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to a particle-form ng apparatus, system and nethod

that enabl e uniform mass hydrogel particle formation

by controlling the vol ume oflTydrogel in the particle.
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30 Additionally, traditional techniques use the solution-flow characteristics of
hydrogel/biomass mixtures to generate droplets from a small hole, a liquid
stream, or spinning disk. Droplet formation in these methods is influenced
by solution characteristics such as viscosity and surface tension. Batch
variations in hydrogel quality and in the cell suspension result in variations

'35 in droplet form leading to production of non-uniform particles. The skilled
artisan must carefully adjust processing conditions and/or solution
composition to compensate for these material variations to produce
reasonably uniform particles. Without adjustment, particles are formed
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influenced by solution properties as the cutting tool strikes unsupported
fluid.
' Seifert et al. (Biotechnol. Prog. 13:562-568 (1997)) describe drop-
35 forming techniques to produce small, monodispersed alginate beads for
cell immobilization. They use a conventional drip method, gas shear, and
vibration with a capillary jet breakup technique, all methods influenced by
hydrogel/biocatatyst properties.
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i nfl uenced by hydrogel /bi omass m xture properties.
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SUMMARY OF THE INVENTION
The invention relates to an improved hydrogel particle-forming apparatus
30 [1] comprising:
(a) a housing [2] having a housing wall [3] and at least a first
housing cavity [5],
(b) at least one inlet port [4] in the housing wall [3] for introducing
hydrogel-forming suspension into the housing cavity [5],
35 (c) an extrusion die [6] having a face [10] with one or a plurality of
extrusion holes [7] through which the hydrogel-forming
suspension is extruded from the housing cavity [5],




suspension is extruded fromthe housing cavity [5], 3
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(c) a metering device [22] having transfer lines [37] connected to
the feed station [21] and to the hydrogel particle-forming
apparatus [1] for receiving hydrogel-forming suspension from
the feed station [21] and delivering it to the hydrogel particle-
forming apparatus, [1] and

(d) a quench station [23] containing a quench fluid, wherein the
hydrogel particle-forming apparatus [1] is at least partially
submerged in the quench fluid and the hydrogel-forming
suspension is extruded into the quench fluid, from the hydrogel
particle-forming apparatus to form hydrogel particles.

Also claimed is a method for producing hydrogel particles, the

method comprising the sequential steps of:



Also clainmed is a nmethod for produci ng hydrogel
particles, the nethod conprising the sequential steps
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DETAILED DESCRIPTION OF THE INVENTION

The present invention provides a novel apparatus, system and
method for making uniform, homogeneous hydrogel particles for
chromatographic, fermentation or biocatalyst applications.

The hydrogel particle-forming apparatus [1] of the present invention
includes 1) a housing [2] having a housing wall [3] with one or a plurality
of inlet ports [4] and a housing cavity [5], 2) an extrusion die [6]
containing one or a plurality of extrusion:holes [7], and 3) a cutting
assembly [8] having one or a plurality of cutting blades [9].

The present invention also provides an improved hydrogel particie-
forming system [20] which is an apparatus comprising 1) a feed station
[21] to supply the hydrogel-forming suspension, 2) a metering device [22],
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form ng system [20] which is an apparatus conpri sing
1) a feed station [21] to supply the hydrogel -form ng
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In the present invention, the hydrogel-forming suspension exiting
the die has a very low viscosity.compared ic thermoplastic polymers. An
artisan familiar with underwater pelletizing of thermoplastic polyesters
would not be familiar with pelletizing such a low viscosity fluid. The high-
shear turbulent quench fluid strategy necessary for thermoplastic polymer
processing can not be applied to hydrogel particle formation. To address
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éér?éé’é@nan glﬁéa{gg?éiﬂ %lﬂf%t& g"%%m'gtﬁ? furdhdrbng chitosan),
po ymer solutlons capable gelhng (e g., agarose, agar, gelatin, curdlan),
and non-aqueous polymer solutions (e.g., cellulose acetate,
pelyacrylamide, polystyrene, polyurcthane, polyvinyl alcchol).

The term “hydrogel particle” refers to a particle resulting when a
hydrogel solution is subjected to a quenching operation. The terms

“hydrogel particle”, “particle”, and “bead” are used interchangeably.



and non-aqueous polyner solutions (e.g., cellulose

acetate, polyacrylam de, polystyrene, pol yurethane,
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refers to a particle resulting when a hydrogel
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GoF dBickerstatfi(editary  Hpmopiiged igcatalysiAwi Intreduction”, Winfried
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is cut into discrete particles.
The term “volumetric metering device” refers to a volumetric pump
or a combination of a pump or cther source of pressure with a flow meter
35 (ex. mass, volume, or velocity) and a flow regulating device (i.e. a control
valve) such that the volumetric flow of the fluid may be controlled at a
desired rate.



is cut into discrete particles. The term"volunetric
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with a flow neter 35 (ex. mass, volune, or velocity)
and a flow regul ating device (i.e. a control valve)
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PasrotaEss [59) aps Mdsradih®Hig@eer.i I lustrated in Figure

1. Referring now to Figure 2, there is shown a schematic dlagram of
another embodiment of the hydrogel particle-forming apparatus [1] of the
invention. The Figure illustrates an optiohal drive shaft [31] contained
within the housing cavity [5]. Optionally, the drive shaft [31] is rotationally:
mounted. Optionally, one or a plurality of bearings [32] within the housing
cavity [5] support the drive shaft [31] in its operation. The apparatus also
optionally comprises one or muitiple seals [33] around the drive shaft [31]
to limit the outward flow of suspension from the housing cavity [5] along
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di agram of anot her enbodi nent of the hydrogel
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Figure illustrates an optional drive shaft [31]

contained wthin the housing -cavity [5]. Optionally,

t hihecdiriveesrefigfi3].[ A%]it estersothat rnm:mg gavityd5] trooaglke the inlet

CPRORE T tho RREoSK: BpBlrd sk B3k el dfuspil el
. nOptienalye Bamixing d errnee emay be lml@dﬁd pthiediausing cavity [5]
com;rnh.?ﬁ? tRE hy@fa ogr@rifémrrhg s§§6ér§src{>r$3:]|g@r'e°2' MstrBfesd bi pire

SUS ensli o

5 f r oWraras trrelralm@ d,ea«m Pﬁ@f@ﬁ% FobALS further

PCiWcM@%@Qﬁdi@ﬂél@&Z[s Ir@r rﬁrprwecs Friztéridl @létnbwwon WwitBinttAe s
§0h0u3| n c&ilty 5] through the inlet ports [4],

