THAWING VESSEL FOR BIOLOGICAL PRODUCTS TECHNICAL FIELD Described herein are
devices and methods for thawing frozen biological products, e.g., 5 potentially labile proteins and
cells, efficiently without harming the products. In particular, a vertical thawing vessel with a plurality of
independent thermal transfer means and temperature control means is described. BACKGROUND
10Biological products are often frozen after collection to preserve the components until further
processing is carried out. Many collections are pooled and homogenized prior to freezing. When the

g\?;fhnegf%%%gnm dgd{ge ag_r%g}(?ﬁ(agggan (%Pg@ggmrlg&sﬁ%@@ they must be carefully thawed to prevent

ecause some components are extremely sensitive to heat and can
degrade during thawing. Thawing is often carried out in large vertical mixing 15 vessels that have

external#zckegs where heating media is circulated. Frozen products are added to the thawing vessel,
are war c&f%ﬁé&ﬁmrom thermal transfer through the walls of the jacketed vessel. The thawing

product is:typicallystisredbby a.sticeer srdmpeller: Besauseihe deasity efdigzen, watgr-eontaining
products is often less than the liquid form, the frozen material floats and collects at the top of the

vessel, Wi tHa'thaIteR, Rietnias itdiiceteaséitiimnmy Yoo Ry tHe 16w B6rRtibf the! VessEC Giiedproblem
with suchMerticabinawing.uessels ishatihs thaweddigwig continkesior bewarmad afige ithas thawed

and this can denature or degrade sensitive components. The apparatus and methods described herein
overcont€ SR sGRETREE%hd provide a rapid and efficient means to thaw biological products
without overheating and/or denaturing heat-sensitive components. 25 SUMMARY Described herein
are devices and methods for thawing frozen biological products, such as blood proteins and frozen
cells, efBAEKERAHNBUt harming the products.

10 Biological products are often frozen after collection to preserve the components until further
processing is carried out. Many collections are pooled and homogenized prior to freezing.
When the frozen products are ready for additional processing, they must be carefully thawed to
prevent overheating and deanaturation because some components are extremely sensitive to
heat and can degrade during thawing. Thawing is often carried out in large vertical mixing

15  vessels that have external jackets where heating media is circulated. Frozen products are
added to the thawing vessel, are warmed, and thaw from thermal transfer through the walls of
the jacketed vessel. The thawing product is typically stirred by a stirrer or impeller. Because
the density of frozen, water-containing products is often less than the liquid form, the frozen
material floats and collects at the top of the vessel, with the molten, thawed liguid transitioning

20 to the lower portion of the vessel. One problem with such vertical thawing vessels is that the
thawed liquid continues to be warmed after it has thawed and this can denature or degrade
sensitive components.  The apparatus and methods described herein overcome such
shortcomings and provide a rapid and efficient means to thaw biological products without
overheating and/or denaturing heat-sensitive components.

25
SUMMARY
Described herein are devices and methods for thawing frozen biclogical products, such as blood

proteins and frozen ceils, efficiently without harming the products.
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WCSR 7304784v1Page 1 of 32 One embodiment described herein is an apparatus for thawing frozen
biological material, the apparatus comprising: a vessel having an interior space for receiving the
biological material, the vessel having an upper portion extending around an upper portion of the
interior space, and a lower portion extending around a lower portion of the interior space; a plurality of
5 thermal transfer devices operatively associated with the vessel for transferring heat between the
vessel and the thermal transfer device, comprising at least: a first thermal transfer device operatively
associab%d with tlé(’te upper gortion of the vessel for tranﬁferrin?wrg] t between the L:lgper portion of the

vessel aNd tHE HTSrPhEHHET T RRSFAF GEVice a S8RGHH thaniha A G 8RSFE AR ad%Dciated

with theslgwerporionetthe vesseldordvansiering-heaipbetween: 10 the dewer pertignefthevessel
and the second thermal transfer device; and at least one controller operatively associated with the first

and secBRd Thdim Al tPEster"dEViRaE R RERRONAG ThE firdh dfP YeboR ¢ therils tharifsrdadices
independentlydim pneianatherdgampesing the.atleastienecantrollerpeingadapted far controlling

the first thermal transfer device to control thermal transfer between the first thermal transfer device and
the uppkiE 152 bHATS O Se 88T 2HK CoTROmITY tHE"sErMEStRE AT IREFTEN T BSTE PRI ¥BRitrol

thermaltranstes; betwern the-sacend thesmal dransisrdevice and the lowes postion-Qfhgigssel. In

one aspect described herein, the number of thermal transfer devices is 2, 3, 4, 5, 6, 8, 10, 12, or even
more. 2PHBE Aspert HedcHbrdNseretther ippaats feridwingphrozenbibtogieatwestetiat further

comprisgs,at leastone stiving apnaratys and thermocouples extending, intq. the intetior space of the

vessel, wherein: the thermocouples are arranged in an upwardly extending series; the thermocouples
are opetativelyrasscistedswitki thevih|tastoore poriroller! fand:the atrloastiond:2Beedhirpllerris

