein the sages comyr de di.aneter, upstream partion which feeds
a narrow dlag}éaer? rTEPEr p(f[}a\{}% o™ Ve tf %%rl?r er aspect the

i nvention pravisiesicea EprloUHsm fvurthntdreors@ﬁtcsamqalorflpadl cle formation
of a substance Ugidid & GRSANE U 8 He N8R RLAH AR

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, sald 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



, (GAS) process, conprising the feeding of a supercriki g@?ustal Yihds pure or
m xed wth a nodifier, and of a solution, through a nozzZle, Into a
particle formati on vessel at controlled pressure and tenperature, such
that the solvent is extracted from sel u&ien by the supercritical fluid
and precipitation of mcron and submcron particles occurs, wherein the
supercritical fluid and the solution are fed through respective passages
~of the nozzasrawmexiquitlarefatomanrs weqrar ardsowfl dihe gtespiewiste eam ends

of the respgeldye;PASSARES tMtl N L AYAUon RRIVGRA NS, SUReTIidical fluid
and the solution Tirst occurring in the particle formation vessel

downst r eam AN {HE SBIRGLATE Gitdletlst With & iy G559 J8Sigee ™t Sprise a
w de di anmet ethelpsdpgaampanit et shivie feietds e margsemedicaigir@sed@wnst r eam
portion. Thewip ocess accor diS 19 t he éinoveq\rguisi%n r}éae%éd ncl Llj,lde twhe

co-i ntroduction imaé 4 prarL{plc e Formution' v s«?l 6% 25 legrl?st 2005 - 8
sol uti on or Guspersi alpvwofs ttrhesns westtd@inoe in a sol vent, of a supercritical
fluid and preferphliey ofrdh Mddldior NP Shyik s S.cmReund whi ch

is soluble in the solvent and in the supercritica e nodi fier may
- be used wher? tRHOFHIS AT T CHAPS 13 | ST L30Tt odiet 1 ormed iswp@teri ti cal
fluid, or ofslawsolddd hidihg RN dde 5l iulydivien tofrddiey ss@livantatiinnt he
supercritical_ fluid is |ow, the use of a nodifier substantially allows a
better mixi n@f‘b‘ée?t REAESS5 TR S I ASHEG OFF G 6D o £ er i s
used, the ratlivdyf pmodh fd::ermif;demi/ijrtai_ & amdiitffies:ol @thido v £f Iapw_orla:ttdolmas to be
'n the super AL Al TRE Hod Fratteds Be T otuded St At he
supercri ti caorftindld,ednintesshiere s@idutticowerativrepastiohi thathéhsupercriti cal
fluid and i 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.

The process according to the invention may include
the co-introduction into a particle formation vessel of

a




part with the solution; the way of introduction of the,, gﬂ '?% sgreatly
i nfluences the extraction of the solvent and the struct particles
that are fornmed. For the precipitation of powders from aqueous solution
usi ng carbon di oxi de as supercritical sd vwent and ethanol as nodifier the
rati o between supercritical fluid flowrate and the nodifier flowrate is
about 7, while the ratio between nodifier flow rate and the solution flow
rate i s aboutoR@tidhust $uskeis teseof s ubdistrmesdutd gelamhta ofi xture
of supercriticalpd i g aad npm{a Sndl & rSePAALE! Yo i Nt rpduced i nto the

particle fOI’ITB.tI on vessel he nodifier and the ‘supercritical fI uid may be
ni xed before @%éﬂ?#&%ﬂwﬁ%m M FIHROEH & Forimude Vigs$die

Al ternativel yolddrer rmctnh firﬂtﬁ@YSLQﬁerfdﬂﬁﬁﬁﬂ:a/m tAndihe, Sl(liélgdc?ﬂﬂ@croﬁﬁ duced
introduction, In wnother . version of the cess, t nodi f.i i s .introduce
into the p;&?? |%ﬁ’ & f"%}}%ﬁfb% §%§ Bt it T4 1IU§H’ ¢ &HEh n part
with t h_et .supllehee:ﬁup;jﬂca:trjzemaﬂ f¥uide csmlf);iérﬂ@gﬁsxrﬂ:&mh]t@ Wit hI t het 4 s
supercritica e solvent an
August 2005 9 thewﬂsuper cn%?l‘ﬂ% ]%I%Lfdﬁaree:epar\g%he y roduced into the
particle forfRRGGH Mesgel  Thnidvnihl ot xithg ofse e %Llrmle‘ﬂetli cal fluid with

the sol uti ons@hsk SxdrAct) AN Wws thesAdenti Bhd M SHREN Gd1hitG@n f 1 uid
occur. The substance is, efer bl y a pharmaceutl cal conpound soluble in

the sol vent FHIHE substantially insoluble in the
supercritical fluitkn Ian mdmmaarﬁ |1czsi exrdfent, Mmatheo ;- akaEiss I f ﬁﬁ‘iﬁi}ﬁlﬂé&t aesr

~solution nay,. Aure f u ercritic fluid_and nodifier
or with the p%fe supercrl LJ51 IU|O(§I"I t % t\ﬁa?etﬁ: Osstﬁnvésr?t %Yay “be

extracted frorafdrakslof t]taV(m aarkdqme-rmm@tm@é prodaipiltidte o fasdliveat
particles. in the supercritical 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



In one enbodi ment of the present invention, the crugi %I#g%%ltntm@fs t he
process for fine particle formation is the mxing of t solution with the
supercritical fluid: a rapid and intimate m xi ng causes precipitation of
particles with a snmall dianmeter and al4 diws-a high powder yield to be

obtai ned. To have a good mi xing, the solution in one enbodi nent of the
present invention has to be dispersed into the supercritical fluid in form
- of small drophetsupereost beal i Hiwid aare ghepanatd be i it edxcddriness

transfer angh@ shpficpathobpitidie FHddds) ofy, ofn SUPefCsidd Gt tfd uid in the
solution droplets and, grevent_l ng the gromh of solute particles. In

addi tion, tHe"RHHARE bfuidassth il Eier dweeH <ttt fand
supercriticathe fdal gemayonl ti0av apeseddoni ed1l nilwied derper ature and

pressure conditi Sa él’ e oI egeeni:S i nve egriagzrri}perrri ts suceh .o($%Lati on. In
addition a high ratto &t Ween 10w Tate sau;?ek}ac?ﬁqc%l %uid and flow
rate of sol wtérpeumy sblawne tire reatdlorerdf and arrgehexoessl fofent lend
supercritical,;pdd uid; [ seligp t g}f)&g : thegjq contact,
enhanci ng the. drt{' vin é)%/f(;){ ceﬁ]foor ass rt.g%esfste]‘?p 0 Q%leéegrlcr%q%lcdal fluid into
sol ution and of sbtv Patlolc ke dratienl vesaad. tips saffstnc®005 -- 10 As

poi nt ed OUE m@h i i) r@é‘;@d e 'éﬂﬂn&itﬁ{fﬂﬁ ijﬁﬁl &%ﬁt. tof _ré{gﬂit ﬂthrLtiictali S i cal
necessary to.have a good. . di spersion.o e solution into the supercritica
Trura inor dererd Saf dreri o Saniir dloreion Stsahd o toatnd WSET0r ¢ he
fornmed sol utironhdropiat sthmysdiererde trerymbee e dnyrdded |ivcdodyeam ¢ condi ti ons
in the mxi ne. angd, ysi cal_ pr rti.es of L yution and
supercritica ls%'fl\r;bg}lt : s%hé }glb\?gl{saz{ocgel tperngLtpPﬁTttfctees %esns%lc%% density. These
properties arartgral@sy influenced in this enbodi nent of the present

fnvention 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.