Tm ng suspensi on noves to the extrusion
d| e [ 6] Refe@:rﬂrg againl tp, Figurei kithg edtrusion did{§] cantaine one or a

| e of Sk RS 64Htdesl Bloudk i The BylRfer

ormng sus stra

10 pi f@rmm@ s(@s—peaelqrwe emtrxldﬁg ddei edryspn holep{Tlomayibg, t he
hoe&réiﬂrcr&rbwn{u@ Hold 1RE3 anidn@l plskes rrfédéﬁrus%@herekmy

cabe LpToBTly SRBeed Phge dack HULST i aNeison cleoparARaED M

FI |7 any Qbom@mciétbdrﬁrgm‘ﬁrd?{] lah alr gﬁﬂ?ﬁed @fntﬁd‘imleﬁtlgh?hmhﬁﬁ

L oEisBhe Botel el S ateafnopd ¥ iR ety M b

15 cowrth amtaieblyyndmmﬂetﬂromgrr‘rg)ammbiy@]anTmexwaoe holesd7]
ﬂe% 4 &Bsﬂéct&%l WAL Bﬁ@éfne’?B@? ﬁé‘vé’ﬁ cﬁr‘&ﬁlafr rfss-

the“extrusio e or ange
ge 8feliani c configuration. In a preferred enbodrnent

shown I}las B HySrodel ku@@msrherextmbm s arRaedirbgel
a ci rcul ar

b
2 ST o cLBBRAISSS asdorhly B W IS aPpbe e ige
20 rrayolbmeeofa'ryﬂmgeiefermregtswpahsrane@n‘mteregeneﬁoarlnlwthrmm the
1t on SR s MERY B (Ao I AH el
bytlmecTheucut}lng kiade assemblyi8] s}ay ¢qntalnmenuﬁde 1or agplurality
{1 3PBlageQ ool HEFpreferiud éﬁ%drrﬁ@ﬁﬂﬂ&crﬁﬂﬁ@%%eﬁﬁly 8] is

?ﬁéﬁ%ﬁy“&‘e&% 1t tos PRt sha FAH 48 e st (1] extends
25 tb: tieouding geultrbl @;?er’?hg@%]aﬁaﬁa’ektruér% diee]c (mbmférredleuttrng :
orB5eenR e R &1 o ftaBed P Hiads o TRe BitGh Bifiie turbine
rmbiardeds pr&ferettrh;eablolut\/kﬁ dégrees| 3he @étrngwblade(sbdeam‘ very
%II)SS)E(S ﬁ{@{%c%%gttﬁé %%msr?n ‘Eﬁé‘g’f (gl in %de?%{r[t);”@} Hﬁ"'eitrti%ron

rusion die

i nh@|ﬁ§ [Tbang arove RAst élreaoleersyphéh@ﬂta@énewr@ gu@@tﬁyef
30  hgxihuded MR ro?élaﬁ&tur’é i9caf Br A8bifirflnyd orﬁétrylegr ees. The

The. ext RESTOR0 PY PYTF e dhireys ST e pmpgaiient of the

exhydregehparticle-forming system [20] of the present invention. In a simple
form, the system of the invention comprises at least a first feed station
[21], which is typically a feed tank, where the hydrogel-forming -

35  suspension is combined with water and microbes (or cells) with agitation
to form a uniform hydrogel-forming suspension; a metering device [22]
where a fixed volume of suspension is metered from the feed station [21]
through a transfer line [37] into the inlet ports (not shown) of the particle-
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hol es [7] and nove past the holes such that the
nmetered quantity of 30 extruded hydrogel mxture is

W@ 204i060633 conf i ned geonetry. Referring now to PCTUSEOB)41622
there is shown one enbodi ment of the hydrogel
particle-form ng system[20] of the present invention.
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20 vv| th t hia dryedempediméntrofithe systsperassloliedsm‘trsaatcanlﬂaﬂdltlonally

?@%%Ee q@é%ﬂﬁu%‘%ﬁ&ﬁi ﬁ&ﬁlﬁ éﬁ?%rﬁgg{? gggﬁﬁung

ace an ean cuts ar ere ore
c@%ﬂﬁ@un@ﬂgp dhe heusipg favity B’él Seﬂwgr%tetyéewshﬂ@ @p@@tabfst

f 1 tHethyait @I solticth sd/bpaih ofths addeRBAsueh at\K)Qy that the
cuttin ench fl ui

l.ates th
f ax'ﬁp?%q%(tﬁﬁ? Etrae iSRG SheRdii g Bl Crepaet et fo
25 paekﬁrundlmg $He hpdrpgel mmtmﬂedhrmhhegeédmsmn @@ [6]hincareer to
Zd I°5na I@Jtmw}? tﬁ%@%ﬁt@l%%%c(%'tc# {,eb%&:: ai ﬁlgﬁéa %ythe
s uqﬂemreﬂwd aneNarper wafb@hwﬁmgron@awgdhﬂ aluahiycﬁftth@ resulting
hoaéﬁmscam édcdn5ﬂ>lls‘heﬂ9if§ Heebystoin Ml ﬂse Hegl hb&%ttﬁ!aiyéﬁ

sugHcongoed gi’at%ha%gwﬁé‘%%&tp%%?o iredia faﬁ%Bthé‘wg 3,
30 suan@ nsatorng devioe (raissibvat)ito thatwf 2hetexing wﬂ@rvrm@ [2REon
o HIGE%E 5 ) B AcBioD GRS RGO B 6B Al g ssbBog it
VI poii 4] on the kydrageldodsiicleiferming apparatus [1]. The resulting
extrudate will have a higher viscosity and will reduce shape sensitivity to
circulating quench fluid and permit higher flow rates through the hydrogel.
35 particle-forming apparatus [1].
The skilled artisan will recognize that the ratio of feed channels to
the die, die holes, cutting blades, as well as the volumetric flow rate per
die hole, and cutting speed may be varied as necessary to achieve any
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quench fluid novenent, w thout conprom sing the
quality of the resulting particles. To acconplish
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requirements. The cutting blade assembly.[8] and mixing.device [34]
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many others. In addition to altering the type of impeller, the pitch and area
of the blades [9] may be varied to increase or decrease circulation.
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sus pensinong embodiméntethe/destimiatialr (2] atine robtemiggtdeviceof22],

ﬁ]eﬂt?éﬁgfg.l fiies é?f?ﬂ&‘ the pg&fog\éﬁbaﬁ.b@zfo%.@o%@%ﬁrs [1] are

region

pr Bealefiqe that a mwgmgel soluugeaé/vlﬂya IRrapeigiyresSPRsitive wher e
vi §|§@é’§ty¢g poft (ith é’s’lbéﬁré @@1@@{ 6r 8girose) |§|rﬁéﬁhfd|ﬁ@d‘bbove

5 e g sitabop e @Eeoﬁwﬁ i6hed ”%?%p% s
t Ofdf?glah]pi;@% électn_c)e(\plqeatrrrgmgbsor fhlecerdine bbagmblm be
SoPBERLl pYsaRRLafOalR, AN Bantdbs Yhe BRRGRbE) arthe

p| desicat! tenguiratune.bQiker éxamnples andude thsirmal massi[A8] (erge

ol ?er | né "@ge?rbra%lt%%tﬁgahﬁéﬁnd%@ héﬁ@'ré E@g {r8ced 1 or

10 ¢ h@cbet@@!e%ys feams wﬁlﬁr%lao idd@-0: Waters stease b ek %ase

c 0] 2
el B AT L e

iym 9"2|]qu'(§§he transfer lines [37] and the hydrogel
part i cl Eh-é Gurther@natpgiimentithé hbuaing cavitp {§ldofsthe thydtogel
" GSRER TR YA B SRS TR e
15 slmmone dnonmgembﬁy of the hydrgge!l g hiocptalyst suspegion prl@r to
f obaﬁﬁé)ir(‘)fmjéh n. h?ﬁé'tﬂ%é@ﬂn%d"&@%@é@ﬁﬁﬁhat cfé?{ be used in

exa an el ectrjical heatindg tape he entire

asﬁ%me?eefdﬁv%'étlo%'ﬂ%'é’& PHE ar eh'?é%{t 'gafeé’rié’l rpeenanNicCHNiXATS,
ma(guichi d¥sa Mridesk Inﬁlﬁera&S;ﬂﬁ@é;yplétmlkble a @@lm@dr a pin mixer)