OH%rat"{fRef%&%Pté%U{P&t%?I Stand.seg ”&éh%%%‘lf?&%%fﬁf% dt?é’r'{% 5 a?t?b‘?é‘ét Qrzaét'é"t”Ye'Q?{e&Peo”se. to
S|gnals rom the t ermocouples. In one aspect escribe erein, the a east one controller comprises
at leastwoné piecessor@ridvabieast e wigmowy ifcluding cempdterprogiran ahee dand dhefat least
one mecrp)g{yo ;rr]fgj @aee first and second thermal transfer devices independently from one another,
comprising the at least one controller being adapted for controlling the first thermal transfer
device to control thermal transfer between the first thermal transfer device and the upper
15  portion of the vessel, and controlling the second thermal transfer device to control thermal

transfer between the second thermat transfer device and the lower portion of the vessel.

In one aspect described herein, the number of thermal transfer devicesis 2, 3,4, 5,6, 8, 10, 12,
or even more.
20
In one aspect described herein, the apparatus for thawing frozen biological material further
comprises at feast one stirring apparatus and thermocouples extending into the interior space
of the vessel, wherein: the thermoccuples are arranged in an upwardly extending series; the
thermocouples are operatively associated with the at least one controller; and the at least one
25  controller is operative for controlling the first and second thermal transfer devices at least

partially in response 1o signals from the thermocouples.

In one aspect described herein, the at least one controller comarises at least one processor and

at least one memory including computer program code, and the at least one memory and the
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computer program code are configured to, with the processor, provide signals for: controlling the first:
and second thermal transfer devices independently from one another; controlling the first thermal
transfer device to control thermal transfer between the first thermal transfer device and the upper
portion of the vessel; and controlling the second thermal transfer device 5to control thermal transfer
between the second thermal transfer device and the lower portion of the vessel. In another aspect
described herein, each of the first and second thermal transfer devices comprises a jacket mounted to
an exterior of the vessel for providing at least conductive 10thermal transfer between the iacket and

the vesselMASHOThE AL E GRSCHBLE HErelR, Y jASl SheRasPLrYd B VgEe 2t Fhother

aspect describediereio, the jaeket coniprisesat [pashong-passageway o having adbSthermal
transfer fluid flow therethrough. In another aspect described herein, the thermal transfer medium

compris&5 b W FARETE AR R . oI Ao tHE Beh B HELCRBRERRIEIR, TRE Abparatis@stfprises a

system igefluid semrrunication with &t deast e passagewayforcicatingdhesthermal transfer fluid
through the passageway.
5 to controf thermal transfer between the second thermal transfer device and the fower portion

of the vessel,

In another aspect described herein, each of the first and second thermal transfer devices
comprises a jacket mounted to an exterior of the vessel for providing at least conductive

10 thermal transfer between the jacket and the vessel.
In another aspect described herein, the jacket extends around the vessel.

In ancther aspect described herein, the jacket comprises at least one passageway for having a

15 thermal transfer fluid flow therethrough.

In another aspect described herein, the thermal transfer medium comprises a thermal transfer

Hauid,

20 In another aspect described herein, the apparatus comprises a system in fluid communication

with at least one passageway for circuiating the thermal transfer fluid through the passageway.

Anocther embodiment described herein is a method for thawing frozen biological material,
comprising: introducing the frozen biological material into a vessel; causing thermal transfer
I5  between an upper portion of the vessel and medium exterior to the upper portion of the vessel,
comprising heating the upper portion of the vessel; causing thermal transfer between a lower
portion of the vessel and medium exterior to the lower portion of the vessel, monitoring
temperature of the biological material at different levels in the vessel; adjusting the thermal

transfer between the upper portion of the vesset and the medium exterior to the upper portion
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Another embodiment described herein is a method for thawing frozen biological material, comprising:
introducing the frozen biological material into a vessel; causing thermal transfer 25 between an upper
portion of the vessel and medium exterior to the upper portion of the vessel, comprising heating the
upper portion of the vessel; causing thermal transfer between a lower portion of the vessel and
medium exterior to the lower portion of the vessel; monitoring temperature of the biological material at
different levels in the vessel; adjusting the thermal transfer between the upper portion of the vessel
and the medium exterjor to the upper portion of the vessel at legst partially in response to the
monitoriig Bt e G s raLaFB BT 118 BTG A A SR GRSl i e T e ehveen the
lower pertiestief theivessel anchthe sedium exterietie the lewer posbencafl thenvessekatiieastpartially
in response to the monitoring of the temperature of the biological material, the adjusting of the thermal

