25 August 2005 WO 02/068107 PCT/ G802/ 00840 - 1 APPARALLRsANBYETHOD FOR
.M CRON AND SUBM CRON PARTI CLE FORMATION 5 Field of the invention The
‘present i nWe0D2/0E8107¢] ates to an apparatus and nethod of faram/ggoy®msyy fi ne
particles of chem cal conpounds using fluid antisolvent precipitation.
More particularly but not exclusively it relates to a nethod 10 of form ng
mcro particles of proteins, for exanple -pktoteins of pharmaceutical

i nterest. Background of the invention A |arge nunber of industries are
interested in the production of mcron and subm cron particles for 15
different applications. Thepreedrd®rag Wi ipln antwn ®Highod to produce
subm cron particles is partic gr rpnoupceg I n_thé 8ﬁarnaceutical

field. There are several reasBfs »: Nfine powders in

pharmaceutics, such as the need to 20 inprove the bioavailability or the

requi remengs fqﬁdl?fgggff#eag{@é’@%fotﬂi cal forms (nasal, ophthal mc,

I .nj ect abl es, I e The conventi onal technlques for
particle size reducThQ)rPJ(QﬁﬁnﬁlwenﬁJldn g lapmaan mpparatese a2
drying) presentndEidy &S agyaphRg % rfﬁ?étada&lﬂﬂléso il Agi.qal active
principles. For_instangce durln e” initi tep of freeze drying, the
drug (protein) SHiEP° qqé% k%ﬂi A soigiead oxesipdfationcontemer at e
|OI eaont ng Eo cham@aszmuwmabuwm woam@tlhr,elyhu_%l &%uta%t@scwsaf %@h@ﬁn

enat ur ati mai n i mi i ons o i's
technlquédgre ggggﬁzﬁgﬁg&%gﬁg%h %EP%lthE&REFoﬁgépﬁda?PGneﬁﬁﬂp@SW
ef ficiency w tProteing ¢fdphagmhcgntiead! intkereesi.dual noisture. Wthin the

l-ast decade, dBEEﬁb%@hnﬂfB@e%ﬁéslﬂéﬁﬁtlﬁﬁ been proposed for mcron and
submicron particles formation by utilizing supercritical fluid t echni ques
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).




(RESS, GAS, SEDS, PGSS). 25 August 2005 WO 02/ 068107 sP&ETB02,00840 - 2
These processes have received considerable attention, because they allow
honbgeneouwoproksiores with a dianeter smaller than 1 m cr GTIGBI2@0840
obtained. In addition these processes allow very good control of size S
and nor phol ogy of powders, the conmpounds are not subject to nechanical and
thermal shock, and the powders obt ai ned arge"free of any soI vent. Two

processes for obtain m cro art | es su critigc | ds have
attai ned high inter a@te% vr% ‘P‘?‘sir Jr%" %ol utions

(RESS) process a(t‘ﬁmmtlbn/)l be[ﬁnmmd:ehey all.cer liEtmgememts qrwficlEsoeriadi bl e
pol ymeric m crg Jg l.e of
supercritical solﬁgt | or't%‘[}'d lfatrf lP%l%ofgq% %ﬁ%ﬁg&ﬁ ) I(?nd Gas
Anti - Sol vent 185ddd&iypst &h&%mmﬂe{s@% qarlmes@meam% Hegntyolvof sdge ey,
MP., Kruloni s an¥ orpgldiddy of PowddPs, CHAB corpfBund¥lare mg,stﬂi@ecﬂp@

I n the RESS process Su stance of interest is oI ub|||z in a
supercritical c%ﬁ‘d‘ 53' "éﬁ! z?g%fj ‘%%ﬁticle
~formation vesselbthlih@dmamh rﬁﬁe?el e)f raaR Godvemtsi on of the supercritical
solution causes th rec | tions it
i s possible to add es%tel (ﬂq‘{/é)%t)t%gl?‘%?“ ’?’ }%e&s%%lpg critical
fluid. 25 A dr aupat:k:roﬁ:ltdals Rladids daoe atitiedmeshhigh fiawexnssigpoBapddar e
sol ubl e iaoughmcpaﬁggeacuft Iseile f'cfcjrli't‘i%al [ t'n.fon% "Bgidd)eprobeged. In

addition the ra% Xxpansion~of supercritical sol ution thro h the nozzle
can cause the ffedzi doWoir Dehenedatitdal PrBui JThEd fop@ati®my Yckage of the

nozzle. In thepEASroHeBAES pd1YRletie eﬁcratsphe&te afid @lissd yedtielasl bgui d
solvent that ig mgcible with” superctitieal 0l uidyethils Higraghubs i not
soluble in
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




the-supercritical fluid. 35 The solution is sprayedshnoughraspegzlie into a
particle formati on vessel which is pressurized with supércritical fluid.

~The rapi d sapologsdepat e contact 25 August 2005 WO 02/ 048107%@}3@90840 -
3 between solution and supercritical fluid causes the extraction

solvent fromsolution in tie supercritical fluid and |leads to the
precipitation of solute as micro- particles 4t is possible to enhance the

solubility of he I| UId solvent_in the supercritical fluid by using a
modi fi er. The Wisie G SuperatEitdasds fdnid FeUuRESStiveocess and

allows a betteremﬁdtﬁomfoﬁors@ﬂ%t MBI 1 oHN G 1C i %hp%&%&l%f c(%ﬂe GAS
process is theﬁ\ g‘f}ﬁfllae()f s% Lon_and supercrltlca luid: in _order to
obtain an intinate a ﬁldé’ xftﬁ’? RSP 5P Ht(?na§sm3-9¥9|"l
droplets into @I@G‘@uﬂ@a}rl tlitc dls plamsd.blse n:eqwrmaﬂhce Bhif epdnbidévyces have
been propgsed n u I article
e 0 NiRRLiE %Io‘itvleﬂ'ﬂo 6.?1 dpe %?@%gc&]l%icaﬁ ih.gld F)g gxg PR Bry

formation vessel 15 1h order
nozzle with a HBPsiddiss- beF‘%@eﬁASOPIOéEﬁéSOOZeng lbhenduawbaf:ksspf( Di xon

D.J. and Johnshenwrfd® prbeesdt kAl af1GWer gp%%arpebxegmf g.lé :?oc@F
oriented fibrils b%ﬁ Rreci pitation with a conpressed 20 fluid ahtisolvent,

J. App. Pol ymePa§3 CA8: 1929- 1942, 1993). This device shows high
pressure drop al ongﬂlescruemglhstepdoﬁgthe eAsoproeess'eixslﬂheommiﬁgsure

t Ki pgt h Deb dett
Ge, prig vorgs Eoputieh g MineRb¥ ftbatoraanan) PRER St 050 skt ek cas
process to foffh ib?l'éﬁ@iiﬁen?’édorﬁial@l vixingl a dhﬁgel:asmtdnﬁ splution as
solution is Spélﬁélfﬂ abs ?1@&!3alﬁi?éeﬁhéréuﬁéﬂcrféfééf%&iécléf‘”fél;:?:.f.jé@mt er

of 20 micron glen 3 m cron 1 nside the particl rnati on
vessel f erent devices have been proposed to 1113 ect golution

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.




containing the supercritical fluid which is introduseds Bysa diphkerent
inlet. The laser-drilled platinumdisc has an outside dianeter of 3 nm a

t hi ckness Webroesmor and the orifice is 20 mcroneters in digdBEaiyeoddd S 35
techni que has been used to formparticles of catalase and insulin (0.01%
w v) from ethanol/water (9:1 v/v) solutions using carbon dioxide as
supercritical-fluid. 25 August 2005 WO 02/ 668107 PCT/ GBO2/ 00840 - 4 The

experiments we carried out at 8 8 MPa.,and 35C upercritical fluid flow

rate was about&gg GRS S Eh & S0 SR IR qu% Pgté'ﬁbguﬁbéﬁFﬁésggfcclwin

Conpared to a sapelrkaiyicedsfduithdElows eatedr Walsedbomtdi3zsc gpindacand 6Re Mai n

advant age: -t heg3h9oheleen »okanghly andydl gTakerofythe orifice all ous
rop an gy p ]

m nim zing of the pressure _ener réssure 1s alnost  conmpletely
converted i nto ki neFPEparedgyo ancapdflaryapozzlery thieghassudrdhledt es and

very smal p drogigéspeaBehits oh@ fRHAI BB¢antBgkhi ShR' 26838 Hagwadgercritical
fluid inlet is;, not,optim_zed: the oggglon i_njection occyrs i,n_an al nost

static at nosphbPRIBP SBPeripPeFex) of| the, ofifRce shleyenmaiEdzing of
Sybrananian1B.théﬁ@ﬂbﬁSurEaﬁfm@khnB.eﬂergﬁtFkasH?e &thhﬂd&tfor parfic!e

m croni zati on zation cecrystal Li.zation fromor i ¢ sol utions
sprayed into dgg%%ggggggegggﬁFFgégvéﬁ?? %ﬁggkﬁﬁtgﬁFrﬁg'5§74§g§£ FeP3Y 03

- 1999) di scl osevexy bigh gokwbioharateaxani venyesyshil- dzopdetergamtbaozzl e
to injecigsol Whihdgo a particle formation vessel. The nozzle has a
convergent -di vergent passage for the gas expansion_and an inner coaxi al

capillary tube. ThelBdFiai® PrPRpest bhet wupegariktcatobdvad éalet |39y tube
i s energized ot hspedRBPedNOLRS §8Futide DRfetbbbnesberds in dme
convergent- i veBeIl 0ReE o ERRbERel spPeloonle; MELOF HSta, Wi

: 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




t he nozzle leads to the formation of a Mach disc V\hlzcghAu?gggngg%dl spersion
of the solution and m xi ng between 30 solution and superc¢ritical fluid.