( oSbStaflh Hfers 2 5 RRE BT e b MindlrS@nigted of
20 cantixerd gee hetfiosthsn [Petty's Chaoichl cﬁng]:@qrmgwéamtbmwth
WhEHR; o'ﬂo Jill %r‘gy @fa?g WQGMCG? WAL 9] ;')21 rH&XF]EQIIustrated in

C|rcu at e enclosures Wwth circu

( eFigure2ras thetpisisrdevier[34lnmn e en@gﬂw&entm the ﬁQPﬁf?él#S
eg???g?@ﬂtln rﬁgﬁe@@%lﬁ@eﬁwbts\halﬁ‘tﬁgg Pis dsié%‘i teysHRgeoth the

R abhiBoplade streralty 1B At thet i ubier O, it Jhd bifocet

25 angatictssformingssysternfibe imveption rma)oalsp aptionbky incorporate

fOBHBto'r?ﬁbrewlgmtgy ce%fatrg e&ﬁnlda}ﬂh él‘?b%]egg hjcread! Jor

be “used in Fesent i on | cI u Ut  are 1
| | grammgle, @sm@@hrabﬁctm Exﬁlmmes4 By sheiceef raixiigddridse, the

M ¥fRénsify FHARMBRIA B8 28fusted ﬁ%éeﬂéﬁ?—ﬁf fic @qﬂir@nf@nl‘sefc}r the

or StatIC mxe? as .are commonl known | n

FuPaHisHiag hyanaskosming syshension, diNgRIOseEr. .%ﬁmmgyn@ous
30 d]ﬁp@h@gbl-fanmmgewsmsidaﬁd lodtdinSeeatiile prEdehtllrcglor prorhoting

Pe”lﬁ pgn(r]é)?_ﬂ i eH?%ge ;ggf'nlm)&e -form

i | P E"PEH & CB”{H!J‘ 184S 2 e d’é\ﬂé%‘fﬁ’lf‘g In

t happarabtus [1§ of trof prasentipwantivrusan be modlfled to include an
internal pump [39] such as a centrifugal, screw, or gear pump in the
housing cavity [5] to force higher viscosity material into the extrusion holes

35 [7] to permit higher viscosity hydrogel processing.
Operating cost and the tendency for gel formation in the extrusion -

die [6] due to temperature deviations may be reduced with the use of a
thermal insulated die to manage heat losses for temperature-sensitive
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illustrated in Figure 2, a single drive shaft [31] is
used to power both the cutting blade assenbly [8] and
WO b@4/06083311 xer [34]. Simlarly, the hydrogel 2BCT/US2003/041622
particle-form ng systemof the invention may al so
optionally incorporate one or nore m xing devices at
anhyqimgat priiceasing han insutatig caupburd cah be useddommonstrast

degel L lé)ﬁ‘g@‘[gm %a%rgeﬁyeaqflgés%g éBfth%géﬁ‘&h ﬂ@ﬂ'a?ﬁj improve

t he | nt ensi
s pepefabdlity @ather%ﬁ»é&miow faydrpaél sqilataqnsCtbahhave a temperature-

hyQéHQﬁ\'/e Herpaing seHs Bs '&éh@@eéﬁér’ﬂ AnB'REBASSE AThMypes of

5 DS FABOAT AL BRLGIH bR sS85 RESERl TueBfipn for thermally
di B’fsupa‘lpte@ extrédsion litew[6] m&mwrbut%,re htbﬁluhltdd tge¢hermoplastic or
1 Cl e- e sen
foit BoBEs. (BRRR i e et tish o MefifBRlaste opurm
[ Bmermmlat pelymetsmeramiogafqanssrmainerals, gddes podpnétals, hed
h I
e OtB‘gie{F‘ﬁwe%ti fg'b?g'ﬁ??éﬁ’éféﬁyg ?\Wﬁr’to e?éb‘?}é %}k’{il%ﬁh%é%
10 vi scosi tThesyaieny 2015 de byepgon gaerf@mthwdo%@$lgaﬁdmme
g 326.¢tm1t f mt eu‘s arﬁ@lﬁ sfapérm{ogﬁhg fécyblﬁw%dﬁcﬁu&igﬁrﬂundviv: tmh&ntfﬂhhe
us@”‘tgpdé{nnﬁ ﬁ%ﬁuﬁqébﬁtﬁ?%[%] %{Qerfﬂ?@g g?%ﬁ?rm%sses
f ow;mdravmlmfmeeqs@mm fluisparticle WXRI6S frofbhie3quench station
al 1.,n
ol BiAfed qUTa0E BreRbaiar endull, kM AThoRY
15 [ 6Blots or ecsmeement thabYeguench fuid passesthroughi treninclined
| B9 Ee vv?iﬂﬁ"tﬁé’hi/drbljepﬁarﬁ@l ?é%%%f@rés%r th@%gé%gﬂ*e? incline into

sol ut| ons t ave sensi ti

poPrRollecliprhoariatagt ¢ Egeaﬁlgﬁcafﬁlwda@%nﬁ@@ berell etcg%@ ;! 5

i naudmbnaquegamm aldsretdrabd ¢to the dgl@mél qUeﬁdﬂesﬂ@h@ﬁ g6t reuse.

ot ude ! 8 grotehat ibadimenl el ring i SeaBnt (S5t srown)
20 t handwskimetat ynetesng feetbsydtermsdngt stxsvm)airafattacked to the:

MR8 7 ¢ ) rogbl A BBSbrR AT S YAk e 2A0Eel

maselufian angdhe bincajalystanay be fod separtelyi thug ammmmczrm@

ar tonthet flife ofied AiitbBB oPenkiidek iy &Y hdro§ansdiuti drhﬁf ior to. -

conti nuous partlcle separation and

| reB?&\C’egg’rW@{'aﬁench fluid. In such enbodinents, the
25 quench bt anotber e@bpdimnént, thee predieht iedettiorpprovides a system for

thRPTRAS, eBevhB 3o B 3ol SORES o BB, itk ™
hamurf@osgmmmap&heme%@tm@ayﬁemyla@8@90-1mmwa§d or a
SCéﬁfyme/@@nfspabnm%t goRBs{bs the HoRAs5 8 PP&}J&&@%HP\%

inclined s e rQ ticles pass
acnu%rgofg?é"%rarw'@r ﬂ@n%ﬂzw@e?ﬁtf%m angHier éetircn In 2
30 C0fél@ﬂeﬂ&imbd’d!imem,ecmﬁhnmbbill.daﬁ‘c&ncémQrsokbia ééﬂlé\%ﬁ Byl |
itianal res rv0|r .an rned .jnto

or IRl Rb R TR d 8y the Slatemat e prese éﬁwnﬂon
enbodi nEme, ofdhalbeneﬁrhsrtgah‘wﬂd)esd:laan oeréond slshedvn) the2drt is