transfer BEWWER Tt owkr Portion of e VR Hiu tRe thedilrRextana! o thé SWEF poftidhcof the
vessel haing perormed indansndently ofdheagiustingefithe thermaktransier-netwean dheupper

portion of the vessel and the medium exterior to the upper portion of the vessel. In one aspect

deseribd§ HERIN M WALSRG SR BT tRern! AR PeRIEBRIHTRIVer oIS 1ersF trecidisel and
the medjum-eXEHETIO {hS Ve HPOEHARf the ¥esse) compHsesheRlRg the lowerparfien of the

vessel; and thereatfter, the adjusting of the thermal transfer between the lower portion of the vessel
and the YRBEIM BREeTOP to/ el aivé tisoftisiusn théerssdeltbemprisasdideadtredigeiny the heating of
the lower portion of the vessel. 15In another aspect described herein, the causing of the thermal
transfer between the lower portion of the vessel and the medium exterior to the lower portion of the
vessel dompriseschiedtsigiithd fowen goriornofthe’ vessberamd theséaftet vthenadju stingr afaiie thermal

rapisfer pefegn.he [qwer Redion efihevesselanddhemediamiexienon (o i lower portign,of the
vessel comprises cooling the lower portion of the vessel. 20 In another aspecPdescn%ecPﬁereln, the
adjustingetthetheroal tansier! betw elen ¢hB aupper pHutiongofithie wbssekand tie mhetivranedterior to

the upper portion of the vessel compri automatically adjusting the thermal transfer between the
upper pish BV ELAEF At the TRl BSANAr 35 ThS uber BARIEH QIR UeQoal iEithe

adjustingptherthermad dransfeti2b dhetweeindlhe loxvenporionof shenwessealiand the medium exterior to
the lower portion of the vessel comprises automatically adjusting the thermal transfer between the
lower portion of the vessel and the medium exterior to the lower portion of the vessel.

15  In another aspect described herein, the causing of the thermal transfer between the lower
portion of the vessel and the medium exterior to the lower portion of the vessel comprises
heating the lower portion of the vessel; and thereafter, the adjusting of the thermal transfer
between the lower portion of the vessel and the medium exterior to the lower portion of the
vessel comprises cooling the lower portion of the vessal.

20
tn another aspect described herein, the adjusting of the thermal transfer between the upper
portion of the vessel and the medium exterior to the upper portion of the vessel comprises
automatically adjusting the thermal transfer between the upper portion of the vessel and the
medium exterior to the upper portion of the vessel, and the adjusting the thermal transfer

25  between the lower portion of the vessel and the medium exterior to the lower portion of the
vessel comprises automatically adjusting the thermal transfer between the lower portion of the

vessel and the medium exterior to the lower portion of the vessel,
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In another aspect described herein, at least the adjusting of the thermal transfer between the upper
portion of the vessel and the medium exterior to the upper portion of the vessel is
computer-implemented; and at least the adjusting of the thermal transfer between the lower portion of
the vessel and the medium exterior to the lower portion of the vessel is computer- 5implemented.
Another embodiment described herein is an apparatus for thawing frozen biological material, the
apparatus comprising: a vessel having an interior space for receiving the biological material, the vessel
having an,upper portion extepding.araund anvppet portion of the interar 10, space, amiddle portion
extending around & middle portion of the interior spa&e, ard a lower portion exten(fing around a lower
portionwafctiverinteriorspaeey s Eluralitytef thedmal trarsfer devicespperatively assoeiatedavith the
vessel for trargsfprriqg hea; getw(?epéthetvt%ssed,and theft%er%al tr%ngfer glevice, com risiin at least: a
first thermal transter device oparativels astodated Wit the Jpperportion of the vesdertor transferring
heat between thetuppetgortionhd refithe vessel-apdibedivst thetmaldransierdevice;aseeond
thermal transfer device operatively associated with the upper middle portion of the vessel for
transfelfiRG WESE Between the upper middle portion of the vessel and the second thermal transfer
device; a third thermal transfer device operatively associated with the lower middle portion of the

vessel for transferring heat between the lower middle portion of the vessel and the third thermal
transfef BRVIEE e ARG AmEa ¥6iGHH BSrAEAF thaln STR PREVIRE O frr SIRKIDEa L saeTabdt kiR tRE 18TURér portion

of the vgsse} farfransisring heat hepueen thelgwer paeion obthe vesselans the:fowrthdhermal
transfer device; and at least one controller operatively associated with the first, second, third, and

