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Procg¥Secess to produce either honpbgenous or cored beads.
The present invention provides such a process.
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hydr ophobic liquid with enulsifier or surfactant, a
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t enper at r%ro@ﬁln rbéérbeé&%fg@ @;I on tenperature of
the agar q:

separ at | g e@)nd ‘Pé% "i’rf gdn solﬁt?oh ffanc{i9 Eleatlng the

second bat ﬁ g?@‘?@ﬁi gwge i%ﬁl “? réggrte'I rétg)dth Econd

step (e): @gz fgrm n ar os a second

aqueous @bradinghe Qgﬂﬂg*g’ﬁ@cﬁr?gﬂ%g) to @@é&%g%q@ on to a

t enper at {ilr 8d¢inghine beadls agrksesendanIup Gipten th) {ofdhikhainepntaining a
hydrophobic liquid and an emulsmer wherein the third bath is heated to a
temperature such that the resulting emulsion is at or above the gelation
temperature of the agarose solution and has gelation a continuous and
discontinuous phase in which the hydrophobic liquid is the continuous phase
and the beads and second agarose solution of step (h) is the discontinuous
phase;



agarose; (h) adding the agarose beads of step (f) to
the second solution; (i) adding the beads and second
solution of step (h) to a third bath contalnlng a
hydrophobic liquid and an emylsifier where ? R ﬂ
bath i s (hebyreringtae %I“U|%'@\rﬁ§éﬁea('hFf‘ém@b@ﬁt%“ﬁ&‘txe'i'Hté a fourth bat
resul ting eontangigarhysrephebic dquicensled to Atemperalirs kejpw that of the

t enper at urgelatibn pdiet obtyasessrd agarase tafarmaa coatiagof disl seeandrmgarose
cont i nuousorethel agatiess beadsiohsiepd); afdase i n which the

hydr oph@i)i segatating e teatdoragarcsaibdads oflisep(f) s thedinuld bfttke fourth
beads and gggond agarose solution of step (h) is the

di sconti nuous phase; -5 (j) punping the enulsion of
step (i) through a static mxer into a fourth bath

cont, g r{;%(@&g El%‘gcr ﬁeoé?'béép \%th% if 89)@9 aﬁ us f k|ng agarose
beais&e%nw dlepT efe%ea@ fi beﬁé” . g agerose
for digsolyipgethg gar%sgén Mgoua tto ?{g |on of
the aqyeousSalEn. adest B@éed@é@&gntaﬁln& @ ho 'P an P
maintgieedfab a temper a or phove the gplatigndiotnt ofrika ag@ sg@lﬂr%fnlelt tq)éhe flrst bath
for thoer feyslepbobicriigeil Bdbmsecondonieito the fieshbath fpaihatso gtm@fthﬁﬂnst vegsel, said
secand ded being indlaid soromunpsaticr with tee firstrvesseh embdiet foesihe firstathain fluid
comirRPAIbA NI &n ialkt i skabomizerdarg@itlat froomthe sttt migdr beihein fluid
comPRIALARR witt &1 inkd 18 9Qkithi Bath ik REETIsEh dontathimg adéropBbic liquid
mauﬁ&héb‘ é@ﬁbmp’éthdré‘ b&bw the gél@tﬁ)nfpblhﬁdf tﬁé%ﬁl@be A antdet from the second

batan roduction of the aqueous solution, a first heated
ath contalnlng a hydrophoblc [iquid and an emul sifier

S IRt Rl 4
hea qg(pha[ngéé rH lrslt|| | Iap?ﬁ%i m;\lq&h ati {nlxlebsqq.?éo cool the
drofigty and mefpphob@rhq%t@ aé@nwat\*.fﬁ glpw{ Oftler at'%e% P h%ssaa&ose gel
the sgatasa dropletsénto besdaant fen ragpverismimnagaresa heads fram the hysleophobic
liquili r st vessel, an outlet fromthe first bath in fluid

conmuni cation with an inlet of a static m xer, an

out |t igt filrtherobidatto Btoaitié an appyetus feinreing mgdrbaeibdads comprising a tank for
e|éﬁ9ri'f§§~éms§ it dniauedus Bol@idn | Izt fol eangsefstmgldrbgtobic liguiieand an
emtﬁﬁ%Pré us@@ﬁ Bt ﬁ?d?r%@'tamk Bt scRd ¥ RREHRIGhd bAiErging into an inlet of a
stat é?’lt m?hI 'HPfﬁE %IM oﬁ B YA IR B3 HChROALRE above the
ge| r%ute[ d??\ fh ﬁE&m xer d% cted b an

inle %@ 86 an §p3 8 ogpr]gt ) % é %H dtfte agarose
in ofder g Gayfse §1H2 9BITRIE 019 @Paﬁ @ﬁaaggt ésh? BRERTE g

the static mxer so as to cool the droplets and

hy dit isph edditionaliogigetdo teplage the ke Arg Qankerti\sheéwxmﬁaeeréfo hegiboth the
agagpsk and aguequsisnltitianfand te ha@mmb@ ligyed witht enmjlsgf@abeﬁ(y@ blending them into
the dtatirhigdrs i nt o beads; and then recoveri ng t he agarose

beads fromthe hydrophob| c liquid. It is a further

ObJ B&tan bl bPMé BresahinddB&T BlkidE @n apfRidtidforrgaking garose coated
beall§ n%ﬁﬁ’d\%é’Lr‘sﬁie@@d deds ré\'l‘a feﬂf eraﬁﬁé Alok SbvaE JBIBGM pbifit ¢Tithe agarose
for 95 F/ 8 rdsd iR%n a&he DIkt a %;(l? Be ﬁlsgdl\feﬁta arose solution with a

pIur1a ﬁtgc nﬂ | é ael?dm}esi ﬁ&tron boRWblufdn, afirst
hea‘tp‘gé) r? ntpipipg,a rgqpp%i: inta %@;@ t?wggéq,tur 8 %’Eebv? éh aqFIatlon
poind %ﬁQﬁﬁOszafﬂfﬂénl lragpﬁfgrntgq rquﬂtpgcl et to the
firstktathder thessoltionef thatss} dessplesalderandi el W&t%m@u@?aﬂpﬁ yith the
firstevgsneb seowlet fram e ﬂrstahattuuﬂm:@cormmwﬁaﬂwm andnletsf astatic mixer, an
outlet froaT the stativevikez deing indinid commenicatibn witthessinlelds 6 lseavge bath, the second
batle equédirling atfydopladbicriguitl maintainedrpiea taperatulectiotow thédvgelajieh paintohthe
agaRsie Ndn dflet frbe tRORESRIDathifer rebodkeing the coates beddse dropl et's

to gel into agarose beads and an outlet the heat

exchanger. It is an additional object to replace the

bath and tank with heat exchangers to heat both the

agar ose and aqueous sol ution and the hydrophobic

liquid with enul sifier beforg_ blending theminto the

static mxer. It is an object of the present invention

to provide an apparatus for nmaki ng agarose coated



beads conprising a first heated vessel at a

tenperature at or above a gelation point of the

agarose for dissolving the agarose in an aqueous

solution and mi xi t he di ssol ved agarose sol ution

wi tths ap adélllQnﬁh¢bJQ°$'0fglﬂe presgat iBvsntien to pipVidepregppaigtug fips Meking garose
beadsesmpising arfirst heat exohargsn meintained at atthr@pei@fur@@u@r abeVeist getntion point of
the dghrosd for digsalviag thesghros@intanianieogs solutign reptad ineat ekaanggr containing
a hyérepHobiaiiquictandtan 2muiifipemaittained @it tempesdioe at drlabovg dieagelabon point of
the 4881084, af butlehét tROMEt DB St exéhahgdr aihd Andutiét of the bbsdnd heas excharigbr being
in flu cf%fomhﬂﬁlcilﬁéﬁ“éﬁlfhté@gﬂ § fifst Siaticthix@Pfbr RIrERE AT eI thie@oltifR of the
first hd e I8 o?fﬂlafjdoﬁ’d‘hé%f e>1cﬁ‘£1 i raﬁfouﬂé?ﬁ&ﬁlhe fifs@étehic mixer

bein ﬁcf@@ orlmrﬁ rﬁ%at {Nfﬂga |I$ fxrs oﬁ{? J f&%{jﬁ%ﬁﬂgm %aerti?of

emu 0o UE fr? I‘t{\evaegw afic mixe 6r]g| fl é o h oathlrd

heat@m gger,fr,] 'ﬂ’ép@ he agargse,in Brggrﬁ%cquﬁe &p@p@fcse droplets to gel and

an Oéﬂﬂﬁf@lﬁﬁh@éﬁ'ﬁdé‘ﬁaﬁx?wr‘% inlet to a second bath, the

second bath containing a hydrophobic |iquid

mai ntai ned at a tenperature bel ow the gel ati on point

of the agarose, an outlet fromthe second bath for

recovering the coated béahsDrawbgdt is an additi onal

obj ect of the present invention to provide an

apgfut 1ASshbR§ a BRKIE dyrad 8f MthbodiRaetaf ke bebééélawr@gftb fhetpresent
at” exchanger maintained at a tenperature at or above

a gelatlon poi nt of the agarose for dissolving the

ose n :
ox i 1 Shofe R B 8 B DR L g of Four 14
acoQiAing Oittte REgsetiVePiTed at a tenperature at or above the
gel ation point of the agarose, an outlet of the first
hedilg@(%ﬁﬁwgérbbﬁh@!aﬁﬁm@ﬁ@ paspndmhogimnestet g pragassaccording to the
preseridhvantiper being in fluid conmmunication an inlet of a
first static mxer for form ng an emul sion of the
s ol Aigurestoivs b kimgraii of shirdleedbdimsnt bithg process dcdotuinglte heprsent
inveffiont he second heat exchanger, an outlet fromthe first
static mxer bel ng in fluid communication with an
i nl uréji sh% n?‘éf%drtﬁ eﬁﬁb&?rﬁerft Qﬂ'tpé:ﬁr@@sé BZofhg R thé Bresent
invel ﬁon SI o an outlet fromthe second static
m xer be| ng in filuid cormunlcatlon with an inlet to a
excha e ti.on point o
g e S Sovs A AR TG0 i aboc e B s end Bt myggent
INVEAHY- an outlet fromthe third heat exchanger. In the
Drawi ngs Figure 1 A shows a bl ock di agram of an
enboglirere showsfa patiele formed bysongst e émhepiments ¢f heiressetdrvention.
invention. Figure 1 B shows a bl ock diagram of an
al tRgunal shows arpanidieriermed by orfeluéthp embedimentd of Fieguesentinvantion.
according to the present invention. Figure 2 shows a

bl Oﬁé‘ur 8 m%‘p‘éﬁlcl@ f§Re® BlorRHP Md ieABEdim&tts bt dpssepta®@ntion.
according to the present invention. Figure 3 shows a