ANthat P BBbAIfudTRY Slehind F78th5Y B HEin|BRtior? EMNBE 68 for
small laboratory preparative arrangements as well a< scaled up for
35 commercial use to produce uniform hydrogel particies, since the
apparatus and system components can be adjusted in size and limited
only by a particularly desired application.
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housi ng of the hydrogel particle-form ng apparatus so

that the hydrogel solution and the biocatal yst may be
wo e@4m6@as at el y, thus mnimzing contact ti nmePOf/Us1063/041622

m crobes or enzynes to the hydrogel solution prior

to., particle formation. 25 In another enbodi nent,

the pr efbatpresarélime@tioprimfurtﬂm ilbustratackim therfolldwindi ng

anEQ%Fn?SI zeJE odad b%’ﬂrﬁferﬂé’tboa‘?%tctﬂe%lﬁ){aﬁﬁlg WQlle indicating

m Cr oor ganl sns
yi prederred emhagirpentsiaidae invepling, sl givery bv &t crfahlustratlon

COHF’?I'ynﬁoﬂlﬁetﬁmét@édﬁsb@nmrﬁpﬁe%b@a%plégQ)ne skllled in the
m cr 0or gani sm w th add rom anot

5 T o Fhne B he 2o i D SRS i uonzavﬁemthout
caae;aémng nacie spiidaiy scoparthiarédfz cag makeevarivust ahaeg : he
ety maieEhR e bV En BT RE Bal R B et arfsf th
ar conditiosat t he appar at us, system-.and net hod of the
i nvention can be used for small |aboratory

preparative arrangenents as, Well ac scaled up for 35
10 conmmerci al use to produce uEXAMRLERdrogel particles,

Si ABSREVAATIONE: at us and system conponents can be
Sent »cal it BhobbieaboAe o pblbls” S8 nEhe'!
Pﬁédﬁﬁﬂ@ﬁﬁrﬁ#ﬂ@ﬂ@ansﬂm&wmﬂﬁ £ht meansrtiow(s)) ‘8" medrseday(s),
undtir SR midotiBfisl o M R TS, ;‘L,;’a@%é’%%r@i "
15 pr@feansedlllmmam Mem@r@fmglge “rmviefitmeans enilbmgle(e) “wymeans
reh(sh, b b%lcrdgﬂébf\&)':érﬁi“r{gh‘?n ﬁanﬁg?&#ﬁs?‘ GHims3”

an theegx | es, ofie s Iedlnt 5 art” ¢
astwangicybieilimeters.i MV JReRRS Velima P%rsVQJ'ﬁm@hquPaS (cps)”

| nm@@hscmuh penstansédumdls (tt@@@mbldsgcém@mgé)e‘d&wr fdarndhy
»can _make vari ous c

Yoli
S PP R R BRSOy SRS S Bsiof Means pqungiper
20 ussguaradnchc (gadige),ofe” mnmekﬁm&ﬂ pé'n ohitite Timeans

rreeurglgg ﬁfm%?é}%ﬁ%hafé ons is as fol I ows: "sec" neans

neans mnute(s), "h" means hour(s),

"d" means day(s), "pL" neaEXANIRLBI%ter(s), "nL"
means mlliliter(s)ContolldEdoRimd ARfinS Cutfi 15 means

m : : : gbg{%ﬁglgf%nﬁﬁagxgé@hgﬁ@%mggg%ﬂsﬁgr@gure 3 and used
25 m mmgkamn/d)owhpal‘m@s cmﬁmsmgammbws( wjth ehay@e actigiys An
TR e BT o
cemnrmt@cé oa pzmveswgﬁgww posities dlsw@icgment PUpR (Sespex®
rePGhﬂbt MUl BOB- 1D BICS Se %eé%?@é HH?-F&R% @%rmany)
r e g{l&?w&%gﬁgpamp was c:onnecteée ?o in- hnec%(ﬁters (NuPro® “F”
30 series containing wire mesh strainer elements at 230 and 140 micron in
series, Nuclear Products Company, Willoughby, OH) and then to a
particle-forming device illustrated in Figure 2. The particle-forming device
was suspended above an 8 L quench fluid container such that the die face
was below the surface of the quench fluid.
35 An alginate solution was prepared by combining 82.5 g of alginate
(FMC Protanal® LF10/60, solution viscosity = 20-70 mPas (cps)for 1% in
water, FMC Biopolymer Corporation, Norway) with 1717 grams of
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cubic centinmeters/ mnute. EXAVMPLE 1 Controll ed Vol une
Al ginate Cutting A particle-form ng system was

wa@oengsset ed as in Figure 3 and used 25 to nmaRET/US2003/041622
hydrogel particles containing mcrobes with enzyne
activity. An 8 L stainless steel feed vessel was
eq@ieigiiceduvaterdn theyfeest assahand oixetbunidthanogeneous mixture

Pr QEHESIStaegcavi ty positive displacement punp
( Seepex(.r Punp, I\/bdel 003-12 NDC Seet)ex Seeberger

GrbH & éncell SSTIRRSIN Of AGOVIal (ACTHS SOV (meilkan R
Comtlﬁmr@@dll@cmdh 557145)fw41§ lf@afé\dllJBy@bl‘r‘)bmlﬁ g 936 gSQF ﬂr@ﬁen cell
contajn rai.n enen
S SPBIF (s Ll fuMi it i 300 68 BB My aal soiten in &
W IbleakghMth a@ﬁrmag] dat aea mixedhforGr mircuetilfaohomogedesus e
T t\/\%g%tﬁai gureZ The particle-form ng device

en

mas susp 6Ve an 8 L guench fluid container such
t hat t hd hgicellfsuspensias was addachite therfead yesseltdoatajniogdhe

fl lé'lginat%%dﬂ'mcﬁl Shd ﬁﬁ)@édser 301 (Al ﬂ'(:ﬁ'vﬁ: agﬁcgr{t%a &%é mixture was

10 LF%’%}%Q@ stg?[]tth%?‘ieséﬁrei &@é?dartﬁgsurﬁ@ﬂﬁe Terasig w\ﬁsls')ltrpaen 1%
|1 9 V7a\hms‘3|h thE;t@an%ﬁbwg?? 3gragrng t}ag o M‘ﬁ)lsté\#té@and set
deiGARLBE B mE i AT o Hoe D3d s Rt 1 U0k the particle-
untfernming mpgaratos sisimgxang feedvmst. obt@seeshd kerdqmdrtT was not
SLPRBASE AL A APHE" 26T 2T S o
1591864 rem. f Thag alginate cell m;stws@ @rcz@ﬁds%thwghva pin rpber gnd.
. g{ Ieﬁr9316ﬁ di® cahtal¥itd e %‘t ngBg'dﬂéﬁ'@fér'h%l@s bﬁﬁé(ﬁﬁttlwgéégﬁgmbl
i ep0leeeb S iseac Ther dienen i uiemh wesd Adb CAERE] T o
t hehlfozied sattssobltiooont ai ning the al ginate sol ution and
obt a1 ned oV s % uthe VAW BEF BRS £ HLIRe/og ana
20w the ﬁuhtlng@@ﬁed Veasve5Q eutsthele/mimshe caldutaiedeolinog paed
angakitfe REER. M?nrﬁi‘ aﬂ@ %élﬂﬁ‘n% Pértldé% \98@ é’(ﬁl"ec and the

n of flow The ow Was

D= VPRENES: WPist HelRGMio6db e L ORI, Bt Gleaioufeled voturge. It i
s eknoantﬁ@toblgmete p@ﬁlclé@tsh riR Gl s@molﬂ@&oﬁmﬂﬁ@ c@fcfum T