fourth théfRiE tiaAsferEeNRES fot eoPRFCIRAGOh iSO HiFd Rt POUNPTtRBIhTall teifesfer
deyices jndenepdenty, ffem.-ong Arather-cAmerising e atdrast.ape controller-being 2%9,adapted for

controlling the first thermal transfer device to control thermal transfer between the first thermal transfer
device Bt theexispemgartivm dithevee st contrditingt ehie sepoad amderabiteiisferdd ice tecontrol

thermal, ransfer, betwesn e seeond ingrmalransfer deyice and the ypper, middle portion, of the
i Tt il rcter betnsan

vessel; controlling the third thermal tran evice to control thermal trans etween the third
thermatteamsietrdeviece dndcthectowsismigldle lqottiors of thiethessel. andstontielityg dpe faurtly thermal
transfer devjcg éo C nﬁﬁ‘)' thermal gans@er betweg?otﬂe fourth th rmﬁljtransfer device and the lower

portionacs)ﬁﬁlg Ves\g% . & upper poartion of the vesse ransterring heat between the upper portion
15 of the vessel and the first thermal transfer device; a second thermal transfer device operatively
associated with the upper middle portion of the vessel for transferring heat between the upper
middie portion of the vessel and the second thermal transfer device; a third thermal transfer
device gperatively associated with the lower middie portion of the vessel for transferring heat
hetween the lower middie portion of the vessel and the third thermal transfer device; and a

20  fourth thermal transfer device operatively associated with the lower portion of the vessel for
transferring heat between the lower portion of the vessel and the fourth thermal transfer
device; and at teast one controller operatively associated with the first, second, third, and
fourth thermal transfer devices for controlling the first, second, third, and fourth thermal
transfer devices independently from one another, comprising the at least one controlier being

25  adapted for controfling the first thermal transfer device to control thermai transfer between
the first thermal transfer device and the upper portion of the vessel; controlling the second
thermal transfer device to control thermal fransfer hetween the second thermal transfer device

and the upper middle portion of the vessel; controlling the third thermal transfer device to

conirol thermal transfer between the third thermal transfer device and the lower middie
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In one aspect described herein, the number of thermal transfer devices is 2, 3, 4, 5, 6, 8, 10, 12, 5or
even more. In one aspect described herein, the apparatus for thawing frozen biological material further
comprises at least one stirring apparatus and thermocouples extending into the interior space of the
vessel, wherein: the thermocouples are arranged in an upwardly extending series; the 10
thermocouples are operatively associated with the at least one controller; and the at least one
controller is operative for controlling the first, second, third, and fourth thermal transfer devices at least

partially jp sespanse o sianals. o, e ihermecguRles, in anaihierasnect described hereip, e at
least oné controller comprises at least one processor and at least one memory Inc uglng computer
prograntcoder artitheaticast dnémenoryrahd deei computeripregram:codé dreweenfigured to, with
the processor, provide signals for: controlling the first, second, third, and fourth thermal transfer
devices independently from one another; and controlling the first thermal transfer device to control
thermal transfet betweetrthe fiksithermal transfer deviael anddhe dppers portionofthe sessealy,
controlling the second 20 thermal transfer device to control thermal transfer between the second
thermal fan&fei8adice and the upper middle portion of the vessel; controlling the third thermal transfer
device to control thermal transfer between the third thermal transfer device and the lower middle
portion of the vessel; and controlling the fourth thermal transfer device to control thermal transfer

between tHE fofith theRTAPFATGE HeViRS BRI HE VAR Ppottfo i Ethb iolsie! o5 iR BhdtiRicaspect
describedhgrein, aachotthesfirst.sespnd:thisd jand-fosrth thermad transtar fdavicescompyises a

jacket mounted to an exterior of the vessel for providing at least conductive thermal transfer between
the jack&t &Mt \this8le¥dsreim dR6tHS RSsaEP GaSERABEE MRl the arket Exaeikas BEcurit thE ¢essel.

10 thermocoupies are operativaly associated with the a1 least one controfler; and the at least one
controtler is operative for controliing the first, second, third, and fourth thermal transfer

devices at least partially in response to signals from the thermocouples.

In another aspect described herein, the at least one controller comprises at least one processor

15  and at least one memory including computer program code, and the at least one memory and
the computer program code are configured to, with the processor, provide sigrnals for:
controlling the first, second, third, and fourth thermal transfer devices independently from one
another; and controlling the first thermal transfer device to control thermal transfer between
the first thermal transfer device and the upper portion of the vessel; controlling the second

20 thermal transfer device to controf thermal transfer between the second thermal transfer device
and the upper middie portion of the vessel; controlling the third thermal transfer device to
control thermal transfer between the third thermal transfer device and the lower middle
portion of the vessel; and controlling the fourth thermal transfer device to contro! thermal
transter between the fourth thermal transfer device and the lower portion of the vessel.

