WO 00/ 66256 PCT/ US00/ 11158 SPRAY DRYI NG APPARATUS AND METHODS OF USE
Background of the Invention This invention generally relates to spray

dryers a articularly 5 to methods and equi prent f i

parti cl esw%g@é%égd by spray drying. Spray drying is commﬁﬁﬂ’trﬁidéﬁqf’sn t he
production of particles for man a;l))pl i cations, including food, cosnetics,
fertilizers, dyes, %I?BAXbBB%INé%/AP ARATUSANDMETHOBSIQF UsFed to create a
wi de spectrum of particle sizes, including mcroparticles. Spray dried
particles are useful in a variety of 10 bionedi cal and pharnmaceuti cal

applications, such as the del i Ba¢kgrodind bhehedaeetitigh and di agnosti c agents,
as described for exanple in U S Patent No. 5,853,698 to Straub et al.,
U S. Patent No. 5, 83Bisgneentigngspeaallyrelates to sprgy drygrssandmmpeanartigilarly 622, 657

to Takada a i &gﬁi- i i g a spray
drying pr oggess%om%%ogs %%f%@%@rtn?ng m%g%ft{azrégpg(gc%:lﬁg&ats’&g&ggf@ﬁng which is
i ntended to form th8prayulrkingfis ¢cdmempualy tused i@,thé¢ produgiml ofgdrtichesafor appr opri at e
solvent to forma soluti.on.. Aterpatively, the paterjal can be suspended
or il i i ed Mi% SARELERY it o0, chiics ST ot aRbRaRENe: O her
conponents, s uSBra?%éﬂh%gﬁl be Ai1BLAS Efeﬁte%@i@l%%Pe&ﬁmPQF GarfiQk 8,89 agents,

a

optional |y are adde [ this stage. 20 The solution then is atom zed to
forma fine m brlusingimegserartclesyhypray dpedepasticlenare dbeftibing emietrofa dryi ng

chanmber whete ryi:n s...1he sol vent .is evaporated from

t he dropl eﬁg ih{;%}étd Cgp%’%éhr?%n g%és(‘hf% agglﬁcia&o?% S‘f%eas tﬁ? 8?4?"39’5?& her eby forning
particles. Thetheaspkitid &sl dibgvsac genepas adsedbdd fortidieple o Vih1Pagas and
collected. 25 In scaling up such a spray drying process, for exanple from
the |aborat or9100§a86$,ﬁ%§9t %{beéé]aalléstgatﬁwﬁ%émgév%ﬁépHﬂﬂ%‘t‘taé'e@n , certain
di sadvant ages @Bg{ﬂa@eg@moyﬁgﬁﬁggﬂw Tahassafpl e, if the drying efficiency is

not adequately scale the sol'vent content of the product particles may
i ncrease undesi r abl In a Wpidabpionessdasmalgng pertidley urige aapmyidrying prabeyd, ng rat e

30 shoul d npensat e for this insufficient dryipg,. the |ncreased drying
rate may fsgduﬁéglt?{ %&P‘%%ﬂ?’éﬂs?m 3F_aé’>‘?§Y re‘?’t\‘/‘i‘:{;%’ Eengj%‘iﬁ? féB?é}Pfi/ed t hat
i ncreasing thepy oy 'tﬁ%ah%lf@, é.Fr) assdiv&ad ih'&n%?ib'phﬁt@!s@lv@ﬁtr tbif6in® a FPLABR! 09y

and/ or size distribution sonme product particles, such as those having

critically defAltedhapesly.chermatasiab pranchef suspenidedisr erftlsificl amgeon-soladenti ng rat e

may, for inst A Aotm a]éuspension or emulsion. Other components, such as drugs,
diagnostic agents, or pore forming agents, optionally are added at this stage.

20 The solution then is atomized to form a fine mist of droplets. The droplets
immediately enter a drying chamber where they contact a drying gas. The
solvent is evaporated from the droplets into the drying gas to solidify the
droplets, thereby forming particles. The particles then are separated from the
drying gas and collected.

25 In scaling up such a spray drying process, for example from the
laboratory or pilot plant scale to the commercial plant scale, certain
disadvantages may be encountered. For example, if the drying efficiency is
not adequately scaled, the solvent content of the product particles may
increase undesirably. While increasing the drying capacity or drying rate

30  should compensate for this insufficient drying, the increased drying rate may
induce other problems. For example, it has been observed that increasing the
drying rate results in unsuitable particle morphology and/or size distribution
for some product particles, such as those having critically defined

performance specifications. The change in drying rate may, for instance,
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WO 00/ 66256 PCTI USOQ' 11158 alter the way in which the solid-formng
material precipitates as the solvent s evaporated, thereby changing the

struct ur 6y6BeMe2ss POr 0sity) of the particle to be out of spgf)'ufsb(ﬁgﬁgé)n,
rendering the particle unable to properly contain and deliver a diagnostic

or therapeutic agent. Furthernore, changing the drying 5 rate by reducing
the flowate (Hisatheorseigudneh hersplid-femyeg majerigf prepipitaiey pnide splyshimy
substantially . yi i e jcle

ror phot ogy and® e SR LA HERe et kRE (4, BEPSRY MBI IS 0y yi ng
ef fici ency maybe@nof sgecifivdden, redideying aliggeartiéla angas esproperiyhensdiz andf process
equi pnent, such_as the drying chanber, 10 drying gas source, and drying gas
heater. The drSalNE 24i3&Rastiy of seapsrigagest. oF urﬁﬁﬁﬁ?ﬁeoﬁ’ha&gmgﬁ]ée #eg gas

tenperature, flLowakguciR A3 RateRMH &Rk cg.\@fl%)( ARRRH) SMthe WRigover, |arger

capacity equi pnent” generally requires nor ant spacte. It I's desirable to
m ni m ze the cgasima substeastilyaeducartbk spdoes yialéqui red to scale up a

production process._ 15 .l nadequyat e pr.qduct drying can alsp be a problemwth
known spray  dr yi ngePdR SaEs S meshiticls Mrpip ey g s GHEPHRRIGE | cal
products whi chegustticald Scatifls «ag 1R driy Ry dFEOBRyahsY RYuirduaghbly ¢arpBi Ntai n the
stability and/or activity of theSe materials.” Further drying of these

mat eri al s sensiheiegsss iothiisigls of rqresscaquinseent,sucthas o deying chegnkers | ui di zed bed;
however, t@i S process often éo.resul ts. in finﬁ?eSi rabl‘}z vari ahl e process
yields.  kidwn SHPEFAPOERS Apg ATiad B tepisr oHRS g BPPD BB & Br ocessi ng,
as they may ofgétaintofahe MGUM fadRerRp @SS, BowkAE, RE&RGR! Sad RMknfBY NOt be
designed or constructed to conply with regulatory requirements. In

particul ar, tRoyResitionoMaseexer.daresr sappcitioequpmenssensyaldly equites marcer i al
aseptically in,g, Sl 'IF,T@%%ﬁrablezf% rﬁﬂnﬁﬁﬁg mheae{%ﬁitmﬁézets{r%{&ﬁ%éﬁﬁa‘éée system |t
of the on 10 provi

is therefore an object present 1 nven e"a nmethod and
appar at us for refdiegittosedly upayproductod ptoces’ss nmade by spray drying. It is
anot her object of the present_invention to provide a nmethod and apparatus
for spray ldrying tHaRdGIHBIsPEusE dang Gysedesrrielis® Wil iR mePran i nproved

cryi ng of t he ol &5t fBRUltiokf LORSAL b AHAE0H LA PERI G Y €1 . 11

is a further of t prese Invention to p an apparatus for
dryi ng spray dridetdpaidw chgerdtinas i1 erderctoahdinteinythe smpidict araiiat dctiepensi ve. |1t

I's still anot ho%rthe%le)jrr?a%ria?sf. ﬁur}t%ep crir%l?r?gn(t)f tLQs\é%lz}tér?aTs ée?lsi i(/g \t/c; l(ljigha met hod
temperatures can be done using a fluidized bed; however, this process often
20  results in undesirably variable process yields.

Known spray dryers typically are unsuitable for aseptic processing, as
they may operate at negative pressure, for example, and may not be designed
or constructed to comply with regulatory requirements. In particular, they do
not provide a way to completely dry the material aseptically in a sanitizable,

25  closed, and positive-pressure system.

It is therefore an object of the present invention to provide a method
and apparatus for effectively drying particles made by spray drying.

It is another object of the present invention to provide a method and
apparatus for spray drying that incorporates a drying process providing

30  improved drying of the particles without detrimentally affecting product
yield.

It is a further object of the present invention to provide an apparatus
for drying spray dried particles that is relatively compact and inexpensive.

It is still another object of the present invention to provide a method
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2 WD 00/ 66256 PCTIUSOQ 11158 and apparatus for spray-drying particles at
| ow tenperatures so as to preserve the stability or activity of labile

mat eri al pgyggy of the Invention Inproved spray drying
equi pnentswg}%g provided. In a 5 preferred enbodi nent of thg@%rr@tgﬁ’g]d?&d

particles are formed by spraying a solution (or emulsion or
sol i d-i n-1i quttd apprasERs fas spragrdrgingpagicies at joNg Mperagiphen 35 18 DYFsAec hanber

and evaporati %ﬁb&!@?&%ﬁ@vigﬂ%lg&% ﬁfzteﬁi g solvent (or nonsolvent |iquid)

sufficient to so artircles. e solvent (or nonsolvent) is
evaporated into the dryi ng gasSummaryoffitidlnvpatiéon cl es are 10 entrai ned.