Subr amani afcaj2eedi107 Propose as energi zing gas an inert gaSP%fi‘ldiﬁE/OM% or the
supercritical fluid. In the cited exanples the authors use

supercritical fluid as the energizing gas. Even if to reach supersonlc
vel ocities very high 35 pressure drops of $he energizing gas are required
(about 40 MPa ventors operate,at nilder,conditions usi ng

pressure dr opsESFi‘gbBﬁ 4835dr © eF/Pﬁ)ucsge%ﬂﬁirt?@SAugﬁ?'ﬁwééb%t%@%ﬂ@%107
PCTI GB02/ 00840thep ctamdsubstaaaihlsmmpfeﬁém@nml eeinpaesd bt w t hst andi ng,

they claim subé&ﬁ‘p Ll o hgfre%(%nggééﬁggrmar ed to conventional GAS process.
the

Experinmental l'y y recr focortisone 5 and canptothecin
obt ai ni ng powder s |W%lfﬁ%ﬁ§@lbif thﬁ?iop@ﬂ]f%‘t@lsl:(.eeé hydnpcoriismheant age

of this tschni gue d:ém;&lh@&hé@fn élel’@ﬁiﬁiﬁé'ﬁé’d:déi-é“ﬁn'ﬁﬂéof & hge sol ution

spraying in order to p very fine drioplets; another advantage is 10

due to the i ntﬁl%‘?%alfﬁ&?i@s b&Pwezh &8l ution and supercritical fluid which
occurs in a very srmtladvmﬁageaéftbﬁlélozéémwlé els dh&t dils@dvant age of

this techniqu g bet ween ,sol ut i and su ercrltlcal fluid

occurs 15 bef orlzeé&ta%tr’r%%l I 'n h%“%?‘ﬁ%l% cfr.glrf\f

situation coulerdesada cofain C\I’@f}?ofm idorofieftor e dhofi s aa:htee:ttaga dst he

particl eggfor iy & t nozzl e. Hanna
d &b taps n%t&ﬁ%?ﬂ%'ﬂéézﬁ)eggg%@ﬁgtﬂn

M, York P. (WO paten plicatio nuary , 1996)
- propose a newsﬁﬁ{ ‘éﬁ‘d"[ e e ithich WeTY Sl tyacticl es by

supercritical #t wtk &ﬁﬂ"ﬁljg}l&lm@ﬁad SEDS (Sol ution Enhanced Di spersion by
Supercritical Sol utIlh n)dlsa%%'ar%{t%%eessof schl%.ass%%c nl%u%ev:\‘/ﬁc?&igt thréozzl e 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 fomation-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




25 sol ution expands through an inner capillary withog adiggaetepogf 0.25 nm
the supercritical fluid expands through an external coaxial pathway with a
conically tapering end; the dianeter of conical zone at the end is about
0.2.-mm The m xi ng between the supercritical 30 fluid and the sol ution
occurs in the conical zone. They also propose the use of a three ways
nozzle: in the added way a nodifier can be fed in order to inprove the
m xi ng. They apply the SEDS technol ogy for precipitation of small
particles of water soluble 35 conpounds, gawely sugars (Lactose, Mltose,
Trehal ose and Sucrose) and proteins (R TEM beta-1lactanmase). . The nodifier
gnethanol or QhF&nehﬁ partﬁt&ﬁduﬁeﬂmaﬁiéuQWSQTQDOQiEhériw?getﬁTTrwiF??Ies
ormati on ves ei.ther toget ] t he tion t hrough a different
inlet. This h%gﬁlgogPE%ﬁé %rgoggrﬁﬁgﬁi%taﬁ%f%re &i%%;g%étmeen t he
supercritical flui ghagdneralsohlilowa: atgeod samd rint ek e diipageen

fs;Jpe(rjcr it calbé#:uégnﬁﬁﬂesehglbheﬂitelﬁegzt S;teiﬁ;arf]@a&fm@féoﬁmﬂtﬁﬂs Kb the two
ul as e rge_.rrom e Noz e ou et a | vel OCIH | an e |

Super or 131 oo FHFEEQCERERGE , BECHRER] FURRHCSHI RS b Y A SERE AR o srmal |
dropl-ets i n thecpast inl ebef conbtabnshded essi) .t%e:@gﬁdxdai‘na;mrg‘e this.
technique is ¢elatelat 952598 & é‘etaéeﬁié@g%ﬂ&%ﬂ Idd$qpd | Ui d and

solution before entering 1nto the parti s tormtion vessel; ,

preci pi t at i orS'@e¥Fel HbGeer LLeif eReEgzeh thee LHeprd selutiqn ¢diich
eventual | y caseakeziaitto ek orodhet S URentid tdaadidlles totedngidy at the
nozzleldnﬂl<vqé§%éin1ted by the orifice dianmeter that is quite large. It
is known fromGE-7A2 322 326 to provide nodified 20 apparatus for particle

formation using theSEDSadeaitigrieef Tie mpeatwiigsiec dpmiedeted farticl e
~formation  vesggelcdith S hn IAFOMGINGA $ahMld QRPlsdIR ion

| 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 critical
35 temperature. :
The term “solvent"' wmeans a liquid, which is able to
form a solution with the substance.

AMENDED SHEET




substance and a supercritical fluid into said partiglse, forrebieg vessel,
sai d neans conprising a nozzle having 25 respective passgges or the
solution and the supercritical fluid and separate outlets at downstream
ends of the respective passages, such-hat-in use contact between the
solution and the supercritical fluid first occurs in the particle
formati on vessel downstream 30 of the separate outlets. STATEMENTS OF

| NVENTI ON The t erfre stgpen ctsubstdndd 'limPameansse@lfd wfd at or above its

critical pressung, a0k ids) ciidd el 33 4 QIPEr atdh g1 Jhe, tigfdnsSojyant " means
a liquid, whichi1s able to_ torma solution wth the substance. AVENDED

SHEET 25 AugtiR? “Wob®h 7 shaherah tisiblst aterl Halhsim W i d of

phar maceut i cahpénderestamwhiiids soluble in the solvent and which is

substantially insgluble in the _supercritical fluid., The term"nodifier"

nmeans a chenical WhY c%egﬁhéﬁ%cg]sfl%%l Ji5313 2 S So| iSPhagees

supercriti cadofhod it AmDbjleetsafvdrite ipr edentsupwentitdcdls flmialker cone the

dr awbacks of thez?ﬁ'&éejséétlt éFCJH% Quassdescard e s ghave.¢ d nRaAdd gyl ar,
prese I'nven p

enbodi ments of the n i"on ~provide a 'process to obtain fine
powders of a-Raibdtamrckamt dheappdre &t Camikeged mgamtidad xture of
subst ance solpi+oOn Wth the supercritical fluid. Viewed from one aspect.
the invention provides apparatus for., mcron and subm cron particle
formation of a stbst g ?ch’é%ergrﬁ iofs diRfe M Sy S9N SZEN on
(GAS) processro€iderd B Padd icd e frorfiaid Powrsselof andubBaasideor

i ntroduci ng 2 C?ol utiaon o‘_I tshq: SLIInb teance . atnd ] Su ertcriet ior%al fluid into
said particl Y G et RESH @ VeSS , i Fhvedhs 6o | r]iﬁ a nozzl e having

respective substance solution with the supercritical fluid.