25
in another aspect described herein, each of the first, second, third, and fourth thermal transfer
devices comprises a jacket mounted to an exterior of the vessel for providing at least

conductive thermal transfer between the jacket and the vessel
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In another aspect described herein, the jacket comprises at least one passageway for haying a
thermal transfer medium flow therethrough. 5 In another aspect described herein, the thermal transfer
medium comprises a thermal transfer liquid. In one aspect described herein, the apparatus for
thawing frozen biological material further 10comprises a system in fluid communication with the at
least one passageway for circulating the thermal transfer medium through the passageway. Another
embodiment described herein is a method for thawing frozen biological material, comprising:
introducpd {he, fozendiclogical materialinta asessel £aysing ireral fransfer 15 between an upper
portion of the vessel and medium exterior to the upper portion of the vessel, comprising heating the
upper portion of the vessel; causing thermal transfer between an upper middle portion of the vessel
and medium exterior to,the.unner middle portion of the vessel; gausing thermal transfer between a
lower middie por{ionpo¥ fie vessel and mediunt exterior (6 the lower midaie p rtion of the vessel;
causing thermat trarfsfen bdtwedovatloweh porgion of the 20 vessel and medium exterior to the lower
portjjon of the vessel; monitoring temperature of the biological material at different levels in the vessel,;
adjusting the thermal transfer between the upper portion of the vessel and the medium exterior to the
upper pottionokthe messelat irastparialle: insesponsede the:moniterning o dhetempe ratwe:ef the
biological material; the adjusting of the thermal transfer between the upper portion of the vessel and
the medidH®25 exterior to the upper portion of the vessel being performed independently of the
adjusting of the thermal transfer between the upper middle portion of the vessel and the medium
exterior to the upper middle portion of the vessel; the adfj;'usting of the thermal transfer between the

upper pOHiiE GERIEVELSEIE AT HE IndBfuAP eXRHE® thewippdrpenibiveeieé TeseerbéifdPerformed
independently af the adiusting.ef the thermabiransierbetwesn the ,!%%%éwgly k8 POELIENR;Af the vessel

and the medium exterior to the lower middle portion of the vessel; and the adjusting of the thermal
transfer hetweeH ahdaipprdt portion wihthee viessedearny the medium exterior to the upper portion of the
vessel being performed independently of the adjusting of the thermal transfer between the lower

portion of the vessel and the medium exterior to the
Another embodiment described herein is a method for thawing frozen biclogical material,

comprising: introducing the frozen biclogical material into a vessel; causing thermal transfer
15 between an upper portion of the vessel and medium exterior to the upper portion of the vessel,
comprising heating the upper portion of the vessel; causing thermal transfer between an upper
middle portion of the vessel and medium exterior to the upper middie portion of the vessel:
causing thermal transfer between a lower middie portion of the vessel and medium exterior to
the lower middie portion of the vessel; causing thermal transfer between a lower portion of the
20 wvessel and medium exterior to the lower portion of the vessel: monitoring temperature of the
biclogical material at different levels in the vessel; adjusting the thermal transfer between the
upper portion of the vessel and the medium exterior to the upper portion of the vessel at least
partially in response to the monitoring of the temperature of the biological material; the
adjusting of the thermal transfer between the upper portion of the vessel and the medium
25  exterior to the upper portion of the vessel being performed independently of the adjusting of
the thermal transfer between the upper middie portion of the vessel and the medium exterior
to the upper middie portion of the vessel; the adjusting of the thermal fransfer between the
upper portion of the vessel and the medium exterior to the upper portion of the vessel being

performed independently of the adjusting of the thermal transfer hetween the lower middle