Then, the partially drie articles flow fromthe primary c¢hanber into a
secondary dryi ng aé‘ﬁ‘&?‘ﬁ’? §5r@zsrdr>aa%m€ﬁwﬁaﬁn ?%IP\‘B?HWFFePr%’@S&-d ¥ drying

apparatus & ”Cgf‘e%éﬁéd ShBodih¥hiuE (RS &%&&E,Wi&;és érb;%oa{é%l\y Osgfa\yﬁ{g system

w t hout increasing the drying rate, I'Te mnimzing s’inyield. The

secondary dr yisolytiemparcatuson ncsalides-liquidd sugpdision) gf anatemigt imto 45 suf fi ci ent

to increase the contact ti bet ween the dryin s and th rticles
(e ner casBrE PR AREReT TS SPoliny S faP oo Ldd S B Bxt ont
desired, at apghidiveat GaRaridfficient ©syiidigy hatpartRid. tragpskaitype Whi ch woul d be
too low to provide adequate drying using only the primary drying chanber.

The ratio of npesolmgtipcwiporaierd wip the driing bemigtwhielf thempertistdsmeg y dryi ng
chanmber 20,is |e 2! oo ref erapl t |eas 1. The tubing
Cross-sec (l)ong al%er“ng?es“ ’ ESHL? %ﬂ%rlllyi éll%fig’alglﬁgﬁls?g)r“y rﬁrgr#l? ﬁré (a:rrsyo(%‘sazn-sE cti onal

area of the piitgarsycondhy diginghpphrefs faueditional drii g, P édcehdsy move at  hi gher
velocity through the tubing to mnimze product |osses. The ratio of the
cross- sect i ondfyiag apag#tus mewagnsithadryingraffipignerefihesprendiygesysieds s- sect i onal

area of the tuybhi . . v i . . . 500: 1, nore
preferably i s“g{gtg%elégreg%géﬁ{e%%gé%g’b‘%géﬁ,ﬂmg%gﬁg%é I]’lﬁr%elg'er ably is about
16: 1. I n a preferr gte eedondanyeinying bpgaratubinetndes tubirg ilvass khedl , and

el ectropolished to 20 RA or snoother, to provide a snooth surface for
enhanced par t Peifisiept @ igcreassdhe gontary tigredtetveas the fying2as e fact coil design,

30 for east er phiRnSear hdgh:Batk whiich A% ) B HPLARRGE J BILKATEN S 10

anot her pref ePre ment, the tubing has"a jacket to control the
t enper at ur e ofledited, #acbpolgregpabityiongripn@ressnd Empeprireshychdryuldge chanber
and secondar ytoao P)evrtgtplflgvigg Qdelcjlgatie tryelgé ﬁéiﬁg orillr)]fttl?e gri%iarr)]lgér)?ing rcl:-hatlrhber.
The ratio of the length of tubing to the length of the primary drying chamber
20  isatleast 2:1, and more preferably at least 3:1. The tubing cross-sectional
area is substantially smaller than the cross-sectional area of the primary
drying chamber, such that the particles move at higher velocity through the
tubing to minimize product losses. The ratio of the cross-sectional area of
the primary drying chamber to the cross-sectional area of the tubing
25  preferably is between about 2:1 and 500:1, more preferably is between about
4:1 and 100:1, and most preferably is about 16:1.
In a preferred embodiment, the tubing is stainless steel, and
electropolished to 20 RA or smoother, to provide a smooth surface for
enhanced particle yield. The tubing preferably is in a compact coil design,
30  for easier transporting and which has minimum space requirements. In
another preferred embodiment, the tubing has a jacket to control the
temperature of the secondary drying process. The primary drying chamber
and secondary apparatus can be integrated into a single unit.

A preferred application for the spray drying process and equipment is
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A preferred application for the spray drying process and equipnent is 3 WO
00/ 66256 PCT/ US00/ 11158 in the production of particles between about 1 and
200 min Whaoké86. Which can be used in the delivery of apgir/%gmﬁtlgsc or
t herapeutic agent. Brief Description of the Drawi ngs Figure I'S a process
equi pnrent di agram of a preferred enbodinment 5 of the secondary drying
appar at us i nt &ythsmseduchon obpgtieleabaweer abrikil gd 3Re Lmcip|dideeteg spray dri ed
particles. Detgail,e b QL d.on roved spray drying
met hods and eéﬁ{ll%ohrr%ﬁlt%%ﬁ%é% gggﬁelg\tee\rl)épg%é@ég%ﬁerFﬂr?p?grf)g%%a%ern jcess design
enhances drying of spray driBeitfDrEériptieasofthie®rawlilgst 0 col | ection by
increasing the tine the particles contact. the drying gas, preferably
wi t hout i ncreasi ng Fighge 4§32 H@C?Séteéuwmepé@la%ﬁaﬁgofi%@e%ﬁ@éGaxboglméqna. The
i ncreased kesi j i.S; I : rying
appar at us.skogggﬁgﬁcge%dgﬁn#@{n%gdﬁg %@#ﬁs?@r@ |ﬂn%1ipl1|"|%(r?§1I%11 Ié?eg? gotr?{glg cgadllrdgpl ets or
particles 15coikansgtheydendpaticles. t he sol vent fromthe droplet or
particle. "Drying capacity’ refers tqQ fhe eqretical maxi mum quantity of
liquid volatiles that can B@‘raé'\‘igafrs%‘i"éﬂ‘_"? Hia’eﬁ%e‘tﬂ%ﬂ ng gas. For exanple,
if the drying capagbioved §}i)rﬁ§tiryiﬁé1ﬁxeﬂfoﬁé Ak SRSpRLA 3R ¥ehldehBohed. | ¥
saturated with the volatiles. 'The drying capacity paraneter is dependent
on the dryi ngThasmpged ]Ic)mmstd@,‘slgnerﬂwnf mdmmghqfrsga@suﬂrred paﬂ?les(plrlari | e .
conposition. " jng efficiency". refers to.the antity .of evaporate
i qui d vg(lr)]at 9 %‘gieﬁﬁ% E%H‘CB?STééheﬁly?Hﬁzr@gb%ﬁ tha%lal"gﬁ"eé%ﬂpgg?ﬁ’set of process
paraneters. Phgerdblyivichort fricEdaSIRE YhaP @ RiFRhRIor dQRRIEShOProlihi& yiQhUt | on
flowate, drying gas flowate, tenperature, pressure, and volatile
conmposi tion, a&emertasedresidengegimesraseomplathed ke v of igpcendanbdryizgd t he
residence ti ngg%%}hge material being dried. "Drying rate" refers to the
quantity of ligurd Volatiles evaporating fromthe surface of atom zed
droplets as a functAsaRedhertiniihe tdiie“diy N eh fefdrénceits diopidinet poficled particle
si ze, COfTPOSItIOI’l, and norphol ogy; drying gas 30 tenperature, pressure, and
f1ow at e; 130l merenthe rewp vl of thersp Vﬁgt%@ﬂﬂmgﬁo_ giet 9t paréiglet particl e position
ta'hgnlgi ;Ef ddir %' \f/‘\gi gﬁbfgﬁlg%‘d&y’%féﬂéf‘o"mé‘ﬂ{e%lé?icaltrﬁgxihl%h{‘&uaﬁﬁiy"o%m refers to
liquid volatiles that can be evaporated into the drying gas. For example, if

the drying capacity is met, the drying gas stream will be fully saturated with
the volatiles. The drying capacity parameter is dependent on the drying gas
20  flowrate, temperature, pressure, and volatile composition.

“Drying efficiency” refers to the quantity of evaporated liquid
volatiles divided by the drying capacity for a given set of process parameters.
The drying efficiency parameter depends on the solution flowrate, drying gas
flowrate, temperature, pressure, and volatile composition, as well as the

25  geometry of the drying chamber and the residence time of the material being
dried.

“Drying rate” refers to the quantity of liquid volatiles evaporating
from the surface of atomized droplets as a function of time. The drying rate
is a function of particle size, composition, and morphology; drying gas

30  temperature, pressure, and flowrate; solution flowrate; drying gas humidity;
and particle position along the drying path length.

As used herein, the term “solvent” refers to the liquid in which the

material forming the bulk of the spray dried particle is dissolved, suspended,



material formng the bulk of the spray dried particle is dissolved,
suspended, 4 WD 00/ 66256 PCT/ US00/ 11158 or enulsified for delivery to the

atom zer Wég@?é?{]ay dryer and which is evaporated into thf%’ié/@ébd?ﬂl?sas’

whet her or e liquid is a solvent or nonsolvent for matert al .
Qt her volatilizable conponents, such as a volatile salt, may be included
in the bul k netenylsifiedifepdetiversria thel alomizst af 4 sHraedrysr 4ngtwhichés dryi ng gas.