by tenperature and pressure for the supercritical fluid, lhe velecity of
solution and supercritical fluid at the nozzle outlets I'n one enbodi nent
of the present invention is related to the mass flowrate and to the
di anmeter of the outlets. Additionally;y 0 s preferable that the energy
pressure of both solution and supercritical fluid are converted into

kKinetic energy w{ i Qb g %]&5 1.0 TOuosd: ) i new nozzle in
accordance with an h%ﬁ%odélgnent 0 jt‘ﬂée/ prZ%leent |nvelnt%Ho?1 cﬂfarsp'kgeeen desi gned.
The sol uti orplé%%iefﬂ%el%‘{ﬁ%?k@?{t i¥alld | €5 S e 55 ha_ﬁﬂi%(@d 982%h the nodifier,
m;ly be i nlt r O@ﬁﬁéiaﬁbﬁ her paid | £4 v d Driredd eh M}jﬁsﬁiphéfblei%i%ﬁ’lr _aﬂ_rn:tuifdI O¥V| b_yOI
the nozzle,, whic rovi des separate out]lets for the supercritica ui
and the sol ut? o%d%gnq%c&tbae]t%‘é%yﬁ%alﬁstl IR P P tTitical fluid

preferably firstTioecurze igf tttes parinad esd ortpdn airogelssed ndowwist ream of

t he nozzle o . Jhi 1,00 g { i.al..f.0 | .o .Qf . 1 he
nozzle by t h%é%g%rﬁ}%?&;s%}%@ajﬁgfd#%&rfﬁ@l&%deﬂle%lpenc ?Lvne@;?eggrhlarlgn£ of the
supercriticatong|and ndhneodindbioraeeidmehmplibdidm ask  particle

formation vesgedxcdne M7z 81y hantPass agesdOft | hesaspect ive  flows
conprising a w de di apneter upstream portion which feeds a narrow di aneter

downst r eam porRTHIN, O HEY oW PRFARIRCHor T AFcaFaseshort in order to
reduce the pifEbsddedlriap @ioNeEidudinport ion 3 thadsanthaidwmnt icanver si on
of pressure into kinetic energy is obtained. 25 August .2C005 tiltlllll 'I:hi S
subst anti al | o%%l?%eorr’?etsulierlearbcgébﬁeéﬁ%uro% %Or]? SR TP HEFH S A i i it e
essential |y coaxi®ie tubldaity arff evglerteimrs and whipehr crindroedw fdivdmetedr is
ressure. THe QUITELS ATe e arbsty I btagd, B b Paigheant drop o
-invention is 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.




other, for exanple at a centre line spacing of aboutg3,;, +TBgpQutl ets are
preferably coplanar. Preferably the nozzle has one central outlet and a
plurality of outer outlets. The central outlet nay serve to carry a flow
of solution and the outer outlets may serve to carry a flow of
supercritical fluid. By providing a plurality of outer outlets, m xing of
supercritical fluid and the solution is pronoted. Preferably the outer
outl ets are Briangscs@ntiwl samve dicteancehd nomitlhenc et raticutdst . Thus

they may. be A5z 108 am, rach Uss s areferablsosaul pnamlarly spaced. — Again.

this assists mxing. The outlets may be "at the en separate tubes or
the like. |t2TEanERRsmRrs phef@trdy 3 dreiiey clianaten olsoénaﬂmi'{ﬂ/lrr%ﬁ

downst r eam &@mn ftﬂ@s]ﬂm ll/eﬁlg'&ﬂﬁ&@getﬁlé hoiaihe ariaz zd %ﬂ%ﬁb%lcﬂ?ﬁ: passages
n

may for exan(? | aser dril The nozzl e body may be a disk. Thus a
preferred ar %‘?%ejr% ecsd?‘}b?’sesanozzlelntheformof a disk with an
outlet at its centles caﬂdlétm are rrm'eefemmlyet]s;c&ttdd]eammarcﬁ starees rom t he

center and e t y
conmmuni cat e (%IIVI ]yt he i n r@ofé%ftat%e parti ch rﬁr?réla%l oqkr: Of\ieudsﬂsgt 3[IT'ﬁl
sol ution is preflraytiaty coige argimrahle Cqmlratnacﬂ - formation vessel

through the centr@le QUtdiety tdid$, Ahe BUPQLL iddals of |d4.{t@LetPlHrﬁj Qr wth
the nodifier, is_i ntroduced throg}g the outer outlets. The passages in the

nozzl e body Eﬁja‘}rﬁé&éyu rYARFT eRUS Wi Th TheusSeEnGT@ ¥ equid eh 1R/
supercriticadeftyi do aaelryh@ smbutbensomﬁp@ﬁtawlyhe Poeterabliylethe nozzle

25 August 2005 - 11l1a t dé/rs pr o |ded th a seal S8 eal % separati ng
respective d?)%‘fr sani ends Gt ]iyheaptv %W?eerrequT éﬁ 'I"HITL he use of a
nozzl e body preyvialirow & rrehdralhlt]}ng:ﬁ)routﬂmemtfl@mmt iranx igfg td'fle passages wth
the ideal diggnsi,ons &0 opti skd Ned | il Wss Wldnte dd1ese

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




passages can be sealed fromeach other at their upst25e%§1gug@d§00§n t he case
of a central outlet and plural outlets radially outwardfy space

therefrom the seal 25 August 2005 - 12 nay be annular in form (being e.g.
an 0-ring) and disposed radially outwdnd v of the central outlet and
radially inwardly of the plural, outer outlets. A further annular seal is
preferably provided radially 5 outwardly of the plural outer outlets.
Preferably, hidy iov pachidgmdlwith recsialedam segriomiley isedahmtriorz| e body,
e.g. an ann e I f Qi st ream of

t he apex of Lﬁ%:%grﬁ%ﬁq};eetufp%reﬁ%gﬁ pegﬁ%l gc{]fg tg{ee%&%o%ezsf)eﬁ\er%o hgl\ggléssages may

be formed witHghddee cbif <&l 18 negselS M DbimEorsk lorhidiea J5ddddde vy have a
][e: ?ti VSI% Vhithesr dﬁcﬂ{ﬁ{ﬁ@i{orp%ﬁi&fé %tatsjstégéaoshr&ﬁrﬂr%tﬁ%efam exarmld_e 1 {rm

ol | owed by conically taperjing portion narrow ng a narrow di anmeter
portion, for&éﬁﬁﬂcﬁlszd:%%tdd%’ﬁs‘#ﬁé‘el Jﬁr%%r’r@&éﬂsﬁom@@ﬁ is referred
to herein aypagsaday iddrcade sk ad dergaordacin carice vt her adriicalugantsaan My

. for exanpl e he chanjcal | rilded, ' r rtion or orifice
may be | aser&cﬁ?ﬁ gﬁ lC%%e Cl%‘es%gt(# i C%{éké\n&dén%&;‘%r o‘sl(r%}\/\(lli sﬁs%%é?anti ally
greater tharritheeRd redgahlpfotheandlyispaced aerefadthovihdesswlzl e body
to be relatively thick in the direction of flow, for exanple 5 nm and
thus easy to handle, without causing the orifice to have an excessive

| ength. . The length of the wi de portion may for exanple be at |east 5
times, 25 nore preferably 10 tinmes, greater than the length of the

orifice. In alternative -arrangenents, the orifice, with a narrow dianeter,
may extend through 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 thus difficult to handle.




