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FREEZI NG AND THAW NG SYSTEM FOR Bl OPHARMACEUTI CALS
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Field [0001] The present ihvention generally relates

to the freezing and thaw ng of biopharnmaceuticals and

bi ol ogi cs. More particularly, the present invention

rel at th S AW A NN Wﬂ@(l%i M
contr%ife H@gﬁlﬁg an%imtlwgvm ngq:) smal Sg%ountsF%Ir{
sanpl es of BIORHARVEAECEUTIGAL. SSANTOBEOBOIGIES usi ng a
reduced- scal e system Background I nformati on [ 0002]

Preservation ( essi ng
(freezing and Eﬁ&rﬁgw Uﬁ u. up ")‘MI s and
bi ol ogi cs (collectively, "bioproducts"), for exanple,

i ncl udi ng, but not |i mkgthi¢d Fpidt ei ns, cell s,
anti bodi es, nedicines, plasma, blood, biol ogi cal

buffer solutions, cell culture ne viru ?rum

[0001ke| |The rpa@n@tmlgentl@mglemraﬂy redgsda dh eezg}ﬁﬁné‘ﬁ WPE &

{ of
o B BHE g Piod SToETALLEES0orL i e v o
preserSatshemd dcebdiamby gortrolled fieering éﬁitb‘fhewn@t dicasllpnoguter samples of

sub-opti mal g cess condl%dél (Tg ?adl to si gni fi cant
blophﬁfﬁ@ﬂ%lca]déﬁii g eh UHPE A& Vi bi opr oduct s

can be frozen and thawed in containers rangi ng from1l
to 500 liters. [OOOB]Babpg@mg{;nf@lﬁmﬁ@ﬂi es and research
institutions engaging in the freezing and thaw ng of

bi oproducts in such | arge volunes do so | argel i
[0002}\i t Hveservation 48$ptage Py figeFing) ayldm&qeswffq%mg@n%é}%‘%@

bloph@a}ﬁcgﬁﬁcﬁ tmﬁlﬁ@@af@fri?cz]ke h g%l{){iﬁcté 2;1;3??%&‘3? ple, 1nclu(%1ng, but not

limitetl R® prokei, Qe bhistitydees habdigiads, Iplhstnhﬁblpbd;dﬁdsgw{ﬂ&@ﬁf@} solutions, cell
Even an established routine f0{ preservati ocg %}1 bi duct,

culturp msdliss yirmgs ceriraisielldragmspisoerivtas cpmpoRgRly, pud ARy g bloproduct, is

often 1€ g%ﬁ Fc? gn Qllﬁlgé‘ §<JI 1 esgﬁ'gﬂ ap feﬁ b AL Sl s?iéarfr&%m‘g'eﬂhﬁm&ht with a

aboratory freezers with
subseG@Ins tmnhng mrm@nnt (Fresseboilnprodace sub- @fﬁé@ﬂ atocme,c@zdlﬁgns leading

chanbers th vi de chan
to mg@llﬁggr;qpé%dqgf a@ﬂg%&s E nﬁlopléogigl ¢t géﬁ'pg grgzen and thawed in

contaéeﬁg iREELAD I BINRES. suffer from tenperature
gr adi ts from contai ner to contai ner, Ieadl ng to

significant differences |nthefree2|n g}e ¢
[0003ﬂ>r ocBewkyry, eommenidsoRd resairal wb@@a%?ngas%dﬁ freezing and thawing o
adat i.on or/ r
ot (Y BRRY Yk ﬁ'ﬂ@i 1
onfF SRS S PR R B sy,
bioproductOgRIre@@sn the process using the intended equipment. This adds r1sk and cost,

particularly if the bioproducts are damaged in the process.

[0004] Even an established routine for preservation and processing of labile bioproducts in
small amounts, carried out using small containers such as vials or bottles, and placed in
laboratory freezers with a constant temperature setpoint, or in special freezing chambers that can
provide changing temperature profiles of the chamber environment, carries risk. Such freezing
methods suffer from temperature gradients from container to container, leading to significant
differences in the freezing and processing conditions, and subsequent product degradation or/and
Joss. Further, preservation and processing by placing the small container into a cold nitrogen gas

(typically generated from a liquefied nitrogen), cooling them over a certain period of time and



(typically generated froma |iquefied nitrogen),
cooling themover a certain period of tinme and WD
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into the liquid nitrogen me deliver differences in

then ﬁlﬁ@%ih@ Eheahtd 1R AUROhifH SR m&}pﬁglﬁfbﬁﬁfffefeﬁcgsqmcgbﬂ% arfifreezing from
welT as uncontrolled freezing across the product

containsr tmeontqig@s wellasandentiodind fre¢ring agosfthe pwidiictamiumd. s
of bioproducts is typically acconplished by |eaving

heni. | [0 Vi Fonnent hus.l eadi ng. to.slow and .. :
[OOOSHani r# {&gﬁ fcgld [ ﬁalli]v\% %%S%vﬁqf %%dljﬁ%syo %pfa‘g Cﬁg'lsrém‘%ﬁlg’taﬁc‘flﬂ%mhed by
leaviipy themdh a réapiedviantnanthiolehditly t vy aGd IBONROAS R wing which may
i gher quality and mnimze or elimnate product

h . . ) .
be depragsnialde fhsrradistoRapiggad comudist themeng may eraduce bighangality and
minir?08ESTh e Brodi P B2kt RAAdnBANLNO OF smal | amounts of
b1 oproducts ‘Is typrctally associated with supercooling
of product prior to freezing. The supercooling of
[0006dr od Uit priesersatidn andgmo@ksing by freqrénpimndahawing of embRian@nts of
. sjze,. te rature adjents, _.cooling rate and the
biopr G5 BB et e S PHEEoF e G Beer obraaie. iy
super€bdlin@of pf SR CIANLRIINRhtaideds EPBLR AGhe c&rﬁ_ﬁ’iﬁét’@fet, fé\@%r ture gradients
.unrepeat abl e process. The supercooling is follo %y ’
cooling natgyng the prgsdnce of iceawicleatiar sitgs.pBhe supkroopbugiaty diffanf®m container