Page 7 of 32



5 lower portion of the vessel; and adjusting the thermal transfer between the upper middle portion of
the vessel and the medium exterior to the upper middle portion of the vessel at least partially in
response to the monitoring of the temperature of the biological material; the adjusting of the thermal
transfer between the upper middle portion of the vessel and the medium exterior to the upper middle
portion of the vessel being performed independently of 10 the adjusting of the thermal transfer
between the upper portion of the vessel and the medium exterior to the upper portion of the vessel; the
adjustin the I h r.middl rti f the vessel and the medium
exterior %cﬁ{ﬁ%hu{&%{%é%%ﬁg rtti%%}téﬁl? ﬁ%gent‘vé%gée%ﬁgeﬁ%gqge%%%% e[%dralﬁig eﬁ)oger)(rlll inc%ly@(‘)? the Saeéijagtlng of the
thermal trarsfers betwéeretie foweir mniddie>portion Okthenvesset iand theemediimrexterionddithe lower
middle portion of the 15 vessel; and.the adjusting of the . thermal transfer between the upper middle
portion GHHE VaSsir At i et LRl S U I TS ThaR o ths Jechd B
performee:independenticobthe adjustingwed the thermatitcanster betweenrthedowsrpostion ofthe
vessel a]nd the msdiu exterior 0 thedlo ertporti n of the vessel;fanﬁ ad'ustin% the_therm%l Eransfer
betweenthe IR MidaIE Portich of e TAESEIERY the FEdilA &%t ASME the ToWEPHidBIE?'S0 portion
of the vessebatdeast patialiydniespense adhemonitering of thedtepperaiwe s thesbiclogical
material ; the adjusting of the thermal transfer between the lower middle portion of the vessel and the

mediumP8tET6r To & 180er MidBIS S8R S 1thENFe eBPREIHY H&dhh oIRGB E AYEATK oft Be
adjustingpfi dhegthermal dransterhetwaepheLPRRE RYtIaNHLIhe vesssh adibe, mesdiunexterior to

the upper portion of the vessel; the adjusting of the thermal 25 transfer between the lower middle

portion GFEHE TeSEarahdhBENHEARIN ERH&rRSF HE B [G\ReerRfd dRINFoPROIR 6T tHe He 8885 BT
periprmec.indepensdenth. ofthe adiusting pithedherma) tansiar hetween the-upper piddlg partion of

the vessel and the medium exterior to the upper middle portion of the vessel; and the adjusting of the
thermal afEfert BéfigedR theIoirsy Phiddlegsertichop the Ves séithnd eremdainseekriMeeto e lower
middle portian.qlithe peses! PaIng AeHiarmadndeReRdsal of the, adiysting;of e MArIma fhanster
between the lower portion of the vessel and the medium exterior to the lower portion of the vessel; and
the adjustirsg! dfethe thiesfanaladangtarebdantiernthédowirspogtiohtbe thiee adjl Stimgy fbrettbtavaeal trensfer
between (e Iawerporian,of de. vessel and e medium,exterior (g e Jower porton, 5 of dne vessel at
least partially in response to the monitoring of the emperature of the Blo?ogica? matena : vessel and
the Inedvamegxterorto thaitowenporkorhefrthe vessel beirvg:pertoemeddndepdrdeattjoeof tfieradjusting
of the th_ermgl éraclpalier beéween tthe. Uupper ortion of the‘vess%l andftt e mediLfrE exterior to the upper
portion of the vassel tHa adjUStiAG of the thermitranster JEtVeanthe fowsr Pottidh SFINY UESsel and
the meditpexigriantofthe losyen paribmeld ohibenessel heingepatfonmed insiepandantyefthe
adjustin% of the thermal transfer between the upper middle portion of the vessel and the medium

exterior 8B UBERMAIQHIE (5o Fon DITHE LA QhH thie st lighfg SR SHERRAT P fer Hetween the

lower pastien:ef the wessehangdhe medismmxierien tothe dowed pertienabthe vessslbeinaperformed
independently of the adjustinq of the thermal transfer between the lower middle portion of the vessel

antfthe ABHEURINTEx{&iBl 16 'f7atIBAER IitluTeSpBFie S O theVaESEN P bHY ASpest Hesebdtnerein,
the causingogfthe-thermal transfethetween the WPReFRQrop:LL e vessalansingdnediyn sixterior to

the upper portion of the vessel comprises heating the
the vessel and the medium exterior to the lower middie portion of the vessel being performed
independently of the adjusting of the thermal transfer between the upper portion of the vessel
and the medium exterior to the upper portion of the vessel; the adiusting of the thermal
25 transfer between the lower middie portion of the vessel and the medium exterior to the lower
middle portion of the vessel being performed independently of the adjusting of the thermal
transfer between the upper middle portion of the vessel and the medium exterior to the upper

middie portion of the vessel; and the adjusting of the thermal transfer between the lower

middle portion of the vessel and the medium exterior to the lower middie portion of the vessel
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upper portion of the vessel; and thereafter, the adjusting of the thermal transfer between the 20upper
portion of the vessel and the medium exterior to the upper portion of the vessel comprises at least
reducing the heating of the upper portion of the vessel. In one aspect described herein, the causing of
the thermal transfer between the upper middle portion of the vessel and the medium exterior to the
upper middle portion of the vessel 25 comprises heating the upper middle portion of the vessel; and
thereafter, the adjusting of the thermal transfer between the middle portion of the vessel and the
medium exterior to the upper middle portion of the vessel comprises cooling the upper middle portion