Exanpl es of volatile .salts,, which are.useful re-.formng, agents, include
ammoni um bi ocerBRHAEUR R SR b ShEERS At B s B3 ana” anmroni um
benzoate. Then@ablvesl 8 tH¥aAgchd. TAhéWolkiYizalge PoRFERASS shishe of any si ze.
As used herein, the term"particle" includes mcro-, submcro-, and macro

10 parti cl es. vadalesaltipay bevaclyded jncthe bubgrpatpaalisail. apdalso Yolptilized and 5 mm
in dianeter | NS i eres, capsul es,

i rregul ar Sgha%%%{,h%%% §?§s poﬁ%%fmgaég(?%a#g’ﬁg@gg?Peglrsgglgljg?%gat es. The
particl es canfomidpdgdents, inthidt amsdnney baearboame, ammonitgracstaed,| surroundi ng a
core of gas, such as agdL gnostic agent, or they can be formed havi ng pores
15 t hrough t h#MEERIYP RUPEYS. 4P¢ 2 I} §e7ORGneyconbed or sponged structure.

The particles can g ﬁ@rﬂ@l%ﬁldigge ggg];nﬁye rdhls?gg% Pliﬁméests&eéﬁn%%fgﬁy %?QPQ@”GOUS

t hroughout or they canh Inc parti cul at es di agnostic or
t her apeut i ¢ agredthertins s ®ed “pimtioled anldes s ce| submimae-¢ pdhimaco- each parti cl e.

Appar atus, 20 A preferred odi nent of .the secon dryi apparatus 10 is
shown in ¥ guPaé'g?Ll,es'a e‘beé?]fng?e rté‘g?sa*ife&?wn§§%‘{tgﬂ{)¥%€g¥d§2%3hg’gry drying
apparatus 10 §iafmkttd 88 10RgeRdim&sidny IHeHa¥biGltah BE @ﬁ]efrélkgcﬂfsi{ieﬁlg coil 11,

having drying coil inlet 12 and drying coil outlet The drying coil 11
i s surroundeidregylanslipys, wgystads, pojvdelscaggi@nerties graggregatds Thecl udes a j acket

inlet 25 14 and.a | acket, dr ai 5..The j,acket inlet 14 and,.jacket drain 15
provi de a - mateOrbPRInEt, ek aod Serien oher ey ol Rater - o 11 ow
respectively idit of gnds@tas afdiddhestily e of Biek chidBK 8irm&8 havig pfeyi Ng coi |
jacket 16 is based on standard designs known in the heat exchanger art. As

used her ei’n, thrughghe salidmatesialnygeldingmbeneypembre orfpenged sbuctiie 30 vessel
Lo W ch e ehBLEETH LAl 20 36 6B, Ly BPESN LA e etom zer
di schar ge outihedughéet disks) daariedlode dohelet Solhati@tatesis il dibignostic or
therapeutic agent dispersed throughout the solid material of each particle.
Apparatus
20 A preferred embodiment of the secondary drying apparatus 10 is
shown in Figure 1, as part of a spray dryer system. The secondary drying
apparatus 10 includes a coil of tubing which forms the drying coil 11, having
drying coil inlet 12 and drying coil outlet 13. The drying coil 11 is
surrounded by a drying coil jacket 16. The jacket 16 includes a jacket inlet
25 14 and ajacket drain 15. The jacket inlet 14 and jacket drain 15 provide a
means for a heat exchange medium, such as cooling water, to flow
respectively into and out of the drying coil jacket 16. The drying coil jacket
16 is based on standard designs known in the heat exchanger art.
As used herein, the “primary drying chamber” is defined to be the
30  vessel into which the atomized material and solvent is sprayed from the
atomizer. The primary drying chamber has an internal flow space
terminating in a discharge outlet. As used herein , the “discharge outlet” of
the primary drying chamber is defined to be the area in which flowing drying

gas/particles initially encounter a reduction in the flow cross-sectional area
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the primary drying chanber is defined to be the area in which fl ow ng
drying gas/particles initially encounter a reduction in the flow

Cr 0SS- se@fid gUMshsear ea 5 WO 00/ 66256 PCTI USOO 11158 of at | emstus8h#i{ss. e. the
point at which the ratio of the cross-sectional area of the primary drying
chanber to the.crosss tional .area,of the . tuhi I t. t 4:3). As
used herein, ?ff?gleargé%s%dt’? l‘eo&etl?'noénp i “r‘V‘i‘aFi}%"n‘?t@ an Sé%ctlfnléﬁggefaloéed 5 to be
the appr oxi meghe phii ih cHagMeLtorthd caRb-édtivasitared of theaibidgriawel from the
atom zer to reach the discharge outlet. As used herein, the term"atom zer"
refers to anyleastdmlzati on device. Representative atonizers include
pressure nozzl es, i Z o : 10 tom zers.
Exanpl es of sui tabﬁgﬁg%a?;aelrréén’gﬁ %ngeg rs()%?l?lgc‘?r b%@@@%%ﬁ?ﬁg“mﬁee ﬁé?@vaned
wheel s, arid viertelths spitosiamite Mirdssur dstanezd éspietipirtidie msnratddromhanber and
grooved core types.. Pneuma}li c nozzles include two fluid (internal and

ext ernal i xi WigRtoapger tareash the dige tleSoni ¢ nozzles include siren and

whistle types. As WsGdd\Rh&hNthe I LfiiBer” tHRENE anP htonti#liRn deblcgr 10 a pipe
or other 15 conduit having at |east one inlet and at |east one outlet. The

cr oss- sect i onReffresentutive atvinrigers aclisle poéssareynoghlap enewhatuiazles sopicef er r ed.
The tubing can b formed into any_confi atign. For exanpl.e, it can be
strai ght, ser‘b‘&?&sr?él% rgfary agpyigsgs- Wﬂlﬁﬁ‘gsﬁta@ﬁé°t?1i¥ﬁt?{alzr8r§ﬁng8§est acked in
connect ed(J aygishing@sheefO VIRA! WheeRUAH V4he888is@X GRERERM2PRS ireRideons. The
coi | can be polygonal, 20 circular, or a combination thereof. In a

preferred enmbodirled chamberaind guoaed comsityras. Fosimatid npzalseihcluderive it provi des
a conpact desj and is generally free f a bends .in the fl ow path,
whi ch can pr ob\%gé”ﬁmﬁlrﬂlg&x}?ﬁ%Péxwf%tﬁo’f%eiﬂléé Fyr?ﬁ%icgoﬁﬁaozf Cunul at i on.
Tubi ng Di mensjneRge Renl AR WHIlOG peSt have a pathway | ength | ong enough to
provide sufficient contact tinme (i.e. residence tinme) between the drying

gas and the parti &b aseddiereinethp sarmis Stubing’rogy Bibet reden tolaeiRA ¢ dtBs'ge of t he
primary in chanber h reduct ti ' t he
particl egﬁt/ o] %Hléluggl%‘i’lrn %3{ R)’Iaéet\?zlf3 E)rtljlgtl %g attﬁ%ysog%&hﬁ?[égm 5?5 %/?Srslgsgcﬁtgc{%osf{, drying

gas vel oci ty, thamsbih€ bREBAS Uing Shapz) cASulsie grdiet«i. IThetthieing eambe | engt h" used
in reference to the tubing refers to the ap,Pro i mate_m ni mum di stance a
dropl et/ par t i tr@eddnse apy gerdiguration FRecxamRle, it can be straight, serpentine, or

coiled. Portions of the tubing can be stacked in connected layers, as
commonly found in heat exchanger applications. The coil can be polygonal,

20  circular, or a combination thereof. In a preferred embodiment, a circular
coiled design is used, since it provides a compact design and is generally free
of sharp bends in the flow path, which can provide unwanted points of
particle impact and accumulation.

Tubing Dimensions

25 The tubing must have a pathway length long enough to provide
sufficient contact time (i.e. residence time) between the drying gas and the
particles as the particles travel from the discharge of the primary drying
chamber to the product collection point, to dry the particles to the desired
level using the specified drying rates, drying gas velocity, and temperatures.

30  Asused herein, the term “length” used in reference to the tubing refers to the
approximate minimum distance a droplet/particle must travel from the inlet
to reach the outlet. At a given velocity, the minimum length required to
provide the necessary residence time for a given set of process conditions
and materials may have to be obtained empirically. In a preferred method

6



to reach the outlet. At a given velocity, the mninumlength required to
provi de the necessary residence tine for a given set of process conditions
and nmat erngbée have to be obtained enpirically. In a prgépuseigt hod 6
WO 00/ 66256 PCT/ US00/ 11158 for enpirically determ ning the m ninumrequired

| ength, a serjes ot,tﬁbes of , .increasing |length carLebe used in a_series of
spray drying 1ossmpmicaly detepgindngthe mipgiip peguired leaethe gsenesalitebes0f) | owed by
measuri ng the;_mij | hal | ! el i he product
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aerodynamic properties. Typically, the drying gas velocity in the primary
20  drying chamber is between about 0.1 and 100 m/s. In a preferred
embodiment, the drying gas velocity in the primary drying chamber is
between about 0.5 and 5 m/s.

In a preferred embodiment, the length of the tubing is at least twice

the length of the primary drying chamber. More preferably, this tubing
25  length to primary drying chamber ratio is greater than 3:1.

