Met hod and Apparatus for Mking Porous Agarose Beads
The present invention relates to a process and
apparatus for nmaki ng porous agarose beads. More
particularly, it relates to a continuous process and
apparatus for nmaki ng porous agarose beads which are
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exchangers, the first to heat the emul sion and maintain
the agarose at or above its nelting point and the
second to cool down the agarose beads forned by the
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di sconti nuous phase; j. punping the emulsion through a
static mxer to create agarose droplets; k. flow ng the
droplets into a second hydrophobic liquid cooled to a
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a) adding agarose to an aqueous solution;
(b) heating the solution to a temperature above the melting point of the agarose;
(c )adding the heated solution to a first bath containing a hydrophobic liquid and a
emulsifier heated to a temperature at or above that of the solution to form an
emulsion having a continuous and discontinuous phase in which the hydrophobic
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ermul si on having a conti nuous and di sconti nuous phase in
whi ch the hydrophobic -4 liquid is the continuous
phase and the agarose solution is the discontinuous
phase; (d) punping the emul sion through a static m xer
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It is a further object of the present invention to a

process for the mamufacture of porous agarose beads
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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 containing a
hydrophobic liquid and a emulsifier wherein the third bath is heated to a
temperature above the melting point of the second agarose to form an
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second solution to a tenperature above the nelting

poi nt of the second agarose; (h) adding the agarose
beads of step (f) to the second solution; (i) adding
t he beads and second solution of step (h) to a third
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agaroserfordigsalviag the abarosetmbn aqueoddsaiuties abhipkt® tigoigvesseter the
introddotiorsdf theeueshis eaitA| adist ieatc@IbRPICaMAtHRIRg ahYd?dSph@E@}(cﬁudaand a
emulsfigd rﬁénﬂﬁinébodt B‘tenﬂferétﬁi@ at REBEVR IR héling bR HHe d@groké‘% first inlet to
the fird9&th ﬁwe‘ oBF&lH e%ddq flet t§* e'furé{ Bkh foPtht B&tutioh bBthe first
vesse ?a?d; drc% Hﬁhlkﬁfan thfh eﬁrsl"‘ﬁelé e‘?% oﬁf? tH gﬂe Jlrsg
bath| a |rﬁe28 % es&qﬂc r%
fluid c%mgql \MF lpagg e cqz cp plglpg? rcﬁvgblc qwd
mamt%'n%d@t ﬁrauaﬁbec'%t W& IBgHPRIY PG AeATEse anthen eutisiiraghihe second
bath. j nj et to the first bath for the solution of the first

vessel, said second inlet being in fluid comunication

wilttidart dbiect of thetprasestdmientioaro pravidesan dppanatus Foe miaking égardsa tbated
beadsicomprisinigeh ficsh heate veasel atra temperatoreiabbredbowafa meltiigaiointofrhexayarose
for disediviethé gdardse aant dy@edtis 8bluton Eh& Mixing e dissbied ddakdsél solution with a

pIurahP}‘bﬂH@éﬂ ic6r@s, 2@ Miattd the firét \)eQéeﬂor the introdiRE A taakylleous B&ution, a first
heate®BAPES m{gh 18 I?clg%'ll ﬁﬁ lf‘aﬂ@n erbt‘uFb‘HZ?r at3Re 16 etk
point & theghBEP &R |H B'll id dat & rﬁ'JQrﬂ%t‘?@ e
flrstb E ﬁkw gé ‘?s gé%g gl é n? u c o(?\ fith Me
first f

;Lst'evt i % i "aw@gqinéw ?@ggﬁ qep C e ey

bath CPM@”'B@{&FB%@“‘) [ quah raaiaingd-Ry atampeaiie bejew tha me In@a@@@u&we
agarosgp prueutighroanthe secandhigptit faeregoveting theepategdeatse sol ution with
a plurality of bead cores, an inlet to the first
v dissar adtitional bigedt ofttheoptesent inventidn to bevide ereapparaislformaking a
agarodel beadis compesingh fretthaateaetangdrintathtaned \utls RppeRiute dtioflsiolle a
meltlngfpdnﬁttoﬁihéﬁ réde fér di@ﬂﬂﬁg Ak W Rotin 8 a B&}é%oﬁlf'tﬁh 884cohdSeat

exchaﬁ’éé'r@ént |n J‘i?yd |d@n<f Shuldiflek Rbinfah tfeﬂnbérétu*éaét Br
above ﬂ%rm o anodt'ﬁl of"tﬂ flr"sl r?e%f a%a Butle!
seconfih a? stc‘ ﬂtIC\Aﬁ eﬁfquf]
emulsip HS flt|eé‘fhapg%ﬁp &gyl é@ ﬁatfeP‘ aager
an out E 6t|‘f ’qu %iPQ in pid corgmunicadionyif é’lf as%gqn static

mixer @D@rﬁﬁmgﬂfoﬁmstoﬁ@e§mﬁ|ﬂoﬁ aioxtat r@i@’fh@‘@efxﬁldﬁtaﬂ‘i @ixer being in fluid
commgrigatiemwvitnaan injet tava thivd beat exahenger, dhedhigkheairxcianger,coptaising a
hydrophebio ligid raintaineroat adémpenajure béigw the prtetting pointi ofj thie dgareserin aidartd
cause #te agarosanireplets torgel drell anwutidt éomitietthinicheptaixatiangdr. t he
agarose, an outlet fromthe second bath for recovering
the coated beads. It is an additional object of the
present invention to provi-@e an apparatus for making
agarose beads conprising a first heat exchanger
mai ntai ned at a tenperature at or above a nelting
poi nt of the agarose for dissolving the agarose in an
aqueous sol ution, a second heat



exchanger contai ning a hydrophobic liquid and an
emul sifier maintained at a tenperature at or above the
nelting point of the agarose, a n outlet of the first
heat exchanger and an outlet of the second heat
exchanger being in fluid conmunication an inlet of a
first static mxer for formng an enulsion of the
solution of the first heat exchanger and the |iquid of
the second heat exchanger, an outlet fromthe first
static m xer being inlﬁumuﬂammﬁmunication wth an inlet
of a second static mxer for creating droplets of the
erl%‘u?é Pdhows'B bBEK difrarh Bt(%l?i‘e‘iﬂ%dﬁn@r‘?t%ﬂﬁ ?Fo@éés%céﬂrdtﬁg’ to el Jiskent
nwembﬂ urd conmunication wth an in to a third heat
changer the third heat exchanger containing a

bIC ui.d nai talned epperature bel.o

C LAY Bl bkt bR s Bho et GTBE pRESs S o e
pmmeggyp OB droplets to gel and an outl et frontthe third

heat exchanger. -6 In the Drawi ngs Figure 1 shows a

bIFigsre dshaws adiagremah thisdramendireant ofdhie precssprcserding taibe piesanhg
inventiod. t he present invention. Figure 2 shows a bl ock

di agram of a second enbodi nent of the process according

t Figulest shpwe s eiagramoy fooitth embodirentiof ¢hePpredassgcerdid§y fohapresent
inventfohj rd enbodi ment of the process according to the

present invention. Figure 4 shows a diagramof fourth
e TR0 B8 DUECERRREROLTE ek £ ¥Rl
t he process accordlng to the present invention.