. . reise to out 0 C..and .
to coblt, LBk SR LAl B o A MR e by ropid (st
freezihpef ppad ot prodBetolwhipeithae] tengedntle fika®mbbiE®ZC BAd & Sibsequent
detrinental to the Hzt)roduct, and, since they occur

b | . .
slowef esing if D GRMABING Magho! therogiicsa Beth wpeicpeljng e fash figezing can be
» co i vt i g Y on. of .
e ATRAG HAGEAR 00 U8 B B iy
vary smehgthe hertaioemsr Minimizetthmcdr efjudhdtion.of fORBFJoliih kan p@vide uniform
need exists.tor a way to reliably and repeatedly
produgtpragessinggad h%’@‘é?%zlk Modrg ity per cool i ng) and
thawi ng processing for small quantities of bioproducts
[0007] N aTk@Nh hedd SGstyBy adldy to 26D ParldtBpdAt RV Edn U HE Breezing (without
t her eby ﬁr ovi di ng consi stent freezi ngpand t haw ng

supereqohigz} awjggmmi@:fonqglall I’W@Nﬂtl poslucBin etbytyolled way all
o 08 EBEN GO OB SRR B P55 s

freezing and/or thawing of snmall anmpunts of a
bi oproduct. [ 000SUMMARYOETMIEINVENTION above, it is
an object of the present invention to provide a

reezi. nd thawi ng unit for freezin nd/ t hawi.ng
10008} © it et b Cal p 08 S0y GBDT PeHOPPES LIRS apparatus,
systerh BME@ Rkl fBF R¥SAESand/dt tBavlihg oF sASIPERbuntd BPQB%BH)%ME@ r
freezing and/or thawing at |east one bioproduct. The

apparatus conprises a unit for freezing and/or thaw ng
[0009}; | laspseordpce vbl,ﬂb@p GhoYS; itdhamokipetiof theqprpsent nwentiomito provide a

freezig% gﬁ’({)#h%{)vﬂ% @it fof ﬁ%&mﬁﬁ‘@n&&qﬁ%ﬂ& of Hrrn];ﬁl e%Unt's/_.\tof la %?osptroduct.

[0010] The present invention provides, in a first aspect, apparatus for freezing and/or thawing
at least one bioproduct. The apparatus comprises a unit for freezing and/or thawing at least one
bioproduct on a small scale, the unit comprising at least two opposite surfaces. At least one of
the opposite surfaces is coupleable to at least one driving device for freezing and/or thawing.

The surfaces are proportionally spaced to correspond to a freezing path length of a larger-scale

unit or section thereof for freezing and/or thawing a bioproduct.



the opposite surfaces is coupleable to at |east one
driving device for freezing and/or thaw ng. The
WG 0fasase are proportionally spaced to correspPOUSZHOH039760
freezing path length of a $arger-scale unit or
0 A o el e P ety Foeeing
and/or Theewipg e atrleast nneebibpedugroma siead] schle. dhe exsterd campeisds,a wnit for

.system for. perform ng. freezin and/ o hawi.ng of. at
freeriRAdlo] G bR BFOORE DoRogg i SeEieate, P Bpisti ateast owo
oppositPIRfaL &S 8t [Bast Bhé dfiPihg dEViBE Fdr FbeARE afd/off RaWilpoablehiBiB$d at least

one bioproduct on a small scale, the unit conprisin
one ofglhe dprmsite suitces ppd et lpest sbe eantaner fat cangaring ghleasiong brpproduct

. devi.ce for freezin d/ t |
secif 55 Sl B PR e DB AR R Rlspgna o
freezifpQRiiiRicAgh dfanagenialdimtratcidabéreoifer eeym®ahitiér thawing a
. specinen within the unit. The opposite surfaces are

blOPI'Oéld@iporti onal |y spaced to correspond to a freezing

path length of a larger-scale unit or section thereof

for ' / i Y o) : :
(00121 2% 48 AR ORI D% i TR AN A pIBIm i Secaing
and/orrtkaviing o6t lpast boe bioprpdureera sigall spal/ drhe pcheprogfrisgs providing a

. .l east, one bi oprodu on a.snal le.. The meth .
unit fox g‘ﬁ‘-ﬁ??% %’%d/f)]i' vagf?é tlegst QRs;blonrg u“?ﬁ@%‘}‘i%?%&?%% a.%qe.:ast two opposite
surfactd) aMieNBethbd fiRRE cNpridek 0PIREE Gt leadth@e BPiHe opPOFIfel satAEES to at least

at least two opposite surfaces. The nethod further
one drgstpgpd¢viessfos Gaetingandder thewing, Bercsprig fispinsgiand/or thawing on the at

su e . . Js | 8y r freezing
least 3R Io%?c’(ﬁjﬁg\?\yh%?ﬁ g[%j)tl%%f?@%} %gﬁt\géht??eez%gﬁg%g'/ or thaw ng

on the at |east one bioproduct, wherein the
[0013pi offhesk)ahd biesoljuctt, efdatutet hndadvastages ¢f. this @veB}iod hels become

and ot her. obj.ects,.features a advant ages, of. this . .
appars o o IR BB eI A g TSRS ARDCFS10f e fgention taken in
conjulitBbAivi@dhe S&Ghipah|iap dpfwihfie various aspects of the

I nvention taken in “conjunction wth the acconpanyi ng

drawi ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0014]

FIG 1 depi cBRIERDESGREPEIQGN OF THE-PRAWINGS hawi ng

unit with freezing/thaw ng driving devices in

cc a Wt r I: 100 : .
ro04fice BB TG tsiohe bR PR Y Eisck R IiRing (i i e Pingithaving
drivinf d&vicds h@csdidmod etidi the padsenttifventib@npi ng system [ 0016]

FIG 3 depicts a specinmen sanple bag in a partially

fro tate in the freezing an t haw n it of FlG, .
0015} [Zﬁg%l%deplp@ong sjdg of the ?Z%ﬂﬁ%ﬁ"ﬂ%u?lg PP Eié 1'to sﬁow details of
the clsiffhl sp¢@he process and a | arge-scale process for the

[0016] FIG. 3 depicts a specimen sample bag in a partially frozen state in the freezing and
thawing unit of FIG. 1.

[0017] FIG. 4 is a freezing profile for a small-scale process and a large-scale process for the

same specimen type.

[0018] FIG. 5 is a freezing and thawing profile for another small quantity of specimen

distributed in multiple containers.



same specinen type. [0018] FIG 5 is a freezing and
thawi ng profile for another small quantity of specinen
wale@unsdasé ed in nultiple contai ners. WO 2004/ OBGSHES2003/039760

PCT/ US2003/ 039760 4 [00199 FIG 6 depicts another

exa eof .af i L [ | il Fraao .
00917 SR o G BN oy PR el it with fecring having
drivingd&6&Rtin hévoedintOthe dr&AGhvdrition. 7 depi cts an exanpl e of

a freezing and thawing unit with cells for bioproduct

sampl es. [Q021] FIG,K 8 _depicts optional . .
1002010 aB IGohARGH 6b corrablanhS TPEATE 8 WPHECE Fithele o bipgroduct
sampléshaWi ng unit of FIG 7. [0022] FIG 9 depicts a

cassette for hol ding bioproduct sanples prior to

insertion into a freezing and thawing unit. [0023] .
[0021]FI GFIGOS depiets bh optiomtl heptammdiictive eladdingipraise it the freezing and