Viewed from one aspect the invention provides
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



passages for the solution and the supercritical fluhd Aﬁ?qs%eﬁﬁb@te outlets
at downstream ends of the respective passages, such that I n use contact
between the solution and the supercritical fluid first occurs in the
particle formati on vessel downstream of 7&he separate outlets, wherein the
passages conprise a wide dianeter wupstream portion which feeds a narrow

di aneter downstream portion. Viewed from another aspect the invention
~provides a SrRgfatd oputthety mbt cunistoreas epdsolaft itdre sfespeniidsteance and a

supercriticaladddbds | nsigcpartdClig fiddratd i e $R8lwe SOt HE AR aRG,

submi cron particle formati on of said substance using the gas anti-sol vent
recrystal | i Z2R$ df'® (WRYT Priddedd Tt hdZAS %ﬁ%i%“ﬁ&‘ﬁ@& i%e passages
for the sol whonsardthe @ifienos, tWitaleifd ik and s29cAUGUSIDARR5 &« 7a
separate outv&eés (?lt de wnst ream eands ooljt t he res egteievS Jpassages, such t hat
in use contact" betWeen Theto iAo dndt H‘g’ scglp rert i AP T d first
occurs downsiyaestie dawrestyepar atcertoudrl.ets, wherein the passages conprise a
wi de di ameter upSp{&aR RAd o AHGHRS ek N Qv AR grauast T eam

portion. Viewed froma further aspect the 1nvention provides a process for
- mcron and SUBHQITIP gkt il Fordfet (oPmfcron Pardiadce fedmed itofe Odas

anti - sol venta ragistsirald iZatiPRhd @A) MtACRS ves@NRidcTRa alihe Aeadng of a
difier, and of a i on,

supercritica luid, pure or m.,xxed w.th no, , .salu

ThPough & nasAt, Hafiodas o et i s e orasted aft SR SE A asbur o
and tenper atflinei,d,syoiret ket ntiked sdltrert ncslifterackhed ofom selluttiion,by the

supercritic i reci:pi,tat]j f. mcr. ubm_crgn _.particles

occurs, V\he?éer}rnc}c"{%e%sg%%rzgﬁ’t ilcl%aO i gnlggocéhné;‘e tfﬁ)%m%%ﬁ&?ll gfrrﬁgS%ree faé:d t hr ough

respective pasgagds st nsssurez Angl tteneeina tiirer efstigi Tibatsébpar ate outlets

at  downstr eayn-RAAS o e JRIPEFHANE PAITAYES byWihd GORLICt i thekween the

supercritical fluid and the solution first .
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




occurring in the particle formati on vessel downstreg@ af,qukhe-ggRarate
outlets, and wherein the passages conprise a wde Parmerer upstream
portion which feeds a narrow dianeter downstream portion. The process
according to the invention nmay include &he co-introduction into a particle
formati on vessel of a 25 August 2005 - 8 solution or suspension of the
substance in a solvent, of a supercritical fluid and, preferably, of a
nmodi fier. Thelupdrdier swgpdvesioronpouml substrice siol ublsplivertthe ofsol vent

and in the SUPGRGLILI 0@ cdi Ut dNendDYdd R dmy, BE: useibiandhe sol vent

i-s substantially insoluble wt the supercritical flurd, or of |ow
sol ubi lity. Ve &F drY ik dfcTmewyl vEhch it g e luldseridy ithiecal fluid
is low, the sisevait aanwdid igie Suhstantdialdly @ldions mdetdsrsidxXinkg bet ween

solution and supercritical fluid. Wwen a difier.jis used, .t.he ratio of
cou Tl or 1o YR S e G Tent T Py sl e %
pref erabl y have supgdgiriticceasel wfd,sclumf iltow cfoladdMerty. in t he

supercritical fl q,jgg%n Thes @ﬁggﬁi%%ﬁﬁhﬂ@tg&%@g i thh 4 he supercritical

)
fluid, with the lf'ution or In pa the supercritical fluid and in
part with t hRRIenioeak Helwkd oF Javtr ddwctussn of a medifddirfier greatly

I nfluences thgedi@ciion 1 dhe 2 e mand ddetvdist Wwa figarticles
that are formed. For the pr Clct%:‘{j%%l on of powders from agueous sol ution

usi ng car borftft oXiRfe Hs al solvent and ethanol as nodifier the
rati o between sup#rees id ineadififdiiis fldsa,r atte and itche fmdidiifdre f [fQww ate i s

ate s about® 9o e T ST daeH HE CUbSace Kol ITSh S5 25 T ture
of supercri thrsllefdhiivd ek rodiifgheriranea ssepdr atcdlupiildtvoduc ed livetnd t he
particle forytdiQ sypercritical 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



vessel . The nodifier and the supercritical fluid maycbg S{egOl@gf ore t he
introduction into the particle formation vessel. Altern tively,

nodi fier may be mxed with the solution before introduction. In another
version of the process the nodifier is-itht+oduced into the particle
formation vessel in part with the solution and in part wth the
supercritical fluid. If the solvent is mscible with the supercritical

- fluid, the sPhatserebtrihicalbSiaiteta I¢ranyledkntinribdseligusio 2005 9

the supercrigi&abaft e af@rrﬁ&t@?ér@txﬁ‘éé/séﬁt raduped- nﬁ&l@%ﬂoa{ﬁé cle
formati on vessel in which m xing of the supercritical d with the

sol ution and>®&TaetF b flvHd "é’dftk%/éﬁ’ﬁe biP]t‘-%l%‘hp%"r%r‘?}ﬁ@éftijMQf occur.

The subst ancighé sspreset aby yrioe petwmleiﬁi@aﬂ fmra)mtnﬂnsol uble in the
solvent and in t nodi.fi.er and, subs# ant |]<[31 i nsol ubI in.the

supercritical fluld THIHEPart] A 1oy Risedigc e'tun SUbst ance
sol uti on maycdrepgrnx@dsaleihle hign ribet Lfrcelvﬁn‘swpe:t cin ttitealmodi fliier ard! nodi fi er

or with the py aWtPféfi' tigaly dhi]hl%e Subk{btéﬂeg?ef’é’?ﬁ’lttﬂf‘alsoél‘{ﬁrﬁ may be

extracted fromthe sol ution an st anc recipitates as fine

particles. |n onel®enpediPaktioke tﬂféfﬂﬁﬁf‘@scghtvqsrﬁ@ntﬁhﬁ'n sultetangauci al  poi nt
of L hehpr oceassl dtofod | Irm@y Ao trh Gy quLrﬂ’Hitﬁlr%(; mils&c e Jdf Xk fritdigg0l uti on
with the supercritic ] a rapi intimate m xing causes

et pitart GV et bl o o i GREE S Gh  powder
yield to be I)bttalmduaﬁotﬁmmlaregﬂndnam angsx titee-tsel yidcan the one

enbodi nent e t a se into t he
supercriti ca% ]T"P%Cﬂ{ it o?ﬂgosfq{b Oa\rh&?) eiCltbpeit%tﬁ?lus p%&w di ng a high
interfacial Eaiﬂ@:a}cf@&rrass transfer and a short path for the diffusion of
supercritical flgf ddd i Sl ¥ W@'&te%effﬁd PRI difee growth  of

solute particles. In addition, the enhancenent of
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.




mass transfer rate between solution and supercriticals afluisd BBy sal | ow
operation at mlder tenperature and pressure conditions.” The present
invention permts such operation. In addition a high ratio between fl ow
rate of supercritical fluid and fl owrate-of solution may allow the
creation of a |arge excess of the supercritical fluid over the solution at
the nonment of theigk ﬁ&:g{@&&’ou@%é‘%tcg}% dérh?&i‘ﬂnérﬂfcc?ffiﬁ{e mass transfer
of supercritical fluid into solution and of solvent Into supercritical
fluid. 25 AURERTERDOTIENBIPN A hothtRRFDTII2EDIVe HaVorfe ¥fsbdi ment of t he

prlese_nt i !’Wedi\iélﬂé\rsién | SF _rlﬁg@s?@ﬁ«ti_ﬁz hiavies gtrg@%pét:)ﬂéﬁairféaqn ﬂfui|td|1€
solution intp the supercritica uid in order. to obtain very snma

dropl ets of bl A L0 AT 5 e Ty (A T br etk Ko UtT o i Bts. may be

det erm ned by t heTtd us doslymanilee conchdd onslutidrhedmopdiatys neonéeand by the
physi cal pro ' |.ut i ; rcritical: sol vent,, such .as

Vi scosity, s%%%%rgfn%)%n oﬁ?é g‘gn%%dﬁ%%gls% C_Epérrloa(p:)lgérjtoﬁqeés 12_{: ethger g@{%% J

i nfl uenced % znémiodiireihyfichle prasemienvantsomtinn taevther at ure and

pressure forgiher stperasi tdshledd UigheThes el Qcidit of sigaitdon and
supercritical fluid at the nozzle outlets in one éenbodinent of the present

i nvention i st$RFHRd Y9 He ndde¥e R RS i a8 iHEadiYanet er of t he
outlets. Addinfomatded ird tisi preiesdbient tdmttHhemiengy ipressiiran of both
sol ution anqD su Ir?rcrriti cal chui d are co vertted i nto ki.r)ceti ;n er. with a
m ni num energXI L_fos,pse. a'Itourgeet‘_ir{ i et n&%ezlseuﬁer{cfclc&cﬁ Hith an
enbodi nent of t hellpr eselntcittwertt isonl Widsorbeerd degdegred.ticBie fHoligt iadn and
the super cridf&aloddid byPl O JHe Shidhdie JPdiid Hre . b

introduced in the particle formation vessel 1n co-curre | ow by the

nozzl e, whi cH'{RHvides Ssaprdradiad qnt Itdis Magrs tfHeow 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.




supercritical fluid and the solution. Contact betwegn AhB%s%OF%'SO” and the
supercritical fluid preferably first occurs in the parti’cle formation
vessel downstream of the nozzle outlets. This mnimses the potential for
bl ockage of the nozzle by the particlesinhich are fornmed. The respective
di scharges of the supercritical fluid and the solution can expand and m X
in the particle formation vessel. The nozzle nay have passages for the
respective Thbwssdowprisiagla ovalecaiesetler mpstreesmmgpbmiior witch f eeds

a narrow di ﬁﬁegwgeﬂg pé’ééér?&afl&f cfl?a{yf ﬂL}:ﬁ{TL%her portion can be

short in or to reduce the ressure IS portion so that a
better con@FSIRFCRANHT e]s%d’ﬂé‘-q}htfb NG Hey c,dJeaH‘@W il oMiditRideDs5 August