The expansion of solution and supercritical fluid @@u%u%%%Qr§o@@mnstream
of orifices. A preferred orifice 1is characterized by a I'ength to dianeter.
-ratio ranging 35 from5 to 10. It has the advantage over the capillary 25
August 2005 WD 02/068107 PCTI GB02/00840 - 13 of mnimzing the pressure
energy loss and of efficiently converting the pressure energy into kinetic
energy. The nozzle preferably has orifices with dianeters 5 ranging from
0.02to 0.1 nmm nore preferably from0.02 to 0.04 mm and |length ranging
fromO0.1 to 0.2 mm Such dinensions ald avg vwery high velocities to be
obtained.at -the orifice outlet for both solution and supercritical fluid.
10 I n the prefmyr et anmdiaredts foiche (peing e.gupencOrringl &hdid outlets

are bosi Ui onef;2aunt the S9Lubiena Bl o BiietbefeyEYoBROEE dhat ance

(about 3 mM tron a he sol ution energi zed
by the supercFﬁ@@%%lYfP@N@IﬂﬂﬁsOgnﬁbﬁcPﬁﬁrﬁﬂeQEEEHl§BE?§F6n 05 the sol ution
into very flneudtaakeb&nula&owednngshpgafeahaniaprablaeafaaalarlyeen t he

two phases and f ast..extr ion olv n per These
phenonmena are® 5VPF9&VéPF§ bFfP%ﬁ%ﬁ gﬁE H&igﬁgérc?L%%%§$£+¥ %E|OCIty
at the outletoreeekbssealodsi segedyedr inhangrhevepéedtbe soanle bﬁ@ﬁ:the

supercritical of bui dpveheahby Heaches or is greater than the speed of
sound, a Mach disc hS forged whi ch cayses, .t he dﬁﬁg é on of solutjon into
very fine dropl et sTReTRPSIBRENSRRBRSFERRLY RFSWHISH FPYRFErefBePy used in

25 the RESS ptheespekMafsooniedlly FuspenirglporPobes sef Ehe hzzBaith R D.
ponder o i rife) PaoSaHEE bk 62, £pbhhd wElh LhoRS coRl S E1 RGO
2- 298- 2306) . portions. Thus a passage may have a relatively wide
diameter portion at its upstream end, for example 1 wmm,
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 greatexr 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
orifice.

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




Even if . the supercritical fluid velocity is less, 3@ gnéugE %Bg5order of
‘magni tude of the speed of sound, a substanti al enhance nt of solution

- di sper si onwipoalgémy ned (Subramani am B., Saim S., Raj ewskj Bcr/ssozosie! la V.
Met hods for particle mcronization and nanonization by recrystallization
from organic solutions 35 sprayed into a conpressed antisolvent. U S
Patent n. 5874029, Feb. 23 1999). it is Idovin t hat during adi abatic

expansi on of a‘%g ust .2005. WO 02/ 068107 PCT/ GB02/ 00840 14 real fluid
t hrough a convé CHRFd e ko FASS Uren ENeFgin LOF8a efsure (usual |y

cal l ed the cri tafifdlcigmtdys copveituinghittle pressuper enerpgyalintbukdneesehes

sound veIOC|ty Iﬁ%%?lated to upstream pressure by the 5 follow ng
rel ation: % k+1 where P is _the upstream pressure, PGis the

domnstrean1pressureT@ﬁdnﬁzﬁéetEﬁeﬁéﬁﬁblﬁehﬁéeﬁréﬁlaﬁa vith(dpawetersheat at

constant pressyagging FRE& bl 62heat oah wRONEbARt p¥eFHFELYY ER6m 0.02
supercrltlcal flud, 10 resg&c&ﬁvel For, in tance if the supercritical

fluid is carbd? &-8% B8 ¢ P@ﬁ ranging Irem;felqb@ndt fe pPeekyre
is 10 MPa, thedipehnsdanmspatiowr eehgshlighbeel8cdtidPatbdobeecabhaihiedspeed of

rbtsure arop SR e thRpath 8P e0x BRLR, ol FEHGACEaq BbRIBYEL 9] L1

vel ocity of th&luddder of nmgnitude of speed of sound for downstream

pressureigf 10 Moa gh 4RC. J@feéfs&demoa & end!yigdeds strongly

dependent 20 on gres sure an nper at ur e: e n1n|nun1value of speed of

sound for car bSHPEFEXLEECRH @%@@@@F%@F%lw peyiioirned ayourd the at 3
:I\/Pa and 40C. TeolttibheowEllet &8® 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




of the above nentioned phenonena it is convenient tos aAWfistapeyrd these
operating conditions when carbon 25 dioxide is used as supercritical fluid.

The pref er x84lo ,e used for the apparatus of the presentgd | has
| aser drilled %@?@! ces. The supercritical fluid velocity a?é'{)ﬁg%drolgﬁ ce

outlet can be estimated fromthe energy bal ance between a section 30 of
the supercritical fluid passage upstream-ofid4the orifice (section 1) and a
section at the orifice outlet (section 2). The energy bal ance negl ecting
the energy | ostealcihuthd throupht@dcbyvengehvttldwengenyuadivhe, 25hAugust

2005 V0 02/ 068 g RETLERR2008MRre Lasubh1y SapEUAZ o e XoBPV22 wher e H

and H2 are the specific_e | es supercritica urd upstream and

downst r eam t he R¥$PEEe)  EQpevhich| the ppuperepibieal nEluddsreackenf 5
supercritical fdowsdupsloeanyand HOVREEA ced tPsLPEhh SPesE8BRESTiMedY; V1
and v2'ar§3the:%§g§cities qL% s%ﬁ?rcritical fluid upstream and ‘downstr eam
the orifice re ?Vﬁ%$y?e FLoRE production of fine powders from agueous
10 solutions with the GAS process using carbon dioxide as supercritical

sol vent and- ethanol as nodifier, it hB8g eey qéﬁd that optimal operative
conditions are within 8-12 Ma of prgssu gggg w't hi n 35-50C of
tenperature. In the experinental apparat used for carrying out the 15
experinmental tests the supercritical fluid nass flow rate was 30 g/ mn,

~the solution flow rate 0.2 gégin, and the nodifier mass flow rate 4 g/ mn,
havi ng set the rat "ReKe Ripet Gha REEHIN PHIPSTHIR 1 iRr 1Fa88Sf |l ow rate at