.freezi apd thawi ng systemin accordance with the
thaw”t%r‘g‘éte‘?ﬁqpnz'enti on. DETAI LED DESCRI PTI ON OF THE

| NVENTI ON [0024] FIG 1 depicts one exanple of a
[0022f I egdGNY dapiehs iavdetig fattoldiddbiapioduéirsemplen gibhavinsgtion into a
driving devices 12 coupled thereto, in accordance with
freezipghndghe¥@giunitnyenti on. In the present exanple, the
freezing/thawi ng driving devices are identical, though
[00231 heyraeed iPhloDEdiadht of dre@zhinglednd fidaAink AAd tHakwing $ystem in
he present exanpl € is rectangul ar in shape, though
accordahbewith tapmsseat exvposwi. bl e, such as, for exanple,
prismatic trapezoidal, rhonboidal, cylindrical, or

oval . The si j . i anel
24) can beﬁ:ﬁﬁ&"ﬁlﬁi\jﬂ@m NOR ﬁ% By ﬁﬁ,él\por
exanple, netal. The side panels can be coupl ed .
[0024] OgerIGeN diepicts otrekamplealt aizysing bund thawdrgie; 1bwith Glceiingthawing
.. themtogether. One exanple of a netal is .stainless
drivinglgwiees B eipledstetos HAgtaRTeat T e hescls Igecntiony I the present
exam}glg,otﬁg ﬁeéﬁn@ﬁmi MinéH&ié&%ﬁ@ﬁti&ﬁﬂﬁd@ﬁ&h@hee&fﬂbt be. The
xanple, 1T a sl'ow freezing or thaw ng process is
freeziflg aid thewirg yii inrthe presdnt exanhple s ractaegidarph shapgnidongh ether shapes are
.moderate freezing ar thaw n rocess.J s desired, .
possﬂgggpphl &5 §01§€<g@pP X grlgﬂ%tlce%(ﬂgﬁoxgloglsb%({ag rcpfglll(ir% g o \(/)\nv?ll The side
panel{'@i} e ﬁﬁﬂy?%? silB®hnel 39P¢an HeQRRRIof AhfibiaUBHAeHAS, such as, for example,

reezing aw ng driving devices are ?r esent in unit .
metal1 Thi midEIp@neld cari be iupled thgethes dep yeRiH of WaYs: Jordiremplee iy bolting

them gogggn&gé 9%% é)fag%p%gg% Emell % sfte[il"?lg.zrsj s@&[l L ﬁ%‘férglﬂy%é Yddiial of the side

panel is chosen to compliment the intended application. For example, if a slow freezing or

thawing process is desired, a polymer material is an example, and if a moderate freezing or
thawing process is desired, stainless steel is one example of a material that will help achieve that

goal.

[0025] Although two freezing/thawing dfiving devices are present in unit 10 in FIG. 1, it will
be understood that a different number, for example, one freezing/thawing driving device coupled

to one side, could be used.

[0026] Unit 10 can be used, for example, to test the freezing and thawing characteristics on a
sample size of a bioproduct. As another example, unit 10 can be used for independent
preservation and processing of small quantities of bioproducts, where the container size(s) used

(see FIG. 3) is essentially the final product volume.



to one side, could be used. [0026] Unit 10 can be

used, for exanple, to test the freezing and thaw ng
w@banasies i stics on a sanple size of a bi opr oPCIUS2003039760

anot her exanple, unit 10 can be used for independent

re at : i ne . I
orar] 38 R AR o ot Ll oo
sides dftlfe fré’ézlﬂgsanditﬁmh'g ahltyn bider foi cmelite pstoa glattfroesing rpath fathe

2004/ 055456 PCT/ US2003/ 03976 0027] As.
bioprofineiezFieg7ipe/HiiRE BHYIRE AgVIaRMA L?Iﬁﬁ*il a W@?f&m@%ﬁt L4 through

which a%g %gfetr illiteg gﬁi)'? §thAfrn it d i;l@ﬁ Zfop gxéﬁiﬁe tfﬁﬁﬁ\’bﬂ Qhﬁth'ﬂ 16 td &h output

Creat a str | ght reezi ng for th
18 of the emdwu The. frdézmghhavghg ﬂawnggledpcmangalceethe tam qufc@@mnple plates
Cc
it o 5 e e ST by, U e i The

freezi ngﬁg drivig&fcd 1Hﬁéftch31§wls(foﬁﬂuﬂlﬂdw tre db&gﬁéd Itofpi‘owde ﬂow
The freezing/thaw ng dri vi ng[ devi ces can_tak

umfortdmsf aind turbulizatioo rfoxeooatrpllgi aqu o haglitFnSlsh UK f9nT B ugit/container

exc
to the E‘k‘%ﬁ rk?qeg’ing angﬁré) i I‘hP e %CI %E" TthE g‘\%l\}ltﬁé r |e§$i ng naving. Examples
of the 'tﬁfé@ bf Héh@ﬁ%ﬁbf‘ér floud thatodldfreasedinelude Sifgidetlidooe, mtlpldmbezlycol and

ow uniformty and turbulizatiogn for controlled.an
salt-bagad bumm Pea ey Famonser ASRIEGIGHe ITRRZRPIOPESS it 9Pt Orgl?

tempeaa%lrte AP AWk B0 Jih BRARDG 278 theld é@ﬁ t{ e fﬂoﬂitgnﬁg‘&ﬁlld B@automated

/contalrnér during thaw ng. anpl es of the types
(e g., @ﬁn@aﬁhpatéraraﬁﬁ/er c«ﬁﬂtwlldrsb haat] tleoteingetabire s &the ihaatttranster fluid at the

ST e
appliogi &%ot(ﬁ éx%n'pﬁ: RYobRht {herahBiBOiIAbY contesllcihe dﬁp‘lﬁdafﬁ”the freezing

e I nput and thé output. The nonitoring could
patterhef thettdombéuabt in{ @ lagger coslaimgr.conput er s and/ or
clon_trol I errs]) and the tenperature of the heat-transfer
ui t .the 0 I
10028}y BaPopsbambp I SR AADE SSAAEERL H8fm i FIG L could instead
be a Yt 6£diddrete@BREUiGdh paralleliDiizentalty Ivﬁth Ilhh élosainleactt conduit running
tenperature could be controlled to dupli

eitherfin deedamy difggtion phopgosqtq]@rqu@]ﬂﬁ g iamedligte C%Q%é{‘&mma Such a
demgwg%i&gésgﬂhe 1%?919 %?% Bfe!ng%eg%{m&teﬁfédlmeme@ﬁ Me siddgars] RE. es,lde panel 24)

con FIG 1 could instead
topaﬁdﬂblimﬁnof di screte conduits in parallel horizontal I y,

with the flowin each conduit running either in the

ool o ot aatven TR -Hon e Sl Gle, S Mk arivine
dev1c?§ 1?1&1@@@5 AR seed dF ﬂﬁtfrdéﬁhg\@ﬁcﬂtﬂahﬂl§md6(erga,mde panel 24 in
si de panel 24) top and bottom

FIG. d:b andie Imet-m@mcm&stﬂ@ﬁﬂewﬁdh&h@aﬁga%% ?U&F(Izw%s(e(ge hgat-transfer
fluid) c?.}a eer§1:1 tltle f g\%ﬂr}gg d t‘ﬁé\;&} it éhf&ﬁ n had {13 sﬁbs@quélﬂt n?(ﬂf@ment of the

reeZ|n an am ng unit (e.g., sid
liquidasel m%ﬂfabéls The example designs herein demonstrate a high uniformity of heat flux

between the product/container and the heat conducting structures and the heat-transfer medium.
The example designs ensure high heat flux uniformity through those components, and therefore

assures consistency of freezing and thawing.