2005 - 11 Thisnguhsd anii vl lenhaversonsse the: rohlairs Hfs pfiiori @t nozzl es
whi ch are es%gnt I al :'%]aecoam al tubular arrangenents in which a narrow

di ameter is MeFAtH SH;tWng the full length of the nozzle with a
significant dr opI‘hm qmtte]ssuﬁ earelher efidtailsy arecgireef erdafdgertoaat e:dacadj acent

to each other ce The
outlets are pr e er a%% CO|cﬁ%:’anaraac éen?ca]‘ln% rfjt eoasr%arz% g hogésjoaloﬁle central
outl et and aumpl|TiraalQutleifs omneerpmﬁe@ksly WJ@QTRH al outlet may serve to

carry a flow of Sﬁé@éf&blaj‘dcﬁé"eh&égleé U | 1S cdm ST MR 1R Gald b a flow
of supercritical fluid. By providing a plurality of outer _outlets, mXxing

of supercriR}CaRLIEFY c?farﬂii?‘ﬁé %‘Itdﬁto‘h i Spr GROER L PRELEABIAY t he out er
outlets are ssresged ahrtheasamew dfssamﬁeléﬁoamaheh@e@ﬁt@k @utl@ts Thus

they may be on the Sane radi us refer ui uI 2 a Agai n,
this assi stsm%fxﬁ%r % Giitiets eta l%‘\te‘rf" é%& sfje%ﬁ'rcgt % ubes or
the like. | tplr@vnlwwe;/ear g:insfaeinrtad dﬁ)rouﬂw auttlettss ,t smibeingragvi ded at
downst ream %L@rfﬁ%dfl\{ﬁd)aﬁﬁ?% solution is promoted.

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




through a nozzle body. The passages may for exanpl e-she. r El Iings.
The nozzl e body may be a disk. Thus a preferred arggnéuﬁg%? ggggrises a
nozzle in the formof a disk with an outlet at its center and two or nore
outlets at the sanme distance fromthe qganter and evenly spaced along a
circunference. Al the outlets may conmunicate with the interior of the
particle formation vessel. The solution is preferably introduced into the
particle forbmdy(ﬂs\@ﬁﬁﬁﬂd&dﬂWﬁEﬁ]afﬁeaﬁﬂﬁdEHSQHMﬂﬁgly astpid e ttimey
supercritic t rgg% i hrough the
out er outle?!s gé plp%eggf eg?agﬁt%&%g)zle g!(? sna%/%a\%r%%%%ce&gm ends

whi ch in useﬂwe, fidee vusteh ahe \rerls |1qqcb/a|mam didovartdie e iddlioma o,
respectivel YOtIPé@fﬁﬁMWLoﬁ@fr&?eﬂ fash QAUOUSei2Q0% -idkka body is provided

with a seal or sealln aratln spective ups am ends of the
passages th G\F RS L Re Jgk?‘ dc'fe‘l"g‘L d‘lz]ﬂ d‘é&r‘elﬁéfy 96w t he
drilling or pa)idmjes‘ orarmtbe)maﬁldd\efmsmﬂs amtidr tde tihddal upditrensi ons to
. optimse the | st- the S a from each
ot her at theﬁ&ﬁups%reanl egg qf {]ég%%ggio %ﬁéﬁh??gf %f@*g? and pl ural
outl ets radiattiebut waddsylgpacedardby efpangdt bleesebtrors Wagustal005 - 12
may be annular in form(being e.g. an O-ring) and disposed radially
outwardly 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, 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 portions of the nozzle. 10 The passages nmay be formed with these
conically tapering portions. Thus a passage may have a relatively w de




diameter portion at its upstreamend, for exanple 1 mma,4hQkl oyed by a
conically tapering portion narrowing to a narrow dianeter portion, for

exanple 20 mcrons. The 15 narrow di anmeter portion is referred to herein as
an "orifice". The wide portion and the conical portion nmay for exanple be
mechani cal Iy drilled, whilst the narrow portion or orifice may be |aser
drilled. The length of the wide portion is 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 examgde 5 mm and thus easy to handl e,
w t hout causing the orifice to have an excessive length. The | ength of

t he wide porthmg-mﬁyahmumﬁtadpléohaxdbehegse §.t ane®rr28ghoaedpreferably 10

times, greatep ‘Eg%%e dﬁ%ﬂ ? 8lLetAgqy Eﬁe EQné&&?rBGEiME

arrangenents, narr | anet er, ext end aﬁrough t he
full thicknes¥addaliie W@Eﬂéy’beéythsupltzﬁaé PYtRBt OBF EFredPas the 30

SQfoZ! e Ibody Wﬁulnglhl&&v%?mme R (Lls][lpkéifed'_hbiyt posvefiedf i:@w_}amlng thug
| I CU a e e ans S t1Lo S |
t hus occurs d8%§¥?Fg&¥i FESBFfﬁigg?QAPBES ePPgaeggrf ggéfégé%%gfa%%%rlzed
by a | ength tordeamsdt eeal- dgt recedngiingni3s froovs in tde nezibe body,

advant age oveg, fheagpapiphl,aby géO@ggust 2005 WO 02/ 068107 PCT/ G802/ 00840 -

13 of mnimzingt pressure ener and of , ,efficientl con erting
the pressure energy FnPBtiﬁﬁﬁt?Ee Bgéf E ey é #%V%?

orifices mnthtHeaapéxref Bonaogl hy taperﬂnQZpbntfbﬂsnmf MMEen@znlerably

Brﬁghglons a é ﬂéQdm%gP%%r¥§€@8?nﬂ%%ﬁgg*%?%kééhfhéﬁ¥g? ce outlet

for both sol LE‘P’éﬁlaﬂG supByer 7 tpR@page pay have a xrelatively 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
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 soplution and supercritical fluid
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
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10 in the preferred enbodi nents, the plural supercbgtkﬁahsglgbg5outlets
‘are positioned around the solution outlet and at a very~short distance

"~ (about 3 WOoxeséfars configuration allows for the sol utionpr@/dizoaaer 9i zed
by the supercritical fluid thus enhancing the 15 di spersion of the solution
into very fine droplets, providing high interfacial surface between the

- two phases and fast extraction of sol ventt3 mo supercritical fluid. These

phenomena are parti.cularly efficient when the sypercritical fluid velocity
at the outlet fgégﬁégﬁﬁﬁlég F&meﬁﬁ?ﬁ*uﬁhgﬁeFﬁg igﬁédaﬁﬁ Q%und. Waen t he
supercritical fdfifiigriesitdy cpnveaties adhel prgoeater enhbagy fihtoskhénadté
sound, a Mach q£ﬁ5355 formed which causes the dispersion of solution into

very fine droplets.” ‘This phenonenon is well known and it is widely used in
25 the RESS process Tooatosslp pPrefipgebdy hap. orpéiepsewikh déamespish R D.,

"Rapi d expansi @anfinguEebml bt beakof b%drrm§0{n8§:é0ﬁ§éféﬁbﬁlg Eebmmbi ey of
powders, thin fI|%B, and flge s" | pd. Eng. Cgenl Res., 1987, 26_,
2-298-2306). EVEn Y04 MR sf riFPEFEaFaPQgPﬂ EPBcPty e Peds™m-30%MeR of
_thF orderdof nﬁ@nhmﬂdenefalmewsp?eﬂ'highouemocﬁtiesbsbahéiebt&ﬂhiﬂc&ﬂEnt of
sol ution di spegsion. i $.:Qbt aj r [ al M S, ., | LR A,
Stella V. netnode Pritds: BPEeH TPe PORH SR Eriot el rumpPbRlfytal
recrystallizat £d#ifirom organi ¢ sol utions 35 sprayed into a conpressed

antisolvegt. U S. Pahepk BEFA839 mﬁ@@'g@§t§9 bind-$1 known t hat
during adi abatic expansi%zp%? a, 25 Aﬁ ust1 005 V%g%aﬂ%68107 PCT/ GB02/ 00840

- 14 real fluPfHPERFELEHCAl BRI gelElek s xR RoHbzbored (pound e r eam
pressure (usuakbyutsbhesutier candi g8la weepSahicnt fDIstdned (dAsout 3

upercritical B def Sachsse: SOHC ¥E1 OB L fof Sl S GHBR LS Pressure
energized by the supercritical £luid 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




P k+1 where P is the upstreampressure, PGis the dows{Figamppessure and -
k is the ratio between cP and c4 (specific heat at constant pressure and

specific h ﬂﬁ'&suﬁonst ant volune of the supercritical fl UiPGTléﬁozm 340
respectively). For instance if the supercritical fluid is carbon dioxide,

for which 'k = 4.81, if the dowmmstream pressure is 10 MPa, the upstream
pressure has to be 38.4 MPa to reach the ggeed of sound i.e. a pressure
drop of 28.4 MPa are required. 15 However, with pressure drop of about 4
MPa it is possterk Fdugdt thupughbrat converygent-diévergentohothbe, oriter of

magni tude Of SREGenStraRHNHrbokul ISkhEeTy BLESSH' Enl 1 hbmal 40C. The
speed of sound of a fluid_ Ts strongl ependent 20 _on_pressure and
tenperature: tHEEPFFREEM far ushbeh shhedsuperasihicabr ftuidoreackas de in the

supercritical regned veSoeit08s Hslated Maugstrdlf. pFesstietibp @gyant age
of the‘abq¥e ngﬁggﬁnegﬂghengn%na it is convenient to. work around these
oper ati ng condi - org¥ n-Tef bt 25 dioxi de is used as supercritical fluid.
The preferred nozzle used for the apparatus of th present invention has

| aser drilled orifices. The supercriPjca fiuiqjﬁelocity at the orifice
outlet can be estimated fromthe eneFQy= q[gﬂ e between a section 30 of
the supercritical fluid passage upstream of orifice (section 1) and a
section at the orifice outlet (section 2). The energy bal ance negl ecting