?'oa@@gg% 9{3 gé% preﬂtlcﬁ\%}?\?b H}E&{elg‘? he%%aﬁﬂﬁrﬁ?&ﬁheﬁﬁ&%ﬂﬁﬁéﬁtl op.

diagram o

odlmsn of th rocess a rdin oth
i T0SHQYB ABRGHE g nEng SCRE AEBTEATIAgT LinhesbCR invppion

enbodinent of the process according to the present

invention. Figure 6 shows a particle forned by one of

t he enbodi ments of t heDgtailed Eprcificativenti on. Figure 7

shows a particle formed by one of the enbodi nents of

t heTqmiaiatatthd monamiformities infFEigaroseehedd snmatin angtarctaatel scontinuous
meth& BAakMy s08Enealis, ifde a8 BPPslinig Nestelofhe blRSer MeSEOA utilizes a static
mlxér‘W %ﬂﬁ't eadsFPrgférr?; HBB%HYﬁII @arRAért érfél*t%dh‘)s‘hgﬁ@tahé/m%rz SiHce a
stat Eﬁ)\(l\eg i ae'ﬁ{sl szfl h8 L{p Igﬂg‘éﬁfﬁﬁnhb@H@%htﬁ\ Jous ik Ghtakhi erof the

y one o he enbodi nent's
the present invention. Detailed Specification To

m nimze the non-uniformties in agarose bead
formation and to create a continuous nethod for
maki ng such beads, instead of a stirring vessel, the
present invention utilizes a static

inve




m xer to formthe beads. Preferably it is a small

di anmeter, short, high shear static mxer. Since a

static m xer has a very small hol d-up vol urre and |s

i nherently contipuous, the shear hij séor é
beadp aRBUGAMSTeWATBATSNGH 3 SRR (LieaH aFeRS arelmast nqtgeX'Stent ina
stationaizere ISinceha doldureveimerisvesy sl the gheaelieldsi uery unifrma, This uniformity
allows taastaitic mixexte opergie atamtithdowrsistiap rajeovhansompared wih & hemagenizer
approdee. Shemiforf, elver shearveate givesbeftter aontror toi rsake e fidsr withtsgt size ranges
and EWalimyBickhesde bhdyididingetigheo parpentagteofaingla coned beddswer shear

rate when conpared with a honogeni zer approach. The

u ni anfrdBr d déﬁ@réte%b‘fﬁé?éntl? ALk st%‘atv’t@%re*éf?hp fhé ab§bhérales bRl dRKS
partid] 30 of ¥ I eﬁéadr'dg‘é ros"é'?)gadésgé‘ Fété%f'ﬂ@rﬁ%@&; Oto
abou?ﬁ § gdt rRan CI eﬁlfqu 1

t'c wat 5wad Cttnns @fétt'
crea E[% & PR 5 %ﬁ@ﬁ% egﬁ*ttﬂ H‘? fsft UP
agg'@ﬁefﬁtﬁ%ﬁﬁda?@t}*{ﬁ‘ thspatﬂete Siz®) de B3 PHiFablestay (R §xample

Keniggatatic niixsresuch apMedehbMR-So\N1 125 . hiseh ( %7@7“ eteb 1a§t9m\€nt1mxer
and & Ross ISG2ticimixed witsted ipcfl 2 &mm) dxameterrﬁadﬂ()elemeots Qther static mixers
are cadthierdialin awaiablecand vohldds @sefulin ke presdnt investiemaswall. t hat

create high shear at the sane or | ower speeds to

Cr ephRgériags KEES A8 formBEMFoudiehe aBove roaessatith wariations in size ranges
bem@@&b@dﬁ%‘d e R u§é€inihé @olithef e@;@rro'éé Als6ludnzd &fe ikére

eads tabIe static mxers include for exanple

Ken) g tir]ta? F‘oﬁ‘tﬁé f%C’[8I1§ Eg\%@)lrcmgee ordé%ﬂn?ﬁ&"w&t?s@s ntrrélly uniform
coatin or ul op s, single
core‘y%%quae e glghE&a‘i‘fi ww?ﬁt%@f 5&\ ‘lﬂg sss?@#t&rpapan he °pt9§“zed

yieldsg aiopnghilée. and woul d be useful in the present invention

as wel |. Honogenous beads are formed through the above

pr dcmstsodwif mtakingbéads isaadoliows aridas shamge Bigutedipnggarose 2 is added to
a veskl 4 ontamedthay ateeus soiidion arEatet! bea tamperaturecdt ongtareitsegelation
poinS@epEnding orthe afdresel thik i.gerereallyriomradout 80PCtd abdut 120° C) teadissolve the

agalggé:hqtesa AR Sollopduce cored particles with
subst ant| ally uniform coating with single cores as

te'ﬂsrtt?épref ORIREM P} thegaloBE aHidr BRbuRPRIE AR By weight

oft ‘?moFOJoesoNbrﬂ E 098 BImpPro @§ol§cﬂ of the
aga&oH% R’?@S Q{Fgﬁf}?ﬁ" m'ﬁ ﬂi(p o@ %@ylma |'dr$g
Otheys 8% °§%f5 B%%ﬂ as shown in Figure 1A, Agarose

21is addedto a vessel 4 or tank with an

sol Theisoluticarfavithdhetdisgolves agatosersdieataddad ta e ficst bag'bé\t}@t Gopigins a
hydrgphabicifloid anghan erulgifibe penhdis SgangnBG anulisifigaliras SigmaiChemisal, the
hydrggtrabicaluidys freferablpbooit, sBH@s traneedd ol whit2 B heted at atiabwieltiee
tempdrturef M gsigtion Poihi v trecigeostsin skt keap. it MBolltenviEtissfornissa liquid
emuldish 10HaTiRY & BshtisRLY St dideBritintidis phabalirdRIEsh the Bil I8 e cantMueUs,phase
and {2 48008 dltpt)én \eficont@liods ﬁa@q%@%ly%@ BHH ®R.stiRdd P Bitated (not
shmﬁjg 5({? SR, W?eyle AR the! sglutldﬁpinﬁ\ﬁ? E'rr"t%gg!'[%blc liquid remain in

the atwhich. 4|c91‘°fo s, Al afure of the bath,
the gm ﬂf EL §ef g ﬁ% acet a af vﬂJ?fgatlpwg téeb anp oéter such
paranﬁetqrﬁéf Vveifally, Qﬂttp | .ﬁPS@em 6 03R 8higoL e RpR g fgntto
form téeﬁl’fttl'ﬁlOfadd@@ﬁ”YB‘aHS fromp gboub A finuies {93 MipYiRY. frgiera euse Of
agitatipd helphiexpieditefthasrabigiandoraatiennfiodation ean beashievss bs;plalﬁg A yarigty of
mixersa$ sriefwed kndiwndmih&ar reprefared roedns for breating agditatiph ks hathfdyster is with
an dverhpackdtiererssutly asam |KA Model (Pd Istiress foralpoet & minotes, whi ch is

heated at or above the tenperature of the gelation

p0| THe &ﬁulsﬁdﬂqowﬁérﬁ%@md Br (REfEably bimpegeolgh d statis @linet 120 create
§%|utBF1 Bts! 14 Qp&.e bl@Eﬂ:’é Bt A Vﬁbéa@s havdrd GeﬁeG OITHE ldRMIRES!4 exit the

and |scon I nuous p ase I n he oil is the

conti nuous phase and the agarose solution is the

di sconti nuous phase. Preferaply the bath 8 is stirred
or agitated (not shown) to maintain the emul sion 10.

The length of time the solution and hydrophobic |iquid
remai n in the bath 8 |s dependent upon the speed at

M o




m xers as are well known in the art. A preferred neans

for creating agitation in a bath systemis wth an

overhead stirrer such as an | KA Mdel P4 stirrer for

about 5 mnutes. The enul sion, 10, i ﬁﬂ‘% féo d or
statiqprel2AHP 3 4P arOPm ﬁicgn@tn@e.bat grergbly Wi oo ermyisifier)
mainaingd @éaategu@eraturedwlomt Ehg galatiopfoigiaf tf@@geogq Zlis eayiee the
agarbeeasdiitionrdiopleds te gelesil foerd selfsuppertingpagatose stecigsestof @ grnerallgspherical
shapst Rrefierablyithessecahd bath 16 iscat aderapedating di fophabbiitc! °C toabdut 70° C, more
prefetabit feinnabagt 1ta REPCIMd (rosiedrefembly jromiabdut BRQ te abdus 13°Cer )
. maintained at a tenperature below that of the gelation

po"l’ﬂé b&ds Ei?ﬁhé}%rré’éi)%rea_ hugh W%@@anh r c&AFIP Separation and

& QBsHG QR Fhtsr Jne ra Fﬁal\c'l n%ﬁ vsfet §tb't@@96htds"\9a water bath.