[0030] Freezing and thawing unit 10 also comprises two clamping arrays 20, best shown in
FIG. 2. In the present example, the clamping arrays are identical, however, it will be understood

that they need not be. As shown in FIG. 3, the purpose of the clamping arrays 20 is to hold



FIG 1), and the heat-conducting structures and the
heat -transfer nmedium (e.g., heat-transfer fluid)
waleaenpisnes the freezing and thaw ng initiali zBECT/0820881089760

the subsequent novenent oféthe Iiquid-solid
muuipﬁ%gﬁ{a&geg{@?ﬁﬁ?;n ARG BR S Blodn e AR LRy nd

preservationlu afs/sac) tvatioer medhenichlelekigas caudad decotriphigh iy g witheut departing
and the heat-transfer dium _The. exanpl e desi

from thespiFite TG PrepROAIIVENERD: IR HTECRT AHmPIMEGHEHS fif gaggely e example of a

8 { QB wnadis Pl-REMEATHIR B&GIPth dri
me&a’&?@@??ﬁwﬁg}gﬂqg%ﬁ%ng [Oo‘évtr)l] F?eem ng art1d t avmgﬁtgawulr?fg riving

deviced esaltsin fowaing foess 30wndc lanpying 1@%@@@@@ theeenter ohih@rpag. The

e B e PRSI BEE B PGP, e o, s

a110W1ﬁ%"§1% Lﬁlﬂ%ﬁeﬂﬂ@(ﬁﬁd R0éxpasd vasicausnhd fredzikg pattiod bELhP pEqsEUndergoes
he clanping arrays 20 is to haold WO 2004/ 055456
volum@lgT muse ORISR 7ge to tedigridryolid tiepsition.nEhatapgragetegean gncompass a

t hi |5, &x4 r | t
e sy 5 AR G B R0 B B Pl AOR T s and
positiveO#H ghodacREPIaf D0 WbEBegoal Wi t hout departing fromthe
spirit of the present invention; the present cl anping

arrays are merely one exa f chanj.s
o0 ey SR RO, s e TR A R TP LSRR gt conspond
to the irs{aaﬁéé grE e%eglﬁlg‘éhﬂ&es ey ht‘é‘%t%ed RSHé E&TéSBOﬁdlﬁ@Fakngscale
onts 3 nmoving inward toward the center of
process I\mhehanged fbin eestlhg,sa pideg tf maxitrgze tbc mfarm@mr@(@wmﬁiapeardmg freezing

of the mﬂgmc{ slp o%gxo ;65%%3 e {h ear l 'f)@(;oes XtQ %r&8§ g%ommon in

large- ééﬁfetdoﬁ?allﬂe}‘s R bldiﬁocfdc%eﬁhﬂgc&@idt b@(ﬂe@ f)r Iﬁdﬁ&dmilﬁdwston each side for
undergoes volunetric mass expansi on due to the

freezing @Mh@lwml fedpactiaelyi HosveverTHevitl bsenderigod haha Véﬂ%ﬁé%@hs could
e from
be ap;ﬁ%eﬂ i tha ?aé%%r Scfdﬁ rg‘ce%sg g§e Wgﬁ ggﬂreéézgré angﬁ%ogpﬂﬁ)roducts for
exam;ﬂ@ sShRWiepdrit6:s of ﬁhaﬂw% m‘i agrlagsr-sdaOB biesAl §on®t1mmly1, when used for
FIG 3, a useable width 32 of unit 10 i.s e 3%%
testmgmlg@oqeé, the pp]é%ﬁ@ra BSiE todqr%‘pge]glgor 75?1“\%@?? Pﬂ‘él e extrapolated to
1nd1ca$er x%ﬁgt'%lc? HE E%Ee‘?§n&é&ae{t 2 ¥rBerieSld, foP ekdhep]6 VY IREHIAP @lhen.ﬁme aspect
arge-sca ocess when-used for testing, in order
ratio. t 0 maxi m ze the informati on obtai ned regarding
freezing of the bioproduct. For exanple, a useable

o4 Sh SR B PRRES s RS BRI, 1ot

exampi@, %@ ds@blehgritiesr lﬁgrﬁ%ﬁﬁxﬁﬁa’c@éﬂ@ﬂncﬂdnéﬁ fopa larée‘résezlb Ibgg in order to
or thawi ng, respectively. However, it wll| be

simulafe deressoodianhat shee/ Hf ﬂeql?rgérswedl?%s Théysarespndgnes magjmizes the

inforep g fAipdtIE 0B PHBFsSHE o E B 5 ERTRalp Bia MRl s 8810l for purposes of

extraffl Qb nﬁ&ice@é ail b;q)emdtehpemncma tha}aw-ssadal b the gpcees@ example, if a
Consequent |y, when used for . testin

nger R (G55 6 e ABTA-Sii5 Gu0oEe it GOPHE AP IR B tapaence withthe
larger=§td 1ehaBE theLizaBPRLRIE S ale bags are preferably changed only in height.

[0033] Returning now to FIG. 2, each clamping array comprises an array of clamping pairs,
e.g., clamping pair 21. Each pair comprises a first element 22 that is stationary with respect to
panel 24 and a second element 25 that is moveable with respect to panel 24. Element 25 is spring

loaded in the clamping position shown. For example, one or more springs may be situated within



i ndi cate what would be experienced at a larger scale,
for exanple, by keeping the sane aspect ratio. [0032]
wal@albasevi dth 32 of unit 10 corresponds to a PCEHBI083/039760
width for bag 28. In anothet exanple, the useable
lematt 45 An@toldAGH REhSPRIAL KAGRS cRudeli [
eemI ar ger - s%al e bag in ord lgal?alt%e Si rruﬁ;t :lﬁgelcrﬁo g g%m{edgﬁm) In
such g exagple dhe erﬂgh@oulépgﬂl’e—lemmt &5 lmgne didcgion and the slotT would shift
X st nf. or on obt ai nabl e
clemif 25 ESPRBCBRE ROMEH 1558 e &P QW bER gt OP2iGE BEpes down on

end 260f eleticpP3H %le@ﬁent eX RO AN hviad tafd hﬂﬁ.’j' ﬁ%ﬁieelé}ﬁelﬁ@e&ﬁeetg movement
experience at the larger-scale. In the present

of cornesiop 2¢ alang agglerlshay@B. buidpis rgala@ytheedampmgm ays allow easy bag
insertIBInd 848l 4. Process, in order to maintain this

correspon ence with the |larger-scale bags, the size

of the smaller-scale bags are preferably changed only
[0034] n hEhgtlampf B0BRPeARed/ thawinggiriving devide G the prédd@texample are situated

i rel iy T A Bt SRR s (o PR e RS oselioad tmpemiure gradicnts
and nﬁ&l@z{fﬁ)ﬁtmtggtot Jﬂl@ﬁre n%nﬁﬁﬁ Eﬁcggﬁ‘t%a inithdtfdn 0??1@3@}%})\%0?@%1%? The shape of