For some spray drying applications, the diameter of the tubing of the
second drying apparatus is only slightly less than the diameter of the primary
drying chamber, for example, having a reduction ratio (primary drying
chamber cross-sectional area:tubing cross-sectional area) between 4:3 and

30  2:1. In a preferred embodiment, however, the diameter of the tubing is
significantly smaller than the diameter of the primary drying chamber,
thereby increasing the particle and gas velocity in the tubing compared to
their velocity in the primary drying chamber in order to maximize product

yield. The reduction ratio is preferably between 2:1 and 500:1, more
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Aver age (RA) iodn,Bdasssnicleratiistae]. Rolgmane maprieisegeatrially sioudd be noot her .
Standard el eCt t Ogr?)lf ;grsoGnde% to prevent static charge build-up, which can cause particle
accumulation and can otherwise be hazardous. Examples of suitable

20  polymeric materials include polyvinylchloride and polytetrafluoroethylene
(TEFLON™. The materials of construction are particularly important for
particles intended for use in biomedical applications, where purity is
essential. In a preferred embodiment, the tubing is medical grade stainless
steel.

25 The surface roughness of the inside of the tubing generally is a design
consideration. A rough surface may reduce the yield and create problems
with product purity in some applications, especially pharmaceutical grade
products. The tubing preferably has a Roughness Average (RA) of 50 or
smoother, and more preferably 20 or smoother. Standard electropolishing

30 techniques can be used, for example, on stainless steel tubing to achieve
these roughness levels.

In a preferred embodiment, the spray drying apparatus and system is
designed and constructed to operate in a sterile or aseptic manner in order to

produce sterile particles, particularly particles for medical or pharmaceutical
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and prevent unwanted accumnul ation throughout the entire apparatus to the
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collection container 31. Wiile Figure 1 shows a. co-current verti cal
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chanber generally c be of any shape, including cylindrical, conical, or
paralIelepipégﬁﬂﬂﬂéﬁgéﬁct solution (C) is sprayed or atom zed into primary

dryi ng A preferred method of using the secondary drying apparatus is

described with reference to Figure 1, wherein the secondary drying apparatus

20 10 is part of a spray drying process that includes a primary drying chamber
20, a product cyclone 30, and a product collection container 31. While
Figure 1 shows a co-current vertical downward flow spray dryer having a
conical bottom, the methods and apparatus described herein are adaptable to
essentially any type of spray dryer, including cross-current, mixed, or spiral

25  flow dryers, having horizontal, vertical-up, or vertical-down flows. The
primary drying chamber generally can be of any shape, including cylindrical,
conical, or parallelepiped.

A product solution (C) is sprayed or atomized into primary drying

chamber 20 through a nozzle 26. The drying gas (A) enters through the

30 drying gas feed inlet 23, passes through drying gas heater 27, and then flows
through drying gas filter 24 to remove dust and other fine particulate matter.
The drying gas then enters the primary drying chamber 20 through drying
gas inlet 25. Atomization gas (B) is supplied to nozzle 26 through

atomization gas line 28 and fed through atomizer 26 into the primary drying
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chanber 20 through a nozzle 26. The drying gas (A) enters through the 30
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circulation of a heat exchange medium through the drying coil jacket 16
20  during the spray drying process. Representative heat exchange media
include water (liquid and steam), acetone, air, brine, d’limonene, ethanol,
ethylene glycol, freons, isopropanol, nitrogen (gaseous and liquid), methanol,
propylene glycol, silicon oil, and sulfur hexafluoride. Temperature control
may be particularly important for maintaining the stability of product
25  particles which are formed or contain highly temperature sensitive
substances, such as thermally labile drugs (including but not limited to
proteins, peptides, vaccines, and nucleic acids) while simultaneously
maximizing the drying efficiency.
The spray drying methods and equipment can be adapted for use in
30  either a continuous or batch process.
In a preferred embodiment, the temperature of the inlet and outlet
ports can be controlled to produce the desired products, and may be varied
depending on the gas, solvent, and solid material used. For polymeric

particles, the size of the particles of polymer solution is a function of the
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maxi m zing the drying efficiency. The spray drying nethods and equi pnent
can be adapted for use in 30 either a continuous or batch process. In a
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dianeter = 0.2 to 4 mmID. For polyneric particles, the polyner

concent r at i onpriopess perasmigrs aenissdl inlétdernperstpears B0 to 490/10;cmitley i s 0.001 to
0.75 g/m, and for drug particles, the drug concentration _in the

enul si on/ Kbl utteFWﬁ}’aé‘E@p:e@g% iﬂ@ §;§HIUQW§gW<3V§U§P@Sm QUprae _7§ §/m . The 15
particle morp OOIQWW‘?I%%%B%zﬂé‘dfaﬁfete?e:V@E%4 a‘isﬁ.r orié%lﬁfn%ﬂbng the selection

of polymer and/or therapeutic agent, as wel t he centration,
mol ecul ar  wepatitles,ahelpdliymer catcestrafonnatierdnallsionfolutigpsespensiordust ri al  spray

dryin rocesses, for od at e le t itive, typical
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typical plant design and spray drying conditi'ons for a variety of
mat er i al sl5 Thestcledesphrisgndependnai theoagereldnctbes, mghydinedhe sele¢ioa with t he

R T T M e
phar maceut i caveight, @hll @oSs rafR8 bF hfattriAld. Min gylﬁ&aeiimﬁlst_rmagﬁam@mgoept i des,
nucl eic acids, and chem cally unstable drugs. Using the
processes for products that are less temperature sensitive, typical outlet
temperatures are between about 70 and 400 °C. Masters, “Spray Drying
20  Handbook” pp. 498-511 (5™ ed., John Wiley & Sons 1991) describes typical
plant design and spray drying conditions for a variety of materials. These
designs and conditions can be adapted for use with the methods described
herein.
Low inlet and outlet temperatures can be important for preserving the
25  stability and activity of many pharmaceutical materials, particularly proteins,
vaccines, peptides, nucleic acids, and chemically unstable drugs. Using the
spray drying apparatus described herein to dry these materials, the inlet
temperature can be less than 100 °C, preferably less than 60 °C, and more
preferably less than 40 °C. The outlet temperature typically is equal to or
30  less than the inlet temperature and thus can be less than 100 °C, preferably
less than 60 °C, and more preferably less than 40 °C. In many embodiments,

temperatures cooler than 40 °C are possible and preferable. For example,

outlet temperatures of 25 °C or less, preferably 12 °C or less (See Example 3
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spray drying apparatus described herein to dry these materials, the inlet
tenperature can be less than 100 C, preferably |less than 60 C, and nore

pref er abl s¢han 40 C. The outlet tenperature typicallyctfshitidss Lo or
30 less twﬁ%k&tgﬁe inlet tenperature and thus can be |less than 100 C,

preferably |ess than 60 C, and rmreépref erably less than 40 C. In many
enbodi ment s, balewparedasirakle doppxampledar motegalyvatiplossmpltisg #hd pr ef er abl e.

For exanpl e, eratures of 25 C or less, preferably 12 C or |ess
(See Exanpl e %eogﬁd%gg 6256 PCT/ US00/ 11158 bel ow), are desirable, for

exanpl e, for AppHeédtins with |ow nelting or degradation points.
Applications The secondary dryi ng apparatus an tho described herein
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phar maceutical and i ochem cal products and oduct. cl.asses i nclude

pr ot ei ns, pepl?liogég,s’ Cg‘ﬁ%“ > FRFEredcy dﬁﬁ?’é%?ﬁa@e%iﬁ(g'gagbréﬂf’?% otics, enzynes,

vitam ns, yeaﬁi%ﬁzent%?érﬁlaphaﬁﬂﬁ&hﬂ@ﬁs. REASIBAE bM&thaREQRELsR  hor mones,
nmycelia, and am no acids. Representative chemcals and netal s incl ude

acyr | oni tri | ebiochemicaproditcys aderodusBSpsseamciudeproteimis peptfesmd, al uni num

sul fate, nc_and ni.ckel catalysts,. raphite, i.ron oxide, polyvinyl

acet at e, @ol ywctlﬁ}F a@ﬁf’&?i Zl,as W@BCSQE?Z, SV s yﬁf‘%ﬁﬁsﬁgte, titanium

di oxi de, and vicemeRRsRRAdRIveSPROIMBS! RirfroneSSRyR¥lia, Bhdl bfgndisidook” pp.
499-511 (5th ed., John Wley & Sons 1991), which_ describes these and ot her
appl i cat i ons. Rapresesidtive chemicals anthaeals jnchade apyrigniife bytpdiergpyterener i ed

particle depe on the intende d . th i.clg. ne preferred
enbodi nent tﬂ%%%)pf‘l%{yﬁ%jf?lmngﬁéndg%r%g uléqal%sS%Lf%%’d?lP ‘g%cﬁ%&%‘%r‘:ﬁ#ag’g&fi cles of a
t her apeuti c agephite, Woh©Rideppoioviall atets) pbly@inytiehloniée, eilica @ol; sodhmi pi ent s.
The ther aPeutl c agent can be a small nolecule drug or a__larger nolecule

drug (e.gls pelpeigee. sitanipms dinide, an,ginc aosphalgl SRS Mastsit hSPEYr nones,
erythropoi eti B%ir %ggﬁ%ﬁoge@gm%g‘l lfg“‘%h.t, %lﬂf’iWil\églc?PEGﬁs?f%?g wii@podi ment, the

particles are trix materi aving the 25 therapeutic
agent di sper ségctibesabefeant otheeappicetiomsl ,Theoeleusen ofithe bulkmudtéral of dr ug
delivery. the spray dried particle depends on the intended end use of the particle.