C e Qb2 il B8 afe S BT hd s S pfelens nuentine:

particle formed b%/ one of the enbodinents of the

p i8Nt shows a Rerfieknformed; by @pe ofgheserahegimenis of the eresent swersian.oy
one of the enbodiments of the present invention.

FiFigureeB showhapartice foemadibylore bidhenerobadimentsef e ptelsent invention.
enbodi nents of the present invention. Figure 10 shows
a Fiyaretd shows & parti@sifohiedbyonebf thdemisidipaisene Hredént indéntion.

present invention. Detailed SpeC|f|cat|on To mnimze
t
o BRI SHBIS bt By BRSNSl AL bisSerfierih.
instead of a stirring vessel, the present i nvention
utilizes a static 'ﬁe{ Eo formthe beads. Preferably
it is asmall dianet&aCdRBRGMCAIONGh shear static mi xer.
Since a static mxer has a very small hol d-up vol une
arl@ Mimize, e nerrunifprgitingdn agaese beadfarmaiernsandio eeale 9 corttineaye
methor & enakiag suchbearisnstead of p stTing venseh therpesentrinveniioniufiizes g static
mixer todergethe baads.Praferably it srassmall diasieten shork kigls sheat static mixer.s8iatd &
static mixerdras a Senyemalt iodd-tyovotine andlistinfesréngly sodtinuoastete shedrinistos)efatie
beadsfareeethintory eifgrmyitniit DEIT a $iiigy vesstl. f Deatiatass afel amiést Bonsdxitentin
a statimiker. Site GRETORLES vallimeis FerG BmbIP MRIsher al |srv€Fy€thtﬁrﬂn This
unlforrﬁlﬁf‘é‘ﬂéwseéjst&“ctnmxé‘ to Fﬁ@ﬁ'&'nﬁf& o%@%h%ércr a e‘arvtﬁh a

homoé&?tﬁgaé)% 8. Thalififofth YGwer & 39\% gtﬁé?te %‘t’roﬂ@e k 9§W|th set
s g D BAARd S N et
|y high sh
Ewer : ooq%gé‘é{e ﬁaﬂ%yfe@ﬁ%ﬁe&?toyb&a'k b e cadomeson cucnt
parﬂcl@ sFeef D GRS HROUS gaaressdendsaa Bigh Bowialerpf fromabeul p@ to
about B§0Lfhy tsmummthrog@h a gmalldioesu frore elmut H25 ineh @uUiipem) te abautibincha
(25.4 mmpstaticiixes, Altemetivelyoointadditk® dnacén ¢hBose7a mixgr witb ezbnents that

inch (25.4 nmm static mxer. Alternatively or in
‘addition one can choose a mxer with elements that -7



create high shear at the sane or | ower speeds to create

the desired shear needed to break up aggl onerates and

control the particle size of the beads. Suitable static

m xers include for exanple Kenics static m xers such

as Mbdel KMR-SAN-12 a 0.5 inch (12.7mm) dianeter, 12
createdlighribear ahihg 8ame efriewes sReds tocealededastedhshearneadiadio breek g
aggloreretes andconietthediatinte size otthelbebds.Suiablerdtatic nﬂefeeinclmieaimrieoxample
Kenicsistatiemsixess guck asritedet KMRISANa1Zza 0.8 ince (12ITehm)diaméteh € 2 eleafent mixer
and aiRosg (86 sptie sxet withrESintto(12 AmmiviiameteHMATI ) @ RAEAts PBIBEHS tAE €

mixerd &8 U@ﬁ#nérb:él@@éilabl@‘én@h&){@b@ﬁs@ﬁjﬁﬁ %e%rés@nt‘ﬁﬂfehl%h'a@ Rell.i n
SI ze ranges being determ ned by the shear used, the

en%ﬁsl?&‘a 91%‘? rfn@ Bt &RPrdcB& vithKGria é1s in size ranges
e

SI c oni na
st af Pfﬁée éstﬁra. Sgpetics %&pd@aﬁekﬁ g ?U@Pfam@ﬁwrwerm

coating Wit % dhe RipdominantrRopyiation; Airike orimakaperating,ceaditigns single
core yiekcap pe 8¢ high as 80h dVi1a canvendienal stiming esse! ol theuprer agothe optimized
yield igrerounsicB0 nmaki ng beads is as follows and as shown in

Figure 1. Agarose 2 is added to a vessel 4 or tank

WA thetiratl ol epakingseagle st fatiowsand a8 elrdwendn Figura 1t Agapsse 2tigkideledito a
vesselof oradhRvigth it SqueBls doillorPahidhkated BeaEMBHratGre @boraREveABRIRME point
(depeMHgSon'tﬁe SHARBE Ml iy gdncry AhP HouBERC ﬁd%b@@toll20° é%@&lss(avettr%

agaroﬁlﬁﬁﬁaﬁl‘feohﬁ?olut@ﬂar ose 1n the aqueous sol utl on Wi |
e preferred solvent for the agar ose a m nor

P L e A T
of the ggﬂ Bsﬁoug onprqémogg gaye(t § %ltyogﬁwg
agarose, EXgnples §u1 cg1sg¥§%%qrg gpg]wp@ﬁ r@%ar@{or dimethylsulfoxide.
Othergjareknaw te thesesskilledin the@rher s are known to those skill ed

in the art. The solution 6 with the di ssolved agarose

i he balution 8 eMishl the dlissolVeidragarosesis theB atdedtto a finst bmithrBsthat contains a
hydrogiwbic éyidcedai aerhulsified suxhdis Span®dlsdniulgifier fane Bigma Cheaiodly the 80
hydrogshiabit fiuid is@refdraisynansilgsaeh 68 RiferRoil, whibteis hbatet stphslove thel ui d
tempeka‘-’eur@bﬁﬁ@rhélﬁ’rﬂ ofifofQhe agafdd€ th dider 1 2P Rn s@!uhon 4 fofnd Sliquid
emulsfoR 0 R&lirdta déﬁtirﬁ%va%dﬁﬁgontlﬁﬁg?ﬁﬁﬁé W ihidhltnd S tﬂ?htdtlﬂl%us phase
and thg £}B§e ulidhis Fﬁ% Qotfindods B Pﬁﬁra %bath‘ i85t 4t Adthted