7 and the rati dovihetofidn @Prégna®d wridik NRs THd wutib tdtvedin 20 and c,
SiPererl et bt 3, ey Bl e B Al Je o
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:




supercritical fluid can be ethane, ethylene, propane, r af l uori de,
‘nitrous oxide, 25 chlorotrifl uoronethane, nnnofluor%r?eﬁ%glufSlE §2§§n and

~their mxt Oﬁﬁi sol vent of the pharnmaceutical conmpoun can be
- a supercri?wca‘m% ﬁld m sci bl e one such as ethanol, tha%S?Eﬁ@kE@?°
| sopropanol, acetone, THF, acetic acid, ethyleneglycol, 30

pol yet hyl enegl ycol , N, N-dinethylaniline- dhe-same solvents can be used as
nodi fi ers when an aqueous sol ution of pharmaceutical conpound is enpl oyed.
Descrlptlon of the @haw ¥ge:\GAr+alln +prkfmrsied enbodi ments of the invention

will 35 now be desgijhed iy, of 1 ];Q_qu e t he
wherein: Fi gure}p )\f%’awisdI aa{ééherraﬁ oW rs%%{aftg-{a%'ﬁ%%he 25 August

dr awi ngs,

2005 WD 02/ 068MPPYoEtEdned/ ddaug upsteeam ppdr sownsiizeam sheapryfboe t he

process accor dlrwﬁe@tlb@u_sf,l w%{ﬁdm aEégia'hé deh8i@idghggntic section of
t he nozzl% that,_ _is u e progess accordlng to the,5

i nventi on, takgﬁﬁﬁqgﬁd%PFﬁg %iﬂléfupﬁ§ﬁﬁém3an Hevpgtreamthengrabice e
belng,shomm enhaﬁmedtunedyncbgsuufhguaﬁeSthé wve3ocitO8z0bEt he nozzle on the
line B-B of fi r a [ e.detailed views lar to
10 figures 2 aﬁ%gf%cgéggggglggp§é Egngg ?gd dggg hrﬁg kﬁ °5+E%

nozzl e arrang€ﬁ§ﬁ@CtFVg&Yes 7 and 8 are SEM photon1crographs of SIGNA ALP

produced under the PQﬂdthé0?§oaﬁcE¥8Hpbf #ind Spbl@bEES s Pom 18 41 are SEM
photonlcaggraph roduced unhder the condilions of

exanpl e Fi 58#821?28 a?{HtIESt%?e%ﬁoPBﬂ?%%g‘F%?pﬂs ‘6?@?’%‘3}%%1@ as

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




produced under the conditions of Exanple 3; and 20 Bggwweukk i290& graph
showi ng the particle size distribution of trehal ose produced under the
conditiongy f le 3. Detailed description of the inventQu:gisfsdpi N9 tO '
Figure 1, the apparatus shown includes 25 a particle formation vessel 22.
This: is a standard reaction vessel of an appropriate volune. The
tenperature in the vessel is naintained cangt-ant by neans of a heating

j acket 21. The pressure in the vessel is controlled by nmeans of a mcro
met eri ng val veappa?&tufhasedmper etutre ant phes puvecsy bheopdingcte

formati on vessgl .ar d by neans of a thernmocouple 29 and a pressure
t ransducer 30.E#ﬁ% %g???%#égfforned are retained by a filter 23. 35 This
is a stainless steeFiguzkel, isha Bohewatdt weicthonsofntbe bpzaisi bhaked

stainl ess st eej gdigka( QOSC%%B& ehesggeaésgi biebradngOtd Eheron) is put
at the vessel 25 August 200g 2106%% 7 PCTI GBO2100840 - 17 outlet. The

1
supercritPcal FPUERCLISTw EAGRRWAIPBE Linendeh O EEIrtecdnd&R¥eJPBY¥tE00I er
4 and punped byfnehasnekzlpubpifigt ehthf ealhirgkd fiar eniktbasyessel through

| 34. 5 Pri tQ.enterij intg t [ - f ti L.t

super cr i cal 1lui ot SURSaP oot B PRECHEE, P ECRREPLr P8 BiEnEkiE Bre

pr e- heat er 14-eﬁdfh@9rgr217. The pre-heater 14 also acts as pul sation
danper. The SUperCfi$ﬁféé L1 uhg sSapbspobl! hergadh By Paps Q%T%}%ieéo.lo 15

(0.5 micron). Tenperature and pressure of the supercritical prior it
enters ¥ o thelgpiees p? tard ohr veespechivelyirasured by neans of thernocoupl e

28 and pressure trgebees 3, s SSPELOANEl ¥iew of the nozzle
- 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




15 The nodifier is wwthdrawn fromtank 2, it is pu of punp 9
toline 34 and it is mxed with the supercriticalHPEU|88%PE§?B?8 It
“entering i WOP2RRIO7 particle formation vessel. The nodi fi er PC3/GI02/66840
filtered by nmeans of filter 12 (0.5 mcron). 20 Line 34 is equipped with a
relief valve 16. The solution is mnthdra iron1tank 1, it is punped by
‘neans of punp 10 to the particle formation Vessel through line 6. The
solution . is alsg @ ered by neans of filter 13 (0.5 micron). 25 In

anot her verS|on 0 e process the nodifier may be introduced into the
particle formation J@@S@WRQ?Q?%H?Cah1ﬁ1uﬂﬁel§omu¢deEQWdftﬁmp&wﬂlmdeh t he

supercritical fd,uis¢ isTRRnEPRR Hy @lolllliyd andl bemPed by thedhiknoEhe 30
nodi fier, and the S$l¥fb are fed_into the particle fO%E mati on vessel 22 by
means of a nozHWEP) PEX G ﬁerﬁéﬁsﬂpa YepgrtathERugBsddnesde. ( he

m xt ure of5 sup@rdoirt tcalentleniithg tedticl ke @ad-t&.@:ll‘éeﬁbrﬁlé.eloﬁ ktggal, by neans
of the-filter ( ) 0 =39 .l.et.ai p es_not reviously
ret ai ned by f|% § ngggh%ﬁegﬁﬁét§§glgf1§u§8?gﬁdt% FEF §ealrﬁ§d|fier and
solvent is de ﬁ@@@&rﬁ§§§6b?ywmanasobfnpceehﬁeterlmg agdAbgater2005 WO

02/ 068107 PCT/ §802h008A0aer 94 UBLYCaRPs LECHRYBRESOH! HaAbeSO! VORL | S

separated from the modifier e so?vent e separa Its flow
rate is neasurﬁﬂpﬁycﬁéﬁﬁgaﬁffﬁﬁé@ Fﬁoﬁﬂﬁﬁtg%lgﬁrﬁﬁdelWeﬁgsd?gcﬁ%}fﬁﬁ 5