In one preferred embodiment, the spray drying apparatus is used to

20  form particles of a therapeutic agent, which optionally can include one or
more excipients. The therapeutic agent can be a small molecule drug or a
larger molecule drug (e.g., peptide or protein), such as insulin, growth
hormones, erythropoietin, or interferon. In an alternative preferred
embodiment, the particles are formed of a bulk or matrix material having the

25  therapeutic agent dispersed throughout the material, for use in controlled
drug delivery.

The secondary drying apparatus preferably is used in a process to
make particles having a diameter between about 100 nm and 5 mm, more
preferably between about 1 and 200 um. In a particularly preferred

30 embodiment, the spray drying methods and equipment are adapted to make
the microparticles as described in U.S. Patent No. 5,853,698 to Straub et al..

The polymers that can be used in the methods and equipment

described herein include synthetic and natural polymers, non-biodegradable
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The secondary drying apparatus preferably is used in a process to nake
particl es havi ng a di aneter between about 100 nmand 5 nm nore preferably

bet ween ?a]nd 200 m In a particularly preferred 30 F&PBQ&JI@%S’ t he
spray drylng ne? ods and equi pnent are adapted to nmake the mcroparticles
as described in U S. Patent No. 5,853,698 to Straub et al. The pol yners

that can be wnsdbipdearadablesobners.aand veriesohble andeweter-eelubler ei n i ncl ude

synt hetic and al

PCTI USOQ 1115‘%36@1"%Ir buRoﬁgegS%(’{{%ﬁ‘gel Pa i ‘p hg&ﬁ% gltahg{’&ﬁ(h\é)@f‘g‘g/la%%i d

wat er - i nsol ubdugh appoly(ieeti: acRBppcﬂy@mo@hc weidy end belty(lactpxdcydreas-glycnh& ude

pol y(hydroxy acids). such as pol y(lactic acjd), glycolic acid), and

pol y(lactic ak5d: E@}yglwy%l&mpolﬂew)es wlw}dyeerglb@élde 5@?%13/%&8@6@5
polylactide ¢ rides,

pol yorthoeste@g%ygﬁggﬁggﬁaghﬁﬁggﬁ Sé?)?l pol Iil(ﬁfia}l@mgeg such as

o yiol) SS%?‘”*‘JF?%“?%iﬁ“"iﬁ“"ﬁ?ﬁ*ﬂw‘ﬁ°ﬂ*mb*“zim:“e o yal kyl one.
g ,

Vet ept hal ot exstelionpas (RIS KoL na el sk Erea oo = IS IDE 2t cools.

pol yvinyl et h&zlée) g&l&myl@ﬂé te?@tﬂ%aes mhxéybabytetma&&%pﬁmamte}o as pol y(vi nyl

chloride), polyvi'n rrol i done, polysiloxanes, poly(vinyl  alcohols),

pol y(vi nyl acetlatieyl althloyispgvlwemef etbmsymﬂiyavlh:dm@w!apdly&mybbalmeSlssh t her eof ,
derlvat|V|zed cellul o IIuI 0 . kyl  cell ul oses,
ol | utosd ot sy QP eRedtiead By By blime e isstles RV celul ose.
ethyl cell ul oggohdhydsd H{}@Bé/étatﬁ)e:pbli'ls@%e mgm@%xn@r&awb I%‘P}IHME 15

cel | ul ose, hydroxybuty nmet h | ul ose | ul ose acetate, cellul ose

propi onat e, ctbkteaf, @lsevawezedtcsllbl@sqﬁrsa@leas Iyl qqllnlgée,éwéltoawkﬂht hal at e,

car boxyl et hyl tr|a et at e cel | se sul fate sodi um
salt (joint Iffﬁ?]lﬁ“éﬁ” Slg’u?se elllléelr%lcﬁ gse ess(t:ﬁ% d & @gqsﬁl , polyners of

acrylic acid, celli®isbagliyllctBulasd, H?/d}bxﬁﬁ@p;l'l)bﬁﬂﬁlssd?hy&@ky \padpy‘llﬁfétﬁymer eof
i ncl udi ngl esters, 20 poly érret h met hacryl at e) et th nmet hacryl ate),
| 0sC

pol y( but yiSmet geliglope-diveyoxy bqyy{qe&%e%lwlosw%&sy%@y (el
pol yC hexyl et fagithat &) Rebykhs BHREKL ARLAACLYLA Slnapel v(!aury!

met hacryl at e) eny acr acryl ate),
pol y(i sopr opydarbmayydt]a}tle):uulpsﬂ yélhﬁodwhydetae,raylﬂatlda)loseaautfatp@bymncmaldecyI 25

acrylate) (jojntly refe d to herein as lic acids! ol y(butyric
aci d), pol y(a9BHY g %?‘{jt)o%eéﬁ%‘él a}ovPthetie £5! 19¢13 Of B 1‘2' a%‘gpol yNEers
and methacrylic acid or copolymers or derivatives thereof including esters,

20  poly(methyl methacrylate), poly(ethyl methacrylate),
poly(butylmethacrylate), poly(isobutyl methacrylate),
poly(hexylmethacrylate), poly(isodecyl methacrylate), poly(lauryl
methacrylate), poly(phenyl methacrylate), poly(methyl acrylate),
poly(isopropyl acrylate), poly(isobutyl acrylate), and poly(octadecyl

25  acrylate) (jointly referred to herein as "polyacrylic acids"), poly(butyric
acid), poly(valeric acid), and poly(lactide-co-caprolactone), copolymers and
blends thereof. As used herein, "derivatives" include polymers having
substitutions, additions of chemical groups, for example, alkyl, alkylene,
hydroxylations, oxidations, and other modifications routinely made by those

30  skilled in the art. Examples of preferred non-biodegradable polymers
include ethylene vinyl acetate, poly(meth)acrylic acid, polyamides,
copolymers and mixtures thereof. Examples of preferred biodegradable
polymers include polymers of hydroxy acids such as lactic acid and glycolic
acid, polylactide, polyglycolide, polylactide co glycolide, and copolymers
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bl ends thereof. As used herein, "derivatives" include polyners having
substitutions, additions of chem cal groups, for exanple, alkyl, alkylene,

hydr oxyl a@péw&zﬁpxi dations, and other nodifications routi gggé?l,gg&b%lqlgy t hose

30 skilled 1n the art. Exanples of preferred non-biodegra pol ymers

i nclude ethyl ene vinyl acetate, poly(neth)acrylic acid, polyamn des,
copol yners an‘ﬁ‘rﬁhpﬁpu%;‘é@a’thﬂéi}“é% po %géer%fpoé’ﬂé?t@qeécpoﬁ(gﬂéﬁfcadabl e

pol ymers i ncl ; r > b S, agt i nd gl ycolic
acid, polyl acdtéi em%%(llgsgl‘%?g@%gp grp%ﬁaﬁ (!laég?ol gﬁﬁﬁlgag??bole%ees%gﬁ‘&@copol yners
13 WO 00/ 66256tRdpdligoes 1ided ptemsREGpohyshochmidedr i des, pol y(ort ho) esters,

pol yur et hanes, poly(butyri aci d), ly(va ic acid a

pol y(l acti de- co- ca%}e(ﬂ%ﬁi;le(ﬁ)ﬁé?lye é%?%@gﬁ%gm J@‘g{( n??é‘frtﬂl&%‘d H@&?%PE i ncl ude
proteins and (polmaaaeRarth dRSatorhtRr, @0l WRetRdr (BOMYRAR] ePB8RdRsAved he bul k
material and the formof 5 the material fed to the atom zer, e.g., whether

the materi al suspendeder dinsitsofiedei the snlvgnéntieaipreéarredremboidimend forusehe sol vent .
In a preferred enmbodi nent ftor 1’\L/%e 1Wi tth a golg.mari C t;{ﬁtteri | ... the sol vent
is an organi ¢ 5o PENPTRRATIRL BT SV PR ph OlgARc SolvER ‘i‘\}%i”?a/‘a?“c‘}\ﬁrboi ling
poi nt or can 1ae ahr@alvad IdHBSilinY P61t 61 Sdicthe réibGEd infdeRCaRREPde for
admnistration to humans in trace anounts. 10 Representative solvents

i ncl ude acet i'ghigle iscaccepiehle fafadypdrisEtian thinmasseindrace ameBne, acetonitril e,

but |, sehl . ; i i | ether,
it Zopr opg et s HELAE ALARNRI0 plgNRLE MR ARG elLE POV BNRS)
di oxane, et hagelbone,eicliphitdlecbwtygol, eilbnofornd, ohloBifRior®athons,vi nyl et her,

gl ycerol, heptane, hexane, isopropanol, methanol, 15 nethyl ene chloride,

ni t r omet hane digileramethagedinmoay! ethery dnsparopyliether. Nimethiipimearaide
1,1,1-trichl bﬁ?lf s A2zt and

conbi nat i onsqt er)gg : etfl?];l %ué%éirdgl(ﬁﬁ*{[%jjggﬂl}é#g;éﬁllagx\%%@g}o?a\égf :éﬁlytl he sol vent
to form a pdbymae, eslof winydnthen\glywgrad, leprme niaxatd, dsopafpahelt wednanl, 1 and 75%

wei ght tq_volu w ), .nore preferably between O. nd 309 v). 20 The
present iqﬁverﬁl%_ﬁﬂ_ W?QIO%%?PHF‘{)%{‘W%% BIHaRG fq’im}?)é‘i@g’é%éﬁé 't he _

fol I owi ng nongukmd, i IND.uEoHETBL REne, PRI @ickoctFPERA M8k AlneSasPNdar y Drying
Apparati Three identical polyner emilsions were prepared, each conposed of

dropl ets of membinationsthotentelnsgmprhdbepolymar sahtsplvadisthgsblveetrtbor gani ¢ 25
sol vent phasg, T0e RAel Wit Rahlh ¥ tof&hbdfor Srttweald fgla 453 (50:50,
weight to volume (w/v), more preferably between 0.5 and 30% (w/v).