(not sho q %e I ib %ol aq@%ﬁrﬁghol‘r') |qU|d
remai 8?;'( Lgpp (f)qqmg gh temperature of
the ba eaﬁw r ﬁé %mquﬁte' B, Af agitation gltthe batiyand
other gyeh RyjametersdypPc ﬁlb(t th@ﬁqibm S'ﬁQb"drfafilCiﬁlaihQ bethenly deriaetiod of Gme
sufficierth o foravige emuiwort iTpicallintbaig®iren peout minutes tr Ponioless Prefeyalily the
use ofragitedibmhalps expeslite thelenBisios fatkptéon d Agitatiorpean be lachieved bylusiig a
varietyrdiimiierst dseareewelll knovemin ftherans A pteffeeret] enepey fat angatinggitationen b béth,

systent 3Quith B bviirheall str@aseh as asl tkadiddel R girbrefbitubobtBeniaugint , i f
any, of agitation in the bath and other such

PEREERISEP10 id YHeh AGedor Fefé qubéd)ﬂroﬁigi bidhid rﬁ§érq9 tc* dleate

agar Bt dPoretd ¥4 deQLiiteBleR dd Nl P
A o ?5 zig = e, i e

h f
maint (%nhwg pr ep §rg 'F,M H%?T}hSl 0
agarosg E%ﬁg e&ﬁ%ﬁ fprmpgl ?@P%'Qg‘agﬁ{ %ﬁtwc@ges& @%O@fi%”y

spheriggh shaRe F’ﬁef?rlaaly thersecond bathrlBisras g tamparaiure ofrfrogyabast; 17 to about 70°

C, moeggpraferehlpiom about Higtd3°C enggnastprieterahlyfimaahow v&F leeboutd0C: r er
such as an | KA Mbdel P4 stirrer for about 5 m nutes.
The emul sion 10 is then flowed or preferably punped
through a static mxer 12 to create agarose solution
droplets 14 of suitable si¥e for the beads that are
desired. The droplets 14 exit the static mxer 12 into
a second hydrophobic fluid containing bath 16
(preferably with no enulsifier) naintained at a
tenperature bel ow that of the nelting point of the
agarose. This causes the agarose solution droplets to
gel and form self supporting agarose structures of a




The beads can then be recovered, such as by decanting

or centrifugal separation and preferably are washed

with water and preferably maintained in a wet state

such as in a water bath. This optional rinsing step is

general |y done at tenperatures between about 15C and

adbeibeasig can thert ke reeyied, syeh ascwyrilecamtinger¢ermiiapal peparatien ando
preferaliynaye &yashegi witly welepandipreferbblymaidtained ima wes statetshish asrime watealath.
This optionel rinsingestep is germeatip denecat tenperatksdetweem pipait 15/ Ctand abait 50°C,
prefergisly Imi@ech @8TC atdr30eC inrorder Tovemb@aai$ hydyphobib Riuidid e dathsthat
may hbve dMierfisdbee6ing entfamel oF kdpped WitheRd paroUs bBBE Strudire. The beads may
then b@ruge%sés'lsf‘&'sﬂlﬁie&éb% Rrthériie eﬁf‘s%bh gr é%mklné)%hdi/&*f@dcltldnahi &h.

beads can after crosslinking be su Ject a secon

p?);ﬁor{a!_y %%Qadsh:%g aﬁc{g%ﬁ)gﬁﬁk ﬁgﬂ& 0§ ﬁ@ig %%0 g&rg ?%’tﬁrlrp

procegbiats EFSQ %eé 7 Oé Pg ‘PF&t"” %PrPf Ehe%?

proce§§ efl r,ogeﬂ:an gerp fnple in %

of agagﬁsrecgséb agaigse %ﬂi)etla@&% a@é & BYaoluson: \wsad veep;etdr 4%
solution; in additives; etc) A simlar process shown in
Fi @@mlarzor@@as showp g2 candetusedorceadtetnored beadsi whichthavesa a

centrateong 3 oflone onateridl aodl omenar moed layersbf agardsecaoated on toproéthe agrer Ehe

cores B Bredgrduced intotht prdcess at e fisf stégthewossel 4) Bheare codtedswith the e

agarodg X dupig!te@rocedso the process at the first step (the
vessel 4) and are coated with the agarose 2 during the

PR , thelshdt éfﬁ‘% jgglaﬁedssﬁc:‘rf tﬁﬁ‘oﬁ@ﬂr ot | GNRMaSHE Bl oltion

vesseltdF@FeP Vﬁﬁm as the solutlon vess
at exchanger devi ces. | n anot her

errbod r ar
heEgmbag aﬁ%qyg %%hedfagag)geg sg&ypéig ed vessel 4
as expﬁjgu@%r@t%\@, @;e ﬁ%“%%ti"lnﬂﬁﬁ@ o by ﬁd&%ﬁﬁw e%ydéqphgblc fluid
9 is haediseparel (xehangertll uThg confents ofesavassel 4 apdhhaheaty i n

exchapgen é‘a@re@w@m\ﬂ@r@ughﬂmmmm% e ferandnlesfl5 pfraestategrwr 12Ltod®rm the
emulsiohas welbas tesresia thgeiropists efragarpsenileacdrogiets ang thep diowed int8 A bathd 6
contaifing @hynophobiefiquitizociéd ta atéraperatureibslew tibanditing fpointof theeagarose to
cause eteLdr Iébsntogél Ve Headscanhebbe absarteesudh 89 @h Sil/BdadAesr 8§sarator
17 and &0 dSr%FN Sleeddsoah RA bk kieVeRIGr frivinatedamb Biffdnt s¢z@§‘b)ﬁé ni ng
fractioRat WEl@@‘f@bh&nd :‘i’éd)'ué1| b&S bR otréd [RadsIRR Hﬁt? oﬂ‘ﬁ’aﬁ e
made Bt églé a @% ﬁeﬁ'tgﬁ%‘dﬁlgdﬁfé}enqe%gﬁ@ <5r8§’ rgtan b8ed
g epar a
bea

tothe rator 17 and as opti onaI I y the

ads C nthe ved or ractlonated into djfferent
| ?wé@ 430us st e Bpgaeure bf Gaknoya bsacsasaden ohapatc
mvent'ah dn @@ree@%@adsalb@sqeﬁ@ng patheare repicedhvithoiempandeis, heahde
exchargers angd/os stafis pixese d 86 agafese§uapbensiy corestad ifalsed; and aquepusrrolution
22 aretpdiierfo nithazted eompoondes 24 Opticraliyo thaddesdus sadutibh eaniegsehieatéd ton
speed fegmelingf thb @garoseeThe Hydgphabicdiqsith oomairdmpdn eeulsifiet 2680€ heatet in a
first heeasichangbio8 amd kiengdrogtadis ligwid 26 sHdrgarbse son@oPfies B8 compounder
24 arel rIYERIN b B3t statid niider S0 RIRAChd R 3kose of égabb@é/é&é aropled. Tt éond
hydrop%bﬁc R AGEElthwf stuEb%:é@%Pé)féﬁl re Hé%Wthat%E ] 60@]2 §r

)

agarostt R 'sh&w %Froo ré’ﬁ rf?@édt% kncaosreg af!