Figure 21and 315h¢o.5hmiceaz)e that is used to carry out the process
nQzz | stinctive, eat t he

rocess according | TEUPRTELIFR R RESAREES ool EhS) pRereFLtTtR] e on o
“the solution pbiandithensepsrintsitheé precipipationrvessell atéh t he
o 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 £luid 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




nodifier, in the particle formation vessel in co-cuLrent g%ogboghe nozzl e
provi des separate outlets for the supercritical fluid and tof the

sol uti on. e e 15 may be made of stainless steel, or
appropri at (ﬁ&&§§+al. The nozzle 27 has a nozzle body in Hﬁgaﬁﬁbﬂﬁ%p a
disk 36 with an orifice 39 at its center and two or nore orifices 41

drilled at the same distance fromthe centld 20 and evenly spaced al ong a

circunference. The orifices comunicate with the interior of the particle
formation ves¥BlveTRa, sbhat PBRerSTikiradused viertoishecparaterde fxPar mat i on

vessel throughtheeme@ifial anéftBe, sandehbe insuper gephiradbxf by, ditpure or
with the nndiftir I S 25.introduce§ | nto the E%rticle~ﬁornat£on ¥§ssel
through the ott8F BTPFEi LBsTeRUT g DY Ee8%St BF PAESSSLOW BREPACPHdIBRda
hol e of di aneitrif3didbbargedof the hole has a conical shape 40. At the
apex of the conical t €yl e S deiLled_oriLlkce..39. The

| engt h ngof t he ceﬁ?ggFéo%rl ?c% %%BQ F%81§EF%%SSEF%§ g?aﬁg%grgﬁﬂ. The
diameter DI CcBATEE @Woskhe | Precess aacgprdéngbtai thiayinwenEdan.velbébty of

the solution ahobhgeOfdfscRiodhEtivdneeRPasal6E B8ef BrobBBsSHREELAEhLCA
fluid are 35 holes, of, diamefer D4. The end of each hole has a conical
shape 42. At tHe gﬁ%& PIVeHeL®ni cal end 42 there is the laser drilled

orifiﬁe 41:fThe !engﬁélﬂﬁﬁfﬁeZﬁilﬁw@ysthéOQEtﬂﬁﬁgaﬂgﬁﬁl@f_EﬁHVﬁE@%gﬂQﬁ40b-
chosen: 10 suck ulte Stk Peat HhuPTE PUar oor Yoerd PEER CHRTor {1 cal
fluid at the mwedifiar.ouin dthe paitsiche i Dobeateen vesseh {nlcorcuwiennd
diameter (D1 gy, P2) of the orifices 39 and 41 are chosen so as to

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




set'to a mninmumthe energy |loss and to obtain highgr v [
converting energy pressure into kinetic energy. 10§PnAP§g§?egb§§and 5

detail ed dwug'%lagf the nozzle wused in the present invenkbi)}am% 08,%lown
€

Oifices can filled with dianmeters dowmn to 0.02 mm Thé nozz es that
have been used for carrying out the experinmental tests have orifices of

di aneter ranging from0.02 to 15 0.04 mma 1% -anot her enbodi nent of the

i nvention, one or nore of the outer orifices are drilled in such a way
that their axé&heonidiige ds ttheoadios tdafnetshd teetiaaleteri DRce. Thdhe angl e
formed by the f ehr. orhfi.ces.: 04 S ntra
orifice is corrp@rs‘l seget#a!ti\%egr% be «:ngfo %ﬁ ‘?‘#etsglg%er % g%eog aﬁ.ﬁ aﬁ?sk 36 of
the nozzle 27 qgﬁ#ﬂﬁdﬁﬁ$meﬂﬁYa@flﬁh@rSaﬁﬁﬁpaﬁtgﬁwdv@19®dwﬁtchh@xtends

round the inl elbyamd cf dultgegentral passage 37, and an 25 outer annul ar
groove 52 mhlch extends r und the in ds_of th assgges 38. Figure 6
shows t heassenbl y %%etﬁg ﬁ82?F§W??n $ﬁ@9€g ﬁ&ﬂaprgﬁagv@na.glﬁmeFﬁE di sk 36
" receives a flriDloqm @g) s€althedozdditbe BAt andagluhae ghoswr &2 secebves a

130 second O.14¢ §82L, ipslf Uhekedleis 1865 XA LB BfUly Rt ch 2l oo

receives a nozz OWET A enga
t he second C>rVﬁé°§é§PeSSBY evaverhéngo@nergxrprgssurs i@h@tknm¢ﬁﬂmozzle

bl ock 60 is peperded Wth a central Iomer bore 62 which 35 communi cates at
its- upp end with_a Lateral bore_64. upper part of its |ength.
t he nozz?e'é bl ock 60TBhEig¥resnt rand pde %‘5651"33&1%%%2‘?% hemozalext ends

25 - August 2005u§@i02ﬁ068&0§r8§3ﬁfﬁm¢&%ﬁ@n ZPe akhognt heoeefided agper and
over bores 66,8%320¢1 03w fon YGhefOSh | BoRNORIeFTES h! " A dd e N0
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




The nozZIe shaft 68 is formed with a central shaft r rther seal :
(not shown) would normally be 5 provided around theeg’og‘?pégghéppg% to seal

agai nst the wupper part of the nozzle block 60. In use, |iqui Lon is
fed to theWOR®W807shaft bore 70 and fromthere to the inﬁgfﬂgﬁgi’ M he
central passage 37 through the disk 36. The junction between 10 the
central shaft bore 70 and the disk 36 is segjed by the first Oring seal
54. Supercritical fluid, optionally with a nodifier, is fed to the |ateral

bor eh 64 whi ch sggﬁyﬂtﬁ@tﬁénﬁ&:ag_ﬁgpggeaifaat%ommbobesesgzsz and E&@rrht herle

to the passages through the dis : j uaction between centra

| over bore 62 ahQ¥EheSh a%%aﬁ@gaggmﬁggsg&?‘gdgglﬁ fu'?'igsi:n@i'ﬁé St ﬁte" T%f‘"r'st

Oring seal 54Thednozzidecbafside by foemsdcenthGarcegtsadl sbaftThere

sol uti on e”erge%frO.zTf&&‘?tﬁ&ﬂté%ﬁokh&%@%{@twoﬁi&hnééﬂngﬂ ypand it is
n-contact wth the super

broken in fine droplets comng | ri,tical fluid.
The breakihg ofpreeided ryeowndi goednpeelesshafhl §8 chhanead BgainRst the

SUper or it oal FIEPEE orEg; 88 theThOLLLLCRTok 6L Y ey of rmanttude t he
Vel oci ty of sound atf® Hés?‘symj-‘ﬁgg?%“‘géﬁbﬁt E?e‘%ﬁ‘ﬁdt%r%é?ufzﬁgg%g 3?‘?52& of
the supercritilsgte fraighd nEeshatiséng toetheetkley efdtdE thel oenbrali qui d
et e bl S Ss oB158E, BB Sellolle
preci pi t &0 on thes senimalneshal bfbeuep?8, anfi the dighs3Eeisi agabedihy
o ng in 11 ne b O e el O Lo than the
tenperature 35 anfsioRalilye widh i eodbbieri ofs vird dio ke tg]aﬁEe}"%L gbc”é%count,
t he tenperat ur &4 Q¥EIdH @it ixdthes axDEnsStnd céitlgdwer nodzéesp)ifi ces.
The modifier | Sar}c{] ePro%jq:%derZeS t%ugclﬁé gggs?ages 38 through the disk 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"