Tmsgﬁt @%ﬁgﬁg{é& et b‘én%?anyg rééb% @ﬁ 5&% 15 é ﬁ&’?o t50°C,

prefgra dr@ph o te s that

mavgsmtheivv%bef%fae @mﬁﬁog&t ppet \é;' ?%@ﬁ? (9 5@%% ads may
then B ¢6Rd apaDr St#Pi%G da fiherdie W}?@Pﬁuﬁ %U@WE&” Qi fidnstionelizggion.
decanting or centrifugal separation and preferably
ar ©pliernshie thewiieads camaftar craglinjipebesubiortod e saeandmass thiaugh the
processtto steatk encthes feyersf agaresewatien of thetbiead. Attiiianalmasses trapugh the
procedsiiftertpatsbresisd e dyeneTral dggrode van tetthd smeer differerd sfobexamplem % of

agarg§Ouly. 3B Ggadkd salbntvs 506% or 4% ebletioatih ydduessreep 20C and
50C i'n order to renove any hydrophobic liquid fromthe

bat MSndnficed 258 Emﬂﬁé’@ur\% oPhe SvEReF IR aﬁ%étﬁfb'éﬁﬁod%entto that of
Figu eh @go%n\’\ﬁ Flgurg §)h%85h%us§ i |d% UG i &ee ”EE & nog 17

whic, gflréftg @Sﬁ IgstHl c%rﬁta ?;S ‘Enfe o e?st % atJré 8@5% elation
poin tpeoe}ggqopcg,cau§|Hg9 B’@é @% suego g/g ga{ggaeggucg yres. The heat
excf@u@ﬁréz@@bbq%aéeng@@a Bevﬁzi’s‘@p%br'i i @qﬁiueht pieot iy agarose
exiting @ sleticmiserin cankigled meAneghma ke GRara 0B temﬁ@raB‘éean if desired
may/adirbe sutalivided erfermet laf seugnal helabexchangere i raw se as orsapplicagradient
of tearipsratunes taltha diquidT Heenargly, tredeataxchengerisboutthesat o tempiefatuse efritom
abotfee toexeutFOEC, imoréproferabirg@maabeut 1eo §0°C2AM mostipadasably from about
15°C R Mbutaecys, a 6% or 4% solution; in additives; etc).

As nmenti oned above in the Summry of the Invention one

al tA%d“a%t | %!'P%'Sﬁﬁﬂar}&f xz\t/engé abb egl‘hb% éré‘se(rﬁé]ﬁ?wrﬂarik@
;n?/F t%%'flr%%&] E{}ﬁ e.ILE/EIB V\% 5 rgﬁ]flars ydro ﬁob Ce@ond
ahH FYe ﬂsg\ﬁlngthe dropletstoaterrperature bel ow
the gel ation p0|nt of theaaro ca sin h%ﬂwtwl
and Afaﬂnlmr@mssgmad‘r'fwe &gw whi
centéat 60ia A gboneTatarialang eneer raore Eers §f @Q@S%R?@d&n Hieicpiey The
cores@ areeiinesigcadnio theprasesstal khe fiest siBh éheapasab4leand @sei qoatﬁ@ withige
agamsaf daringithequrocess. a control  ed manner. It may be capable
of one tenperature of if desired nmay either be

subgifiatele GheosystbrcaRell @sighed Such thahértor Batle bathoss veellias the solution

ves§ePYre F&DIREd hith @Hmbh’anger%ﬂ@ésem of tenperatures to the
|qU| . Genera Y, heat exchanger should be at a

§ cﬁrﬁ) nig%\ut aa?? ﬁre CTEEQ 5?&%% J %oﬁ; H%?I'Eated vessel 4
'a' %8 et &8@8 SS{&P ol folopig fid 9
|sh tgly in 3\peaf exCRNOET 1 % hent xc anger
11 areﬁumpﬁd tbmh SHMpsHBAfang Syto E&tﬂ taa m p Eﬂ? emulsion as
wellpe 4a creste thadpplets of agasesai Thediﬁorﬂais ¥P then f|<|>w@unt@ﬁ b@thé6 containing a
hydsplabicdiquith aedied t & tetrepsiatusel bgloms the grlation)poiniof dierAgargse to cause the
dropieto sk Thdimads ¢an tiindersepRatedisuch@s inssadil/beadbvatarisepatatordd and as
optibesyg Shedebdd tah e ba siewsindr fradtionaiedsin® diffbreotrsizesrhy @ fractibnatondr sieve

19. ABRodehedBbEads2HE EctedPbeady BF tAS FreScpdih@Mtichtah B8 malle bjthe same
core. The cores 3 are introduced into the process at
the first step (the vessel 4) and are coated with the
agarose 2 during the process. Utimtely, the system
can be designed such that on?_or both baths as well as
the solution vessel are replaced with heat exchanger
devi ces. In another enbodi nent shown at Figure 3, the
agar ose 2 |s dlssolved |n a heated vessel 4 as

Y T T

o R s



well as to create the droplets of agarose. The

droplets are then flowed into a bath 16 containing a

hydr ophobic liquid cooled to a tenperature bel ow the

gel ati on point of the agarose to cause the droplets
procéss agebquiphient, tresmtly differencdimamgtieat heparca trediss addedds thervessel 4 in
Flgu@|3lvéH@ﬁa§léd/vater separ at or 17 and as optionally, the

beads can then be sieved or fractionated into

fBeedhows 5@)%8?”18@0& Ericdelied Rk MBKIRY beédiseé(:éordlﬂ\@ to the present
mved’fBﬁ‘?rg RERbRdRR §|I v% IsCéHH % h?&r@ Ia‘B d WiftEoRbEFRBSS, heat

exch ndR st @rs pﬁﬂ se opt co afd Squeous solution
22 ar, % %gég{; tgréhé nﬁ)pg)l cg]gff {qu u %Q%B bce é@d to
spee ign a e py i opt ISIfi eafedina
first mp@ h@[%g%@%;l\% %ﬁi%(t rﬁﬁri) Eﬁgggglg& 9%0 gnlarrq{n pcg pounder 24
are r@mbmaﬁ@hstatlcawer@e&f@mst @a@ﬁrcasaph a0axese/cor groptetsd Tha gesond
hydropiopio liguitb3 s eithensupplisd ehalegerstuzhsiov thal pithe gelation @eist of the
agarddecasafowro $eg. 20roompempmralre gr 209C)es it 2an hefcoolse i, a seaehd heat
exchanyee (Nasstodh Ldndatie se2éhdaiteid artiteeloutut af thefrstethtic mixeodhate flowed
throudft-a sE¥ENd QEsEE iker 34116 cARY theldropRe togélOThedlain fro tiy loemt static mixer
can ggn 0 |Bﬁé?| 0 bE BEpRR AR thﬁ%"lné?écncé bﬁngaeg@rnﬁ’lﬁ@e 36 ith iy deRRkORE ® a

sieve SFHd %{%@Fcﬁ‘{ﬁé'n{b@en@ﬂ u'tkﬁr{e hﬁﬁociih%lﬂlﬁqﬁfd@%td ’éltt%r gomg to

changer rophobic I1quid
wast ﬁdg ool tysl tion from t he corrpounder 24 are m xed

g 5 i Siond 2oy ra%tﬁo%raﬁﬁgevg@femaa'?nﬂ§ éar 0 %@ﬂ gpent
mve@u_nm |§t QrpRodimey) E’le 04 @NGSYS Hﬁ%?@ts@ le‘ %g%‘g? igure 4
excephige gampAUNdsat 2 i fﬁt'acéﬁ by ¢ beat aﬁkﬂﬁwé Skhichhsaie ﬂteeaggrOS%uaqueous
solutianaand opligpallyaoes é ussd. 20C) or it can be cooled in a

second heat exchanger (not shown) and the second

| i gngidtbpranet! ih Figue®, hehoadgehduis beadstaresquid fegulan. Aeshald imFigure 7
the d afb%?doatl ?61‘1’4@@)@ tyReP6 0616l 54 rddedy Bxatle 38elbwisvarysifdrng in fact,
with HoREUBpes rené'Y Bed kh@'sﬁﬂgl%rc@r% bé1@asi@sodel wiiRb 9 Gleviation, which
is prBbabfy'the Bt uﬁl é’l‘?ﬁéd%‘é@ ook %r 89§h€\ﬂs Qa eﬂb% coatlng on alkall
resi é%%ﬁ@sccﬁ %gﬁn@ﬁ E@rﬁl u'r ifz Qd% &etolel s if% 2@ b i
o e AT o o e s g AR,

waste or a recycle s stem40

ot DB BR AUTIRRY i 15 Hn w&@r%sssdgaﬂ@pat&raﬁﬁ'p%@ it B tatc
mixgs casrraduceupJae HOILAe! beadst hinge bpbigripliinmixertihgengally, orilakggtthan a

penailyoksing L a suinbar ahtheselmixers id @anallet ane eap mapmprodifoe Feny niéora beads
inexpersizely. Tdgenecatgthe bebels, idkels 90 mep thanewhe bymare pemps and a number of
inexgensiva s@te mRBrsWinlith thid tecthslodyh ¢ ispossitteste creaigeailycontinuous bead
procdRBtlod sy as flusdtet ataé Fiyurer Amthief advaRste oftisdystoh aytast thesame
systhih @8 Ko Bed bMRr P FRRR)@RMEDBEAGH PoRbRnblsiegds! SBUERT, withs

homdGENABud Beald, W distributidn m?\ﬁ[ﬁé@g@% herl%rqu Esléﬁt to control the final
sme'& ggé .ené cores as anpl e ow I's very
In fact, WI th nmono-di spersed poI ystyrene

cores, the s artic

doviiengnte GngyedihE pesdn i 511'?6\9 asaﬁ e on
Hispgaesag Tae agarpejesanetally vaegmaecogcemafwg 0 4 blegbout 25% weight
in the @gugougsautioal kal i  resi stant cores of Exanple 3 bel ow.