. the energy |osses can be calculated by the follow ng equation: 25 August
2005 WO 02/ 068107 POREDF Gepide vpptygam pregsure - Rpis Xbeoy22 where H

and H2 are t he depemititeane Hredgires 0id 16 WRerte thatio MatwkatDd,r aam and

downstream t he (%g‘le]:&! es ectli \é’elﬁﬁ? Altand P2 are t Q_Jg dpeerésj! :i.lce%egt %t

supercritical fral l%sctrhe &t EERIEe BReTRLS T £
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:




respectively; vl and v2 are the velocities of supe@%rhh cak EpHFd upstream
and downstreamthe orifice respectively. For the produc on o

- powders fr s 10 solutions with the GAS process us
di oxi de asaﬁgupergfitical sol vent and et hanol as nndifier,¥??xﬁgéaﬁﬁ%en

found that optinmal operative conditions are wwthin 8-12 Mda of pressure
and within 35-50C of tenperature. |In the experinental apparatus used for
carrying out the 15 experinmental tests the supercritical fluid nmass flow
rate was 30 g/ nin, tHae+sHl givdn=fHow r}ﬁtp@vﬁ 2 g/min, and the nodifier nass

flowrate 4 g/ mn, %\er eénfihlﬁ% a[:?é I&dé)fsi X &S '“J'[ﬂt[ﬁ'ﬂl,}helg dgto nodifier

mass flow rate at and e r at 0 SO nmass fl ow 20

rate at 20 and %{H?é:rf-‘@rlttﬂ | Hludidd westaesamy aad desmstaeare thet peificeabout
300 m's. As an ﬂép@d&dkr@l? it o, Wit dZSaQGSEhéb&énéi‘eexes bee supercritical

oxi e, 25 %onl o URPFFFAGAERGt RIRGS. NaRGkeall oH: RRRBSCEEAE CHAGOTLHLFS

m xtures; t hle s:telspentmélyhevprmrdmgeai:ecahe celpoivgesobhti on can be a
ercritica C e t
?ggpropanol ' %ﬁ%&ﬁ%hgh ace??baﬁgpagg@t%ngeﬁgnggr gmthe Btkice

polyethyleneglF@&PeCFPVﬁﬂEknethylanlI|ne The sane solvents can be used as

modi fiers when an agygodfe Lh4YLERR.Af PN 05&5% enpl oyed.
Descri pt raV\nne éCErtalEoprgge?§g89ﬁﬁ%%%?%eﬁ?§mo éﬁ?nventlon

will H‘ﬁow bﬁOEBE&??%e‘alBI;) GRS GRS REAPFES WL HEt FaFepR ehe%lde ag he
dramﬁngs, wher eiperérticeal sbDwene scdesthatol | g mb@efiet, tie ©i August

2008 00,021 00BAR] FSLEROR R oo AL SLUSaLERShe S ki 1P
- 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




Figure 2 is a schematic section of the nozzle that 25 mgedt QoD ry out
the process according to the 5 invention, taken along line A-A of figure 3,

some parthP%Em&ﬁ@Inozzle bei ng shown enl arged in CirC|eS;PEﬁﬂ§%%m§Mgfea

section of the nozzle on the line B-B of figure 2; Figures

nore detailed views simlar to 10 figures 2 and 3, respectively; Figure 6
Is a sectional view of the nozzle arrangergnt; Figures 7 and 8 are SEM
phot om crographs of SIGVA ALP produced under the conditions of exanple 1;
15 Figures 9, a&fpamdthds asedSEb phatrgmoatoghap psoakesaShEArddagz yae

produced under .4k Lt..ons of exanple 2; Figures 12 and 13 are
photonicrograpﬁéggfgggghgkggé produced under the conditions of Exanple 3;

and 20 Figure 14 i sFagyrapR éBowi sghemetpear sectdoni o€ thpsnorbliei thabf

trehal ose prodygedsunder bRergopdit EQQSPQBcﬁéénﬁl:%o§diQ§t abl gfledescription
of the inventiogn Referrlng§£o Figure 1, the apparatus shown includes 25 a

P .
particle Por netPBRRGLCRe| enTaiengs Lingt AnflaPd Ldgureon vESEE| PBFtEN
appropri ate vobfneheThézzlenpeiagushowhh &heaygedelin gigglekai ned constant

by means of a heatjng jacket 21. The.pressu in_ th yvessel s _coptrolled
by means of a nicrobﬁgPégi%glea?vﬁegglgg.°$héﬁFeﬂﬁgP§?u?§ §§8 %%%SSQF in
the particle o&bridgina Zessel are neasured by neans of a thernocouple 29

and a pressure tranggl éSSQ.aﬂge5p§£%L§$§é égﬁggﬂe&rg%éﬁ%?%ﬂﬁ?£§¥ gofilter

23. 35 This is, a stalnless steel baske the bottomo made by a
si nt er edt@t ai nfi@ures et agd sk, (vespafeivelys A second filter 24 (0.5
mcron) is put at tRggnwessel g% AvdeeiondSvihy 032 068d Odo T é GBO2100840

- 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




- 17 outlet. The supercritical fluid is mﬁthdraM/g%oghgﬁ Lndgps3, it is
.condensed by cool er 4 and punped by neans of punp e partlcle
~formati on WEREESIOHr ough |ine 34. 5 Prior to entering int ®CTIGBORAISEe Cl e
formati on vessel, the supercritical fluid is heated to the desired
tenperature by neans of pre-heater 14 and ater 17. The pre-heater 14

-al so acts as pul sation danper. The supercritical fluid is also filtered by
means of filtery, %t15 (0.5 micron). Tenperature and pressure of the
supercriti cal f|UI prlor it enters into the precipitation vessel are
nmeasured by means offhehéupssritd czd dlarigr dos wishdmeams freay cg3inder

respectively. 135 Ehe 1@@0&@%&1@% ‘Hyt AWt Qg %Eh'ﬁ]p%d bl meapunped by

means of punp 9 to- I|ne 4 and xed with t supefcritical fluid

prior to it enfd¥Pn§ R BarﬁéF@FtlQIPGFHQF18FS§§§S§ rovgh AdBef3er is
al so f|Iﬁéredzhyomeansente&uhgeunta &ﬁeSp&k&&@mb f&&mhtﬂ&nS@ebSeEqUIpped

with arelief A% I S m tank 1 I's punped
by neans of pu\ﬁ1 gu#grc%g%ﬁgrh of ﬁegmggeﬁﬁ tﬁ?gaﬁﬁdllne 6. The
sol ution is al $emperastze by means O@fptbkheat$3 18. Bndi beaher 23.In

anot her versi Oﬁ'h@fpi:aehaéﬁé?:sitlt agssv%égeas 1sQelbﬂtg9&l§sfd |fhQ the

particle formati on vesse iart wth utlon an art wth the
supercritical PPB?Hcrl?ﬁ@aéug Fé¢|FﬁcﬁFSPIG%Hteﬁﬁ@ebﬁrmﬁﬁﬁﬁdoﬁn?h@?%@ 30

nmodi fi er 10and the(sobuhiopoaje fed into the particle formati on vessel 22 by
means of a nozzle

m xture of supercr?%?@§?¥$€%¥§?Qhag?%$§§u55dogo?@%n?&§%%8£+¥fésfé§ﬁﬁvingns

of the-filter pP2i¢D.dtnexteny int8Sthetprecipictakioncressebtapsevi ously

retained by fihlghnrZ3 by Nfedhd UE CeRlrR PSS (368 nd | JdssiPdi fier and
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




sol vent is depressurised by nmeans of mcro netering,25 ﬁggget EQQS WO
02/ 068107 PCT/ 6302/00840 - 18 valve 25, the supercrlé' vent is

separ at ed nodi fier and the solvent in the separatg flow =
rate is rreﬁ'r&ﬂg}é'ﬁélﬂi means of mass flow nmeter 31 and it isp&rgéﬁ%oa%%