of the vedBE AR G158 53 PRds RASESABY Ph&P8IR iHEF BE Lin G o tRE e R fra RS AE BRI H5E lower

middle portiarhofithe-vessel and the medium extariar {9 the lower prddle pertienatibe yagsel
comprises heating the lower middle portion of the vessel; and thereafter, the adjusting of the thermal

transfer BétiReeh thelGwWar idIEpRtloRASI e VESsEIVEHdRPIE PediUMEeREdH I tD UBHET6WAT middle
portion ot yessl sareRLisss.£aping 10 IRNELICHlE PRTIRN G ihsuEssel 11,008 Sepssiescribed

herein, the causing of the thermal transfer between the lower portion of the vessel and the medium
extetior @ theYewerahdravrrarftihe Ve sselsmprides Heatiit e e lowespbitiorl dfeHeqiesisel; and

thereafter, hp.ACiusting,of e NG| URGS(Sr BEMEeRl. b Iowst perion Bie yessel an e

medium exterior to the lower portion of the vessel comprises cooling the lower portion of the vessel.

independently of the adjusting of the thermal transfer between the upper portion of the vessel
and the medium exterior to the upper portion of the vessel; the adjusting of the thermal
transfer between the lower portion of the vessel and the medium exterior to the lower portion
10 of the vessel being performed independently of the adjusting of the thermal transfer between
the upper middle portion of the vessel and the medium exterior to the upper middle portion of
the vessel; and the adjusting of the thermatl transfer between the lower portion of the vessel
and the medium exterior to the lower portion of the vessel being performed independently of
the adjusting of the thermal transfer between the lower middle portien of the vessel and the

15 medium exterior to the lower middle portion of the vessel,

In one aspect described herein, the causing of the thermal transfer between the upper portion
of the vesse! and the medium exterior to the upper portion of the vessel comprises heating the
upper portion of the vessel; and thereafter, the adjusting of the thermal transfer between the
20 upper portion of the vessel and the medium exterior to the upper portion of the vessel

comprises at least reducing the heating of the upper portion of the vessel.

in one aspect described herein, the causing of the thermal transfer between the upper middle
portion of the vessel and the medium exterior to the upper middie portion of the vessel
25  comprises heating the upper middle portion of the vessel; and thereafter, the adjusting of the
thermal transfer between the middle portion of the vessel and the medium exterior to the

upper middle portion of the vessel comprises cooling the upper middie portion of the vessel.
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In one aspect described herein, the adjusting of the thermal transfer between the upper 15 portion of
the vessel and the medium exterior to the upper portion of the vessel comprises automatically
adjusting the thermal transfer between the upper portion of the vessel and the medium exterior to the
upper portion of the vessel; the adjusting the thermal transfer between the upper middle portion of the
vessel and the medium exterior to the upper middle portion of the vessel comprises automatically
adjusting the thermal transfer between the upper middle 20 portion of the vessel and the medium
exterior to the upper middle portion of the vessel; the adjustin%the thermal transfer between the lower

middle PRSP THEAFSEEEPANG THE Mt BXREE 5 B oW P HAGAR Bl G R PR VBLLLS

comprisgs-astoptatically agjusting-he-thermatiransferpetwesndhedower middle portien ofthe vessel
and the medium exterior to the lower middle portion of the vessel; and the adjusting the thermal

transfer DEHVESH 158U08 IBHEMSEIGIET Bre"rasekihirthel mBdither exdisriot to e 18P bEition of the
vessel camplisesattomatically adiusting maa@eim@bum%r hetweenithe.lawar porian.of the vessel

and the medium exterior to the lower portion of the vessel. In one aspect described herein, at least the
adjasting &f B thYHe tPankfsr petheeRR CHper Turten oetheevisys anddineraisgiurmfexterior to
the uppggfgrtion of the vessel is computer-implemented; at least the adjusting of the thermal transfer
between the upper middle portion of the vessel and the medium exterior to the upper middle portion of
the vessel 5 is computer-implemented; at least the adjusting of the thermal transfer between the lower

middle porian.of ihejuessel and e medym extsrint @ ihelowsrmiddlie parion of ine yessel s
computer-implemented; and at least the adjusting of the thermal fransfer between the 1ower portion of
the vesséltanddhe medibmresteriortddhe lowbe portom of e ofesselds competerinplemented. 10

Anpfher mbodiment desciibed herdinyjs an apnarats for thawing frozer, biological products

comprlsin\'a%??eas One Vessel: bne or more stirring crjﬁeané; a plurality of thermal fransfer means
surrountdingrthenesself ahd atdsasiahehmeand for temperatderconied: Lndrionecaspect.described
herein, the Elurali?/ qf th rr’qal transfer mefgs are vlertically positioned from the bottom to the top of the
vessel. IR ARGther A2 e GeL¥ibRAHRPEh Thd $&ifiperatures of the plurality of thermal transfer means
are independently controlled.