Figure 9 shows agarose cored agarose coated beads nade

ac Clhedbreg of the Eoetatiagerode of fequiesentlidvestioowwsn bauhadd aipey material that
is uREAMShRARYEHPNY FotexEmplaTthecde msy beecrbdzed [nkepagegosedead (whether
made® 'fHeQJFesehﬁﬁodé&@@r%ﬁ oth&HpPataEH) W plastc, RTef: lasbricgramic. Preferably
wherj\'&'f sh&PbealB & hdledighGigid®), %\%rcoféawsé%@@%rﬂ atiatérRl theQs doesn't
mel ﬁ?ré dr\ﬂ‘ﬁe Jé@en? %@es@fand hi o?tlve Suitable
matélfz ?%Qtlc sucfﬁea'a‘fbb styr I €bolypropylene
ble EEI and poRRr i lﬂgreae crylics,

?80‘19 Ve rm BPRX%‘Sa'B% Y opuR w'& %&?8?%%8 y

t he beads, it takes no nore than one or mor e punps and

a nunber of I nexpensi ve st albl c mxers. Wth this

technology, it is possible t'0°create a truly

conti nuous bead production systemas illustrated in

the Figures. Another advantage of this systemis that



in the agueous solution. The cores of the coated

agarose of the present invention can be nade of any

material that is useful in chromatography. For

exanpl e, the core nay be a crossed |inked agarose bead
polySuibres oetyethemdenésy PYDE orR TEEeglasssudt astrasiicaggiasst dlkali resistant
glasParRcestilled fo oW]b%a@t nétals Beshalks stafleds stedlr nicke!, Htamigm, palladium and
cobdtioefFib@loy, ironfeemaihing of @tﬁ‘érﬁﬁh@ﬁeth@@ﬁheia% alldys hﬁd/lﬁer’fdlsgdhd ceramics,

such dds%lllé’été hﬁateﬁ{!@ Z#PhB ah$vRiBlLEtPHlc bERH @ material that is
oesn t he tenperatures used in the present

br ? ?oi?saé}? ?’éfbué(}g ggr{‘aelrgejly §;H{éﬂ€5l fggx Fér{l eti %% Theltr%
darlBr e A N S HTERIES SR R R o
abos 54yBicrpas | )¢I'a@1‘? and pol ypropyl ene, rrultl I ayered

pol yet hyl ene/ pol ypr opyl ene beads, acrylics, -

polAgda dommendn agarsise beadananuiastyisevariows agditiyas carrh%useg tedance
prodactioh ozaldaprapeity fodla keadd. ass, al kali resistant gl ass

and control |l ed pore glass, netals such as stainless

st &Rl clabd ¢fleddiitiveb bdjmiswnolaﬁlalof@dlw muistibte withdleedotutionr. Examples are
monBWdh@é{éoth% Qlich dsfhafi@ratiesndll &E PEpaBbIBEThesB Ml B&dup to
condéﬁira?lbl% thhtloR¥S sﬁgﬂﬂ thﬁi?@éﬂutloﬁﬂq 5 bARBlIRSof theSt! 6160 can cause

precit |s§|ble4<bt6ﬁé%r§héh eth baﬁﬁ%o%@h@é@ But care must be
use sﬁtgé?o&g) yof Sé’drc?s% |ﬁF§ iPkeRdre! gr{n&ure ?ﬁﬁi}ﬁr Io¥two or more of

t
thesalrrgamg?lg's a&?@ 8’”8@ %u%nrtﬁgrs: (z:g of bead one deS| res but

preferably are from about 30 microns to
mi A fyvker plasshf addilives Compasasop-yelatie Misab Ig gga@,ug% Lqpééantmg examples
of thessinglided glyesring.thylsne gleptmethypentons dl@ledlatguédwetgdwdrmwte@e glycol,
trietip/lene glycal,dine roethy,dithyh opr-bigte etherstobethlenetpivgalsthe dimethyllcadisthyl
ethend of athgliete glgsl, ethyipe ghesl dinadtigt éther aoetgiarsinyene giyestdidihy ether
acetdlet dlethféhegBks! methy! ettiex aigtlyzse giyeo! ettmpirtiry, disthglend glymbld-butyl ether,
d.ett%ﬁb Beol Bitethindter, dRtYRAGSIycopdIth R kA diethglencldiskdimethy| biaer
acefdR® etHﬁeﬁe%lyc&‘alé%fEtﬁe%ééPﬂé I\Frﬁé‘tﬁyl %oYpﬁﬁoﬁheSNJe@\ trhofpHlireL e the
like. S’I-E”dl 9 Z@ L‘ Ultalswé?%htta @s% B f?na%@éls gﬁgaﬁ@ in this
clasgcgq d%g @ E\)Jal6|()g §e H@g‘%%& I%}ls 'car(gbrrue?% éoo used as

t he Sﬁ@gc éslg:qwdﬁﬁlxqs?ﬁggﬁ%ég wlﬂér i’if-’dl? " kest \?v i W@ud% by way of
exaﬁvale% pPiyinyl pysrolidoae pelyvirvbaigahal Belyethylang glyprls dextrgass ang water-soluble
polyaeidamideseisclecingpubsiiaiedrhiacytamides) suchhpsralysimetylagalamids. These
polyhieric hdditivés qag be wsadss dendsofithttieeagardsa i thelisitialglisp@etion aiep, or they can
be digsblyddeim the gbiyiionl aftemtind ddditiopant disselutitnadf thechigarbsey | Gareemust be taken
not @l ad6 ah excessMRYENRS ofpoleir,.as codguktitydferesotionondy, octure Ratios of
polyli’ﬂféYr fé)dgaro% &Yﬂom a@but 0-1 bé“! Vére ?bsﬁﬁkﬁ F%fer@édfpblym@% a8 ptﬂlﬁinyl alcohol,

dex di et hyl hers of ethyl ene glycol
é}ﬁ e g?&ygﬁt{ di met hyl ether acetate ethylene gl ycol

o wmﬁsibﬁép e lslg?r%&aﬂ%é@gﬁcﬁ'%&% M

—o—

quof solylign type Will fetjuire sqpesX 8 er ﬂ |mum type and

amqyp emulgifiefion 8|carb|tpee Sﬁ ||n tloa§ 7 0.001% to
abogt ke Pfe@TathfWW ab@@ %) % ta akaubb% yégt@ﬁ/\/ﬁgthé),f, @eéplg@(g e emulsifier
is addedtnipe oibartdlds nQidléleCéJblel\l- met hyl norphol i ne, N et hyl

nor pholine, and the |I|ike. Polyethylene glycols of |ow

ol Breuwgansevabghen e cosalinked idesirpd sanyfof tra tiemisiiies comepnly used in
the RSty o drébishnk redtatias . comidingrimyltiple Bydabxyt %p@ rsuoiasafysadokaide
beaH@ttk%%é é*ehétr%s BLRG aS RALIRITRY @kafhﬁ?ble rinas Sthef multifunctional
epo \%ﬂSﬂ%rb'chHé’ﬁﬁs?r es 3 th@'nﬁlltfﬂi?\'c&’dﬁﬁlrh%hde‘éhbrﬁﬁldehyde

8 ak¥ ot‘@%wﬂ

@e@%tum i i N e

polyacylanides such as pol ydi net hyl acryl am de. These
polymeric additives can be used as blends with the
agarose in the initial dissglution step, or they can
be dissolved in the solutionlafter the addition and

di ssolution of the agarose. Care nmust be taken not to
add an exce33|ve anDunt of polyner as coagulatlon of

o o o o a o o -



amount of emulsifier or surfactant. These can be used

in concentrations of fromabout 0.001%to about 10%

preferably fromabout 0.01%to about 5% by total

wei ght of the solution. The enulsifier is added to

t hét nwylalsa havel asne o moredtretionslities bppdied hiteinclodingdigandsesych aglyotein

A or Peotai @ sietural betcorhbinktsrlyr dedlvedyemions offeithenemadifiedversionses protein A

or GEORAMAHEMURGE chuRtic §tase ArdhSIKe Yakisuseharmisd! iigdhdnsicens 2! s
amirfoB f?fthHz&Q AB! Emmbﬁemwén@ﬁ%az&émm nfer@Btod@ylpyridine (MEP) or
meropa le Bl Bus éh@ﬁ@g ﬁﬁde? the &?Qséer!ﬂtm"tﬁ; anionic,

0 AR oy e i o

f o%ﬁl&@?@g&ruso Lﬁ‘ﬁ'@\" ny é}ung@l{xﬁ] haapta%?estb the present invention
includg proupS Y6l a%hgﬂn Bineter @ge (ﬁ ol ty, drophabic, groups useful for
covaéqnhghrgr@atppgramé thlgphﬂﬁﬁmgrﬁ(alp@gm@psocheaq q;,qgelatlng groups having so called
pi-piditerectiad withiarge!, conpersdhyydrpgestbrydingn bydepailc, etc.