exchane? 8&%@ ﬁﬁ% @1 PXEH fflqgvgd

througfj 2 (‘eog? ﬁ rgixer. cé%auts d n%

mixer ¢anJpenaREMALY e 5 @raeewﬁh'alnﬁﬁa wg@ﬁant&fusq wi éhq l;,ea Sgomg

to a sigye38and tha rest ofithe matenab taaueous l#@e,r ygrgphohig ligwids, etc) either going

to wastp,af edgmyeie Bystam 4fii d 26 and agarose sol ution fromthe
conmpounder 24 are mxed in a first static mxer 30 to
formthe agarose or agarose/core droplets. The second
hydr ophobic liquid 31 is either supplied at a
tenperature bel ow that of -#he nelting point of the
agarose as shown (e.g. at roomtenperature or 20C) or
it can be cooled in a second heat exchanger (not
shown) and the second liquid and the output of the
first static mxer 30 are flowed through a second

static mxer 34 to cause the droplets to gel. The fluid
fromthe second static m xer can then optionally be




-9 Figure 5 shows a further nethod and device for

meki ng beads according to the present invention. In

thi s enbodi nent, the nethod and systemis substantially

identical to that of Figure 4 except the conpounder 24

Is replaced by a heat exchanger 25 which heats the

adriguesieshoas) a &mther medhmidiand devicariat nuging bearls lagcordingets thefpresent
inventlos el this"snbdidisehtathe chethad Bhdisystembs subbtantiainidgreios e thatie Figre 4
excepBth€ cthiousder 240k rdblaced by & Rea\Bxchahgbt ZBUiHch heatk iR a@ﬁr@é@%@ueous

solutldﬁ%ﬁ bpt@ndlly cbegif Belayst'yrene cores as made by Exanple
below is very uniform In fact, wth nono- dlspersed

. agp‘i)(jﬁwqr‘?ﬁgﬁ’rﬁ %Sthe ﬁ&?%%héﬁﬂ\ls Sea%‘é’r ;% eg{ﬂ%rr A gﬂo@ﬁ iftigure 7

tgr QQ/% esraé Exqq_ﬁn %el%/v g l{ In fact,
with "‘85%9'8 Se &akvw N GOFFS Ra'ngré F@%‘i& f‘c*cﬂr%‘ﬁm% (1%% 3
which drﬂgs We @gyeé@ogqgir glgurggéh he. agaresg coating

on alkalérsﬁigtantﬁar@éof&e@mpla |3rbg|0Wd:|®f%1 haws ggarpsegras agaroghenated beads
made gefotdingdy bxasplark figuredd shove mutilaysreebbaads| ascadingSiofrsamplé 6.
punping rate is high, the process throughput is
pr Sindei tespumpingméte isi Highdthe hacdss tieduhput ispracticallg aninfited deash
static Mixettdan pfedude/up t@15006iR6Fbeads. BiRe tHaRize bEiRis Afixef i@lgénél'félwfhb |drger
than a%ﬁ@-ﬁr dokig hPa h@hike bf thdsd #iixe?s iR BEGAEI onet@R ia8Pprdduce v&‘y‘ f?)'im
beadsH ex ﬁ& ”T neratethdBHags, I|tef keQﬂ mGr%rihdﬁ%ﬁé oPr'h BE
numb é’prB?]3| % é X@%XWH%@/@ ﬁﬁolo n% @éfl[‘?l B S ' t
{ ion, s SAq g

contin ? %ﬂ ﬁsérr% d| h%qyrarg{ s§y§tem

s that |Séstqrp)c%} %é{‘ Lrly gﬂ i on

Howe TH0eNPeUs Dpqas: tag distoqtion OFsizg Y WI ki3 rcorgd%ns@%t@qs
contropy ef"F‘ﬁ gzaqfdedgrdi s that the same system can be used

ei ther for making cored beads or honpbgenous beads.

Haéwe agarosevan be iredigbepresent besmtion. Onésuitdble bgarbagtis D45 fom
HisparsdgaieT haiaghrosesis gerebeally asedtilna canogrdration ahvsreabout ¢ to abontt25¢d weight
in the bdu@oiig Joitiorsi ze of the bead. Any agarose can be used in

the present invention. One suitable agarose is D-5 from

HITHE 86189& the aste 9 X h§ Eé@é?ﬂn%r{tl n eo%n']d?ie"éfa materlal that
is usefa ﬁ‘Eﬁr%ét %ﬁg IB { gsrﬁa
efgmic.

whetﬁeEﬁF ew'at ﬂ?% Hr J\:}eggfe a %ggrgrfr
Prefer@ )é\{vhent e fe Ofed §seégg rog1 a rpﬁgrlal that
s doesryl el g e a@r%%l@sqhm hentpf % URRQEve.
Swtab.l?da%er@lﬁ 'mweaw&%mt hrﬁmsid@algst@? SUER @S mlweqsr M@ﬂwne a
polyprepyiese; biendsieftnalyethyenssand @elymepy&ﬁe,dnultllave@d golyaihylenafveliipropyene
beadsf gonjliet) pelysuticngs,ipslyetoerbutfoncsn PYDF oni RJiFE; glgss stitheasdorosilicate glass,
alkali resibtenttyiads dndaonteolledipaee glass, mbials suchsasadtairdass stealphitkebtitatitve,
palladiusrgne teliall be@riviessidn] ifn chietaining dedtherMizgRatzsd metels wiiys Bnd Ilends;

and céithits, SUPRR licatEmateral, Fikdohia aR®iRibiPdefartidiibiede but are
not limted to plastics such as pol ystyrene,

Pehy B3rEyArE I%fera fY r%'?é{ gﬁncé%ﬁﬂéjgﬁla%arﬁﬂﬁ‘a}’eesthgyé Théir
diameftPfe ﬁ L]% fﬁ% fbe yI A eg Qfgferaglgﬁgﬁ og1sabout 30 microns to
ab°”tg rl?P 'BH@‘E‘ |50I yet her sul fones PVDF or PTFE; gl ass

such as borosilicate gl ass, resi stant gl ass and
c HRISEMMeR "b%sa@sgb%?ggnaan@@tanesvaélalaﬁdalﬁvemcan bR uﬁ@g tasendance
prOdUCﬁIP%Rreadd atorapary taiie begdd. | adi um and cobal t or vari ous
iron, iron containing or other nagnetized netals alloys
afde blasl additivas conqeisesiotadile osyanibs, atsciblel vith dtessofutidre rixainples
are mahiohyzirio bleotaRdustedsi malisanclestaarior; akd srostmols. TiRse 04reise e uUp to
preferably of a generally spherical or irregular
particul ate shape. Their dianmeter depends upon the
size of bead one desires HOt preferably are from about
30 microns to about 150 microns in dianeter. As is
common in agarose bead manufacture, various additives
can be used to enhance production or add a property to
the beads. One class of additives conprises volatile
organics, mscible with the solution. Exanples are
nonohydri ¢ al cohol s such as net hanol, ethanol, and