WO 02/ 068107 PCT/ GB02100840 - 21 at a predeterm ned 249 ewdigice 2005t he
supercritical fluid by neans of punp 9. The solution is punped by neans of

punp 10 i nwp éwsparticle formati on vessel when steady st gkg/@amdidspONns

are attained. 5 After that a certain anmbunt of solutionis fed to the

particle formation vessel, punps 9 and 10 are stopped and only the
supercritical fluid is fed to the particl@iformation vessel until the

. precipitated powper is, free of solvent and nodifier. 10 The particle

fornmati on vessé Hﬁﬁﬂ%ﬁEﬁHQQﬁﬁj@%ﬂF #@F?;ﬁﬂmﬁ?ﬁ|$§Pﬁ€€§v§#€é1 FradeL ES
The foll ow ng é:gamrpda&s weif oy rd.ed Thid g.gﬂ_mg,dn 1@tpﬁe@eacggr ﬁkéaﬁst gft he
present inventi an %&2 ratu S S|n1Iar to %F |n figure
1. Exanple 1 Preparation of a ﬂéﬁﬁh AR Fﬁfﬁf PCF adyy this
exanpl e, the matede Giondié:mqnﬁenmeomtltalnw"ed to prepare protein powders
using al kg ine 20 phevRAAlARR GALRLtaAnS Al off HhR:iSHR FaTEEAS) i n

dei oni zed water a concentration o Yow W 1S use di 6xi de
and et hanol ar@hﬁSB&r cé@pé?@@ﬁFP@&lVpﬁﬁﬁé:a@@m9§s9nﬁﬂﬁf1@rar¢espect|ver

25 The sol uti ostioppkad aindt @ntlsretaér bu@b&_cﬁ:at%huomuyasw £é4 By fRANs punp
10 at a flowr getof OW% g?%k rltg ﬁ garbon dedee Is fed by
neans punp 8 a EELPEGEP 69“389 trafigf PEeFtRiEItad pew ﬂﬁb 9 to
line 34 at a fRsmﬁraeeoﬁfsélgkntnaaddmodlfierlxed with 30 supercritical

carbon dygxi de pri OgbopBt L LES eI RALLELY 19T aBlI o yersey e |

supercritical fluid s ecte |cIe f 1'on ves
the four ext er ke P@W@?Fcég secovieredzzl e, each with a diameter of 0.04 nm

EXAMPLES

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




35 The solution is injected into the particle formtion,Ng$Selhgkhrough the
central orifice of the nozzle, having a dianeter f2 &? '?he | engt h of

all orific August 2005 WO 02/ 068107 PCT/ GBO2/ 00840

Tenper aturgﬁ)a‘h@@@ssure in particle formation vessel are g@ﬁ?@@@at
T-40C and P=10.0 MPa. Precipitated particles are collected on the filter
23 at 5 the bottomof particle formati on-vggsel, while supercritical

fluid, nodifier and water are collected into cylinder 26 at atnospheric
pressure. The dblautmmon and t he car bon dioxide with the nodifier have been

fed for 240 mn, t' 0 0, ure carbon
di oxi de has been feg[%r“}# tg'% %ngen i\}ggﬁ%f%r er ti)(-}}(tract any
trace of sol vervessed s ﬁﬂ@mﬁ&mdﬁt Bl 561 eade P=IgbvtMRa. Typical |y,
the particles fﬁrera URORS rﬁ’!?éleé!‘ﬁ%edzd!ﬂébﬂé/&’ 49! 4@ Se P.ftézarﬁoﬁ]t

di oxi de |n or der, 15 obt ai ry After depressurlzation, e
particle f rmat‘ﬁh?n 10 Qﬁﬁﬂfeﬁs %\W%e]a'rém’élﬁ)vered The

yi elg;ll OL thehcddpﬁemm@&ierﬂuczim aimnflﬁa@/oandm&walm@rcﬂgrmﬂt%dfi]gures
7, show t hat e t ai owder s.have an_equjval ent dianeter o
less then 1 m é‘:‘f&’ ﬁé%ﬁ %%g@"gias MASRRSTHE PREFTHFd resi dual enzymatic
“activity of ALP was TheD#Hplubddoesr ethd dheheaminomo ddssadiec ovrtdr dild  r eagent .
Exarpl e 2 25 PRRRRFIbhOReol bLeos Wil Bkl bt hikl} WHch2 P w1 yeien! hod

of the invention IS used to prepare protein E ers usmg_l Lysozyne

~ sol uti onlf Ly$egfnbagshbern eferped s purg coa] st b&en fed
concentration eht8. g¥a-tiwles resaftioc)veRERAN A @wé& y esithare! agye used

as supercrltlcglace 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




fluid and as nodifier, respectively. The solution igcf o] particle
formation . vessel 22 by means of punp 10 at a flow ?gt §H8PQ% %baglm' n.
“Supercritivwabe@idon dioxide is fed by nmeans of 35 punp 8 miTr@médigeie at e of
30 g/mn, ethanol is fed by means of punp 9 to line 34 at a flowrate of 4
g/mn and it is mxed with supercritical carbon dioxide prior to 25 August
2005 WO 02/ 068107 PCT/ GB02/ 00840 - 23 - " F?Pry into the particle formation

vessel . The sup [ l,.fluid | cted into the  particle formation
vessel through” f%{ﬁ?gex]f’%r%%*él%f” E ERAEHOREeF7b1 e, each with a

di ameter of 0.04 rm'i‘hg Sepexcritionl i £lundels etnjexttoed hmtparﬁhesl e formation

vessel througk%ép&@f@tf ﬁiéﬁ%géiihw&%ﬁ%@aﬁ’ ae:%é?}r?apfter of

0.04 mm Length of all oriftices erature ressure in
particle fornePFbRLaes vekdere ﬁ@?ﬁa@nt%%dﬂhﬁh@@w@ ®EHR- 04 mm.

rﬁspgctlwel Y. Tﬂé%mﬁﬁﬁdlé)aiﬁjé‘é@édf\iﬁt&oéﬁécﬁé.%:ﬁlé tfi%:frﬁeh-%:l%n 23 at

t he bottom of part ti,on vesse ercritic ui d

modi fier, waterc %fs%f"ﬁ? et?}'ﬁltcffé?'?’ila}lo?np‘%:'&ﬁ sk s %@(ﬂ RaERG i nt o
cylinder 15 2& adlmmrmphﬁlm.q:ﬂmur dierifitlerof helll ardefiicsisn iaouy of
solute is fedgpto particles formation vessel, punps 9 and 10 are stopped

and only supercritical fluidis fed into partlcles formation vessel in
~order to dry the pricomsinaiiuse 20 @Pneasure vigi eadbicle: feamedighout two

times tho vol lﬂlf&sélf e 1RAMHERY T rmiqcoanueiﬁeb M?aoak}éé?@c@&%eﬂ’.ﬁ"‘der S.
At this point, it st_lbleto dep ssurise th icle Tormatio
vessel , to open an e sol ﬁé’t?fieP& &her fddEered

powder was 90%3 'EmtﬁElVbaﬂtttbﬁgbipb&I(tﬂ‘Jchw Eoriation Fépsshowwhhale
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.




the obtai ned powders have an equival ent di aneter . of ;kesgq,LheBghspm and a
narrow size distribution. The found residual enzynatlc agt|V|ty of ALP was