Figure 2 and 3 show the nozzle that is used to carry out the process
according to this invention. This nozzle 3% -a distinctive feature of the

process accordln% to this invention. The nozzle allows the introduction of
the solution YBl¥Rd2EnetBaperRererdhicaluselvente igr sePREGLRML Frome

modi fier, in tBpepaclighierf @ﬁaath@ns&seséet H eaecuepa&btoﬁsl oy, Iee nozzle
provi des separﬁge out ets for the ercrltlcg f|UIg and f g Sﬁ

sol uti on. The hoZY &% ?Slﬁnyeﬁﬁuﬁﬁﬂe mepnE, PEmagE tlow meher i and
appropriate nateisaflisGhargedzl e 27 has a nozzle body in the formof a

di sk 36 with an Orl§%§8¥ancgé?at§ gkeeh nﬂoggg ggrg BEEEI s 41

drilled at t he sane ron1 e cen evenl space al ong a
ci rcunf er ence. CTHEY 0P | Ee8 Pronesmi agcording thethhﬁeinﬁﬁnbﬁoﬂhe Bhigicl e

formation veSﬁshzlahfsse'&&éﬁwh¢e1+etfegeﬁfe bﬁtehéhgreeébgchecoiaiﬂgt'On
vessel through, thehpenlral orifice, and th supercritical fluid, puré or

with the nodifrRrthis BEVenftioRced into the particle formation vesse
t hrough the out er Thefndzzie'ﬁmﬂ¢W§san@ Bdcfodutbtosobit the sorhtiles a

hol e of I ane of . t.he | as_a conical .sh 0. At the
apex of jt(ﬂe co#%a&er%p rﬂ’e Jecefi fﬂg"‘ias%?r%ooﬂr'ﬁ*%% %f?giéeew. The
| ength L1 of twediciiar.alin dilid impertiiche t DomGatiomsvesselli imeterciDireite

di aneter D e chosen in such a way to obtain any desired velocity of

the solution at the orifice outlet.
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




Thé'passages 38 for the supercritical fluid are 35,ho | ter D4.
The end of each hole has a conical shape 42. At thgga%§§ug% ?Rgggonical

end. 42 t '6%3%8y&2e | aser drilled orifice 41. The length kéER%w%amﬁygust

2005 WO 021IC CT/ (3B02100840 - 19 the orificeis 5to nmes Its
di aneter D2. The dianeter D2 can be chosen in such a way to obtain any
desired velocity of the supercritical fluixhbat the orifice outlet. 5 The
rati o between length (L1 or L2) and diameter (Dl or D2) of the orifices 39 -
and 41 are chodée sxrifSiaeo issé& tio 18 hiimesurhtchdisnetgy Dass @hd to obtain
hi gher vel oci tys4 v ' I e e kKi.netLc: e gy. 10
In figures 4 atrtlid'%%n etlgﬁ}e??gir% %3’?5%%1‘ ?’hegr\]ﬁ(l‘)%zlae%%sgg ?iﬁhfg e %ﬁ sent

i nvention are Sesdredovielosdsycof the spperegiwmiceldifinddent then to 0.02

mm The nozzl esrilfidle g <peen used for carrying out the experinenta

tests have orifices_of dianeter rangi from0.02 t 5 0..04,mMm | n anot her
erbodi men® of the | MENEPETO BREVEERFRILH; (Ptoomute) B ALBReEFE aril | ed
~in such a way t{lt oxt Bei)r ofixehecomifigesonst Aadaxils ank theserntds ahsokdfi ce.

.The angle for by .t he f e LEi it . . axis of the
central orifiggng¥80%pP?éggu@ef&geﬁﬁghggnggéﬁ.8$ﬁe@%p§ggg§%r'%é%9%f t he
di sk 36 of thevadogitier byscpovastingtenansynpeessunel dntgrisbvet 50 which

extends roundehBeqgihl et end of the central passage 37, and an 25 outer
i ur o 6%8hows the ABEHBIFeBr 1t FRAND AP erEbed v iAgEl 4 GOSTED of
the di sk 36 reagedesnatherpteshnt ninvasttl o dapa8dshden pUt@rifived afargr oove
52 receives a 3304387908 A Eh "G 8RR adis €656.68 dR. " ShRl \RLATRS CUP
: ' 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




58, which also receives a nozzle block 60, the |ower.e hisin
engagement with the second Oring seal 56. Over th25log ug%a??bgf its

| ength the nozzle block 60 is provided with a central Wﬁ%ﬁ&ghﬁ 62 .whi ch
35 comuni WA Q6807 5. ypper end with a lateral bore 64. HO¥hbper
part of its length. the nozzle block 60 has a central upper bore 66. A
nozzl e shaft 68 extends 25 August 2005 WQ Gz Q68107 PCT/ GBO2/ 00840 - 20

al ong the central upper and | ower bores 66,62 and has a lower end in
engagenent W thalbfgf thétc@ntral 6ppkrS4nd loeenoboressbaf 626@ndshber aed

with a central shaft bore, 70. A furt a sho uld_no 1y be
5 provi ded arouiﬂw?ﬁeeﬁ 7P SRHagPTEE tglgg %h% g EP &n%ln pEgPR gg?
t he nozzle bIoc?héOnotnlus&haftqudlsoEormed wsthed canthalcshafalbshaft

b 70 and f t he t e37 th h
Che di sk 36, ThEV] urkc T Sreher vegh 1 6FPR, Bhoklf FEQARopRaTagnse | 1L Mok

36 is seal®d bypr@ﬁ@d¢dr@xoqndlﬁ@es@azzsa shafkr e8i Epcaeal| apainsgpthenal |y

with a nodifieryph ériﬁgrgqbfh@héaﬁgggjebglgckGQOMhlch communi cates with the
central | ower bore 6 and fromther pg éaggs 38 thrg 2 E glsk

'36. 15 The j uncti on Het4@Rn 1H@uidnse PtFBRerb ¢ the £RB rg s&88E

i's seal ed on thsoresTeleaiy fmnfthei:e&ol the $ebét Séndnof obheheentiralde by

the second OﬁWé%% eal:fﬁlsh__rb %o&lgﬂe§ges f%@@k&ggthH %QLWQéhf'Ce 39

at  high vel oci 'ne dr opl n_cont act
wi th t he Buper drhe |mtﬁalumthaﬁthebdarea'k@ ngn@ftltlﬂhedlﬁk Lﬁﬁ?o?hsl sgaledjby is

hi ghl'y enhanceqjﬁ% sau¥§ﬂ§|§%%f15iIU| fﬁ@ﬁﬁﬁﬁﬁhélOﬁl@iaflces 41,

provided that t supercrltlcal uid veloc |'S ver L the or der
of magnitude t RPEAMASLY vt urerdt Lieme, 215 whrdki bRy qlé?rp)eg‘é?ﬁ?
pressure. The &fdf ggHicH ddienutiRaiesd ivi€Rl the L&@ﬂmlerntmrnnomesm eak| ng

of the soluti ond u' d tjhere %:o t réjcf)gslsggrjlgs tqafougrﬂ ntehe ek 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"

shape, size and yield of the product. Experinmental pmoceduwse 300Fhe
supercritical fluid is fed to the precipitation vessel by neans of punp 8,

~whi ch al | ow edsgiong of the supercritical fluid flow ratepctRfsobRpagr at ure

of the supercritical fluid flowing in line 35 is set by nmeans of heater
17 to a higher value than the tenperature 35 inside the particle formation
vessel, to take into account the tenperat&le"lomering due to the expansion
t hrough the nozzle orif] ces Jhe modifier is then added 25 August 2005 WO

02/ 068107 PCT/ G034 tegningd F1ove FAte Rhdds I¥wersratigalngluid

super (1:(r)| tical fHwimebanzy d’ﬂaep‘lﬁngofg .pumhee sollhe: 99l did @ﬁm@dpbypagagﬁ ggans of
punp into t art rnatlo n stead nditi ons
are attained. Eﬁ%éﬁeﬁjg%l F8% §ﬁb§%ym5§= JF?éﬁl ﬁ?@dsgﬁathe
particle for rratﬁlt@#ev@w@ltlmnﬁpsir@ aaltdtamea}e st opped and only the

supercr i tigal {1 ui dpigyehediiat tNeeRatl Chibubt B BAuEe5HCl UBLAl phhe

preci pitated pé&F free of saolvent a nodi he par
formati on vessé&fiS Paﬁ Fé@s@PF@@&lﬁﬁdveﬁﬁ@ po@@@@sl§ padol@rabe glanplLES

The fol | owi ng @nagpbasmanqgr thedsgpbx@ﬁlﬁgcal rruhadi aceeadi8oche ]Ehe
n i gure

D Exarpl o 1 BREGAPAB SRTDRCAPRal ERESHNURE k Hoe PAEBIPRAREREI BOWARH | b <

exanpl e, the mdghfdeef ofheollmernnt and medifided.t 0 prepare proteln pomders

using al kgline 20 p p. o] Is) in

delonlze!dEa wat er at @gécgﬁ%gﬁg%éf#g%m%ﬁiéﬂ gémﬁg} ésﬁéékéé%é?ﬁé |de

and et hanol arbBhb fseegwdersigereepyered-fluid and as nodifier, respectlvely.
' 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




25 The solution is fed into the particle formation Jesss 2 Byysheans punp
10 at a flowrate of 0.2 g/mn. Supercritical carbon % us e is fed by

means punp, flowrate of 30 g/mn, ethanol is fed by 9to
line 34 at“&’@?"&%"?ate of 4 g/minandit is mxed with 30 s‘i@@ﬁ@@%l
carbon dioxide prior to entry into the particle formati on vessel. The
supercritical fluid is injected into the- pgrticle formati on vessel through

the four external orifices of the nozzle, each with a dianmeter of 0.04 mm
35 The solutiomMizxs mmj ected into the particle formation vessel through the

tral i fi f Th I th of
S orifices s 25 ALEETDGe WA Wrednii B Rall St at e 1 oo
Tenper at ure and@ﬂ@ism impintraindd Ftorfredqch ande 540 A& GMHﬂi—I nt ai ned at
T-40C and P=10 ﬁé@%ltd%é%?'ﬁ%lfﬁﬂ%@ae{fé Cdcﬂ%@ét?e&%ﬂ SRE LD DS Al