20 The present invention will be further understood with reference to the
following non-limiting examples.
Example 1: Comparison of Secondary Drying Apparati
Three identical polymer emulsions were prepared, each composed of
droplets of an aqueous phase suspended in a continuous polymer/organic
25  solvent phase. The polymer was poly(lactide-co-glycolide) (PLGA) (50:50,
MW approximately 35,000 Da) and the organic solvent was methylene
chloride. The emulsions were sprayed through identical nozzles under
identical process conditions of emulsion flow rate, atomization rate, drying
gas rate, drying gas inlet temperature, and drying gas outlet temperature.
30  Each emulsion was sprayed into a 6" (15.24 cm) diameter primary drying
chamber (“PDC”).
Three different secondary drying apparati (“SDA”) were evaluated: a
4" (10.16 cm) diameter drying chamber, a 6" (15.24 cm) diameter drying
chamber, and a 1.5" (3.81 cm) diameter coil 100' (30.5 m) in length. The
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Table 2: Reduction Ratios of the Secondary Drying Apparati

a?gow arél'aals ]s'hown.m Table 2.

Diameter of x-Area Diameter of x-Area of Reduction
PDC (in.) of PDC (in®) | SDA (in.) SDA (in%) Ratio
[cm] [cm’] [cm] [cm’]

6.00 28.27 4.00 12.57 2.25:1
[15.24] [182.4] [10.16] [81.1]

6.00 28.27 6.00 28.27 1:1
[15.24] [182.4] [15.24] [182.4]

6.00 28.27 1.50 1.77 16:1
[15.24] [182.4] [3.81] [11.4]

10

Yield was determined by dividing the collected product mass by the

starting solid mass. Particle size of the spray dried product was measured

using a Coulter MultiSizer. Moisture content of the spray dried product was

determined by Karl Fischer titration. The results of the experiment are

shown in Table 3.

Table 3: Performance Results of Drying Study

Drying Batch Yield Size-Number Moisture
Chamber Size (% 1initial solids) Mean Content
Design (L) (um) (7o)
6" +4" 1.5 65.9 2.002 17.63
6" +6" 1.5 54.2 1.856 11.72
6" +1.5" 1.5 72.0 2.040 6.86

The coil system produced the highest yield (72%) and the lowest

moisture (6.86%) of the three systems evaluated. As shown in Table 1, the

residence times and drying capacities of the three systems are not identical,

15



[15.24][182.4][3.81][11.4] Yield was determ ned by dividing the collected
product mass by the starting solid mass. Particle size of the spray dried
product wesomeassred 10 using a Coulter Multi Sizer. Mi st urer/osswams of the
spray dried product was determ ned by Karl Fischer titration. The results
of the experinen shown e 3:; .Performange Results of

B yi g St Ly Top AR tab et Fr &3S g OF Bl s v (06
initial solidg)iveedcdmaitemhe D@ﬁdtﬁ)‘ii(lh)zy(dlﬂ (h%zveﬁérlrb‘l'ﬁdré shfiond3inke&17. 63 6" +
6"1.554.21.85611.72 6" + 1.5"1.572.02.0406.86 15 The coil system produced

t he hi ghest ying|veere fpimpreasrithe frngths ol she 4"n@ps1@9mé ang 68653 29¢m) he t hree
systens eval LE%EL, n%apﬁéha%%%o ogﬁt@g@ol el Elet%'tﬁlaq%g% ggscggnd drying

capacities of g6 Systent are no tical 256

PCT/ US00/ $1158eldtiocthe gt ()h}abé ymaﬁmb@h(tls zmcum)at:cdrﬁa@ztchammser oftehtse vari ation
in nmeasured noisture Conttﬁértx varjation in yiel (9 however, is nore
striking, sinteuldpeeyslegy fh@tP (b said Y 6B ITQ?@’FWS 1erenR@isMmost10. 16 cm

and 6" (15. qukc‘e??d%est% ﬂﬁ? af&?%gb%% Hg, lp%géél\gﬁ)cﬁé\ﬁgmé( 1éllglqigltl cal to that

of the coils 24 cm) secondary
chanber syst ems) andlcﬁjl(ﬂS Bécen)eenohéangchhmbemhat of the coil system The yield
difference i m)st I(é due t the conpar.atively |ower drying gas

velocity int ‘HP"(ZC[ aggn cgndaryDrying AP ndary chanbers.
Exanpl e 3j Conpar 'Istﬁi?l&gntltiﬁgﬁed r%n%éfbﬁkgwﬁglﬁ?épaﬁe‘d dRhlcBHpobsddestt i cal

pol ymer enul si ons were prepar each conposed

an aqueous phase suspended in a continuous phase of polymer dissolved in
an organic solvent. The emulsions were spray dried throughlidentical
nozzles under identical process conditions of emulsion flow rate, atomization
rate, drying gas rate, drying gas inlet temperature, and drying gas outlet

15  temperature. Each emulsion was sprayed into the same primary drying
chamber, which had a diameter of 6" (15.24 cm) and a length of 18" (45.72
cm), for a total volume of 509 in’ (8340 cm®).

One emulsion was sprayed only into the primary drying chamber,

while the three other emulsions were sprayed into the primary drying

20  chamber and a secondary drying apparatus. Three different secondary drying
apparati having the same volume were evaluated: a 6" (15.24 cm) diameter
tube, a 4" (10.16 cm) diameter tube, and a 1.5" (3.81 cm) diameter tube.
Additional adaptors and tubing (1.5" (3.81 cm) diameter) were used to
connect the primary drying chamber to the secondary drying apparatus and to

25  connect the secondary drying apparatus to the cyclone. Since the volume of
the connecting pieces was approximately the same for all PDC/SDA

configurations, the total drying chamber volume remained approximately the

same. The dimensions and volumes are shown below in Table 4.
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dry yield tllen was ca cuqated as a percenta

the total polymer mass sprayed, using the following equation:

Yield = [(collected product mass) x (dry weight fraction)]

+ (total polymer mass sprayed)

(EQ. 1)

Particle size of the spray dried product was measured using a Coulter

Multisizer. Moisture content of the spray dried product was determined by

Karl Fischer titration. The results of these analyses are provided in Table 5.

Table 5: Performance Results of Drying Study

Diameter | Ratio of Batch | Size-Number | Moisture Dry
of SDA | Cross- Size Mean Content Yield
(in.) Sectional L) (nm) (%) (%)
[cm] Area
(PDC:SDA)
No SDA N/A 6.0 2.201 28.6 92.7
6 [15.24] 1:1 6.0 1.892 13.0 64.8
4 [10.16] 2.25:1 6.0 1.967 13.3 72.7
1.5 [3.81] 16:1 6.0 1.956 12.2 75.0

The moisture content of 28.6% obtained when the primary drying chamber

was used without the secondary drying apparatus was undesirably high. The

results show that the use of a secondary drying apparatus reduced the

moisture content by approximately 55% and also reduced the mean particle

size slightly. The size and moisture content obtained with the secondary

drying apparatus were approximately the same for all configurations, which

is expected since the emulsions were sprayed under identical process

17
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[ 8340] [ 3.81][1524.0][17375] [ 4588] [ 30303] Sanpl es of each product were
| yophilized to determ ned the dry weight fraction of the product. The dry

yield th | cul ated as a percentage of 5 the total p
sprayed, G‘\ﬁ%pﬁzﬁzﬁie followi ng equation: Yield = [(collect e19 %@g@ﬁlclgésrmss) X

(dry weight fraction)] (total_ polyner mass sprayed) (EQ 1) Particle size
of the spray @nHEWnpabdsiace ¢agh seeonduy clyins apppraiuehid essentialythg si zer .

Moi st ure cont i -product was determ ned by 10 Karl
e nt8{all_{/&ﬁm%%5ﬁ¥es%e'rn@€ﬂﬁe.