di i socyanates or polyisocyanates and the like. -11 It

mayThadespoups vy be added afterrtite dgarvse beaddlas béensormpgh brideosslinked or
theyi hay beRgdeddd e initiapsonsien amtsdiconposiiatothe inithl olutilr e tretified
acclrlinghA5uthak pAbef TdWé’Féd'?)ﬁFa%d |s¥ tiiethe Ye%dtlo‘ﬂ% ik @eSurfional groups to

the @LaF SBGCUg%Ghe‘uh@ %%sm mgLee&te or Gto render

m rmre CaUStI St a e an [ ke vari ous

cal I
s e %@%ﬁm s ?égicﬁ.;?é%%;:éuen%
sep@rﬁt@ﬁzassesi praaibel( B eqxam %'S S@@g Sfyereatg%apn éWﬁ%ﬁFQﬁfged
grouph atei attachpt isghe agﬁroserﬁraatrg@ad S@erat@ qfepnstiteprisun thesamples gifqcted b
ioniinteragtiting, Anothewexample oFthe epplicatian oidomagrneoitsegaiose heagsiis @ffinity
chraptatographp dffiaihHigandsaian be eovaldetfytatthdhed todhe dgargse eediaand offer a highly
seletive @Biaralion routecbrdeplgrcongtitiestsich as, but not linited to,

i on exchange, bioaffinity, hydrophobic, groups useful

f oroncCR¥RLRIMorRRE CUTES REBAB BYprovidai gty yridGo batreMRGHAS8 ransfer
pa tr%f?dé ckefBE ﬁ\%&iaoﬁr G @Fa'cé‘tgbe Qéc‘Re’cP ‘th@%ttﬁlﬂng:%He?Qbsorbmg

or egég dab?e]dtgc &Eﬂ%ﬁe gt | %Egafﬁotﬂpg?’g be M H30E u% higher
Efflcéﬂ“P %aldn%gge r?@\g nd % (Zss P Rpegeultin
sh a[f,),er ‘iﬁ@?earlfﬁ EFOPYMPHY i ni tial sol ution and t he
osition of the initial solution is nodifi
gg}oﬂieh@ppycat@u@fﬁh%@r Hepdsiing fiuidided ked CBﬁomﬁﬁg@@H or giggnetic
chranthraph)ewh@ethemoﬁe prayides thi reduised densityiliorfidizgd bdbkortﬂaﬁ magnetic
profieniizs &y theosagnetizedictsoroatographyent |y wi th the crosslinking
reaction. One application of the honbgeneous agarose

Exahﬁﬂej‘ﬁ— HembgénedGeBead packed-bed |iquid chronatography.

Oney (f%ﬁ%’ﬂd% é r&38lsollifidnt( D2 Adgiose bR MRspaEHgaPWas Whdid8o 24TBmI of
minS3IRIcE éifﬁ 6 n%b%muélﬁ&% é‘ﬁrgl%nkﬂétﬁ% 80P0 uhdeEdnstant agitation
to o @ea ﬁ*l theF(?ﬁai ifphase i 8 tifuh [oRWAE Bk ed through

lp ﬁs @15 Eﬁ %t i %rgﬂl(/lﬂ N- 12) at a flow
rat 'é@t“é 0By egﬁ ? 'H'{‘%f? PRGHIGR H%’PO%Q%%P% r%ﬁesr’eads
Wef@ﬁ@a'aﬁb\ﬂ'lh@d@ﬁ%ﬁ pé’ft'dﬁéﬁﬁ@@ WMhgar ose beads is

affinity chromatography. Affi nity ligands can be
Exampla? eRolystyeene soteddbend t he agarose nedia and offer a
300kl gff8oym diaektee monesizsepeal\atyrena sphewes¢Dfnoseed s fipBe-13 from Microbeads)
warBiRgd with W Orhisof 4 Prgapdsdlution (DR Afarssetiiom Hispasabal) éechtain 8 slurry.
The é@ai%%@ddré’ﬁnxfdréﬂvﬁg édde@(b@ot)@nl%ﬂmhéﬂél oiltan80°CRERaibIRRMEEST Span™
80 Qﬁ'ﬁl | eP @on@t@ﬁt it ﬁ dResH & enﬁls\'dn% Shieredd &l haske i®8ontinuous.
The 'tH% 56‘ Nl 12 rlr%hé’@(ﬁﬂm ) long

rtfgl am@%ﬁ d ?é
Kerljoﬁé a %ﬁlxggﬁf&l Ia£ WQ‘ i 0 ng@ﬁ%t e#? o rThQ sutting core

t han honobgeneous beads Under certaln operatlng
conditions, cored beads can result in sharper elution
peaks and | ess buffer consunption. Another application
of the cored beads is in flu“dized bed chromat ography
or magnetic chromatography where the core provides
the required density (for fluidized beds) or the



a 0.5 inch (12. 7nm dianeter, 6 inches (152.4m) | ong
Kenics static mxer (KMR-SAN-12) at a flow rate of
3L/mn into a second bath of mneral oil at 5C
Spheri cal honbgeneous agarose beads were obtai ned
beadaihbdareedtimaige statipgihickneseofdiOamene the bad®Oulation Bvaa pfsideminately
(>50¢?o}owﬁ1tey$n@@cm ed bead 300mL of 80um di anet er,
' nonosi zed, pol ystyrene spheres (Dynoseeds TS- 80- 13

Exarhp |@@-M|ﬁdliqt@,e@h‘m la¥€Sordd k&gl Wi t h 900m  of 4% agar ose

200n?1% AkdiQ8si as%% I'ié?@@offﬂ)@m 5 @'d%%fe} MoOSdP@Brﬁbr@tufh was mixed
w1th§ OlMl 0V6% &e%gl 'él% Séth fsﬁi ﬂﬁ% é@garose
core 1 lill'g de | oﬂ aﬂfhg dét Yonstant
agit In

pumeg&ifrﬁv@m m ea ef eﬁq ng ﬁ#ﬁt vﬁ?y sgi%G%t éhmlxef ata
flow eatengfst@iin intg mlrpﬁfqﬂ@ katGiG o] u ing sere brads ,gga@e imated gpating

thickpessra )M ande bead eom|atm westréeds»mmmlﬂ singlerpopdrir9edal o |

at 5C. The resulting core -12 beads had an esti mated
Exampletdi-nApardsecioreeiteadf 10um and the bead popul ation was
900 IEM @‘dg%l alosd lutibreBOAypdsarimn Hispaghgar Pwaseddedtts 20gine ofdvineral oil
cont&hi @ I0ntres3pah AIrHD cBuRMEr if @ fietoibearht B0 Undétconstant agitation to obtain
an eflufsioh 'in\ﬁ 'tﬁé@l a&'@@o’%h%ﬂ@rﬁ% éPﬁulsi’eQ%Qlf@Nﬁurﬁ&%through a0.5

|nch he "55 5@@@ KeNESsidft 5 a fdw rate
of 3 rggl érﬁ%aée;%p@ Hg t éBﬁ‘e‘?c Iﬁ&ﬂa h 3}@ c? were
e igeeyoalith deapie ﬁ Wf?gpﬁ%” 05?
emc@e@mﬂeéy eewgesaﬁesc” | é. il ot 5 gy §P*aﬁﬁeﬁ ppres)
of 1QQumcaverta9edlem¢terp/wé§réxe¢§wtb6ﬂlerﬁ>u$(9§96rqq¢é0 ajpgs from
Hispiahagar) tpehigied sluy. Jiig lgaI0B-®re mixkire Was addedto aﬁ)(&)ﬁé@féwnere ol
containint 4@mi(of Spanfre) 80°0 npdeRognstanSayitsticatto obtain areemuisionsin whickythe ol
phaged$ eontifiucs./ Theremusion was then aimped thratghS@.5" Tlemetee Hlobg Ross 1SG
stati6 ﬁﬁ@r headw raeof umiesiol minéraidil @b%CI Mhe rebiingkoebeadshad @um

tirASHEY éd&% Rigih Qsod?UbLﬁr‘ihrWthé\@éad £H5h Wadbredorsinangy snger ed
ggrl dI%xlan'g l e - Agar ose ?gr&gd beadpgoo m g*)f gfg%

a aro e soI ut| on (D5 Agarose from Hi spanagar) was

E ad raI oil containi ng 120rr1 of

xa

3003@% qmg {cgte Qperegr(ll\ﬂ% %a p8 r’h |xed
with G0pmigh s rgsec %[Péﬁ ﬁ@awe §? wn t%"b ur 8 gafose-
corqrwp(tg[egﬁasgd@edgo 2009phof @erai ortgang perh 5‘emus ier at 90°C
under:m_:emstmtmgltatmﬁgob(elneeemelslem |nthlﬁh>tl¢9r0|| mlwrm s. glhe gmulsion
wasfthemvpumagdsthroagh B0.5 imicim (i2i7imon) aliasretan, rﬁdncmas (152 #mem hm Bossd$G static
mixértat Sfow Sfehed Ol/minl inth mine et oikat BC .aTerresiing emetsbeads kad an estimated
agafBé cdangPthiokiicbs & 10@H eebthe bedd doplietiod ivaspiedsmindntiz GB0%volume)
smg-lg"lf%réaeqﬁé ad%s@ chRGwES @8 SstihHed 8cdrdiryit6Borath [1] and functionalized for

anionRk e/&-:f @5'?}/ ttﬂeeoeﬁﬁéj\ﬁ@réﬁweﬁmﬂirﬁt?ﬂiomnofb% aga%'éé'ﬂolutlon

(D-52 Vgea ] B oo rF\ ﬁgse &9(?:%2 ureQfas b

100@@&{1\3@@ E& b ;%%gg@%ﬁg w % ﬂ@%cﬂ%ﬁ%on phase is
f

h
contugys, isigh W% aen %\%1 g{%@ @g %ﬁeﬁﬂ gf 5°C.