4 and a second el enent 'S nmov _
the frcpq;g;gétb@wmg duivireg dedvikces Bl empart with thessidgr cbfm]g;e fréexagethdi tﬁawing unit

BT N e
nuclef{oh/ iWB20M £339 60s. Theefrt@éfﬁ%ﬁ th#®ind 'ﬂﬁvﬁ%’d@:‘(\rﬁ:@s s bdSofiled to

fast ener hol ding el enen to panel
produge, ﬁ%&%rhezwonduﬁlonmhmmd dieatapipetatiré prafie fangcammledtlon and

N e T T -

drivingldesiees. s iftcezing/thfveing dﬁwﬁ@ devdbar caf bs s eﬁ@ﬁme %11d e(ﬁqlollow with,
| enent 2% el enent. 25 noves downwar d and

26 of
for expingl, a Festrnstss Huigl picplpteds ioweh themops Bokikedt or 27
along angled slot 28. In this manner, the clanping
[0035$r r 6!3’[6} alis 9prHASY sB@ng' a'ﬂ%% hl%'})g %%e&ﬁ@%\{&ﬁle withd34: %J%rature on the
he cl anps and freezing/thaw riving-devices in
Y aXliﬁ‘?eg@fmS tapaipharserthsiX exis 4 forlarBaH@llead;lz&)(ln tlas edeenple, 30 mL)

oL b AL G S BB LRt PE T35 e st
proceﬁs((l@h&&fn@ldj] Mheresalts o7 b@fh e H}d‘@lf tRRaRk s%)écﬂrﬂbﬁi type. Line 46 in the
per cooling. The shape of the freezing/thaw n

graph aﬁ? TRRANE &réh«? RPEB fk-ast Point torFresrs) ain ﬂ@sﬁemndtd?e’ while line 48
showd thE PTPG RN f&ﬂﬁ%’ﬁﬁ@ d?}ﬂbf ﬁe%@fgﬁ%{tl‘gﬁle Q?& IBr g%gﬁi‘ C]g ]g‘ﬁpe present

patterns, as we efper a
exampjarthé LETHlis incheappey cewtenl pottioh &dthewdniather N 1Mhb¥n A€ the graph for
e frF [t hawi n dr|V|?g devi ces can be
comp R ool Feultpf b AT CAAGB R eI h@ lter Fpseimpen elche same
t
i 08, A0S B0 el 5 M o o
heat-tigasfax@aidishpply HBt whiel ctun eptiomaﬁz be g]/letnlgad\dm@ng e i lpvada@b Also, the
tempe %YIJG &% e uh18 sy eZI (P %lllt ell'1 8| p6%e%u31\,l]tlng 1t0re an Eseg ?r? the control

exanpl e

scheme.

[0036] As shown graphically in the example of FIG. 4, a multi-step temperature setpoint 41
program has been implemented to deliver a controlled temperature profile 43 for the heat-transfer
fluid. The heat-transfer fluid temperature profile 43 used with the system of FIG. 1 is designed

to mimic the freezing characteristics of a large-scale unit. This profile is carefully adjusted to



for exanple, a heat-transfer fluid circulated through
them as in FIG 1. [0035] FIG 4 is a graph 40
wa bamiosysan exanpl e of a freezing profile w thPCT/US2003/039760
tenperature on the Y axis842 versus tine in hours on
ke Ry 1 S SO Bt ok P GUBRP €y e i
overallsheat ervhafigerdfficiency loatwiearlageisoala ahd small-seadd enitspr ocess
(10 L sanple). The results for both sizes are for the

. o ( o
oy PR 85 B B it
equilitBREANEFAR00 dedtpnk@td doth fhitied ritif diffffené®s The SiekiQitep in the

the first day of testing with the systemof FIG 1. In
setpoirtipeofile ésentolingphiags B2 debignediprqriibigie thesysippde adew tenaperature
ortiaon of the container S ' .
vatue 55 By D G0 D, A S5 DM Tod D8R e i
tempeldfuR6 BSthert BéneRatdDfdriatsBért parewd dfeim@fin bider ®apremote ice nucleation at the
. bi oproduct. Finally, graph 40 al so shows the .
tips ofithmpantainerredgee tiyaing thkﬁffaéﬁ@mt@ﬁlﬁéf the tenepegptuterqd the container walls
eat,- t | Wi ' : '
b T
bioproﬂhgc (buh aldéxcéoay sxﬁh&orgmésmting mt dehiberajeried suddsitipn ndhe icerferned at these
and used in the control schene. .[003 As sh
cdges b P PAMMer VN BRERPFECD R B B! o pPO ROy (e FIG- 3

and tht %&g@il&%%%séﬁsﬁg’ HBfenfdon Mie PRErAIGH HitiniB PedpeltiEn o FRbRMified mass
to deliver a controlled tenperature profile 43 for the
and thhbedtremavel fperfornidnge of thEisgstemat) high netiteal of the fepezing front velocity is

.t er re ofile 43 used W th t .
i ST AU A LB AT St
exchafigd uBRrS CRhEcddlink of T fallpscifdificl massaarief fidal yesidi] yotamd
to WO 2004/ 055456 PCT/ US2003/039760 8 take into .

tempegedetguinthen lngligess! atia relRirpRTesent@l e PHge agHarmangespidhe large-scale unit.

00} i N C | . i10: | .
e oEBL RSSO U 5 A SRt s
adjustereBt 10656fhe hedtitianstef 06I@ Hmperatutee @owarmp bethe hedti@nstty fluid flow rate

the setpoint tenperature profile 41 c ri ses short .
and/owapaling BRERCIFS ! G- STroN Sy GRRE CRUHIBLH eyt oF controlling
the ra‘ée%{fggﬁtae&%ﬁlg?:h{l fiRrARASRale TR Next step in the

et poi nt pr e is a cooling phase 102 designed to
equilibrate the systemto a | ow tenperature val ue

[0038F | osalthanghhet graseindfiGnéat wihpewadetsteod thatst saglar approach could be

. decrease 104 t heat -t ransfer. £l ui
sopliegS PRBR: Bdniaral st by TR R Bl B e b RTBRpRI G o e
scale.t O pronote ice nucleation at the tips of the

cont ai ner edges. During this transient period, the

tenperature of the container walls contacting the .
[003%heat AdRCHH6! & SRUHFESGT B0k RERry BB AR & fie-nuning of the

L difi : ' | Qn _ el

GG LUER 1 FERE Rk G0 e, o i, o
fragmenis] ediulzmrompheentgewith theebj@tive tresexindergiepmiidt stahdity. In

paﬁic@%%ﬁéﬁ?%ﬁ@%zg{é) Ig%lg gélggﬁr%\rg]%a%rgeed’, if1 rgqlgipeed, o rirrnnppofveél \l%)oduct stability.