23 at 5 the bottom Of partiCle formation vessel supercritical

fluid, nmod fiertbhdaktam of padircle eﬁprma}ﬁﬂ&rbwq%’e‘r Mhike at pospheri c
pressure. The .snipdricyitdArGll FLWGal bapdifddrant Watdie ar@didiRictEave been

fed for 240 mn, . after sqQl uti,on eed has been stopped, pure carbon
di oxi de has bedWFe§Y] |1ﬂ'ﬂ"gt%§a%téjate %td‘}‘%%’he&}c\/é??ﬁ SYForder to extract any
“trace of sol vent an@hepdiofliuddchr emd Hdepcagbont stiedkidsowdidrts tHBypi cal |y,

the particles h7gh Q“h‘é%sﬂeegﬁ%e&’%éw ?zﬂ f‘ﬁ%-.l:.“rﬁ'i‘-ﬁa Qﬁol%&%”

di oxide in order to 15 obtai rs pressurlzatlon
- particl elPor rafegd bagsbeen; & poFer ReTheRd rf@@ame@dfeﬂhe

yield of the CﬁhhécbaﬁtﬁémﬁeEorﬂ@&1@h@%€s§@%>1nTB%d@§WﬂB(é%Hﬁé&Qh%anlQUFGS
7, 8) show that the 0 obt ai ned omd % hav% an e ui val ent dlangger of
less then 1 ntiABaCRaPPIVERE, & §P(f§11 gffofrom the precipitate

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




The found residual enzymatic activity of ALP was 9D% , ﬁﬁg’g?r Egogo t he
unprocessed commercial reagent. Exanple 2 25 Preparatio ysozyne
“particl es wooddysgoexanpl e, the nethod of the invention is pa€fodigasqy epare
protei n powders using Lysozyne. A solution of Lysozynme (SIGVA Chem cals) in
dei oni zed water at a concentration of 0.2%ww is used. 30 Carbon dioxide
and et hanol are used as supercritical fl ud and as m)di fier, respectively.

The solution i orna {on _ves 22 by means of punp
10 at a fIOM/ré?Eggfiﬁég ég?ﬂ$ E%ﬁ%%r%???? 1P YT ﬂlOdee is fed by
means of 35 punp 8 'Eheasmpwrlatecaﬁ Bhupdnim, imjewial imtd ethdy means of
punp 9 to liney3é:t14 gy?:

supercriti cal e%a bon di %é(ﬁﬂ%ﬁ%%l?o‘?é?%eg %@? %%Sé%noé}%%#

PCT/ GB02/ 0084o°r1’é%ces f r§he mersle p%a@hcwaethoa riiametaze %10 . Ofhanm.

sEpe][ critscal 'fﬂl?u @blﬁt]':idildt etd ?.ﬁljhéﬁﬁbti hent paFhd Cﬁé:t‘;]l%’lr%tﬂcﬂﬂné{%?' Ot Baough
t he four externpa ri |ce the noz £ a dianeter o mm
5 The sol ution’ 755 h; g rkﬁéi %ﬁukﬁrﬁﬁ r HFEREh the
central orifice @iamdrhsemoczﬁlm. omanm.ng Lenglilared eflloford fl4esnid eng h of all
orifices is O.gy M Tenperature and pressure in particle formation 10

vessel are maintained at 40C and 10.0 Ma respectlvel y. Precipitated
particles are col | SawRerRiutse amd pyres@retin patdciemformaddicic| e

formati l(:a{o vessaigzathidre Mﬁraq&ieq l%ad 4fdd°@:! Qndr@@' bi ﬁf_)a %hgécﬁﬁ%iﬁﬂ ute
t mospher | pr ebs urFECARIER LR PAF LIRS 5P 280 Pl §BPs Hddernt o
particles for @& iain t\!mwt,tonumﬁp&mmw formastioppedssald ahlile
'SUpercr't'CalQUﬁgf%rhﬁlcSﬂ E&hgdpaﬁgﬁﬁkger, 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.




formation vessel in order to dry the precipitated 2@5paudgLs: Zbggically, It
needs about two tines the volunme of the particles formation vessel

obtain dry At this point, it is possible to dep
particle f‘X?’?Pﬁ@?%ﬁ" vessel, to open and to recover the mgetrisliﬁog@ éf‘ﬁ
yleld of recovered powder was 90% The SEM m crographs (flgures 9, 10, 11)

show that the obtained powders have an eq@#val ent dianeter of less then I
pmand a narrow size distribution. The found residual enzymatic activity of

ALP was 30 94Cerbepngidoxddeo apide afianode aed usedh@s isipersgddeal Exanpl e

3 Preparation efigebalioss Rekliirsless. repditswygnpl e, the method of the
I nvention is wused to preﬁare trehal’ose powder s on1a ueaqus 35 sol utions.

A sol ution of trehaF8eSgrHFdrR &5 SPAVATERe i PR LG & SFHRFd@at er  at
a concentrat i onegkel%ew By meanedpudp A0gut! 2@ oW \R:22 B2 g/min.

PCT/ GB02/ Q0840 b th d

supercrltlcal SPPﬁFéréﬁ&ggé %Sagloxbggfégﬁ gﬁ'gggkk%# %éﬁi 6N |§tf5d
into the parti£Llewf vahet bfn30vededh, 22thpnmdans ﬁhﬂbkEOHEﬁn@ Pumm Bate of
0.2 g/nin. 5 fyﬁﬁrﬁﬁaétcglfi?ﬁbggtg'BE'QGSVEAEeQnBV1@?§@§nﬁ§€H figh 2 1 ow

rate of 30 g/mn nol means I'i ne ow rate
of 4 g/nin andSPPe-F@rM:X@élvxFﬁﬁbC’Fs‘uﬁéPéP-ﬂ?l E’é‘FLOé'aitE’oﬁn('ﬁ-FfoF@&othSr to

entry into thqpagaiélglgofﬁaﬂﬁghoaegg§§el .10 The supercrltlcal fluid is

I nj ected hnto t he article forga i througg the external
orificestdf the nozt®, SEBERCHLHAC eFSan@e & ?olutlon i s
i njected into pimetpalei Ebemibiont veaseleshebughr bhghfohe exhbraalorlflce of

the nozzle, hayp{Psdds ot BB i5z01e ) Q4cH™hitAE! BiGhebl BE' 6! 685mh® 0-2
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.




Ténperature and pressure in the particle formation ,vessel,arepgsi ntai ned
-at 40C and 10.0 Ma respectively. Precipitated partlclesaafe col l'ected on

“the filterwddnedot he bottomof particle formation vessel, %}éﬁzﬁ&‘m
supercritical fluid, nodifier, water and sol ute eventually not

precipitated are collected into cylinder 26 at atnospheric pressure circa.
After that a certain anount of solute is-f&8 rnto particle fornation
vessel, punps 9 and 10 are stopped 25 and only supercritical fluidis fed
into part i cl e formatTRfh VEERRTion waydre tende Esqqgmlécﬁcpﬂmé@@ti byssdier s:
~typically, it- rtﬁadﬁs.aboxnus,wmctddm@a:d%n%rﬁdt R tiigd es formation

vessel to obtai powder s thIS I n |s SSIb e t o depressurise
.the 30 partlclébégﬁ%ﬁﬁqwﬁ¥?7' %ﬁhﬁ? FPmisEw¥er s. The
yield of r ecov@md:l;cdwddiommasﬁf of E gmt@:a‘rﬁeamﬂkﬂ:@; alte ms @@aphs
of the obf ai ned,powds! Al td Gle e | n figure
14 has been determ ne usli %g an er(?5| zeréLCﬁl ‘%f%l l‘%’%’ld %% and
gives a nean siFETSUCigy smsolmitden st Ma@s@mwﬂ IBCT/ GBO\/00840 25

The i nventi on rmwetze:mq@raat il SRR Al Raerden e tf%&afatlmU%es@L,%i?f di ng
to one broad as c% entl%gL prOV|des apparatus for mcron an
submi cron part f H@@nﬁsFH@PFH§eGﬁ855F@é§ss 5

conprising a p@awuugesépamateonutéeaelfamdth&aaslﬁ@io;lahﬂodh@lng a
sol uti on 4f th%uﬁ%?ﬁ%ﬁEES inglﬁ'd598§#%r£3b82§ fluid into said particle
fornatlon vessel aracterized 534

fMmeans conprise a nozzle
having separat e out Regerdangt ke sobuhevnbxnddt hspaot stper éniventabnf | ui d

respectively. pHeeoidesdal AoaBPk hf&rbﬁﬂédlﬁﬁesaﬁcébsn' J¥eqt 58iue PLRVEFES
:nozzle for the |nu£oduct|on of a sol ution of

stance and a supercritical fluid in a particie
- 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.