o

(15%mmj iRgr anice ﬁﬁat'c iR
Theverulting deubietcanted eqje beads Had @rbe%lme@ﬂ ﬁeceﬂd ‘a@ﬁm%thleweﬁsrpf 10um and
the bereidphpuldtion vias pregrmiraatly singlwearehd0%) The enul si on was

t hen punped through a 0.5" dianeter, 6" |ong Ross |ISG
static mxer at a flow rate of 3Lln1n into mneral oi
at 5C. The resulting core beads had an estinated
coating thickness of 10um and the bead popul ati on was
predom nantly single- cored. (>50% Exanple 5 - Bead
with nmultiple coatings 300nmL of 63-75um di anet er,
borosilicate gl ass spheres (M-Sci Corporation,
G.0179) was m xed wth 900nl of 6% agarose (D-5
Agarose from Hi spanagar) solution to obtain a slurry.
The agarose- core mxture Mﬁ@ added to 2000ntl of

m neral oil containing 120nml'“of SpanTM 80 enul sifier
at 90C wunder constant agitation to obtain an enulsion
in which the 0|I phase 'S contlnuous The enuIS|on

s ~ - " R



agarose coating thickness of 10um and the bead

popul ati on was predom nantly (>50% vol une)

singl e-cored. The agarose coating was crosslinked
according to Porath [1] and functionalized for anion
exchange purposes. 25nl of the beads were then m xed
into 150mM of 3% agarose solution (D5 Agarose from
Hi spanagar) to obtain a slQaimy. The agarose-beads

m xture was added to 1000m of mneral oil at 90C
under constant agitation to obtain an emulsion in
whinmbi Wwoe k! phase is continuous. The enul sion was
t hen purrpe through a 0.5 inch (12. 7mm) dianeter, 6
|nches (152.4m) | ong Kenics static m xer

m neral oil
TGRS cerﬁ ?Jqugs?m%% %(gwmmu@@aeaq[f@aar%s&wsa% Wi oy
est i mat &1 h&aERN Y ﬁﬁ@ar?%sewmgea&mpf@m ye theygglation point
bead popul@ttlebﬁﬁlaWﬁ% predom nantly single-cored. ( >50%
- 13 d aibysaddingdhe haeted:s@lutwn tong firg{ rwdmwhoglgb%d ontsinenga wader-in-oil
t he manuf astahiliziang efulsifierr weaseib tha dguidtio heatedstb adempesgture such that the
heati ng anreaulting@usisbg & abseabsed the pelatioh tenmpetabmepefiiied agaose
above the ggltigh brhapaicoitinugis ahdie disgtmses phaby inadhith g
the heat edhy%lRJpHéblcﬂ@uH%tﬁe ¢dnfisloudIpibic® Bk an_sQldd)Idtion is the
cont ai ni ng stabilizing erru sifier,

é@ﬁanao

wher ei n fFo |r\ r"BE daétéhc%&e‘?fm Hfo§ éﬂdﬁlgts
L Qﬁfw &ég S g e
= continue hat h8| §|é @ﬁ@gee% gﬁl tb@l?g@ﬁos ﬁiéo Tcéts into

hydrophob| d is the contlnuous phase and the

agar ose (%)OIGGWeﬁfr?Q the agaese baadsdignihmissery IpWase; (c)

flowi ng the emul sion through a static m xer to form
agay os &helprogass bglairg d) whaatkin thg fitshliguidrisogd b éamperatitre ofdfrom 80°C to
second 12yGraag thelsecont liquid isla teompleestlre ora 1 CoP&Cat ur e

bel ow t hat of the gelation point of the agarose to gel

the)ag ¢ﬁ@§@cé§§ SPISH Y, Wikiréih thB@@bBion 8nstkp(( ?)is ﬂoa,@@vmugn Ghe static
the’ agaf f&tsﬁ%@%g] remLRRuEecond I qui

process o wherein the first I|qU|d |s at a

s e[% Bt oLy e e SR PR s SR ARGE orh S o

claim erein the enul sion of step (c) |sflovved
through the static mxer at a rate from .
QLIS niiheproggss phdaiprloweasein b agarasens in a Wr@ﬂ@aﬂﬁn pfn‘eom 1 ogd%
t hr ougheighien sheaaquiepusrboldion.i s from 50L/hr to 600LIHr .

5) The process of claim1l, wherein the agarose is in a
corgy entThepioosssf clfimdimufthdr cordirfEing appliy agitation teethafisEiguis.
solution. 6) The process of claim1l, further

compri § hé‘groé@a@oy A8 1aﬂhﬁeﬁ“cbrﬁ&|an§ vsfaE?ﬁhgfthé &dardsk B&ddd of gtap (d).

The process of claim 1, further conprising washing the

f ur g hg g%gg‘ss% claﬂnelpfumt%r corﬁarlsw %ﬁ)@gllﬂlﬁﬁgﬁﬁe 95 %b&]s]of step (d

F1stng cros ose

r s of ¢
cor ﬁ%ar o @ﬁiﬁa?ra%r@mwaagﬂ% SEGeEE prdsof sigp (<) wih
vvat er m&r@%ﬁhewr@%sgmhlﬁsﬁ.er@a he beads. 10) The
conti nuous process of claim1, further conprising the
st €y dhe contijous iptesessiohiaimg, wﬁber&gfapfﬁwéﬂ‘@éméobf step
(e); (9)hf orosslinkingaths eganwsd bagpsrobstep (e are second
aqueous (gpkdininga sactid bgadsengart seeondsagoenne salationbindhedting the
t enper at ur gedROY¥Sutioh ® Dempérbare dBidthe dlatibh poisetvedecond
agarose;
(h) adding the agarose beads of step (f) to the second solution;
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agarose; (h) adding the agarose beads of step (f) to

the second solution; -14 (i) adding the beads and
solution of step (h) to a third hydrophobic liquid
containing an enulsifier wherein the third liquid is

heat ed {ip adingticheadsiand selutioh of stepath) torecthirddwydiophabig liquid

emul si on i entdningranaokgiéertwhere@ethethird fiquids sreatealt o a éengplerature such
the secongatagaeastihgemlision Bt arabotetse gelaton tempertuse ofrick

di scont i nugldsndedyamee sdlutionriadfas tleentinbbusntdideopiuebd shase in
liquidis yhe, tﬁé’ﬂ‘ﬁr& otﬁ’chﬁqﬁi@ @Hé’céﬁﬁﬁud&@ Kk @ftPthe beads and

second agarQse 909(5 r%f e"dfs@o us ph
Qoub

di scont jjnu o : sasH Lol 1 §Rurt
) thr dLghANPIgdE Otf : ?‘&"PE“ “

(hyzjrophobl"gydfqp %ﬂ' lqt“88? etﬁ“?ateénﬁe 8%’ ? g]eoq?} omtof

of the gel ndagase gy iorm ¢ enaling: f&?%&ﬁ%ﬂd@g@of%"r‘r "r?ﬁaéose

coating of Qﬂ%Ofs%@dﬂ(ﬁnﬁgar ose on the agarose beads of

step (f)k waeve(ingthe eastpd@parpss heads @fééﬂpéjgfr@@ Hiedigud gfdaafaurth

of step (1)quidcom the liquid of the fourth Iiquid. 11)

The process of claim1, further conprising the steps

of :11) (frhe @bmsbfdld{mﬂgum’(eec@gmmg;&nebﬁadsf of step (e);

(9) form)ngossliseRandagatas bsds bistésSepecond aqueous

fg' Ute'rgt Ng)2RFIRG 8 5d08d Adafse MERRLBELNTR LllgOU§’§%|]lItI@n and heatlng the
np 35’@%&%“&5‘@ aQQh;?e'fétt?rQ aﬁﬁlerﬂges oanB ;t?0|n°t%f3tﬁ§‘ cond

agar ose, ar OSG

the sec L{ on b f:ﬁ E sol ut| on
P oS .

third |iqufdtaiingayaterdn-ol abé{'z'ﬂ@ gpals @rlwhgregu Whtr%ﬁ“'dt'?}'éeated
resul ting @rmte@p@atuwe§u@ttthairthearw@gﬁmélsgélsat prcakove the gelation

t enper at ur Emperatuneofdecsecand agarsesslution andihen agendinkras agd

cont i nuous diacitinudusphasd in hishi ¢hedimishydiophabeiligid isfthe dohtinudus
hydr ophobi ghdsk @nd e bsadt laed seeoid ayamys solytbasksteprt) drdithe
beads and giggdhn@oggg{ag(,se solution of step (h) are the

di scontinu Mﬁ iR S Bmulbibn of BI4PTA) RoUdA@ sBEBH StaBOmREr it GRourth
g;érgg[}gb? p% GOl | B&%d’f a'tert rathr‘%tbeloﬁtﬁa‘t’ tﬁer%\‘;atlg rrgomtof
of the gel %t #Sﬁolﬁ %9 %t$ 8&§Ie agg'lriaga e Bgarose
coatin d_agar ose, 0

Step (O® | g berslone pesip eﬂe?%gﬁ?f ihed'a%y@gﬂﬁ? Bl
step 0) fr it Bed | i quid of the fo and (1)
repeat i ) sapeplingsteps (rbreugik) @q;hepgatpmaeag@gfts&@ (Weoneiar mere
step (k) ondditmnaldimee additional tines. 12) A

continuous process for the nmanufacture of agarose

beat}s odBAtiusLNEIoceds fohtaa tnamgacure afpyRMYS berga cam@ising:

sol utiomgt Redting BFTBQIeals Hy BroSsviioh s BRbabtuRabERI thd gelfibn point
t he agaros Qa a’\é‘gél ng the heated solution to a first

oo, ok ﬁ&;@%%ﬁ%fs%f@?@f@Léa%f‘b"m ™

t enper at ur & ¢

JliRg espu at oggtzprvg gepaﬂ%n tg rgtgr olf the 3harfle
2ol uti on asdui @ﬂ%h%%gn% iieiiand sisoeniesy p?%ﬁmh'ﬁ .

i n whi ch t Redrophobic liquid is the continuous phase and the agarose so utlon is the
discontinuous phase;

¢. pumping the emulsion through a static mixer to form agarose droplets;

d. flowing the droplets into a second bath containing a hydrophobic liquid cooled
to a temperature below that of the gelation point of the agarose to form porous
agarose beads;

e. separating the agarose beads from the liquid of the second bath;

f.  crosslinking the agarose beads of step (e);
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hydr ophobic liquid is the continuous phase and the
agarose solution is the discontinuous phase; c.

punpi ng the enul sion through a static mxer to form
agarose droplets; d. flowing the droplets into a

second patformingret @pw'idmj ageresed apecdidagueays selutiop endlpatingthe
a t enper atsacandiselution to hdampafaturé ebaye thatgelationgoinhof thefsecdnd
agar ose t ;ghedn porous agarose beads; e. separating

the agahO%dlhgﬁﬁ%gﬁrb%dabﬁoﬂsté&%fbtﬁésécbn‘ti sftdend bat h;

f. crossligiging thetb8dHase%Rd Ba@ER ofdtepShRB altfibath Eontéining a

formng a )'E/gr% ﬁlﬂ)lc‘h uﬂ LR ghd tRirdht ﬁé’dﬂéﬁ t684 fature such that

tsglngtelrgtnure e O?‘% E? at%?%b@ the dgq e?at eoft e second
gal 10 E g t u :%@ on}i g@? hich the