Fischer titratio he results o ese anal yses are provided in Table 5.
Tabl e 5: Perf or manTlee feedtsl ihdicatt tiaxt yhienge St adycoblanelr@nRapparatus

of Bat chSi ze- Nunber Mpi st ur.eDry of ACr oss- Si zeieanCont ent Vi el d
(in.)Secti onaqeg%e %ﬁq iﬁv(wg{mﬁm zlmogmerogfft%ﬁ&ﬁmﬂs@pmfh@. 692.7 6

.2 . k6. ] (£33 .
|3, 31) 16 T6, 07 bea1d: FoorGri it etare b O el b e 4 when ¢ he

primary dryi ngticbétheerosswastiangbateabf the printame dy@geldarbygr trthe ng appar at us was
undesirably high. The 15 results show. that t use of a secondary drying
appar at us. 1 edisCaar e S TogRRER: 1B isbolkfants ul RSSORE af o)
reduced the mRRMo AR ddnfhafativilyZiBwet 89Md das vERRILP iZ@e 3NAndBt dfal{efrcont ent
obtained with the secondary “drying apparatus were apl)grom mately the sane

for all confisgoendarodyinguppetatusi Syevsieeca bodg déngtheot smallendiagietans wer e sprayed
under identi cta{). gr cess .17 tV\D Q0/ 66%26 PCTI USOQ’ 1]%?8 condi.ti ons and since

each sec darﬁ) & yll hsgpogﬁlélfr SRS es%%mgicgpzfcﬁ Ythe'® BaR4t al vol une and

residence ti nirodudi®osseTHb bEperitehing aidecatddakat tivedritig dapadtysfanggagy dryi ng

apparatus reduced the dry Xi el d, presunably since sonme product was
deposi t ed ont@Yeran bs ipgredsed By uping a§é¢fﬁlﬁarar<¥mg3appf§atapﬁa£ thatthe put that the

Jret o DonenaR el FFoA e o rnas LRI okl o1 LY
di f f erence wesppamasats debdetey herein.
15 Example 3: Making PLGA Microparticles at Low Temperatures
The spray drying apparatus described in Example 1 was used to make
and dry particles of poly(lactide-co-glycolide) (PLGA) (50:50, MW
approximately 35,000 Da) using low processing temperatures. The primary
drying chamber had a length of 19 inches (48.26 cm) and a diameter of 6
20  inches (15.24 cm), and the secondary drying apparatus had a diameter of 1.5
inches (3.81 cm) and a length of 100 feet (30.5 m).
The PLGA was dissolved in methylene chloride to form
approximately 29 L (liters) of a 3% (w/w) PLGA solution. The polymer
solution then was emulsified with 2 L of an aqueous solution of 18%
25  ammonium bicarbonate in a 75 liter mixing tank fitted with an Admix
Rotosolver homogenizer (Model 100RS88SS) by homogenizing for 6.5
minutes at 3450 RPM.
The emulsion was sprayed at a flow rate of 150 ml/min. and
acrosolized with nitrogen at a flow rate of 115 liter/min. in an internal-
30  mixing air-atomizing nozzle. Drying gas (nitrogen) was heated to an inlet
temperature of 55 °C and introduced into the drying chamber at a flow rate

of 105 kg/hr. The drying gas outlet temperature was found to be 12 °C. The
partially dried particles (exiting the primary drying chamber) were passed
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due to the conparatively |ower drying gas velocity in the 6" and 4"

di aneter secondary drying apparatus. By using a long length of smaller

di anet er wi®od/esd561g, it is possible to nmaximze the dryi ng pepusootiyisshil e

m nimzing product |oss. The experinent indicates that the drying capacity

of the spray th%é%‘ﬁrthé: Qé}ogc?ar#' g%g@&@ﬁgé&s, g\g'liri]&g\ggs r%ﬁ@lé‘e? wilfey by appar at us

and that the ease I1n p nimzed by using the
secondary dr yt@aGndapsedodieetsd.descri bed herein. 15 Exanple 3: Mking PLGA
M croparticles at Low Tequwlger atures The spray dryi ng apparatus described in

Exanpl e 1 was usedThoovapbyiekhef narticlesolleete@ wap Pl pol pelpaeticlesdiad 8- gl ycol i de)
(PL&A) (50:50,. r oxi nat el 5,.000 .Da) in QcC i n
{enpor at ur es. S RRGE Stk Siaks B2, R i LI PRGOS, 4s. 26

cm and a i aﬁfﬁltaﬁ{?olﬁlfne-@wgﬁfgé BfbReer (X9 &%, T h, adderlifessiacanslafey dryi ng
apparatus had a dianeter of 1.5 inches (3.81 cn) and a |l ength of 100 feet
(30.5 m). ThecdPin@h Whe nuistsielopani wanki 8l (sie). c Hheoloivdeoisaird eomtent

imately 29 L.(lite f 3% (w/ PLGA.sol ution. .Th I
Sor Lt on t nen Antchisyst oo oo g B e sfker SRS 1LSPp RS RaBRR{ 55 o5
anmoni um bi cailg,la@tq@_tig clffe sprayldrii@b sPdtxhfig tank fitted with an Adm x

Rot osol ver honogeni zer El\/bdel 100RS88SS) by honpgeni zing for 6.5 m nutes
at 3450 RPM Exsmpled:sMakinggBEGoMigreparticles #t|Loyy Temperstuneso m /nin. and
aerosolized with nifr o f f I.tarlm iLn.an internal 30
m xi ng ai lr% atom zi #glje ﬁ%ggﬁsggs%bﬁ%lg%%%%}é&f gi‘?’afjs(])rg}geé%e%\’/\/éaége efg% LEeh(f to an inlet

t enper at ur e ofollotikg Ersmeteist qUsEdethyiete glreoldPEGH MOV 80t rwaatused f 1 ow rat e
of 105 kg/ hr._ The dr)g r&gas out| et tenmperature was_found to be 12 C. The
partial ly dri@PlggafiPlis (@bthemrimpry prambsr heeth was 2 hicherdfberoaer e passed

18 WO 00/ 6625 g."b%(r%- L. : : ' aratus, which
was j acketed '?%rléovat x;z%r&oi’lgnﬁl V&gg niuﬂgtﬁigg?@g??%lgg@#hg&g%?al | yield of
particl es col wectsdkgils afd €4) tHhBowaatt iof belyntzadmalsici ta ¢hedipsay ndzatei on
characterjzed b nunber - average (X') dianmeter of 2.0 m 5 and a

vol une- a rag‘@a%%wa}m(xw of 5.3 m as determned in a Coulter counter.

The noi sture cont enhe Y@salPybRPBHWowihB PattRYs ¥BIIEdH RaLPWThe WaS
achi eved using drying gas %,errper atures Significantly | ower than standard
low temperature processing allowed the preparation of particles of PEG,
which might otherwise melt or fuse together during processing, as the
melting temperature of PEG (MW 8000) is typically between about 55 and
20 65 °C. Examples 3 and 4 thus demonstrate that both the inlet and outlet
drying gas temperatures can be lowered using the spray drying devices and
methods described herein as compared to those temperatures typically used
in conventional spray drying.
Modifications and variations of the present invention will be obvious
25  to those of skill in the art from the foregoing detailed description. Such

modifications and variations are intended to come within the scope of the

following claims.
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practice in current spray drying systens. Exanple 4: Making PEG
M croparticles at Low Tenperatures 10 The process described in Exanple 3

was repeq{,@ ¥gept for the follow ng parameters: (1) p gI ycol
(PEG 8000‘3q was used in place of PLGA; (2) the pri m?{»{é’@%@?{% engt h

was 25 mche\y( .5 cm; (3) the honogenization tinme was 10 minutes; (4)
the drying ga BW-rate was 150 kg/hr; and (5) the flow rate of pol ymer

enul sion to the spf_axsggglzdlrﬁn%;ap g&g/pmrﬁgl n. The overall yield of
s collecre

free-flowi ng particle | ow t enper at ure processing
al l oned the pr eparapﬂimaryafryipgmhilmb@shammg%@temmhﬂow spagpternoinhtiaghi se melt or
fuse together, al essi as the nelting tenperature of PEG ( MV
8000) is typ|18£1c{§f’ g‘é& g ut 55 and 20 65 C. Exanples 3 and 4 thus

demonstrate that bpidokd@y iRl a Jﬁﬁfﬁt&“&&lﬁﬁlsn%rt%ﬂﬁlﬂg hadsg hRMRe( i@t ures can be
ev ne

| ower ed using the spray ices an s described herein as
conpared to tﬂwééomémmaaomwetgth@y@ﬁdmgwom]@édf the priggnw drytigonal spr ay
dryi ng. Modi f| tbl ons and variations of the present invention wll be
obvi ous 25 to {nhose of skill in the art fromthe foregoing detailed

description. Such whadlinfthe fitib@fi sheadrbssvaatiicial 0MRea offiR privieNdednt 0 come within
the scope of the followng clains. 19 WO 00/ 66256 PCT/USQ0/ 11158 W claim

1. A spray driRR§eRioshs siosssectinpaliagsarny the wbingss 9t lgasy*idgaethanber havi ng an
internal flow spa tl a secondary
dryi ng appar at us ﬁhﬁ%;ﬁ%@%ﬁ&h’}%}%&l@%%%ﬁféﬁﬁ&? lg{gﬂ? ?Pu‘.ié conmuni cati on
wi th the di sgirange doyihg ehanstfer tidet lcnstMry drying chanber wherein the ratio