[0040] As shown in FIG. 4, the solidification process occurring in the small- scale controlled
freezing unit is characterized by the absence of supercooling in the remaining liquid phase.
Supercooling is often associated with detrimental effects for bioproduct stability. Supercooling
may induce stress in bioproducts through cold denaturation and by introducing a large ice/liquid

interface. Supercooling is often more pronounced in a small volume compared to a large-scale



and the velocity of those fronts depends on the
t hernrodynam c properties of the solidified mass and
wo b@4lossase r enoval perfornmance of the system Ap¢i/gh2003/039760
control of the freezing fraont velocity is achieved by
atchl iahdi ; : -fransfer fl ui .
B B e o Mo Bl AP BALEAN bt here s
achieygdby e fritimpteind loealizet kyntsalbetivden gtk leas soddactifiestiuchbs and the

desired storage, .tenperature is then achieved at a
edges Gfthe plogradtel Fonaineis 6pd Bia rep fmpraiueseraiicaifpuovided by the hea-
transfeR FIGRT £ €dd Gnsebilorystal MAcIEAt R, Ofheld ld f i

se mal | -scal e Suni tor?llsnat hi s e@agﬁpﬁegh?@sg g%%rslgﬁ?tg}dég 6@5@%@ with the
contajfier pravidesthe corffustompaiter,@s wotl as e temperatura psflznt bénsiidial to the

d . ntrol of. t heat -transfer fluyi.d flow )
carly SEREIGHAD iy 62 PG %Hélﬁ-as’f% Inpropaiom Agsaripg fiy Rgint can be found in

U.S. Batsiit@¥o. &, 33 762031250 odf Jamkadr B IBI0RUE RidHaFd WASHiERd I viGch is herein
the rate of heat exchange in the small-scale unit.

incorperaigd by Apterrage It Hotnts®iwn in FIG 4, it will be

understood that a simlar approach could be applied
004150 MAQLGo@h h . ' cteristic .
oustfo THISEo o4 oRpRIBH) o608, L ABIENNG IR AELELA' impte it
sampdiizesifrdoprodiict tihes ihéeetl nhindo tedreeriai ehiiyictahatcs be thelsaaB Hioproduct

ermt.s fine-tunin f. th tenperature conditjons
ona 1%64? SgalEc ?"PP% eB‘il%‘ﬁreaa%&?g n Eﬁj?fﬂswﬁlcesfrqeél.n@.of Biopredugts can use the
aihl&tionits 4688 repRbdntatf ; bi
pIesewi th tll’?e obj ectﬁegehtnéatr‘r’g??%ﬁg&e%& ﬁ&%ﬁhﬁn@%ﬁ@?%ﬁl bloproduct

beforg g cogibyrmisealPelptior ersitprorfer assrinption madecan be
programmed, if required, for inproved product

tabgidty; .shown _in . Fl 4, .the . .
00423 Ei,(?, Iisa %%‘8% r%()) g@é,@ﬁg%% Gramnly Of’% fipizing g thawing grefile with
temparamta @i thedy” atis 62 vei3gs tine in hGuebRTR exik 58 dortk¥x §H8l1-size specimens,

cooling in the remaining |iquid phase.

., .absence_of super )
in thisSElamnle, of FHGEAch BPeRste s oamlak s dbapyshrtet FICHAnd des 36-61 show the

freezi_ﬁé faﬁ&ﬂﬁvxfiﬁ’g plk%b%fn%%’gégg a§1te?¥éiséﬂt d '(b) %Q%éﬁ%gé&lgeﬁf)ﬁp%# Bhﬁ upper

i hduce stress I n roducts thr
centra pdrtion dithe cutainers (ia thisexmnple,daks)quilsb showtneinfeegh. 50 are the

Super cool.ing Ls oft nmore pronounced, jn a smal|
tempefi ORI IRo R 31 Gnd tiedPigBcralust BroWs gha e émseer fluid supply 53.
As shb%t idIBRO 3133160 1iqld RBSIGTY is Ehl eyl tH@feﬁ{perat e platequ when the

. .Mmnimzation of supercooling in the sna -sca]llre uni 1
liquidphass inghel censeraempias clpghioszealddgyeesCelsivs andtthe sidelof the container

0 ' . t n the h -C uctin .
f1reeze|ss.t %3'{06% ﬁ?g%&g-%l&af?‘%%&%é% tzlg c h[e]t zﬂ'@%{}? gﬁ&g d)ﬁ(&(iulcgvolume 1s frozen, the
frozercprotiadtiesls, doamdo e @restibeDtehPpRREiB14VE Diudsd 3ing, the temperature
the heat- transfer fluid at the onset of

rovi ded by LN { !
Ofthegﬂﬁﬁﬁstf%sg% B8P ad ibicrersed agd Sisccenist ol teonetaiwmg iearedses, while the
doesG@ Rt ' ' oy nducti on .
iSOGt o RSO0 M SR B et
The thsevied tani ld canducthein estationaiyceatauelveidt moverhént bR the freezing/thawing

...container ends. Mre informtion regarding this point
dr1v1ng %ﬁ“ﬁ‘é’ qoptainer apd C@tg:ner&;agﬁ 8 .amg%nb& t%aepgg@% theg @g\y&g RyACeSS.
Furthel-aletsslk Yeghrdid @ty BinRabendihansepskin A pHcsibd SerieRE! Ho/579.846,
filed on May 26, 2000, and entitled “Cryopreservation Bag Assembly Structure,” which is herein

incorporated by reference in its entirety.