S LA ﬁwg“ Sl e e

sol uti on oolu§enses steR t'%t 8 '@‘Fﬂ” ’HJOB%\Q'WS%ont ai ni ng

hydr ophébi nympquh%emu«\%qr@f Atep fle thiayoh a sighig rnlant%ééluefdbaﬂb

a t enper atapniaining@ydiephobictliped eapiedite  tegperatwreshednw tha obthe

or above tdetatigeparntiobthe senopdagarase éo fofm a bastingeef thedsecond agarose

agar ose sodnuhé agaresedehdsof seg (pbidiuous and

di scont iknuspsrafiyREE coatedvdyhiobe bdats ofsiedr(ipidie e diquid eftiecfourth
I's the comnjgiuous phase and the beads and second

agarose solution of step (h) is the discontinuous

gﬁchJcontﬂh'cS@ ﬁf&e&ﬁﬁr tﬁé‘?ﬁ r?db:R: Ol cﬁétfi fh})se bEUAS U brRing:
t

Py r oph?blx*e 2 gganacﬂus% RO 4 85k of ol epds toa

of the epqhoyﬂ thggel t
coat | ng ofa H‘S theiegied B{ gepé tog ESt ‘P ghic %Q@gd gfwater-
step (f); iantskbilizgrmusiicnkpateddo e iape@iuigyobahevebald the

of step Q)sqiutlommftat@ () tporen anfemulsionineving sconkiaons angatjscaptinuous
cont i nuousphase nedichftue hydtophabicriigfidien denauisiffer are diteendntinuous phase
agar ose beadisheayaprse $ologpn aad sdlie deadsgreathe dispoetinusus phase;

agar ose csOofidiigaRe GRUTEOA SFisk (15 tRbughal statiy mixer 16 alebid drpRtisof
toa tenp a?dsb'%ﬁd@é?i@‘ﬁ@adshe gel ation point of the

agar ose; NG&H @ inkR s8cbrMy@bptihRRquiddooked to
a first hygq;ggqﬁil t?elfé tﬁﬁt’ h@%glgt?oni!%?&f’the r‘aéét?)fom? : gelledel

etofor

stabilizin enperdature
above that

ol Si off. h%?s%angathes?ﬂt? o S SR (6 e b Bﬁﬁé&%ﬁ%@th

in which the hydrophobic liquid an denulsifier are the
corfl nAcartingeussoceshiar the mapyantise ef coated pgasee barissemprging:
beads are bhétinglansagiaeusragenose sfisisreconprising apluraliy ofselid beads to a
enul si on ofemperfurd &ove the gelglionaoist afthiecagaioser to create

dropl et &, ohddirgdies isstedasotichadf stdp ta aosfirstdhydrbphobic tiayid doetaining a
dropl ets ofyatstinRil c@biliint nusifeenimnsh thy daupib abdted th iatampdrature at
cool ed to &abb@é‘ﬂ%@t%ﬂh‘é%@luﬁﬁ'o@%é Rfto Bfm hhemgsdraialinga

poi nt of t ReAGRE 98EiEBntrdbid ha Eh the Adrb GbIQI'qmd is the
LA b?(ﬂﬂﬁl{OHSB San& Fﬁg éerkglu eanﬁ‘B e é‘ §c&ﬂ€nuous

step (d) f e Second ba

cont i nuousP S for fac of co
agar ose OoeB‘HEp'QQo PmBIF'H@Ofesgem@g@Wg:ﬁ‘ @ﬁ?ate droplets of
agar ose soPYRPSSRNEBRFISi sing a pluralit y of sol i d beads
to a tehplovingihedepletsénte nsecy @q? Bydraphotiiariel cegled tha temperature
agar ose; bbelewthiahaf thef@laﬁe;amtmj okthe agarasa tcofprnga pglled egatingon the
a first hyeslidpbadsi c |1iquid containing a

e. recovering the coated beads of step (d) from the liquid of the second bath;

f.  crosslinking the agarose coating of the beads of step (e);

g. forming a second agarose in an second aqueous solution and heating the

second solution to a temperature above the gelation point of the second

agarose;
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water-in-oil stabilizing enulsifier wherein the liquid
is heated to a tenperature at or above that of the
solution of step (a) to forman emnul sion having a
conti nuous and di sconti nuous phase in which the
hydr ophdbi adding thei odated crosetinked bedds nfsiers(f) it the second selttion;
agar ose .S ohdding ¢ cesatdd bexald andgeeortdtselutiingat step i) tooaithird hydrophobic
phase; c. |RuARbMENIMNE waltinSil etabikdngsireRifiel whérsihahegthirdiquid is
St atic m xQhtd% £1cARbRAMY Qh MhtthdfesulganRiRnadd oPgRIS the

- flow ng i6n BrBRaRSof il sBcdhd 3§46 BnRYEs 99@%9&0‘63 and

lglelqglt:joﬁogm Pﬁnﬂ ;%S@ﬂvﬁkﬁ‘fh fﬂh@?% ﬁcf‘u%tl %ﬁB ﬁucg:s I;]>hase
on the so q{g%;eo%éﬁmhg%ﬁ ﬁ@gecg% %@ 8% %Bélﬂ'gggf (iggla S of
ste d) f 'd of .t

crogsl(l ?’hkl ¥Ryingree %{@‘5%‘(25‘5‘33@ ik re Sﬁgg@ﬂw'ﬁ%ﬂ%gm@?dw@ﬁ of the
(e); g fo$q¢prwgagar0§% é*l?rhﬁ@ qf gtepkl) second aqueous

sol ut i ork. afianingehe dragjets hkstepsp ddmaiforrd hydophobicdiquid cooled to a

t enper at ur ematratues helos thatlobthé gelation peint obthetskeond egases to form a
agar ose; - ddsom coatihgiofithe tsbemnd ageresd oo thesehted kesdls besieps(f)pdnd
step (f) tRcévedn dgstﬁé?@cmbdfb@bdstdf@tlp (j)i frometbkelliquisl df ke founta tiguld.
beads and second solution of step (h) to a third

hydiophghy ﬁaratﬁé %@5@ béégs & a firSrialed vessel at a

St abf tx%ﬁ Pat o?b a ol Eoft'mﬁ bé fdr libSOHAng theSagarose in
gﬁ&t §,d an agtgo !%? g e!%r E§ h i uEt'orr\Q)f the g$ueous

t he se@BIHQP” E ea Wﬁ% a 6 \“F &tﬁl% m”ﬁiﬁan@ ah effulfer

di scont"? ab# eaweralirg#iot OE"h%r Y PR PYintofihe agagose, a
the cofifst ﬁl@b@@eﬂfﬁéééh fos g hyerephobiatiuid A adkecenddnleld-Bpdrst bath
agar os dordhsl satutianof e fisst wgssel g9aidi secand inlet beisgvrilt/id sommEnication with
phase; the firdtvesselnan dutiet fremihesiirgibathfin Bidgommunicationaith lan et of a
stati c statixmixet an cutiegftoen tte stplicaniger béing indluid semmnnicaigawitsan inlet

coat ed (98 sdcdfd neR sefondbe coftdininda hfdrapnbiiiglidulienaintained at a

dr opl etténééfrat@ré 880w ihe geBdh Rint Srttiet dyafavelandhaiatiar fbinaks scond
cool ed tenperature bel ow that of the gelation

p0| nt ofLa t he second agarose to forma second coating

andl. PR ﬁgﬁwé@zg a@q%gf%ﬁ%@%%égﬂ BT %ﬁ hEHled eksel o2

the |i deReraiyree qugr rox, ok sl e? fose in
maki ng AGEVOYRSHEANANLBIIPY | ﬁ@olvc?d@ paraze SOUILPrLY vof

at a tbeaheares: ariBlele therfirs wessel et thednteoducian ply h%@QUSPUStSH tion, a
agar osdirst beateti hathalontaining athgdrerfabie Swid and ag emalgifiegointained at a
sol ut i dempesature al @tabdve or below the gelatios psiel of theragatoee, a first inlet to the
i nt r oduiest bath fopthe hirdrophgbie dguid andlal setdnd injet & the first bathefart teelsolution
bat h comihaifift Rgsed saiSecupl it Beihg Al Bii@ canmburdoatierathsthd firstvessel,
mai nt a'd’r\%ﬁtle@?rorﬁtﬁe%?g?ﬁétﬁﬂnwu% BhmBRicABPWEh &Y inleedf astatib@ixer, an
gel ati QJ'& t‘ﬂtthe at|E ﬁ’uld mrhunf §ﬁon'vﬂ hah il td figcond
f' rSt tb% V]] gécoh ?at F\cﬁ*ﬁx‘:’ Ilggla m?agr%@%?é‘@m erature

; T]e éaé '}l%o"ﬁ tae a%aé?slqg oﬁorb%thf rgéoverlng
Fjgg C%essel

vessel b? |UI ni ca
an outl et fromthe flrst bath

o
with ttheecoals

in fluid communication with an inlet of a
m x&, Adrapperetuefor making aga@sgmtedcbeﬁ@wmp%n%ﬂrﬁtmeﬁq yphgnger at

conmuni atampesatusiat or abave agedation paint af the aganeseliertdissolyipgthe agarose in

second dnakybhecns sdlizion ambmaxing p glucglityobbead kcorgsiividh thaidissaied @garose,

at a trdepetddkbtiercandanat & epgralust 4t onabpwe the gelbtidnipeint of the

agar os exgafse & cOnthinig affifsPRdidpRobEiReia end Sredrulsified h firdhoutlet from

appar attHé’ﬂrﬁt‘?\’éat@&iaﬂ&r%S@é OB F QAL BMABASE 0 fPRERE bxehdhGederging
first NRaLRHeY &SRt sBlic Rixer to create an emulsion of the solution from the first