30 941s, o the unprocessed commerci al reagent. %ﬁ?Q¥
Preparatlo Bﬁﬁkﬁﬂghalose particles. In this exanple, the netho (gpéﬁﬂe
invention is wused to prepare trehal ose powders from aqueous 35 sol utions.
A sol ution of trehal ose di hydrate (SI GVA-Chknmtcals) in deionized water at

a concentration of 2% ww is used. 25 August 2005 WO 02/ 068107
PCT/ GB02/ 00840Carbop4 diogideomndi ethascdnans massl af supsaenidical

supercritical f&hgadaﬁadagﬁnﬁgggagg’ ﬂggﬁ@@ﬂﬂ@@q /. The solution is fed
into the particle f vess hy neans t_aflqow rate of

ormati pu a
0.2 g/min. 5 3uper$¥1f3t £e lut&&Pb&ﬁ é AgEq §heea>aar?ﬁ?3@nsf igngt a flow
rate of 30 g/ niressellhapoby meba@ Pympeans amu&p fadm ralﬁew@f% at ggmiihow rate

f 4 g/ d { t
entry’i nt§ CheSUBSFEFEFACRr farPeR daseare Sh AL BN Rl b0 & 1 s
injected into £hew patelofe3ﬂogﬁmnnonethaseﬂ awrdhghkuheﬁﬁwuwPBmpeBnab
or1 1 ces of {NiAR7ghcarcach1bh BaRedbRTR! gYndh Qrldl 4B o FigeSOLLhON | S

injected into t particle_Tornmation vess central orifice of
the nozzl e, ha®VREresibigprineatkonf ddogddampriexgtle 6ntay istpfFhes is 0.2

nmm Tenperatq@graﬂ31@r§§§maglbﬁ {Bgzparticle formation vessel are
et g 2 40C, Ak 10,010 LESRECLLELY  oPLESLBLLAL SAcRophLCl o5 are
whil e 20 superpasrtiche foémmdtiondréseel thtreughntheolfous extennahlly not
precipitated agg; £OLLECLEA LD Q0¥ L NAELn2R18h 3 BRERBEELCOR G584 fimC! ' C2-
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.




_After that a certain amount of solute is fed into It f tion
-vessel, punps 9 and 10 are stopped 25 and only supggc%‘:uﬂu%gl gplﬁgi dis fed

into parti¢lgnzfoedgRt i on vessel in order to dry the precipifpah ers:
typically, it-needs about two tines the volune of the par%i%c@w@rﬁgnation

vessel to obtain dry powders. At this point, it is possible to depressurise
the 30 particle formation vessel, to open2and to recover the powders. The

yi el d of recovered pogwder was 80*. Figures_ 12 and 13 are SEM mi crographs
of the obtained povﬁb‘% SLOVERTIRN J8aY ke cmdenstnad [dmrangwhtowrdadet gur e

- 14 has been detenig Nedrhifd NG AR | & o . brdahb a(s?%ct Arfer st) and
gives a nean si of, .1.89 pm. 25 August 2005 WO 02/ 068107 PCT/ GBOV00840 25
.The invention ré'gv%’et]lﬁ{ﬂ@)&vo’d%e% rﬁm 9 ad&ETon &tk SYHE TR cor di ng
to one broad agpedtialee fqmmednitcmo o reo\dudest sappanating fidie AT @rotets,
subm cron 5part&&ﬁﬁ-f£r_d§at' : Us) th rocess, 5

conprising a parti clle rﬁdaﬁbgggl\f’gseze an %éla?se (')arl %ﬁnﬁﬁ'oe%l?csl %’fa

sol ution of thé¥HEISY andod utdgredt ithe substangs and @ai d particle
formation vess@upereiatdear i d RrthAlsadid $aFRIR] € ¢RHaI8 A %é%%i.,
‘havi ng separat e, out | %ts for. the Z‘cf%‘l utlsgg1 and the 10 supercritical fluid
respectively. AORSPSERGiEEatst FRRtHEFAE NSFEE CPRRYLRGeAt MORZL6r ovi des a
nozzl e for thehiantingdeepamatel catieltst for the soiubibanaadamtiea

supercri tigcal £l Bbd i rt=h Gl f ls essel for mcron and
subm cron part%c#eggfggF%F%%t ?g%'?jf rgaijggss:t%%gfl nce using the GAS process,
characterized in thAtcerdingzkpeapohersbroad. sspectl theutihwentbonarry a

 LL02ﬂinf?Lgfi9ﬂo@Ede§ 2l Hoaki by rel tRH! ShtPHELEL SohOofahT YoFuti8YW QF Pure

Sup 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.




.fluid or a flow of supercritical fluid mxed with g5 20.,mdi Hiygk.
According to a further broad aspect the invention provi ges a process for
m cron and submicron particle formation of a substance using the GAS
process, conprising the feeding of a-sdpercritical fluid, pure or 25 ni xed
with a nodifier, and of a solution, through separate inlets of a nozzle,
into a particle formation vessel at controlled pressure and tenperature,
such that t&eAE¥Pvent is extracted fromsolution by the supercritical
fluid and precipitation of mcron and 30 subm cron particles occurs. 25
August 2005 - 26 _CLAIMS 1. Apparatus for mcron and subm cron particle
formati on ofla subRPaFEE sty RHE JustrhtFuldel sxait PaEdiGAst al i zati on
(GAS) processgerk@PPsh SbAG S RMtd.de yd QIO Mesaal; and s for
introducing a solution of the substance and a Supercritical uid into
said particrectvshatlbmtiiewselGASairk e, comptisiing & psozzla ehavi ng
respective p ?99? [ S tjon an t.he super.critical, fl.uid d
separate ‘outﬁg S aJ?OIfl g‘(y)%\%’]{l lreagrln#enlhec?snsof&ﬁelnr ersopcguc e apassoslélécelsqn soﬁfgh t hat
in use cont@dcod debseencd hendd wWipranid tdwl stlpercridticalaidluid first
occurs in the partjcle formation vessel ,dcgnvmstream of the separate

outl et s, i jn% %%%msaatg]eosn ot s € B WHEH SRR UESk Feam porti on
whi ch feeds 1oz 31B8 rwﬂ&f%@emtﬂmw tian.cne SRA/IUSRS cl ai med
inclaiml, wherein sai nozzl e has one central outlet and a plurality of

outer outl €t TUREREH T loREd FaiSRPIE Gyl 18t GW of  sol ution,
and the Out efo it 8 SEIN N WL iAo ls DS SURRY G gl T1Ui o

. ¥
3. Apparatus as clainmed in aim 2, erein s er outlets are

arranged at udre sl semeerf rtdm swildition 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.