-10 concentrations that give a slightly cloudy

sol ution. H gher anmounts of these al cohols can cause

precipitation of the agarose. M scible ketones such as

acetone can al so be used, but care nust be used as the

solubility of agarose is less in ketone-water m xtures.
concepirafions thatgive aslightiyselously sefutios. Higher amesnds ofttese aladhsisican eduse
precipitaiion efrtped agaease. Mistible kbtenesslictsas anétoreetintalse &s ussaalniut icsre snust be
used asdine sohibiityiof gandse s [bdsén ket@enatss mixXees:. | Angintisiturg of tex anmbre f
these PibtetifieBIsb betémissled| ycerine, ethylene glycol, nethyl

pent ane di oI et hyI ene gl ycol, propyl ene gl ycol,

tIA f@ﬁH%Y!:I h@esrﬁ@ﬁb étrle EHM r'ilcsn tI| tln
examrﬁE ei*h%séjl gé?‘ﬁe feﬂ glyé elt
propyl cI $Q1 tg or¥1 J F
dlmetrg %rtd y lycolgira p ﬁreac qa yeggﬁ tpol
d'ethylﬁ”r?é@ etfa?@lt a%lv ?fg?ﬁ 'Pneeelwelrethyae erdietayiene g yco
n-butyhether slietolang etheﬂud@thyiﬂnégucqgmywlethm  diefiylenesglyst |
dlmethyi @hen reiafe, dgatlwdﬁ@e glyetil diethid\etheeadetate, Nereatial morphiolise \rethyle

morphgllryecaﬂd tiol like hpolyatytene ghycads efiay molecular rgightrace gidvodxamples of
materibls étahare in this claseo | Anp enixtuxe of tivbier mhork ef thédelnyatdrialslicaisd @hiemplated.
of | ow nol ecul ar weight are also exanples of materials
t %ﬂbthéﬂc%sé o ddb‘lh\?és ‘ébrﬁﬁr%es WERr-SBILB e PO mEYs, WER ifudeBY FaPbf
exampl eé&yv [eFrblRbie, Sy fsé?co%?ln I@ﬁ@ coi%n&txfr‘ﬁ{s d@:v'ﬁa‘ferOf

solublél ){n gcéf o PRk ﬁﬁbst L&bal By EE lamide.
These' f’(l\g%@i%p] use g@ ltgme ? é}) %@ eyla@ifj‘s ‘Sn gtﬁ% or
gt 0 i : et s
5o R e S RO SO oAb e Ron vl e
Ratiosy polyrearite-acaense of fmat@aw e 14 geacpossible| Ragedpalyinarnare
polyvirygaleaheledextransand ipplyaandamidasssol uti on step, or they can

be dissolved in the solution after the addition and

diAdditidnallyi, ome arimordhemasifiersos gurfaCtants camiisd addbé tot thdksofutiomt Edch
combigation efisoltcretpR WiereguireLsone ekperimbitaton to dstermMadnd aptimam ty@k and
amourit BBenfubdifief brasdrfapkant. OTHEYE can bRAEADIR cé?fcerﬂfé’tﬂrﬁ%‘f frérR aBR0.06%% to

about 96% f prétEragtP Réth aBbu%O D% iPatd f ht BYthd SIES! The emulsii
is add@d)tllomgetﬂl% &‘fs“ﬁgt YTl %ggg\%( Pco/ﬁ% 2 é?% t of e <ol él e emulsifier

0 yacry ionally, one or nDre enuIS|f|ers

g SUIFfaCt an&heng’S ,&S?,a%;ggfé reah ér%ngl commonly used
in the |9 %%y natpn@ Contaipip gp QB( QCH‘B?nSP pgh{aaccharlde

beads| &herarﬁ rl@ﬁﬁﬁl@.aslnem lirgjfinggxamples, gpichlorghdgrorather peltifiygetignal
epoXy iCAMRAYAEs: Marious romy chemistriesar aheumultifumtanabbalides; fraaldehydey,
glutergidesfderant lofhef mdiifurttional aldehgdesybis(2-hytiouy etBsitfpne, alinagthyldichloro-
silane iimahyolwéa, timethylol ethyleme ureBheiiseoyanatesfor polyisdcganatid @nd the litehe
oil and is not water soluble. The agarose may then be

Clitoelalsb kg dnk ofiRsre fi@Rtidnylites ¥pphéd foRenERRE lighrds &ich as Protein

A or PR Matural SEdcontnatd F%H% r%%né&eﬁﬁe?%ﬂ iRk veTBbRIdf Blokin A
orG t&l‘é e"f"th'éhrfﬁor u'éh téb vg iU RRam @sssuch as 2-
amlnoﬁ’é?ﬁ R‘rﬁoaa%ﬁ Pﬁ{ en qle r})({;rr[ |ﬁ5’ MEP) or
mercapﬁcj &ne ?Iﬁe tge Qpbrosgrca n|c anionic,
philic, piQbigioL ¢ %@9 S W?’ nﬁ'ae rgamd@ﬂ%{m i des;

f or mal dehyde, gl uteral dehyde and ot her mul ti functiona
al dehydes, bi s(2-hydroxy ethyl)sul fone,

di met hyl di chl oro- silane, dinmethyl ol urea, dinethylol

et hyl ene urea, diisocyanates or polyisocyanates and the
like. It may also have one or nore functionalities
applied to it, including |igands, such as Protein A or
Protein G natural or recddbinatorily derived versions
of either, nodified versions of protein A or Gto
render them nore caustic stable and the Iike, various
chem cal |igands such as 2- am nobenzi m dazole (ABI),
am nonet hyl benzi m dazol e (AVBI), mercaptoethyl pyri di ne
(MEP) or rrnmercaptobenzi m dazole (MBl), or various
chem stries that render the agarose cationic, anionic,



i nvention include groups such as, but not [imted to,

i on exchange, bioaffinity, hydrophobic, groups useful

for coval ent chronat ography, thiophilic interaction

groups, chelate or chelating, groups having so called

pi-pi interactions wth target conpounds, hydrogen

bduostiangl greyrsusphinilined créomatogrm ¢hatyare agaptabis o the paeseeid
inventiaf inslude greupsgachoase bl @aidimiteds tohier exchangesiioafinty, bydrehobio lgemlips
usefuldar covdrenychnayatdneaph g disiobhilio intdrectiomgrbips| chefateLdr icatating dyrdupe
havingsoaalsi gi-pidterattionwitH taiged cdmpeukdsthy@rogdnsbon@ey, hydesbhilic, etc.