IS S AT S e
of the Iengt r’[uE’ifngtt(IS‘ﬁletll‘:lxliﬁtl'i‘gfHl@ prrltﬁ?ar* gﬂgﬂél]clﬁinﬂep% ARNdaBEd:y, drying chamber is
at least 2:1. 2. The apparatus of claim1l wherein the ratio of the length
of the tubing t 0 thelheapypatatusfoftcheempr whetein thie yatiogf ¢heagrbesesecgorm | east 3: 1.
area of the primary drying chamber to the cross-sectional area of the tubing
is between about 2:1 and 500:1.
4. The apparatus of claim 3 wherein the ratio of the cross-sectional
area of the primary drying chamber to the cross-sectional area of the tubing
is between about 4:1 and 100:1.
5. The apparatus of claim 4 wherein the ratio of the cross-sectional
area of the primary drying chamber to the cross-sectional area of the tubing
is about 16:1.
6. The apparatus of claim 1 wherein the tubing is in a coil.
7. The apparatus of claim 1 wherein the tubing is jacketed.
8. The apparatus of claim 1 wherein the tubing further comprises an
outlet in fluid communication with a particle collection device.
9. The apparatus of claim 1 wherein the tubing comprises 50 RA or
smoother stainless steel.
10. The apparatus of claim 1 adapted to be operable under sterile or

aseptic conditions, thereby forming spray dried particles that are sterile.
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3. The apparatus of claim1 wherein the ratio of the cross-sectional area
of the primary drying chanber to the cross-sectional area of the tubing is
bet ween abgouésidsd and 500: 1. 4. The apparatus of claim3 wher@isooiliggs ratio
of the cross-sectional area of the primary drying chanber to the

cross-sectional areg of th i i.s..hetween.about 4:1 and 100: 1. 5. The
apparatus of claim gl'véél?eéﬁ?#%ﬁgag%P%mfiﬁsf%pré?%%s-secti onal area of the
prinmary drying Cha”@?rspfa?iﬁg% @hlSion SRAItoaNR kuspefovhich@ohippiséiga 1S about

16:1. 6. The apparatus of claim1 wherein the tubing is in a coil. 7. The
appar atus of clohyamt andyh bulkinpateniad thrgpghen atemjizes e pdaimagy diee appar at us of

claim 1 wherein,tRe, Bé{}?ﬁé‘?g{sgﬂa‘érgﬁe{;ufe?ﬁ?& chﬁeﬁnf%g_a cg?ﬁl%,%és,itgfgﬁnm d

comuni cati on W a par ection devic apparatus of claim
1 wherein the dropletpiehegulvese andbulRMnaerial disperséin the diyimgegs; st eel . 10. The
apparatus of claim ]l adapted to be operable under sterile or aseptic
condi tions, ther eby(® GVAPHEIRGH? awlepiogélepsame%m&tht: HEting ges t§t581r‘$‘%é. 20 WO

00/ 66256 PCT/ %Pg{%,}é@gnqlpmm JRyhod of meking particles conprising (a)
I Oon, so

sprayi ng an emnul s utton or suspension which conprises a solvent and
a bulk material thr@udhovang tteqaitrde and drymgpgas thapyghdr sdcngdary dgnber havi ng a
di scharge outlet and containi a.drying.gas, 40, form .droplets of the
sol vent and buiRPH PR HELHEPE Bavine 4 HEC i S cpBniegi VR feat i ng a
portion of th%iﬂﬁg%@utlbﬂéﬁh% Eﬁnﬂfwd@mg%mb@r, sévagbifake a $daendlr opl et s and

g the

formparticles; (c) flowng t article and drying gas through a secondary
dryi ng appar arrgorehibe iseliver inigihedryira/gasg an inlet in fluid comunication

with the discharge,gutlel oot R duLIRL LAY SHATRG, LR gyaporate a

second portion of Yhe ol Ve rying gas, erern rati o of

t he cross-sectdhanikr artiécobs-bdvBiopdliafdy of thl by is ehiaadher3, tad t he
cross-sectional area of the tubing is at n wherein the ratio

| east 4: 3, and
of the length of thwhergimithgratie of e lengthiof thsrtubing tothedenaih af Yeng chanber is

?Lel east 2:1. ﬂrﬁnaryli‘?yiﬂgtcﬂ&gbé?fis ghalsgp il wherein the ratio of the length of

12. The method of claim 11 wherein the ratio of the length of the
tubing to the length of the primary drying chamber is at least 3:1.

13. The method of claim 11 wherein the ratio of the cross-sectional
area of the primary drying chamber to the cross-sectional area of the tubing
is between about 2:1 and 500:1.

14. The method of claim 13 wherein the ratio of the cross-sectional
area of the primary drying chamber to the cross-sectional area of the tubing
is between about 4:1 and 100:1.

15. The method of claim 14 wherein the ratio of the cross-sectional
area of the primary drying chamber to the cross-sectional area of the tubing
is about 16:1.

16. The method of claim 11 wherein the tubing is in a coil.

17. The method of claim 11 wherein the tubing is jacketed.

18. The method of claim 17 wherein the jacketing contains cooling
water.

19. The method of claim 11 wherein the bulk material is a polymer

and the particles are microparticles.
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tubing to the length of the primary drying chanber is at least 3:1. 13. The
met hod of claim 11 wherein the ratio of the cross-secti onal area of the

primary i anber to the cross-sectional area of the i j
bet ween a %)St?tﬁgﬁi:%g and 500:1. 14. The nethod of claim 13 V\hé)#te}((%g?/hiel%? atio

of the cross-sectional_ area of the primary drying chanber to the
cross-sectional ar ed-ofhamethodf plgim 18 vifstair Bis maistapertivles aspbetyoen 1. 15. The
met hod of cl aiégoltﬂflmh(ﬂ?i n it hcﬁ re}terio of the cross-sectional area of the
primary drying Chanber 't 8t Re"¥PoSs- sectional area of the tubi ng is about

16: 1. 16. The met hogll.ofhehathtl bt cluhen eiwheldi@teURicRPattildstotagPd | - 17. The
nmet hod of claim 11 wherein the tubing is jacketed. 18. The nethod of claim

17 wher ei n t hethprapraici qigliaganstid ag8ntool i ng water. 19. The nethod of claim 11

wherein the bul k r4al i I nd_ th articles are

m croparticl es. 2% J{,%,fgé%g@%%w}%%@le%& TRS Tt Rod of claim 19
wher ei n t he nite@peutici ldgnasie dpehsveen about 1 and 10 min dianeter. 21.
The nethod of claim19 wherein the mcroparticles contain a, therapeutic or

di agnostic agent. 22. HenaBefeHclaim ¢ ayhsrein thisekeipn of MSPBRNIM material is a
therapeuti c org,gh A0RARHsEs Qgﬁg%’i}e sgﬁ tha-ﬂ&evdm}lﬁgﬁi irpét‘e%t@% {f%pleclzl,‘g%}%{ g' n the

sol ution or suspensio urt conprises a volati
vol atilized i ncomitepation)thers¢fep (c), or conbi nati on thereof. 24. The

a
ret o of ol alm 11 ypersl Bt he BENLD, S35 Soer I e By, 0Tving
T o o C B e LRE A slol T ol S8 HATORLC 5 T
met hod of cl ai m 11 fherte methbé oficipinmg4 gdsreaxibeiinlgt teheeragee anldssrthadr yi ng
appar at us has 6aonocc?ut | et tenperature |ess than 100 C
26. The method of claim 25 wherein the inlet temperature is less than
40 °C.
27. The method of claim 11 wherein the drying gas exiting the
secondary drying apparatus has an outlet temperature less than 100 °C.
28. The method of claim 27 wherein the outlet temperature is less
than 60 °C.
29. The method of claim 28 wherein the outlet temperature is less
than 40 °C.
30. The method of claim 29 wherein the outlet temperature is less
than 25 °C.
31. A secondary drying apparatus adaptable to the particle/gas
discharge outlet of a primary drying chamber of a spray dryer comprising
tubing having an inlet that can be connected in fluid engagement to
the discharge outlet of the primary drying chamber,
wherein the ratio of the cross-sectional area of the primary drying
chamber to the cross-sectional area of the tubing is at least 4:3, and
wherein the ratio of the length of the tubing to the length of the
primary drying chamber is at least 2:1.
32. The secondary drying apparatus of claim 31 wherein the tubing

comprises 50 RA or smoother stainless steel.
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28. The nethod of claim 27 wherein the outlet tenperature is less than 60
C. 29. The nethod of claim28 wherein the outlet tenperature is | ess than
40 C. 30. hod of claim29 wherein the outlet tenper i Ss
t han 25 &gg%gggsecondary dryi ng apparatus adaptable to tﬁéy@gwlﬁé%sg/ gas
di scharge outlet of a primary drying chanber of a spray dryer conprising

t ubi ng havi ng an i BBetThelsetondany dyping @ppaetue df ¢laint B limdernytgantsing it o t he

di scharge outl.et of ({hefpri mar y dryi ng chanber, wherein the ratio of the
cross- sect i ondl 24P GOIIEHEANRPS hor v drying chanber to the cross-sectional
area of the tubing 34s Mtorhg@stordsomprand pari@éahidd ignd @k hppLitut be | ength of
the tubing to the Iength of the primary drying chanber is at |least 2:1. 32.
The secondary a8y 9f plgimaphaP &t the methedsirpng of platnel 30he tubing conprises 50
RA or snoother stainless steel. 22 WO 00/ 66256 PCT/US00/ 11158 33. The
secondary drying apparatus of claim31 wherein the tubing is in a coiled
configuration. 34. A conposition conprising particles nmade using the
apparatus of any of clains 1-10 or the nethods of any of clains 11-30. 23
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