[0043] As shown graphically in FIG. 5, no significant difference in cooling, freezing or

thawing is observed from container to container. In addition, no supercoooling can be detected



incorporated by reference in its entirety. [0041] As
shown graphically in FIG 4, a systemsuch as that in

wo b@4fpsasent exanple with a sanple size of biPEF/O82003/039760
does indeed mmc the fredfing characteristics of the

prior ti ﬂi&}&g&ﬁ)ﬁaﬁ?ﬁgﬁce@ 'Tie sggtgﬁgofstﬁ@ senjt_ﬂH/%nt1@rPﬁﬂo§/id%§a good

I"ar ger freezing of roducts
uniforimin aud eeprdsrhlcimh@saé tie therveah tneai'meno nubmazmg rls s of deviation and

st LS S ot GLATEAAEISL, RS, K82 08 Bt o

reeziﬂég’@xrd‘%ﬁﬁ{nn@%ﬁﬂé'f% LN a%hfmg&wﬂh%l%‘}%kseﬁt fﬁve15t1dn$ Noté fi@dkample

how ng an exanple of a freezi'ng and thaw ng
stepvaﬂf dranges thet dve possitpe nathe seipeint atskcovlaakiempstyres. sQEcqursgp other

urs on t sr I
tempetcfhuf PHe” e pIS e B i Y e SR, SHoE Eomoloy paoms allow
for usdPRitBllv@lie viridthef sivploamref FIG 1. Li nes 56- 61 show t he
freezrng and thaw ng processing steps as represented

t t fil )
(00441 (766 GFPIEh EnebR SRRSO B tREmd e Sp 5 i
freezn@/ﬁ?wﬁ%"cﬁ@uﬁ% %&ﬁcﬁg 8450 RESIARE withedP ?fe%éﬂt 'ix@ve%ﬁ&ﬂ’. oTRd

tenperature profi
freezigthbwingadrifieg dévices dres qumlxymﬁr_e the Agng ltyparas |11nF Iﬂ ad. Sructural

i il 7 L S R o, RSBt e for vl

plastt&(ﬁma?ﬁné B oS eﬁﬁh@@ﬁtpbﬁﬁ@t%r Beptadin ?%ﬁ theehpplidstioan ol ®e used. Asin
si de ‘of "t he cont ai ner freezes.

After the freezin
the ﬁrstreamm@ler, sdhieh usdddoriepting 2 apcrblenwidiinef of the Sgeeng owl %ﬁwmg unit is

prefer?)t‘?lg § re? szaﬂ?}ge’aas tg%pweh# }fvzvglréld @g%tf foa%t%ﬁéc?m?ﬁg Winb goﬁ%l‘ﬁondmg large-scale

bioprdd@bPREing dherddiont he heat transfer agent 53 is
i ncr ease and the center point tenperature incr eases
the edges_ of the co i ner are. alread) .
(0045} ik 7ideapsiscpop it exastmls of  Baig g Haye S8 Ay B ordance with

the prggéﬁkﬁlt}é‘lﬂorﬁg M#tlpﬁle%? APt B R1GNe, Rofl FhdcARAEN o RhfexcBhnge (not

novenent o reezi ng/t haw ng drivi ng devi ce,
shomganuptahterto sidels %bmnmd@re—ffmt Bearincadintthaying braddifion, the freezing

the thaw n r ocess. rthe arIs r.egar din
and thlawg%g %t 1@&) 01‘%8 u[pdﬁtﬁ (fe tg ,§e|il'ﬁl$ {3Cee Bpg ?g{pr%cﬁlcgsgreptéﬁlens The
speciéhs BB 5/ t84i6 owncbhtalhen s Mithe %ﬁamﬁl@@@l?l@lﬁj b&ﬂédulld @tead be
Cryopreservation Bag Assenbly Structure, "
lacechrly in FtlbonbotoByds Bf erllros OPpTAIE lighiy et yith respect o

each t{éﬁeﬁs]avéia erggi@xeg 'ft%ﬁppr?eaéelllycoh&rrl: ﬁﬁng%ﬁg%grh ;Ilnlg)gb ek SAPk, dividers 76

—hay
=

rence cool’i freezi
are useB &eeréad the cuiis Candtaad metie o fcirmthpleeﬂle shne achthirtal esthe fi@ezing and
super coool. j ng can_pe det ect ed [ 055456
thawip PSS bo gt Fhopiagm op o RedepRuAplfpinserts slid into slots

in the@fcﬂtg,e%§ ex E@ e SYRS @m&%& &P cRERSER]y hRY N EleatR cEH@Uﬂ H@Sired size.
a good uni

ormty and reproduci bility of the thernal
Cells nriglgtaterite, lefriselectivelyngmptysks of devi ati on and
potential risks of product degradati on and/ or | o0ss.

0046]' Er1¢ FIBis Bl SHioR W ed-BHlauG AP Siing 80 that can be placed around the
outside of the freezing and thawing units of FIGs. 6 or 7 to improve heat transfer. The cladding
could be made of various heat-conductive materials, for example, metal. One example of a heat-

conductive metal that could be used is stainless steel.

[0047] FIG. 9 depicts a rectangular cassette 90 for holding a bioproduct specimen in the

freezing and thawing unit of either FIG. 6 or FIG. 7. Such cassettes could be used in conjunction



freezing and thaw ng patterns can be achieved with the
present invention. Note the exanple stepw se changes
WO b@tt/053466 possi bl e in the setpoint and cool ant PCT/US2003/039760
tenperatures. O course, diither tenperature profiles
with 1R EviabS AR Bb&vel 9r &ﬁicﬁb@ué@ﬂﬁﬁbtéa'&%f %és&lﬁﬂbrs Si$abh cassettes can be
co ﬁ X patterns afl use with a wide variety of
made doff thp saoiciaterial mhdfre@lu@ arﬁl tHewingtumitam @tdkféqremxmtpm@ fof example,

..a freezing an unit 62 wt ezi ng/ t:h
sainleg AL B0 BESGROTT AP S P YRR BBl A poses, eic,
and cah 'E\é%@ﬁif?é?ent-gfk%s tdf fudtQBd éﬁﬂfcbll%ﬂ MH oflé eX¥driile ARY WE@E 98I0 the cassette
for exanple, the sane type as in FIG 1. Structwural

corresponairitha brqsyswftxouﬁlthlcbmess fdr achentainey usesein aserprronilipedarge-scale
h t [ f materials, for exanple, plastic
Pfocesé»rs@ﬁ%‘i"%g B gr%;g g and conpositions, dependi ng on
the application, could be used. As in the first
[0048exarpIGe10 whebloclsdidgrhnr oftons kimgple af o Seatihg and mamrfgesyefem 150 in

the freezing and thawing unit is preferabl nlf“i
accordggo Wilh (HRIBHIHEPRIBe L1 SUPBIOORPEREA HEriTiAng ApAWDg unit 152
using & ﬂéﬁﬁ%gp&cpg#jgﬁt&ﬁm%%k @xdax%"?lg Qg&g%ﬁg%n& 'ﬁ?ﬁﬁhg‘&n‘t 10 0 in F] FIG. 1. A

ration t her exanp
control tigie 2 54 gomreds thi deshpegaturei and Tw fate @ftboliged d:teatvamhang@ hneedlum One

e, 55 LR 0 o65eh B OF R e i, i

Napa, @aﬁ%&n@ Sﬁteﬁﬁﬁﬂ) it e108d, 86dh thitaRE he-cREHbSE michiawd Eigbuldtes
dition, freezing and thawing unit is broken u