accordingly, such as pH being | owered or raise SO

t Fkseldisy Eﬁ% bé Sdtiel thér't gbfiSe bR é%éﬂ'forﬁﬂ G’Hrﬂbecrostsﬁhkéa‘&
they Pk 93ded &%3 n?tlaFéB uﬁb’r{ rg:fgﬁﬁ nto fie ﬁﬂ@?s% Witk Rddified

s Ul @gg% ¢ B O i
@9\% 5@)98%?@ Flgrea]gw@ ?Qﬁsl t ography where the
npl e copstjtuents are separated based on their size.
Aﬁlﬁ‘@ﬁ@ﬁ’“c@@ﬁﬁW%h?@%@?uéﬁ@qﬁ%ﬁ%@éad,sm tonesedypaskerd;befiayie
chromgiqgiiapeyd Ongyexample isget filliation chiematographyevhatpehesamplestonstituealscre
separatedpased orotheivsizec Anasher examplesis ion exdhangeeahrmeatogesih e whezel changed
groups amiattached tertteecdgiames maifin atdeeparatiargd tanstittentdin thespnplesitffeoted
by ioniafintéractioge Aseibet ergal@siehdpplitationsof Adhdgahdous agarose beads is affinity
chrom@fagrapmt Ahigigahds Aar bedobaterltil ¢ gﬁd&ﬁéd t@% d@ﬁro%)hﬁédll@QM Offer a
hlghly%élbcﬂﬁé‘?éﬂ)ai?aﬁo 1B6te A IEAS @cdﬁ%ﬁ ét@nd offer a

sel ective separation: I‘OUt e OI‘ sanpl e COﬂSt I t uent S.

a r r
PRk ﬁtcét erﬂ{ P—Jﬁ b&s {jtr ns nb;& aﬂ R)cf%K nHa% ﬂbrIfSYer
patho gﬁé r|g F(a g@n l'éeéi % o th f}Lﬁh
absorl upgge ebqil iog pa thﬁg ngeié ata
much pighes € 9I9ncv§1an H@Pse@aws@e@dﬁe U:ﬂij?ffc%qu?Pef?éi%CO”@ @sgearedcan
beadSb‘én teswlt in sagpes eluion peaksrendilegn buffeeensenmsiaty t han

honbgeneous beads. Under certain operating conditions,

c dinetber dppladtonohthe cersdibéads i3 is fiadized bee thuomatographglos magnatic
chrombiegraptiyuiiess the cone provitiésciine reduiiet] dedsitp g filidiagd seas) tHiemeagnetic

properties focth® magiwtized chivnfatogtaghyzed bed chromat ogr aphy or
magneti c chrorrat ography where the core provides the

ExampRAW HdsbodR for fluidized beds) or t he magnetic
Ir18 i % s thﬁr‘a&ff? ﬁ gé/?dgﬁ R @p
mmergﬁa Slf aa{l a ar g gons Ant glta lon
to obt LrS' [ Waigh g0 %ﬁm'éﬁ%w E?WF?%TIPG% a
throu .a %Bamhd@me &l ehwé? %mwtl%e%e&m@mrwr (HMAR-SAN-
12) at@tﬂ@\araﬁﬁ of SLaintiasgcend bathiof minerakoilgit H°Co Iipsericaldiomogeneous
agarosecieadswaig ehtaimerkwitaralargesh parieis diemeler ghdofed  t hrough a 0.5
inch (12.7mm) diameter, 6 inches (152.4m) | ong Kenics
Exampie 2t- Rolystyrerie dofddbdadN- 12) at a flow rate of 3L/min

300mlion80umedisnstenelondaizéd, @blysty éTférs@her@é (DyRdse&ds. TSI fiofElticrobeads)

was M REEIRAN S 4%3549%?&@ §ol s@@dn@Hﬁﬁéﬁa ¥ar} 1 oBtalndf URS!
The adsk] qEﬁﬂe‘f?m L8Rk Slide to Mmf ?JTBlll ﬁ 83°C co PRI ZHRIYE Span™
80 emﬁl9| [ |tatﬂ) ﬁase is continuous.
The e hmu)g a ' £152.4mm) long
Kenlcss% tn]l)@ ‘f’Fa(S‘?ﬁ 'HEQ alp Q é ai e rgsulting

core b%@ ? an e m@te 'a@ %%Séomosemné hﬁéga%me@thndvazooom
predoramatﬁlv.(?eﬁo%vokyme Hnglesetsdont ai ni ng 120nL of Span TM 80
enul sifier under constant agitation to obtain an
Exampledl-sAlkeli Resistdnit glass baredbéadohase i s conti nuous. The
ermul si on was then punped through a 0.5 inch (12. 7mm
di anmeter, 6 inches (152.4nm long Kenics static m xer
(KMR-SAN-12) at a flow ratl@-of 9L/nmin into mneral oil
at 5C. The resulting core beads had an estinated
coating thickness of 10um and the bead popul ati on was
predom nately (>50% vol une) single-cored. Exanple 3 -
Al kal i Resistant glass cored bead 12 200nl of
al kal i -resi stant gl ass spheres of 100um aver age
di aneter (M-Sci Corporation) was



m xed with 200m of 6% agarose solution (D5 Agarose
from H spanagar) to obtain a slurry. The agarose-core
m xture was added to 2000nl of mineral oil containing
120m of Span at 90C under constant agitation to
obtain an emul sion in which the oil phase is
200m|@éﬂkallrra%sjantgrassespbﬁﬁ$ ¢fi 18bumaresrage iamefsn (MioeSci Carpoiaten) wag). 5
mixediwitt 20qml 2f GAayarciessoitian (P-5Agarask fsm HisBanaganyjo dbtairga fargs The
agaro$eSBresmiaduiecwasradate to 2000en! b mineralatl eorddinid-120mhofi Spaw atr80PE arler
constant agitationdéobtdimen eregisibr indich Geail bR % ddAthuds. THE enalkiel was
then p@maéd thdugta 6.8 MeB B 2T QlaMefA & ifdAes @s@%mp@hﬂ Résis%G v@fc
mixer Bf t@%mL/ﬁilnfﬁi ﬂln raf Q@ 5l TR WsultingFed Es ﬂﬁéf@oe

coatlngfhrc?ﬁeﬁl spanagar) vvas é@gﬁ’ag&ﬁﬁé@g&e&g@ln%@%m MofeCored Aﬁ)se
Exam agl n 8f SpanTM 80 enulsifier in a first oil
v&%?%. aro%w?i»@% A T T

ol cor@amnge oferpan ' @H epuisifirdn 2 fretall Gath at 8QC ynder eenstanbagitaion to
obtalncﬁn@maltsu@n in vhighritellpheses e candifigous.o g ermisiop wvas then ipempadidaiough a
0.5 lnc(nKMQZrmm\dla_rmgteraﬁ inghess |( th2.4mng damg ¢Enid $tatic mixen (KMRxSAK-d 3)ad a flow
rate otdhtrhin oo anseendaathoof mireetal 6iCat 5% ephexdcal hdnogergenseayasose beads
were abfpiried vth b éangbst parielealiamisterion208umi The baadsavegethien ragstlinkddeusing
epichiStoRyAEH BY the rogdde deacridddan Ewem OM85% cloBEIhked Sfufosk ispHenss ( cores
of 100U 2€rageedArRdIbraVa8 vt iwith ROON BE4P BOFEBSolRH] 015 rds@fr§
Hispar{zgat tddbtalma 8162 The 'aié?&%%?égrﬁf(tﬁl% a§|% dr?g;]%gﬁ) A r&1 il
conta|ﬂ1 MI%Y§6 %8 afih &@Enfﬂ