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.



central outlet. 4. Apparatus as clained in claiml, 22 @hgdstWeengi n  said
respecti ve passages extend through a nozzle body. 5. Apparatus as clained
inclaim4, wherein the nozzle body i_sZ?rgvi ded with a seal for sealingly
separating respective upstream ends of “the passages therethrough. 25
August 2005 - 27 6. Apparatus as clainmed in claimb5, wherein the seal is
received in a groove in the nozzle body. 7. Apparatus as clained in any
preceding claim wherein said outlets are provided downstream of the apex
of coni cal | yet apetPPRIEPOIT i dhsCloiingd hozdain &, Afparsiushes sdad ned in
any precedi ngs ci&tdlvedthal & ”lgfct@vé’ultrl &l HE Ale tgbqjydomstream ends of
orifices, the dianeter of said orifices being between 0.02 and 0.1 mm and
preferably between 0.02 and 0.04 mm and a length to dianmeter ratio of
said orifices. ba&ps;gaztmtwmab T ladtdnedd . irD. arﬂpﬁﬁf@iétﬁlrﬁﬁ Ellzgiiniyed in any

precedi ng cl rein the outlets are at. .t wnstre of
orifices dr |vﬂfen}am|rh US ou%a%tﬁ HHt® e T Cg s&)é“' é%efé“ %aﬂ] ?‘é?hd?lpee}? or med
bet ween t he @aikesomieiaiglbetapsening gkt i3Ms WY tAsparctais.as cl ai ned in any
preceding claim further conprising nmeans for introducing a nodifier in
said particle formati on vessel through said nozzle. 11. Apparatus as
clained in &y pr&qmdiartgla:la&i mlaimest eirmn sy egsquetdi\p@ autdiet, carries a fl ow
of solution_.m xed ifier. par a as clajnmed in any

precedi ng cl a}?‘?ﬁelr\lf\h t?er({ S PEC | ‘%Fe %@o O@i %ﬁ% é%sl (ﬂ%
supercriticariffidak ,m@h@l diadntetae i fdrd o3 iAdR0Z8 iR of @fetwas%n

i ntroduction of a solution of a substance and a supercrltlcal fluid in a
particle 25(%dﬁh§yuhdb§.nmn 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



- 28 formation vessel for micron and subm cron parbEchgq, G%grg@bg)on of said
substance using the gas anti-solvent recrystallization ((:I process, the
nozzl e conprising respective passages for the solution and the
supercritical fluid and separate outlet38at downstream ends of the
respective passages, such that in use contact between the solution and the
supercritical fluid first occurs downstream of the separate outlets,

wher ei n t hef passEiges wome sfeola Iy ceprd isave tseomigsane aadcitlicon  whi ch
feeds a nar oyl aiigt &5 dons 4 SAB AR Lingl 4nd PR ZLE 3 cabalged [
claim 13, conprising a ra out et to carry a ow of sol ution and a
plurality ofrmmeﬁrtaitjltﬂ@ttslqro GH#HT)y prddes® -ofthsume z zshgp erampirtiisdald fluid or
a flow of s | t f 5. A process for

m cron and su rﬁc(é(r:dr%ry%gé)ra{ S::%g%s @(ﬁ&ﬁ&h}@o#})ojt%tg%gfug&%ﬁgjee usi ng the gas

ant i - sol ventsupestruigtiald zfa}tum a@@@)t%gm@d‘@ssmtd@ﬁﬂ iadi Mypwnisé reeadi ng  of a
supercriti caén4§ W RUr g, nﬁém%'ufdhe hatald, Qfsea sol ution,

t hrough a nozz intoanp rtlc I on vesse at controlled pressure
and t enper atagrecacts dtwden i %dtutemn iag1cestihrea v fardrissllutilgadby t he
supercritic igand I d cr Lticles
occurs, V\heféell%#hog: supe%osﬁﬁodcltzﬁ%tﬂ ﬁku%él %L}g%s%olol%li%n@sér g%feg% }thhrough
respective s SEpEnass danpwsd & t‘n@déimdtlatﬂﬁﬂéileé‘f uErRbriegans @eatard outlets
at downstre e 135S : t between the
supercriti CZ{H%}# decgdrfél%t tia%%fttﬂl:é?n il rgtg)%zlggtf\r@lﬁ%gg%?}tl?%e particle
formation vessel downstream of the separate outlets, and wherein the
passages co is r r Ontsl O ds a narrow

di anet er dom%tr?a%o\goz(riteel (G)dd]nsar@l‘?@L t?g%ﬁgtn %%& 1239 %fmw&%gr gg%ss as clainmed
in claim 15cartfaradi muddief to carry a flow of solution and a

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 introduced into the particle formation e with a
nodi fier. 17. A process as clainmed in claim15 or 1(23g §E§P8?L§?§2 sol ution
I s an aqueous sol ution containing a conpound of pharnaceutical interest,
the supercritical fluid is carbon dioxide and the nodifier is ethanol. 10
18. A process as clained in claim 17, wherein the pressure in the particle
formation vessel is between the crltlcal pressure of the carbon dioxide
and 30 MPa, and nore preferably between 8 and 12 MPa, and the tenperature
in the particle formation vessel is betwegn 15 30 and 80C, and nore
preferably between 40 and 50C. 19. A process as clainmed in claim 18,

wherein the rafgo Abgk%%sl he maamfeldownr atgiaf 1sarmaréiﬁxsgsdand
nodi fier is bet and t he

and .40 ref.erabl y bet
rati o betweenSP Htﬁ8§slﬁl&ﬁtF§B€°§§ 1HBH|F¥§r93£glﬁ}e gﬁﬁ@ﬁ 1g%lutlon is
bet ween 5 andvé@sebdmipeef eiahl w hethd€Ednrl0 and 25. 20. A process as
claimed in claim19, wherein the 25 carbon dioxide velocity at the
respectlve nozzle outlet is of the order of magnitude of the speed of
sound i n5 t heldar bBnPuPEREe 28t CLaémednpar glaia ARJOPr B8 suvBeTralnt Hee

particle fornBbiapi®¥asEsl an3Qqgiéoud Bb@ﬁ@ﬁ&naﬁoﬁtéiﬂiﬁglﬂ @$ﬁp@md§.@f 16,

wherein said _solution _con np hat L nterest and
a sol vent soI%%?Em?ﬁeFﬁécngéP F?Fgalgﬁ?lﬁVEeg§E+€B?§g #ﬁ W ethanol |

met hanol , DVBSarrbomogiopidel andcbhenesedTEier atet ¢ chardd, ethyleneglycol, 35
pol yet hyl enegl ycol , N, N-di nethyl aniline. 25 August 2005 - 30 22. A
proceszﬁgs claimed_in claim15 o

sel ect etV f r ont8t hahLXOBERY %ﬁe?{?aflgg‘an’e“e‘rs’féﬂﬁrfﬁle%ﬁ?'?lﬁ%ﬂ{’g(r)%t‘é ﬁ?!t r](c)lugI ars
oxi de, chl orptesdhrerimethaneartbebé | fioritel dmnesssxehais dekbween the
critical pressure of the carbon dioxide and 30 MPa, and
more preferably between 8 and 12 MPa, and the
temperature inm the particle formation vessel is between

15 . 30 and 80°C, and more preferably between 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,

N AMENDFD SHFFT




5 their mxtures. 23. A process as clained in C|a'”b%5AQéu%§ owperein said
nodifier is selected from ethanol, nethanol, | sopropanol, acetone,

THF, acetic acid, ethyleneglycol, 10 polyethyleneglycol N,
N—dinethylaniline . 24. A process as clainmed in any of claims 15 to 23

carried out using apparatus according to any of clains 1 to 12.

- 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

s 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,
i0 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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