a1 iR st Fed e M aliTaine 2t g Snplelin 43T the
25 an splumsex flowgieo ol was mﬂreasadw’ag) 22.§moL/BblEdhirdiimereasing the
hobéﬁ:uia@fv?lﬁ?ﬁé P& ;?aé*ﬁ@l@%%& %43 m?ﬁ@i R rgé@ﬁﬁ%pgggﬁ% were
sopald%ﬂd are dhe Nglwn%ﬁ weWedeﬁ@rrumdftpdw P8rmpg) whighds 84%
14of calcliRedeidumeaMéll within experimental error of expected volume
per particle. _
30 EXAMPLE 2
Effect of Increasing Alginate Viscosity
Equipment and procedures were the same as Example 1 except
that the alginate used was type FMC Protanal® LF20/40, (FMC
Biopolymer Corporation, Norway) an alginate that produces aquecus
35  solutions with higher viscosity than LF10/60 (100-200 mPas for 1% in
water). When processed through the particle-forming system, very stabie
operation was achieved and patrticle shape was very uniform. Particles
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20 the cutting speed was 5760 cuts/hole/mn; the
cal cul ated volune per particle was 2.44 mB. The
WO e@dlosiensy particles were collected and the vPCT/OER03/041622
were determ ned to be 2.08 mmB, 85% of cal cul at ed
volume. It is known that al ginate particles shrink in
s oithiaovelugenef. A8 mymé avere prnodused atkheolonte flow pepbeld of
Waiﬁtrﬁ‘@/?nﬂmo‘ig ained at 5760 cuts/hole/mn and the 25
vol unme flow per hole was increased to 22.
nL/ hol e dtempiivasgiadg toHEocess tb@weweemaieweﬂpr@ngh a

pafrbdﬁlbﬂatdl'o%-f%ﬂn ystéif. maeuldlime fI@W\tha§|I|ﬁ§tedﬁ6%o more

S rden el dRC IR Y%Pf@ﬁ@%?%ﬂ"at@h?ﬁ@%l Rl Hheskinartiles

exp/ere Bentredianteter spiferex piétis ddmaonistrated ﬂhteramlﬁyblf tﬂe{épartlcle-
C r n SCOS
Eal T ePas B el ol Bat Rl Lu i EbRn eRRy Y
exby@pge{-fmmlm@euweg}sm thapeg heaschigped Bt a traditional drop-
P ;
ol Sstefrt, 2 b driidorBh ORACHEF FalEHIRAERAS Plhdustion.
10with hi gher viscosity than MSMBQE&OO 200 nmPas for 1
% i {1 }Nat ?deramsvﬁ?ﬁpﬁtsl‘élg?afe@fmﬁBeﬁé‘ﬁ@réarmttrll gﬁrraqeenan
artic or system Vv
Dehi evedNS REIF{OENRS SHelbE (BScrBElin a1 Was modified
Paby iaddigy Héat\WRcBa0dEr8 58 688oMLTdd20R 34 Qéhb pdmpvas the, a
ot d8Fetq nekriiTieliBe Sl BELAER) Rbottabs, SH8 GofialEl .
15 t heolymadrieraedeling devmﬁ,rsia@mwermaassfer bineg, and particle- -
dffd?nf BSra%)’sSW@F@ haéled\s%l tHHFtrfé rsge dsldum .tﬁ g no

no . produ ops
feénweilaerﬁenﬁﬁweé"wﬁt ty/gp CR0 R Es T aintaliathabeye the gel
sppeinepriortu partieledorhatidred t he abl lity of the

P o B eibelao RS fbs brtisarGR .M e, fo BRk pfag8enan
20 t herMEdRGBE0 aavailebledirointiM& Biopdiymierdrpdradion, Norway)jgnd -
Sys8 cﬁfb%u izéd 43 ABhYingl %%HQ’e Béltfﬁrgf) n‘?iﬂrtfdt‘i:ee
& SRRF A i Bidindl R Vet Bt

product’i on.
El Bowean%%amum Eeshited @6%@&@3!’13“ méte was heated with

pardm>$ﬁ go fagbm 80]°@)e$1qu’fétldi ﬁﬁfﬂho Riasl uhtit th g,ggiageénaWWas fluid -
nmodi fi.e at _exchangers
{ and 15 prdel o g sl oSSBT Saiufiot SRR Gen E6vled to
25 anB0-E5E 1 i cal heat tape. The feed tanks, 15

vol unet A'(fel %Séhé‘ig n Ry ;‘}I%Parsétft')o){ ﬁ‘nﬂhéqQ?O 0 g of frozen cell

transfer nes arti

heB@glg (23. 1% dow) Méth r et as@BJtMcNﬁzM huffer solution in a
t eppskaHvAliEa %ﬁFHHgt bé/reaﬁd FHRY fbVégthmﬁ.ﬁitﬁ‘hnM@%Iy mixed. It
?g{lvgtﬁ?ﬁ gran erred to a sgecondq‘gle egsel EQItateg 4 L stalnless steel).
30 The cell suspension was pumped (Seepex® Pump, Model 003-12
MDC, Seepex Seeberger GmbH, Germany) at a volumetric flow rate of
25 mL/min through a heat exchanger which heated the suspension to
50 °C at the outlet. The carrageenan solution was pumped (MicroPump®
gear pump, MicroPump;.inc.. Vancouver, WA) at a temperature of
35 60-65 °C and a volumetric flow rate of 37 mL/min and combined with the
cell suspension in an in-line static mixer (Koch® ~ SMX, Sulzer Chemtech
Winterthur, Switzerland). The flow exiting the static mixer was directed

through the particle-forming apparatus using one feed port. The second
17




A carrageenan paste was prepared by m xing 150 g of
carrageenan 20 (FMC RG300, avail able from FMC
w@e@pobosaer Cor poration, Norway) and 2850 g OPCT/US2003/041622

dei oni zed water in the original feed vessel for 30 nmn
until a honpgeneous mi xture resulted. The carrageenan
pabses pers wasatat dised tand wasccagpadofibdine B@ed afnbe eld shaft
fo t C e

of 28 Refaf 180 ke, The B IRRERIARNIEsbetith piihadef
coﬁ'lr@@gh 8 P nenewcbextm%@m glesmﬁewmgowgwag/ 1|6rlep!a|hebbs

byTﬁbgggmglé’Joéféngm%&o@fm| At b|ade§stme( St%. i IIAQ%d for
S peli PPt ws Diahmo K gs FALSOSn 60 mn unt 1

unl f or nTlie Wotkidg vlolummstﬁéwpmtream:fneﬁg @;ﬁbér@t@ ecnar)d

coloel i IR Furhcnd %%rk%‘g%%%sfh%aa%a'v%m{ﬁre
Oorbsllﬁed D8, mEare pebk r&dﬂrmegﬁene @nthe paticlesfoymirat device under
VOQ BE! ico vu&&ﬂ%’d Wﬁwethgfr{aﬁlaéngé‘ﬁmeninttné Hf §8RIEHR eat .

exc anger ensi
10 ouex@iangen,éh@@tatxg@eﬁ%rarybth@tvamsf%kmq; Lﬁh@éalls were subjected

( Mcﬁél@?é't'éﬂ(té)npe@@tﬁfe O ss tMaﬁrd?%d?’Bl to 2 ofiR: In addition to

g hesaradel Huten wol abavefhe ool ipmmemia during

t hetora@ and usgterisg, eimatwre gdﬂatlom dusttatdguipmesttrcold spots
K?/%Q(eaw)lde SMX, Sul zer Chemtech Wnterthur,
Sw