' heat exchanger and the first liquid of the second heat exchanger, an outiet from the

first static mixer connected to an inlet of a second static mixer for creating agarose
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tenperature at or above a gelation point of the

agarose for dissolving the agarose in an aqueous
solution and m xi ng the dissol ved agarose sol ution

with a plurality of bead cores, an inlet to the first
vessel dibplets hiningi ane podere bieachcands antlen agauese wsating) amtautiad from the
first keatdsatioater comnécedioag inet biyaithiohireabéxchangendapabia cooling
an emuos thigdratieibslbaitHeasdlatibn goint bR &Jardsy inforadr tosausdiy e

or bel quidsB% G laAd bPSUBChE thir@hedt BREhAGRF 0se, a first
| nl et tg%grt he &]ﬁflar st bath for t he hyg‘r@gphobr c liquid

q@heﬁ? A tds%r%akrn& %ef Bera3§ nd PfirsthBst eiﬂar’?ér% L

Comm”aegéggge@:e “r?ﬁ?C&“% Séofeﬁg] It frra Qe gy below
the fi I
a st at fhe 9aitiaBPoinkgf theAgafoge an ‘iS’mat"Wé aj fsﬂlﬁdﬁ‘)p %& fauy @f‘ﬁf
i n f1 ub@ulgiienadirst ewiet feomn (e first ast exenangerapd 3 seere Agflet from
bat h, sé¢vendkrsberghangermesping Mtorandigetf adaraim a1t tolcragts &ﬂ'
mai nt aemelsiomof the sokutigrefram the dirst hest ewehanger gl the firstrliquid pirthe
of t hesepad Reseexchangertih edtlef frammihe fist static amar tanhectéddo an inlet of a
r ecovegddapd sthtfdenite o edatirgadarosddibpléts aapptet fidmi thefsegond static
meki NG RYPERRE RS beH ePSTadRirdRATEXCEn & cpdbler ot todIRftb a
exchan&?rﬁ S\ure BeldwHP§ é‘tFoH Binfdf trer &gﬁr*égé’rﬁ oRieBBlcalse M droplets to

t

:

poi nt uqa?eeraea%g esn SREAb i cdt ﬁh?@é ood coren

aqueou
di ssol ved second excha er

a1 &rﬁetrna@erpéocsﬁse*%%eea% ke s
agar ose (BnbeathANAHEHS agarpse slulipR, @d‘?ﬁ?ﬁ?ﬁtw Qj’ﬁrﬂlfgé n point
an emul si f pidhe gafose;st outlet from the first heat
exchangdb) adiihgdhesheated dolatianitea hydrephpkit g uidseatpining a avater-in-oil
exchanger stebiiginggmuisifierowberein tediuids haated fosxterspesatiiie at or above
m xer to coemtos teat olthaibsution toofbrmt dreensutdianthiaving & cantmucbeand a
first heatisesiianoshasein dhichehefHytidphdbicdguidlis te dohtiuous phase
second heap,PKehpng S"selutﬁiﬁ iOME bigtontinuem sHase; first
static IfpXgdy ﬁ‘é‘@rﬁﬁlﬁ lhR)u a‘st@!rcﬁhrxé?fto BrrSRRARE dRbRlsl C
r'{‘oﬁgr bfegg LA he thoBER aAE dro Zbr@'ﬁ RI&S %Hﬁ@ﬁélu be‘Rﬂ\fthéVof the
t he secongqgtloﬂp? orfn%@ Iﬁg 43%% 49 :e@érit &%ad afd"
thi o ndsl Qe e kS o o B oo

%er ature bel ow t he gel ation point of the agarose n

) tThe pepoess ot ¢aim 18 yhergidne isuigend diapiets Areggplp@ thraugiya heat

third leeectangsechanger. 18) An apparatus for making
agarose beads conprising a first heat exchanger at a
t engigr at dohtnuals mocesdionvte mapgefbetdre ohagamsabead$ cdrtpgising:

agar ose (gp hezﬂrh@ §r0éq0ed51£t dgBRs@SHNtos © d tmpaatureGbeeulse gelation point
sol uti on, e heat exchanger at a tenperature at

or abovey, f eaﬁe'aeso B'a rB;SHo E | ddoﬁ@m#r@%r\r%ﬁrn o
ZPrSI gloplt Zr agr ] rﬂufsﬁr % E is.Held g lepé’rgture at or above
exchanger t @8 g BT 3' gad aacontrnugus and 2

exchanger MGU3 aée B ;E'Itrée( hygophpbig; lipw 1s heacopﬁnuous phase
m xer to crel @agﬁﬁoseéﬁ‘H iafy iy e gscqnty @”%%PW?Oh fr om t he
first hela} flewingiamgavisian thraugl asfaticmixerte form agarosereoplets;
second hi@htpassing terdgeptets and hydropkabiciiigadintaueh 8 head excharger te cool
mi xer conndetdaapldtsandhydroprebicdifuidto aderoanaturs bealpw thabdifeergelation
for creati nginedtheegsrosy 0pklehsagarse dubleBtintd beads;tane

second S%Ptréc%verrﬁg th@ra SO RAHSHorh e Afirophbiit liqeid. 2 t hi rd
heat exc anger capab e of cooling to a tenperature

bel ea %ﬁt Eﬂalﬂ | Sar Eb&éb‘%c@rﬂﬁ\{sfn 8t agf? @%font arose in an
t

caus
Heols Relut aetg foPfigatih f?rs bic Rifier at or
S?Z'ciésa & Rl A e a;ggg%géo@@ LHE Wik and a second

conprisrng (a) heating an aqueous agarose solution to
a tenperature above the geIa@ron poi nt of the
agarose; (b) adding the heated solution to a

hydr ophobi c |iquid containing a water-in-oi
stabrlrzrng enulsrfrer mherern the liquid is heated

a . o o, o o, o o



or below that of the solution to forman enul sion

havi ng a continuous and a discontinuous phase in

whi ch the hydrophobic liquid is the continuous phase

and the agarose solution is the discontinuous phase;

(c) fl owetiepnt the bethresgingrinto bm inlebdf acstadic aixercto mierterantemulsion of the
f or m agsution o treithritand thedhthcarduitletgromhie filst sfatiemixersudnected to
hydr ophpiietofld ek etcligfget chibRe edoliictto B édnerathebelok thetyelation
gel at i 9iintRPIhBhag&bscliMErdSARERBE the@rddRts t §& iInkORfaRSEE beads and an

dropl e : (e) recovering the agarose
beads @ghﬁ%ﬁ@ ﬁ%ﬂ%ggﬁggfc [iquid. 20) The process of

claim 19 wherein the |igui d e

th?®ugén eI Bdlia gsé_e%;%gs %e%ﬁﬁéq Hiies safhgd ate
for t hEMREIRIERARVEA g Got gg@garg rrqs'%SB&Pg Zgaf)gafose mn
heat i n@" 89HeR¢ROBHY, 3 §aqond Beal Bxnashataderaperalyrp 8k of@gpye or below
above fheagelgianaoinbef thgoagatose tr heatag & fysthydraphois fiauigand.ay

t he heamelsifieros first agtet fromahetfigal hegd Betarger angud secedrpubet fromdhe

a wat esedond badt exchargbi herging iptoeaniinletiof & &inst stalib eer to crdate an

| i qui deinglsibe ot teelsditiomfréne thip dirshasat @xchinger arakioe/first liquid of the
‘bel ow thahd Réat bitRariet, dh bt froin ho it Suiic et sonaectétitsiannlet of a
a cont i QS eAdhandbr c4bable 8fddoliigdd'a teRipaird tlonthe Belktida point of
hydr opfaby EroEé A Stcldr fo%ﬁﬁslégnecd%’ﬁlét@fég\éﬁn@ Q%a?@se bBEd dnd@n outlet the
agarpsgmﬁa Ny n@ﬁ.t e di scontindous phase; (c)

flow ng thé enul’'ston through a static mxer to form
agarose droplets; (d) passing the droplets and

hydr ophobi c Iiquid through a heat exchanger to coo

the droplets and hydrophobic liquid to a tenperature
bel ow that of the gelation point of the agarose to

gel the agarose droplets into beads; and (e)

recovering the agarose beads fromthe hydrophobic

[iquid. 22) An apparatus for maki ng agarose beads
conprising a tank for gelation agarose in an aqueous
solution, a bath for heating a first hydrophobic

liquid and an enulsifier at or above or bel ow the

gel ation point of agarose, a first outlet fromthe

tank and a second -18 outlet fromthe bath nerging

into an inlet of a static mxer to create an enul sion

of the solution fromthe tank and the bath, an outl et
fromthe first static m xer connected to an inlet of

a heat exchanger capable of cooling to a tenperature
bel ow the gelation point of the agarose in order to
cause the droplets to gel into agarose beads and an
outlet fromthe heat exchanger. 23) An apparatus for
maki ng agarose beads conprising a first heat exchanger

at a tenperature at or above a gelation point of the
agarose for dissolving the agarose in an aqueous

sol ution, a second heat exchanger at a tenperature at

or above or below the gelation point of the agarose

for heating a first hydrophobic liquid and an

emul sifier, a first outlet fromthe first heat

exchanger and a second outlet fromthe second heat
exchanger nerging into an inlet of a first static

m xer to create an enulsion of the solution fromthe
first heat exchanger and the first liquid of the

second heat exchanger, an outlet fromthe first static

m xer connected to an inlet of a third heat exchanger
capabl e of cooling to a tenperature bel ow the gel ation
point of the agarose in order to cause the droplets

to gel into agarose beads and an outlet the third

heat exchanger. -19
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