ar 0S

h the oil
phaseé g h }}% F qé@ro'hn ?;gn I{(;ES lggl
static By f' %ﬁ%ﬂé’ in igjoymingt ere%ntmsmré Sps e ara
estum%ezsicgCﬁtni radhickagssof %[{ji. @eabqaeﬁonu&aq%@@ﬁ riedominapily shoésh

cored {#%0%h t he oi | phase is continuous. The enul sion vvas

t hen punped through a 0.5" dianeter, 6" |ong Ross |ISG
Example &t-i Beachwithrmultiplecédtingsr at e of 3L/ min into mneral oil
300mlaf 65 T5unildiemetershordsilioge glassespherasiivioSul Caporativt Gh@Tedvas mixed
with 900t of 6% agdnoseKDSFYyabe ot MsparAgarNSIUNERRD obRMH SMryoThavas
agaro$L ROk Ws)adgdd s Leoont e rﬁiﬁ’erél%ﬁ@@@tal THOIn?ofESpanTB%Gd
emuls Fé”QO“E'uﬁHé?'c@ns%?édthﬂ%t o4 r?’? Wfﬂc 'th%'Bﬁ ﬁ‘és is

Q.

Qs OFhd & gg)
contin gﬁﬁta |0 %t 6@%@?@ ﬁ"ﬁﬂ g{ﬁﬁeT eresultlng

(152.4 El
°°red %:f'ﬁ Q “Psé @rg Beps o5 T0uR\Y the&ea%{"??éllag‘?” WAS)
predom ﬁ'i“é{ 1§ he gaaiese caaling e crasslinedaerordingtar

Porattt|dlaad éuﬁlstloa |IZf3(éf0r aon @(chﬁ@eaptﬁp@ﬁs e#Am! of thinbgads waediienttixed
into 15l ofpﬁ”/aquss solgtion { DA hgarese fiuneHispanagarbia obais atshisyi. Phamggatbse-
beadstnixtara glas added % 1096ml of irtheTaioi) at@0Wnandenrcondarit agitaten t6 dbtain an
emulsBR indwhigh theooligphaesis cniiftions. aTHeenmuision wag thea plirsed thredgh ac.5 inch
(12.7nShhy dinietdr 8 ifches (18R dmmdiohg AénidsGtatid Pikef BMR-SANLE2) 2€@fiGHrate of
3L/mnﬂﬁl@%néﬂzﬂ@ﬂ AFE STthi FaRLIBRY RUBELEREQRE bedds hdd %‘@é@fﬁé?ted%econd
coatm%@\fbﬁh@@ 6f {0 6 B bRAP _Pﬁfa I&Wéé’?%doﬁfnﬁﬂﬁmnﬁlﬁ% kY ( £5008%

si ngl e-cor ed. e agarose coatrn
crossllnked according to Porath [1] and functionalized
for anion exchange purposes. 25m of the beads were
then m xed into 150m of 3% agarose solution (D5
Agarose from Hi spanagar) to obtain a slurry. The
agar ose- beads m xture was added to 1000m of mnera
oil at 90C under constant agitation to obtain an
emul sion in which the oil phase is continuous. The
ermul si on was then punped through a 0.5 inch (12.7m)
di aneter, 6 inches (152.4nm |ong Kenics static m xer
(KMR-SAN-12) at a flow ratld-of 3L/min into mineral oi
at 5C. The resulting doubl e-coated core beads had an
esti mated second coating thickness of 10um and the
bead popul ati on was predom nantly single-cored. ( >50%
-13 Cains What We Caim 1) A process for the
manuf act ure of agarose beads conpri sing:



(a) addi ng agarose to an aqueous solution; (b) heating
the solution to a tenperature above the nelting point
of the agarose; (c) adding the heated solution to a
first hydrophobic liquid containing an enulsifier,
wherein the liquid is heated to atemmrMUreator
above that of the soluti@mso form an enul si on havi ng
a VémbMerl@ms and a di sconti nuous phase in which the
hydr ophobic liquid is the continuous phase and the
agarose solution is the discontinuous phase; (d)

f oW NG\ §rbRs©MEIhE raRufhelire Bedhamss bétids BorfirsiRg, to form
agar ose © dr oReiaing ros%agbﬁ‘ JoBi% Bt et s i nto a
second hydropy Bf ééiln g‘ébl tlo‘ﬁ%’ feﬂwg%r% t}o@mg%tlﬁéﬁomtoﬂhe

bel ow t hat of e agar ose

the agarose g
t he agarose dgha gt E%b? E ?a?ﬁgdkg%hﬁaaﬁHlCon%nmgan
process of cl ai RINYISH] e‘f’f@r‘ﬂ” Wq 1 @a esqturg at or above
t enperat ure of #hab%ﬂseoénhtlowdomban hegipgea serdnyays and a
second bath is dlst%lﬂ@i@tl&ﬁhﬁ%Inf\ffmﬁhtfwd‘ddl‘lopflablct|©u"élsdfm

70C. 3) The pr ocedisuant pedsaiand the aparosei solutidnas thendlissondimuon$
step (d) is flopkaset hrough the static mxer at a rate
from about 1 (Hpflekiegthe élision mtdugh a 4thticThirer|ts e sgarcde
clai m 1 wherei ndfobetsf | ow t hrough the static mxer is

from about 5Qky 'éiﬂdln tRe @BABKS ifRPAdchiia hyBloprdbR: 8GR SRS 195
o g;nmagonfe;e; ; éﬁ; a@ﬁé’%y:hb& Il b gﬁgﬁm rhgtagaese% gel the

sol uti on. rther conpri si ng
soLution. 9 A Teherls ﬁ@gﬁr?%eaeaﬁ‘ﬁ S 5 Sl oceas
of cIa|n11 further conprising washing the agarose beads
of) stheprecess oigiaimrh uhgb diedist Balh 512 fperalieg gfdiom about BO°C o
corrp@boiﬂ C‘cartdstb,q jearIdhgthting temparabisefrase abeyt TE te elgyt (08G.