. The flow exiting the static m xer was
15 direct efit themeia@mdtdmerqimgtcccmddldnsu theresafippar particles sieng
on
DRSS EE et o PRE e hlEh ATLRRRARA flow. .
capped off. The speed of th%ﬂﬁb_ﬂﬁaft was set at
180 r prs. @bmimmusa@l@wnaédmﬂé/boaunamsccaméémm%e to
t hrough i r&xer and trtu3| n_di et copt ai ni n% I ght
3/16-inc ' ' ht
20 bl ades. Th‘lseE>qampieh|s Similad tauEadn'lde 3 excepi thattheestatie Mixer

||Oo@é|uﬂ{?4a?§d &%rfgeg d%og'# o4 8 (&%ﬂﬁg V‘B"n‘fu Ag,gdgﬁé&m be

WI wfhec{ ﬁ@twébe twe s arpenixed nragwemanmeb@ﬁm Ravticle-

M iRy appRatld @slicd) m ARAfoIE Qhé céﬁéggéﬁ‘&? bét@‘il:/llrl]ge held:

the art cle-f ng, devic
e R B A e
25 exthlna@eheaitds»&hahgensctorra»serthe avdiptituts tered €, héldet 80 °C

SN B o L B s GRSl
mebGf@ifar fe@dmgelntq/meo@amclsffpuningmwe above the gel
tenper aj g Wo?Hﬁ%%lurﬁé 8f e epa?’Flge'TBFrﬁfn'grt%w&r ?@JH&@N%

eIIatlon due t spots> was avo

At thereasE flg¢ el dh %ﬁuﬁafer mg" ERs 0 e AN 07l reigenes Hgpe in

30 pathiel pdr&@levﬁgfrﬁlngféﬁmwhgdmbkér 20 seeUTdhbitie@withife
UeidEnce tinfe i trhe ce ?urhon het exchanger and the transfer line,
the enzymatic cells will be subjected to elevated temperature for less than

or equal to 1 min.
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EXAMPLE 4 Conti nuous Fl ow Heat Up/ Cool Down Carrageean

in Pipe to Sinplify Carrageenan Sol uti on Preparation
woegMioswsaent s 20 This Exanple is simlar to Exeaps2083/041622

except that the static mxer wll be elimnated and

both feed ports on the particle-fornm ng device will be

used so that the two fluids EXAMBLER in the pin mxer

ogdt he DPR{drb&d&VidoBERY BET @rﬁB@FeﬂEr‘ésSQﬁé’ h\?@ HvHqueI Mixture by
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Equi pnent and procedure ar eEXAMPRE % 0 Exanple 3

except thahcreasing Viscosity of Hydrogel Material by Using Internally
Liberated Calcium lons

30 This Example is similar to Example 1 except that the calcium
source will be calcium citrate. The calcium citrate will be added using the
second feed tank metering system and will be used to add 1.2 parts
calcium citrate to 100 parts of a 2% alginate/0.5% dry yeast cell mixture
that will be prepared in the first feed tank. A third feed tank and metering.

35 system will be required to meter 1 part D-glucono-1,5-iactone into the
transfer line or the housing cavity of the particle-forming apparatus. The
resulting particles will have improved gel strength relative to particles
produced using an external calcium guench without impacting
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20 hydroxyapatite will be added to the carrageenan
solution after the initial heating at a sufficient

W@ e@Anstey3 so t hat the final beads contain 5 wtP@&/US2003/041622
hydr oxyapatite. The cell suspension for this exanple
will contain sufficient yeast suitable for ethanol
pr denmantatiorsperformandes Theatrongardzarticas avilhinipo¥e thie yate of
Weisgdnoy trﬂ@ SR g%érbﬂﬁe %ﬂ%blecllaﬁgier"gclale Qﬁ&%’tlgﬁ and

hi gher et ction ra

pr PRFYE vﬁePﬁEﬁ‘}tOWdh@ liffoen e migeb e%el |'s.

EXAMPLE 7 | ncreasing VISCOSIty of Hydrogel Material by
Using Internally Liberated Calciumlons 30 This
Exanple is simlar to Exanple 1 except that the

calcium source will be calciumcitrate. The cal ci um
citrate will be added using the second feed tank
netering systemand will be used to add 1.2 parts

calciumcitrate to 100 parts of a 2% al ginate/ 0.5%dry
yeast cell mxture ,that will be .prepared in the
first feed tank. Athird feed tank and netering . 35
systemw || be required to neter 1 part

D-gl ucono-1,5-1actone into the transfer line or the
housi ng cavity of the particle-formng apparatus. The
resulting particles will have inproved gel strength
relative to particles produced using an externa

cal ci um quench w thout inpacting 19 WD 2004/ 060633
PCT/ US2003/ 041622 fermentati on performance. The
stronger particles will inprove the rate of ethano
fermentation and therefore enable | arger scale
operation and i nproved separation of the ethanol from
the m crobes. 20 WO 2004/ 060633 PCT/ US2003/ 041622
CLAIMS What is clained is: 1. A hydroge
particle-form ng apparatus conprising: (a) a housing
having a wall and a cavity, 5 (b) at |east one inlet
port in the wall of the housing for introducing

hydr ogel -f orm ng suspension into the housing cavity,
(c) an extrusion die having a face with one or a
plurality of extrusion holes through which the
hydrogel -form ng 10 suspensi on can be extruded from
the housing cavity, (d) a cutting assenbly conprising
at | east one cutting blade that cuts the hydroge
particle-form ng suspension into
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i ndi vi dual hydrogel particles when the suspension
exits the extrusion holes as the cutting bl ade noves

wW@e0ade0635 each extrusion hole, wherein the cupCT/ng2003/041622
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blade is in close proximty with the face of the

extrusion die and noves in a linear, rotating, or

reci procati ng manner, (e) GbAIMBally, a drive shaft
ﬁ é(ﬂsn the housing cavity, 20 (f)

op ona one'or a plurality of bearings within the

housi ngl- o“aW@l&Qg@bB@ﬁﬁC{q fegmindearparalISSERIMPrIsing)

8ptl onal | y gorheP]@US|ﬁ? hbvrngla Wil ahd se@dvityc ont act It ng the
rrve | Qn Xin e W |

t he hou5| g %@S%P(E'le n ﬁmnﬂjge g gﬁ’b‘?ﬁ%‘éﬁ'”@%‘?"m ng

suspensi on, (Ilhtrodl.liﬁmg)hgﬂﬂdgel-mmlmg saspBnsiar inty the housing
radi al slots |n t.he housing cavity for distributing

t he hydrogel - H;Y’ng suspension, and (j) optionally,

an i nt er nak) pLarpexvruS'nd)rm diehravingusiface véthiane éroa plugality of
novi ng the hy RIS . i
extrusion di géﬂ%%koﬁt%lgé gﬁart| cﬁ% '?‘% ngorr{/\mtge
conpri si ng: (aﬁusﬁﬁnﬁl@ﬁﬁan&fé@ﬁt@&?%f{r@ﬂ tha hoyising cavity,

cont ai ni ngg§ fb/éuﬁaglaséemw&mﬁmwg@slew oR& cLktn ngde

metoring devi BanES AP IARORLPaEiesOrite wipeisk

feed stati ]E)n dndividual hedrogelr paytitlep aviiercihe-suspension exits
FPom 21 v 208 FBilelY RIES BES ST B TRE85 cBfbss
station and detdoheeitrugion hole, whereiy thegettinpladecisdn close
form ng appar gara mhﬁmgnﬁ.tﬁ ﬂﬁeﬂﬁgggﬁﬁﬁé‘eﬁfraénbﬁ%éﬁﬁa PhoVddn a

a quench fl ui g article-formng
apparatus is dineredetatingy or QQ'RTOC {ng,B1&BN§Ed in t he

quench fl }J(Ie?i agystidnagy,hy drivg shaft eontaifedswititianse bousimg
extruded into the,[ guench fluid fromthe hydrogel

particle-form appar atus to form hydrogel
particles.(f8. dpteomailgtama ofa Qluxdlity 2f hikariegswithie the housing

T eny ot <GS sSopSRITRE RO BRLR | 79 b, 10
rot at abl y, (@) optionally, one ora plurality of seals contactlng the drive
shaft,

(h) optionally a mixing device within the housing cavity for
mixing the hydrogel-forming suspension,

(i) optionally, one or a plurality of radial slots in the housing
cavity for distributing the hydrogel-forming suspension,
and

() optionally, an internal pump within the housing cavity for
moving the hydrogel-forming suspension to the extrusion
die.