a substance and a supercritical fluid in a particle,cfarmtionyygssel for

m cron and subm cron particle 15 formation of said substance using the GAS
process, characterized in that the nozzle conprises a .central outlet to
carry a flow of solution and a plural Ft$6of outer outlets to carry a flow
of pure supercritical .fluid or a flow of supercritical fluid mxed with a
20 nodifier. According to a further broad aspect the invention provides a
process for P2F¥H and subnmicron particle formation of a substance using
the GAS process, conprising the feeding of a supercritical fluid, pure or
25 mxed with a nodifier, and of a solution, through separate inlets of a
nozzle, intola pafPPRFELYDrIRE i resyEl SHORHHIGDIRET igtléssure and

tenperat ure, rsueh 1 bator thes S MBI I8 83 rand eghd rom salditjon by the

supercritical fluid and precipitation of T cron and 30 subm cron particles
occurs. 25 AwresysRabblzatZion AGRNG Hrodgpprr atampfigring @& grardridlsubmi cron

particle T%c%@rﬂé@{]%rﬁf @sgé@sgr%]%eaunsg n&];[ hien&aosd acr]fi I Sa()lsvo Q} ion of
recrystallization 8‘5 process, conprising a par i'd1% @ formatiSh Yessel
and neans fothe ndulpsitamary and o Wumsrafitidel siibsitdancecadial supercriti cal

fluid into said gge(rit cle formati on vessel, said neans conprising a nozzle

havi ng respddd} v At U P S0l 13 6h NGRS (SRR it i cal fl ui d

and separ at en® 1 £tisaviing dewisddteiam s Lfed e AIREGJIVA IRASSAEES, such
that in "use contact between the solution and the supercritical fluid

~first occur st srRepaikiiqal ot i \aapssatedomidiateamtot the separate
outlets, whejgilsdhePassagess d &i‘%ed?%a%rf%rgetsﬁkg%%t G RQr tion

whi ch feeds a narrow di anmeter downstream por paratus as clained
in claiml, werehmtad detweer] dHrasang icentaral th |setpeamd id ipgladr al ity of
out er 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.




outlets, the central outlet serving to carry a flowoaf augelstt ions and t he
outer outlets serving to carry a flow of pure supercritical fluid. 3.
Apparatus as clained in claim2, vvhereiQ said outer outlets are arranged
at the sane distance fromsaid central “duflet. 4. Apparatus as clained in
claim1l1, 2 or 3, wherein said respective passages extend through a nozzle
body. 5. Apparatus as clainmed in claim4, wherein the nozzle body is
provided with a seal for sealingly separating respective upstream ends of
t he passages®tt herdppaaighs 25 Aajustd 2005 laily 5,6 whippsdmatils @sadll ai med in
claims5, wheigifdditrsfaln 4 SFESRL VAl tile P LY §ddy the nozzl e 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
nozzle. 8. Appar aipisamscitd adgresld imanyipracedingldiaignclasigrei n the

outlets are he downstream.ends of _orifice t he di aneter of said
orifices bei‘ﬁﬁfz]%)eejtr\’/veséz’lnlCg.Cti'gzalaentdS (0 rﬁﬁovﬁf{]e%rciqw&%ﬁefnb&ﬁ/\:t&? G and
0.04 mm andf acdrenglnlyt o afeameterpaEticnofofsdild arddzlees bei ng bet ween 5
and 10. 9. Apparatus as clainmed in any preceding claim wherein the
outlets are at the downstreamends of orifices drilled in such a way that

t heir axes dbnverjymatdimsarsd e fadmred lretameprciedxes digiimg bet ween 1 and
30. 10. Apparatus. as.clained.in _an recedi claim furth conpri si ng
means for i n"meo]iﬁfﬁﬁc a9 rgéiequerari% agcsgﬁ(i't? FS:g)r *HEH St vessel through
sai d nozzl e.odilf i Apparaiadisiiasneteai i a1 A iFieeediyeg el daBweasherein a
respective outlet carries a flow of solution mxed with a nodifier. 12.

Appar at us aL d4iait G- Iy Fee st @AEivmeetissneiOn 02 2dshdetldve out | et

carries a fl@w ofnq a length to diameter ratio 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



supercritical fluid mxed with a nodifier. 13. A nozzl ﬁu%ﬁéttﬁ‘@OS
introduction of a solution of a substance and a supercritical fluid in a
particle 25 August 2005 - 28 formation vessel for mcron and subm cron
particle formation of said substance-u38%ng the gas anti-sol vent
recrystallization (GAS) process, the nozzle conprising respective passages
for the solution and the supercritical fluid and separate outlets at
downst ream e tofort heesr@pmn’ Vil s @gek S ubmsle ndrapantigde  cont act
between the ol i, @[Laatéﬂ Vé} éa Rl &J Wrd Jdd %tlt%%& lewnst ream
of the separate outlets erein e passages comprise a w I amet er
upst ream pornewswlcll‘zafteletds @Sﬁfdr IOV i Serre ttdre dmm!teréa?mppf@lstm@n 14. A
nozzle as clal a)]P% GUPIS Q1@+ iGNt @l et to carry a flow
of solution a a pI of outer outlets to carry a flow of pure
supercriti caﬁuﬁenﬂnﬁ.‘@rcaat fﬂloWbearEU;ﬁeamﬂattlecalluthaﬁSd atpidesidh swireRma
nodifier. 1 G8sS ?étyn le..formation of a
subst ance ugetnndg;‘s E#e) gas Lfa%rtpemtg] ve cryst | zat| o(rtln( &AS\S process,
conpri sing tct@ﬂe@stduhﬂ}wetﬁn a:tsm@earlormtqrx:alndf Ittlned Supsre et ivaked lwiich a

modi fi er, soc{ éﬁﬁlsutdo%sttr}g QY A H0ZZ & A &R 1R T Ghe rhigr mati on
vessel at contr ressure andaterrperaturé) such that the solvent is
extracted f rtdm sttﬂﬂﬂa@rﬁ WWS%@@WJ@Q tdi@ale telruivg sdrre 9y @eirpiloat i on of

m cron ‘and o ML LI Loy tical  fluid
and the sol ut| on ;fr’e%rbeD%FHL ﬁ%%&%%&i veﬁgggtgraégle?%gﬁlﬁhe nozzle to exit
therefromvia separate outlets at downstream ends of the respectl ve
passages, h go {4 p it iGal sol ution
first occur\r%llltng %nrhtoﬁlceztlé% V\%%l ?in%thl g:%%l\l'[/nes}(s\ge cglm\lﬁnstre mof t he

separ at e outdegtts;alardibdiedr dion catry paddage s fc spguitsena apddé di amet er

upstream porfyign; W Gt R4S 2AAEAVY ATRLE A0QMRS! LBALRAr ti on.

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.



25 August 2005 - 29 26. A process as clainmed in C'QB”h&é S%h§5@5n said
solution is introduced into the particle formation vess P mxed with a
nodi fier. 17. A process as clained in claim1l5 or 16, wherein the solution
i's an aqueous sol ution containing a conmpound of pharmaceutical interest,
the supercritical fluid is carbon dioxide and the nodifier is ethanol. 10
18. A process as clained in claim17, wherein the pressure in the particle
formation vessel is between the crltlcal pressure of the carbon dioxide
and 30 MPa, and nore preferably between. and 12 MPa, and the tenperature
in the particle formati on vessel is between 15 30 and 80C, and nore

aLeferabLK behgeenaggféags@?%a %aalﬁear@aea§a§af@balgnergﬂncbgiaw13
erein the ratio_,bétween the nmas e 0 0 | oxLde an
modifier is béP@H&ﬁOQ éﬁd1EGIEHH°6%eF8£QbFgebBFﬁEéﬁi% gﬁ ﬁlﬁ? and the
rati o bet weenvebeehngdxBdowitat e abdifdifi er and of aqueous solution is
between 5 and 40 and preferably between 10 and 25. 20. A process as

claimed in claim19, wherein the 25 carbon dioxide velocity at the
respecti ¥e notZie Buprecesgsagf clpimgidin 6laiBghbt 0delol Yherapacehof

sound in thes@@ﬁBQBndiQXhﬁethebﬁﬁ bemﬁeﬁahu&enaaﬂnﬁﬁgsau&@mp@unah@f

le f 15
Whercin sai CERBPIRFORCEEAL ol RECEoEbhy bR o UPSFRES hikehi TEAHS Thi erost  and

a sol vent soIGatbonndiﬂﬁldapéndrthecmpdlfiﬁrdissethme@ from et hanol
met hanol , | sopropanol , acetone, THY, acetic acid, ethyleneglycol, 35

Processt ée”e?ﬁ""' TR IR U N L T T T T
sel ected fronpetdsumes in the particle formation vessel is between 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,
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et hyl ene, propane, sul fur hexafluoride, nitrous oxigg, uoust 2005
chlorotrifluoronet hane, nonofl uoronet hane, xenon an % 9Heir m xtures. 23.
A process as clained in claim1l5 or 16, wherein said nodifier is selected

from et hanol, nethanol, DMSO  isopropanol, acetone, THF, acetic acid,
et hyl'enegl ycol, 10 pol yethyl eneglycol, N, N-dinethylaniline. 24. A process
as clainmed in any of clains 15 to 23, carried out using apparatus

according to any of claims 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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