9) The process of claim 1l further conprising washing

t 3¢ Hpgrasss tiekas1 ahersih dye efrasioniof $tep (dipis dowaalrtbrotdhethe static
cr osmixers iangle frore abued . abd@)100/mnufer ocess of claim 1
further conprising the steps of: (g) crosslinking the

AQAr THeSrt@8¢ist cRim SivBdtein thefloty frofgR tHE shlic ik s 8B aﬁ&ﬂﬁgﬁﬁr

i N ay HERBOS @aueous sol ution and heati ng the secon
oI utlon to a tenperature above the nelting point of

addi ng the a HORE ads o
et e lfa%q o oA VR h G FRel 1
bead %WW Fuessplu to a third hydrophoblc
i quid containing an enuIS|f|er wherein the third

| iBulhe nrecepseefclaim 1 fyrthercemprising applengagiietiondnibe first liauidg
poi nt of the second agarose to form an enul si on havi ng
a 7¢ oftte precesssofalah tlfustbeyicomprisng svaptiiegstee agaraskibedtstohstep (@).r d
hydr ophobic Iiquid is the continuous phase and the

b@pdeheistesssionlh AuRFSEMBRING CioslinkiAg e @ghréde)beads%fbtbﬁ( e).
dlscontlnuous phase; (k) punping the enul sion of step

O)) t THePretRsLor SRMPMrthdr @bihrisFy Wabhidg thadardsB WEAdS of step (e) with

water and then crosslinking the beads.

10) The process of claim 1 further comprising the steps of:
(g) crosslinking the agarose beads of step (f);
(h) forming a second agarose in an second aqueous solution and heating the
second solution to a temperature above the melting point of the second agarose;
(i) adding the agarose beads of step (g) to the second solution;
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hydr ophobic Iiquid cooled to a tenperature bel ow that

of the nelting point of the second agarose to forma
coating of the second agarose on the agarose beads of
step (g); and (l) recovering the coated agar ose beads

of step_é(lgg_lfromthellqwd of the fourth quid. 11)
The pr ditedsingdie kelads andsolutiontah atep ﬂ)dﬁprthlré|hm<yowh¢brcéqmntafmng
(g) cr @ssmukifienvdetsinghatind tosi ibkeatesl toé tegtperaturd abové e melting
f or m ngoiat o ¢hesacbnd @garosedo fonm an emelsiom biaving aeontinusus antli on
and healfstongnione phase nowtichsind third gndrdpﬁob& liqgitReth@tdntifioadphage

i0

the m9|ahd the bBshd @écohdwaga&gs a6l agﬁétébs@ are thé ﬂus@eﬂmuags
t he agy e beads of step (g) to the second sol ution;

: dadd' ms@masianaf U8l OJseé n%'% e{ﬂb)n.ie faaf&&r(hd
tﬁ;?ﬁ.%@ e et
E‘SH% §%3§8918 £ %ﬁc 9@(9 q!gl}gt}g agarose beads of

mel ti ng ﬁ%? osgft

enmul si a conti nuous and di scont i nuous

in whi reP‘P\"@”'ﬂthh? @Wcﬁgéﬁg%’kﬁa@s PflséﬁEPl‘Qf’iO%‘ t'ﬂ%‘@“@@ﬁ{aﬁfﬂyﬂﬁs
phase ligthkdl t he beads and second agar ose sol ution of
step (i) are the discontinuous phase; (k) punping the
ertl)) Bieqmooe$s af tlajm Qurthdricomprising treestepadf; st ati ¢ mi xer into
a four t(d) crosslickingpthe bgarodei bgedschf step(fpd to a tenperature
bel ow {()adrmip atsBeontBbdrbsedn BPsatbndPdqubdie solsRMANE hedling hee
to for @éc?bn@ SHitioR & é31fem é\ﬁtu?e%b@@thé‘ﬂm@ﬁlﬁbs&mrﬁﬁf thé)SecBPAJRRSRe;

beads ga ﬁd agar ose
Ibeadsd ao%dﬁ%?w jggdf 5n‘a'§bﬁ1Fb§ijb Etg)[ gg?%r}w% Saroghd ) QL{Id copfaining
coat 'edgagg fug(e dla aé b ngﬁ i kgl P sting
12) A

cozmr. dispRytinuoys %ai y@@pmbl wéajae copkiRpopphase

b. heatnhijeberdsand ﬁﬂm@maqatpsaswm@mnﬂ aredhg,giscoptiwious

mel ti n@hﬁﬁﬁl nt of the agarose; c¢. adding the heated

sol ut i ¢#) puroping the emuIabaoﬂstepc(nuttlabmghra;eeorid)stmio pixebinto a fourth

|'i qui d hgdrebhobio liquiddosled toear teinpertiard befowahdt efthe malting soira bf the
above fséghd egjardjdéeho fofth Hcoding bfahd RCoRd ayBroseTon thé learéb’é\bleétﬂ; of

a cont Isférg and di scontinuous phase in which t
hydr o
agar os 5’{r bfve it Chaled abBrBsciRAL STURHSI R rﬂ{aﬁﬁﬁe |re,u.e d ﬂﬂsfounh

agar '02 §e§1 g0, hlhig b e it &%@4%04‘ P

bath c8 Sa hydrophobic liquid cooled to a
tenperature beI ow that of the pelting point of the
adék dsrogess fopinmmapufaciye obagarase Beags AQMBRNISING: separ at i ng
t he agdr o3dding @gareseftp eirpqueeus sotytiond of the second bat h;
g. crodslhealingtbe sdhdiomtper tomperaterrdbovefthesmelting(fojnt of- theSagamse;
f orm ng. aadding thecheated agation toea first bath corteining! adgdreshiobic liquid and
sol uti on @rghunsfiat heatedtih@ tenpeR@MslatdPhbvE Mat dftheasolution to form
t enper at UireenfiiiehaliRga ERItiklols aRPdistbntMliodshPaseas @hith the
hydrophobic liquid is the continuous phase and the agarose solution is the
discontinuous phase;
d. pumping the emulsion through a static mixer to form agarose droplets
e. flowing the droplets into a second bath containing a hydrophobic liquid cooled
to a temperature below that of the melting point of the agarose to form porous
agarose beads;
f. separating the agarose beads from the liquid of the second bath;
g. crosslinking the agarose beads of step (f);
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agarose; i. adding the agarose beads of step (g) to the
second solution; j. adding the beads and second
solution of step (i) to a third bath containing a

hydr ophobic [iquid wherein the third bath is heated to
a tenperature above the nelting point of the second
agar osé. t tormiag asepandehagaoemin Ravecand agueaustsolitianand haating the
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below that of the melting point of the agarose to form a gelled coating on the
solid beads;
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bel ow that of the nelting point of the agarose to form
a gelled coating on the solid beads; -16 f. recovering
t he coated beads of step (e) fromthe liquid of the
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fromthe first bath in fluid communication with an

inlet of a static mxer, an outlet from the static

m xer being in fluid communication with an inlet to a
second bath, the second bath containing a hydrophobic
l'iquid naintained at a tenperature bel ow the nelting
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an emulsifier a first outlet fromthe first heat
exchanger and a second outlet fromthe second heat
exchanger nmerging 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 second static mxer for
creating agarose droplets, an outlet fromthe second
static m xer connected to an inlet of a third heat
exchanger capable of cooling to a tenperature bel ow the
melting point of the agarose in order to cause the
droplets to gel into agarose beads and an outlet the
third heat exchanger. 18
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