contlnunusd)y,ctgvbhng ﬁmg the &gﬁpzﬂngmyd thawing gespe thegonpirelgméiduret line 156, and
from tﬁlg ﬁ?rg élplt t%E1 fﬁe ec 'agcg gh n‘ﬁﬁ@g 111$ £ %*%lﬁlg%%u?wcoqtrgl unit can operate,

in onel XahPas iPgn atﬂbtﬂ@teﬁi fahioaclid yorputérentel, bs in hwothdrakample, through
ard the cells are optionally liquid-tight wth
theusp@gg)@@ualtcgntr@lgch other to avoid a specinen from one
cell contam nating another. In one exanple, dividers
[00491‘6 Wr'hﬁe gec\%galta LloRlR ér@%n@ﬂvleﬁm%@e BL& (RS Afand [depicted
e, t esmermter as the freezing and
hereint, hhwmmtgvampects b beleffedet by thost gkilbest lpéhfrmhmccgmphﬂle@e same

be renovabl. rts s sl.ots
obiecyefe Sobrghieiednsigendie b7\ ol PulrbiRrR %S Brskl b B withn the rue
Spmtgﬁ‘dag:o Qoffieah®nEeh! s of a desired size. Cells m ght
al so be left selectively enpty. [0046] FIG 8 depicts
an optional heat-conductive cladding 80 that can be
pl aced around the outside of the freezing and thaw ng
units of FIGs. 6 or 7 to inprove heat transfer. The
cl adding could be made of various heat-conductive
materials, for exanple, netal. One exanple of a heat-
conductive netal that could be used is stainless
steel. [0047] FIG 9 depicts a rectangular cassette 90
for hol ding a bioproduct specinen in the freezing and
thawi ng unit of either FIG 6 or FIG 7. Such
cassettes could be used in conjunction WO 2004/ 055456
PCT/ US2003/ 039760



11 with the dividers described above, or could be used
i nstead of the dividers. Such cassettes can be nuade
wobotloss4s@ame naterial as the freezing and t hawremusw03/039760
or a different material, flar exanple, stainless
steel, titaniumand its aldyogyggsal um numand its
al l oys, polyners and conpdsTtes, etc., and can be of
different sizes to suit the agpplication. Ln one..
ekanpl €PPRAWS pIdt ?F’aét?n@f‘)f?‘?‘?@gg%‘i&?gmg@ﬁ h‘?"‘é%‘ﬂ"t?rhi%prf’%“"t’
comprisi .0ss-sectional thickness for a container used in a
cortrespondi ng | arge-scale process, simlar to the bag
in FIG 3. [00481 FIG 10 is a block diagram of one
exanpl euoit fer ot eestxine @f fnsezing and thgwingst dagsti@s bigproduct on a small
accordance W th. the present invention.. The system
cf)‘i‘?ﬁ? %?e‘gufacofrrpé]@]ﬁgr?é Pegﬁtﬂohoé’w H Sﬂfﬁg §5152 u>s/i ng a
i quid heat-exchange nmedium for exanple, freezing and
t hawi ngvhbRid at1ést dnddf@he 4t ledt tveopposite sinfaceslis4oupleable to at least

controls the tenperature and flow rate of the liqujd
hewre disviag deves fosat loatt onp el reszingmnd t Fvigg v hssitl thg at least two

UBbhost P& Greezing path length of
PO LP ey i B o R SRR RY SRS PE PR rsring gt lneth of
clapg@dicals watt ot batioh tierdud dbr @ takongefifedringand thavlieg @bioproduct.
continuously, traveling fromthe freezing and t haw ng

upit tg,the control .unjt. gver |ine 15 nd_ .f.romthe

cant r o BEATRACHDS Dot ke thgG camiRERER 156 i (g0 g eV e for a
Jeast dre fibeAng REHaRRY, Rhetéit the GAIRaQRAE atiing detlic® Icoupleable to the at

exanpl e, n an automated fashion via conputer control,
least ape of ithe athenshiavo eppadis! wufagesr ough the use of manual

controls. [0049] While several aspects of the present

i gvent i : i Lcted: ' :

art or ndtr oo Ee B e GBI I GRE b fing R bggporises
least ane dohéuiafdr atheataicanfpliugh t he same obj ecti ves.

Accordingly, it is intended to cover all such

alternative aspecits as,fall within t t .. SPpirit 1

d”scde ABrRHR fylnti She e St deabss st SBbides 2 winding
condfiCT/ US2003/ 039760 12 CLAIMS 1. Apparatus for at

| east one of freezing and thawi ng at | east one

bi oproduct, conpri sij ng: a unit for at_ | east ogne
f Peezi Adcanprretanf elaginad, fugher cogmaismgdh kegsf e Cgarﬁn
spal | e, i LS t least two
to el sbr p36R ol o IR bSed"  C25L 10
| east two opposite surfaces is coupleable to at |east
oe dr iThengpatews ofclhinn 5 awhéreiaghe atrleasofwd elempinggriapsiare coupled to

t hawi ng, and wherei he .at | east two
the at least twogoppos1te sur?aces o t{le Tnit.

of
ping arrays coupled

o+

7. The apparatus of claim 1, wherein the at least two opposite surfaces are

proportionally spaced about one-to-one to correspond to the freezing path length.

8. The apparatus of claim 1, further comprising at least one container situatable

within the unit for containing the at least one bioproduct.

9. The apparatus of claim 1, wherein the unit comprises a plurality of cells for

holding the at least one bioproduct.
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wherein the at least two opposite surfaces are proportionally spaced to correspond
to a freezing path length of a larger-scale unit or section thereof for at least one of

freezing and thawing a bioproduct.

15.  The system of claim 14, wherein the at least one driving device comprises at least

one conduit for a heat-transfer fluid.

16.  The system of claim 15, wherein the at least one conduit comprises a winding

conduit.

17.  The system of claim 14, further comprising at least two clamping arrays coupled

to the unit for holding a plurality of bioproduct containers.

18.  The system of claim 17, wherein the at least two clamping arrays are coupled to

the at least two opposite surfaces of the unit.
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providing a unit for at least one of freezing and thawing at least one bioproduct,

the unit comprising at least two opposite surfaces;

coupling at least one of the at least two opposite surfaces to at least one driving

device for at least one of freezing and thawing; and

performing at least one of freezing and thawing on the at least one bioproduct,

wherein the bioproduct is situated within the unit.

28.  The method of claim 27, further comprising situating the at least one bioproduct

within the unit.

29.  The method of claim 28, wherein the bioproduct is situated within a container, and

wherein the situating comprises situating the container within the unit.
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cells. 31. The nmethod of claim 27, wherein the
perform ng conprises controlling a rate of heat
exchange between the at |east one driving device and
the at | east one bioproduct. 32. The nethod of claim
27, further conprising coupling at |east one heating-
conductive cladding to the unit.