2. A hydrogel particle-forming system comprising:

(@) at least one feed station for containing a hydrogel-forming
suspension,

(b) the hydrogel particle-forming apparatus of Claim 1,

(c) a metering device having iransfer lines connected to the
feed station and to the hydrogel particle-forming
apparatus for receiving hydrogel-forming suspension from
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nmounted and further conprises a plurality of m xing

bl ades for m xing the quench fluid as the cutting
wa@asmenobieys rotates in the quench fluid. 5. The BgFUSIM®041622

Claim?2 further conprising at |east one m xing device

for m xing con‘gonents before they are introduced into

the hydrogel ths fped statios-anst delivgriag ftodha diydeagerparticle-

system of C alm,ﬁ,%@rgt&hgnm xing device is | ocated

in the fe stati on. The st em of Cla m.5 wherein
the mixi ng&"gevﬁl guench ﬁ@é‘ﬁf‘é’@”%n'ﬁg qqmﬂu'm ne of

me met wthﬁn:gn teyvh t éppﬁiuclétferray@tmparéu@ lglame’ést partially
ereln enc Ses
5 1 SiinBrdeRin 8 Bigndh BbidPahd el Nelreo B blies Sysiinsionds

andxtatded s theogeeraahdiluid dnoah theohydrogelopartieleefiorming f or
f s the quench fluid exits
thébg%%lrt}li% gﬁgﬂ?&% raglﬁcﬂe "he quengh fluidis
recycl ed- b’éb«k sw’@m ohelaimd wherein theometerinddeyieg & doi r
|n{,g|u|:ﬂ1§r,a|4%,l'h atl on after the hydrogel
partlcl eco elnllne surfac
0 The sysgerﬂa ?Sﬁtﬁﬂhﬁ) trbn\él @tﬂh@?‘% ﬁ@géﬁsﬁ'@g&%'sdﬁ@tab'y
ad didUn@%tﬁia?(ﬂ aﬂd’\éﬂdﬂrmM‘Se%Qi plogalitgohimiing b%&cﬂgr fixding the
or _an LLive in
Cr afiSnd i asin ouid s nBlR g RERRER gl ™
st at i onban@ihe systeen ofyQlaiged fupther comprisimgratrigast e mixing
f Ofatieg ed Vi Py f
 nielEa RN o iBnaiETcork ¢1of ot it 2R.R8 0 e 1 BfBge
15 hy arBigla-fosanng @pRamM8isyi ng appar atus. 10. The appar at us

of C ai g | THE8YSteh 6NElaihis/RheRm thd mixieg abdiebys located in
m)th?e%dpl n the housing cavity. 11. The systemof Caim

@¥-gri ve shaft is rotatably 35 nounted in
t he hougi nfheaysteyn oflClaintewhpredn #teumbang Geaiceis bcated in a

wh ' : thin the housing cavit
Sﬁgfﬁ%{%hﬂ% F}r@eH%Féjr@]‘g deidy 22 WD 2004/ 060633 ’
20 PCT/ uszﬁosT%;a_amtgm aBClaime whereimihe qaerghstation &ither

t h%ompﬁb@sgaﬁq’l’{dli‘h%d\@u%bé férh@olié@’eiﬁg e ﬁf?d/rb bém@'l%b\éﬁﬂ at

e e RERTA lon ADroleconseri2s
anthd @.@ertbfh fued ?Eﬂé thef?m@rrdsi sthtioougherelretheequ Gfr&ig fluid is
openi n . .

P Fe R ask It € SHHtEnE e efah fesbHioiF e ¥ ayench

25 sEafatloasafner thﬂ(h}ﬁdf@get partiolgh aré cotbesied an thpdnclingd slisface.
T
Tont o) B TTAG SISBhTLECHAR ZhitleP Bofbisie) Alpdstone
exadgiggnalfesd @Fﬁttql?ef% 6ﬁ'ﬂﬁaéﬂ'ng> Betiengh figid of ar adgitivasr deth

di anaradnwtéerngl devideeh&uhd tradiskRs iredtynhscted tatiabhiditional
eede &atlon and to the hydrogel particle-forming apparatus for receiving
30 the quench fluid or the additive from the additional feed station and
delivering it to the hydrogel particle-forming apparatus.
10. The apparatus of Claim 1 wherein the drive shaft is rotatably
mounted in the housing cavity.
11. The system of Claim 2 wherein the drive shaft is rotatably
35 mounted in the housing cavity.
12. The-apparatus of Claim ‘1 wherein the mixing device within the
housing cavity is driven by the drive shaft.
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10 on the drive shaft as it extends through the
central opening. 16. The apparatus of Claim1l wherein

WO b@4/0606851g devi ce within the housing cavity PCT/UR0080M1622
by a rotatably nmounted drive shaft and the extrusion
di e contains a central opening through which the drive
shaft 18xt dhesystein wif Elaim?2 whereintthe myjxingstavideywitlsin the

r ot ; j shaft where it
ext@#ggifg‘égé 8t égpggﬂﬁg_lméggéﬁn . 17. The system of
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e GYRT VD V8 A tacliied dife St 3riehe' ¥
extextrgsion diebestainsve cantrgjerpening threuglt whih the drive shaft
£ e ridiherdh e ouffifo 386HBY 45 rtbtdth? hftuhed ) $4

15 c o HEive sbat whare ih exterdssinreugh thet candral gprRNigY. cont act

angl e Wizt hTheeybsh 88€laia? Wheekis Wﬁﬂﬁhgﬁevtc'é%tmn the
mat eri.al bein asti

elected f t her nopl nd
¢ huPHsBacaY Frdiiien by A zotatably mainied drige shaft agd the
polexiresien dieecamiirs, a teainal,opwnirey ﬂﬂr@uglﬂwhﬂm_sthémiivefshaft
rein the, face
of Efjehrs SndShort iR AU BsdmAlvl fortlHEiy bibuntéa 675
20 coAgve sbekt where ihextendsatheoughl thereentiahopaninggh cont act

angl e 1@l tpé %9p5b5iﬁ§6?bfle{i|gfm%%\r/%Hg@%%?gggggg?fes are

mat er.i al, bei ng, sel ecte (
pCHM Yy SPag %Qﬁaﬁmetﬂﬁéﬁic%gf fhe extersiondinset
pol ynens, m@eyﬁbmﬁﬂqumﬁwhéfm ﬂi@gﬁlrus?@ﬂf %6%23456reTh
ce r oxides and.nmetal s. . e
ARy sBACR ap i DR Rdarndl B RS bR i e i 5

25 const r 86t eihe pppactatus ngGlami hyhewaie tha kbxsesion hetbsf arem
th b G t i d
gl SnaRGOd T CrBhEr aftel MRS o SR mb T RidapfN
oxMEMhd metals. 25. The systemof Caim 2 wherein

the expnusTied agpsratss 6PCHIMUCHAEreih HRETERPuSIOS Wols Hie a

materi a from.t hernopl asti ¢ and t her noset

generallly %ﬁétﬁ% gr%ss—sec ion.

30 22. The apparatus of Claim 1 wherein the face of the extrusion die
is treated with or is constructed from a materiai that has a high contact
angle with the hydrogel-forming suspension, the material being selected
from thermoplastic and thermoset polymers, mineral and glass reinforced
polymers, ceramics, foams, minerals, oxides and metals.

35 23. The system of Claim 2 wherein the face of the extrusion die is
treated with or is constructed from a material that has a high contact angle
with the hydrogel-forming suspension, the material being selected from
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pol ymers, mneral and glass reinforced polyners,

ceram cs, foans, 10 mnerals, oxides and netals. 26.
wab@4apeas at us of Caim1l wherein the cutting BEFERINY041622

is selected frompitched turbines and flat turbines.

27. The systemof Claim2 wherein the cutting assenbly

i stheeﬂneptaetic ahd dhenmndseiedlynensi miserahand giisstreiiorced.
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10 25mmrarsh@xe§a§e@dwrnetad§ aim2 wherein at |east one of

the feggi =111 ér‘éﬁj@@f)@fa%uﬁwhé%%&thﬁg 248¥ImBRy is
t he BCh st a Er t he I ndependent |y, are
heselgaeayrom L 4 dnese 34, The
appar agps e @sﬁem &Z:WmQaNheﬁdnetHee@mm@ Séee/mbley ib Selected
selecte er ters, traced systens,
] aﬁﬁ’i‘t%%h@gwé’ﬁ&es g@%“ﬁﬁ@%‘ﬂg ‘osures with circul ating

15 hot ga28&s bhre appariatiss oBGlaiMmtewbgesire thevintethal purdp within the

mﬁé@%ﬂgbgﬁyﬁg%} éé}ﬂaﬁ%! Cs‘%ré\ﬁ or %E‘H&ﬂc dfsrg%etrﬁ@{t;%}mp

encl 0s29esThg BYStom o ETaim heﬁe"gﬁee@temah RO yéthirsthe
ThRo@IRGEalitisis of céRtafugal. s&?@n er K)oFuhﬁaihd drs@mimﬁ@ﬁrpumo

35 sus on co se ol uti.on ,and
oy ooat B0 <Tie aBPaRILS 0B CHRSRIn e Miiad gBRCefs setected
20 hyﬁomgebg‘rompmogslsisr@pfemmcbamcahrpmesseand stgtitrmogers.

; ocl'l';JtUI 3’803 4%5&0@* la}?ﬂtm wﬁe \zfﬁus ofs!r%ﬁéié\ﬁé% is selected

whBem thetgreup rorsisting of mes;heelpalcme@m romthe group

ConS' S8 nngﬁé appHafuS6f ClahHSPRASIHN the BFSAraiUAS ife%'técﬁby a
yeast cells, plant cells, aninmal cell

Fg%ﬁnﬁg%‘g‘éeanel les, purified or partially-purifi ed
25 e nzynme3pr eplas eystemsof Glaim 2uvhérefimalieasicompbittesfeed tank,

SO B4 oDl el 058 nd Bl BB B SHRAT,
colmsiepend@'ltkyt amhbéatedd)y atdaagicons heafingodeMies.i al cel | s,
fungi, 34 The apparatus of Claim 32 wherein the heating device is

selected from thermal mass heaters, traced systems, jacketed systems,

30 and enclosures with circulating hot gases or liquids.

35. The system of Claim 33 wherein the heating device is selected
from thermal mass heaters, traced systems, jacketed systems, and
enclosures with circulating hot gases or liquids.

36. The apparatus of Claim 1.wherein the_hydrcgel-forming

35 suspension comprises a hydrogei solution and a biocatalyst.

37. The system of Claim 2 wherein the hydrogel-forming

suspension comprises a hydrogel solution and a biocatalyst.
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al gae, yeast cells, plant cells, animal cells,
cellular organelles, purified or partially-purified

W@ Ry 0806ps epar at i ons, and nul ti-enzynme conpl exeCST/UR2008041622
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appropriate buffer solutions. 40. A nethod for
produci ng hydrogel particles, the nmethod conprising
t he seglernThebpparefs of Clairis6 whensirtthegbiechteddt & sdlected

Copb @l tﬂbr@%@D Eé‘@g 9[9@ of \%me%ll s%léégﬁgig Q r\%ac]cérlélkytells fuagl

nmeterin form sus
dealgae, maat nglls er\@fﬁfQ;ﬂ"SJ amer@ colhastlelar orgetn@aes,awlfled or

|

A pﬂ”ﬁed e e G iz e E oD RFes in
1 a@@f@pr'aﬁ?p%f& §§LB'é’inﬁg at least partially subnmerged
Ihn a QBl@n?The Qﬁbtéﬂrmfcbla(mﬁ?a?ﬁér‘em trf:@ Blb@talyst is selected from

or i s rou
o2 dbub eBhTi g h AP ¢SSR RS yPsierE ¥ gtundii g

( dalgaat yeasj celte; panitraetiedatige oglts, -cedular naedpesurdied or

vy §?”“%dj éﬁ%ﬁ"? BRERdrtcrs, Sl AL IRAER Bomplibes in
CI &PWD@UE‘W@J e lﬁ@nﬁydr ogel -form ng suspension
conpri $gs A nﬁ‘é’cﬁé@@&* pré@hé"hgmd?d@ﬁsl PakicketiRd widthod 2.

The nethod of Ca ere| n bi ocatal yst 1s

sePYURPHSINg e F%‘ﬂ'ﬂ’? @l §tep§PTconsi sting of whol e cel |

suspensi on@,) kmotudrngada femj statiof ¢ogtainingladagirogyedetming
cells, plant CE\S 3 Snl cells, cellular organelles,
puri fi ed or P Q?' pur| fied enzynme preparations,

and mul ti -(é)r)zynetemmgﬁhek\gdrqgel-f@mpn@pusmreslcbmbf/@rmetering

sol utions. 35 {Rice having transfer lines connected to the feed station
and receiving hydrogel material therefrom into the
hydrogel particle-forming apparatus of Claim 1, the
apparatus being at least partially submerged in a quench
fluid;

(c) extruding the hydrogel-forming suspension through the
hydrogel particle-forming apparatus into the quench fluid;
and

(d) cutting the extruded hydrogel-forming suspension by the
hydrogel particle-forming apparatus into individual
hydrogel particles.

41. The method of Claim 40 wherein the hydrogel-forming
suspension comprises a hydrogel solution and a biocatalyst.

42. The method of Claim 41 wherein the biocatalyst is selected
from the group consisting of whole cell suspensions, bacterial cells, fungi,
algae, yeast cells, plant cells, animai cells, cellular organelles, purified or
partially-purified enzyme preparations, and multi-enzyme complexes in
appropriate buffer solutions.
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