In one aspect described herein, the adjusting of the thermal fransfer hetween the upper
15 portion of the vessel and the medium exterior to the upper portion of the vessal comprises
automatically adjusting the thermal transfer between the upper portion of the vessel and the
mediur exterior to the upper portion of the vessel; the adjusting the thermal transfer between
the upper middle portion of the vessel and the medium exterior to the upper middie portion of
the vessel comprises automatically adjusting the thermal transfer between the upper middle
20 portion of the vessel and the medium extericr to the upper middle portion of the vessel; the
adjusting the thermal transfer between the lower middie portion of the vessel and the medium
exterior 1o the jower middie portion of the vessel comprises automatically adjusting the
thermat transfer between the lower middle portion of the vessel and the medium exterior to
the lower middie portion of the vessel; and the adjusting the thermatl transfer between the
25  lower portion of the vessef and the medium exterior to the lower portion of the vesse
comprises automatically adjusting the thermal transfer between the lower portion of the vessel

and the medium exterior to the lower portion of the vessel.
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20 In another aspect described herein, the apparatus for thawing frozen biological material further
comprises further comprising a plurality of thermocouples. In one aspect described herein, the
plurality of thermocouples are vertically positioned from 25the bottom to the top of the vessel. In
another aspect described herein, the internal temperature of the vessel is measured using the plurality
of vertically arranged thermocouples. Page 11 of 32 In one aspect described herein, the temperature
of thermal transfer means is modulated by thermoelectric, Peltier, or liquid media.  In one aspect
descrli)ed herein, thgeserr‘igr)]ecf%ture of th rmal gransfer means js odula ed b 5I| UId medl In one

aspec descriﬁ&?%ereln € Ilqﬁ?cf medlaacs:tor%ffrlaéd UStikﬁ/lg éalyc%rmalﬁ%ﬂ Asped desé |%ed herein,

there aksat leasiclour thermaktiansiemmeansand akleastdoue Lthermoaauplgstandasherein the

thermal transfer means and thermocouples are vertically
computer-implemented; at least the adjusting of the thermal transfer between the upper
middle portion of the vessel and the medium exterior to the upper middie portion of the vessel

5 is computer-implemented; at least the adjusting of the thermal transfer between the lower
middle portion of the vessel and the medium exterior to the fower middle portion of the vessel
is computer-implemented; and at least the adjusting of the thermat transfer between the lower
portion of the vessel and the medium exterior to the fower portion of the vessel is computer-
implemented.
10

Another embodiment described herein is an apparatus for thawing frozen biclogical products

comprising: at least one vessel; one or more stirring means; a plurality of thermal transfer

means surrounding the vessel; and at feast one means for temperature control.

15 In one aspect described herein, the plurality of thermal transfer means are verticaily positioned

from the bottom to the top of the vessel.

In another aspect described herein, the temperatures of the plurality of thermal transfer means
are independently controlled.

20
In another aspect described herein, the apparatus for thawing frozen biological material further

comprises further comprising a plurality of thermocoupies

In one aspect described herein, the plurality of thermocouples are vertically positioned from

25  the bottom to the top of the vessel.

In another aspect described herein, the internal temperature of the vessel is measured using

the plurality of vertically arranged thermocouples
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positioned within the thawing vessel. In one aspect described herein, the temperatures of the plurality
of thermal transfer means are raised to not more than about 10 'C above the melting point for the
biological product until 15melting is completed, and wherein the temperature is maintained at about 2
'C after melting is completed. In one aspect described herein, the temperatures of the plurality of
thermal transfer means are raised to not more than about 8 C when a temperature of less than about 2
'C is measured; 20and wherein the temperatures of the plurality of thermal transfer means are lowered
to about 4 C when a 't %Ererature reater than about 10 C is measured. Another embodiment

describdl RBFeMAEA Prodedd tBF tHAWIRG HFESEH B RigiRal BROGTREESMERShG: BITHIFSEHIGAg the

frozen biglogiealderedusaisiinte aivesselemmprising one or more 25 stirring means, a plurality of
thermal transfer means; a plurality of thermocouples; and a means for temperature control; (b)
continuously measuring the temperature at a plurality of levels within the vessel using the plurality of

thermocpuples; {g) heatingdhe tbermalitansict means adiacent to;the.frazen biolegicalpraducts at the
same time mixing the contents of the vessel; (d) cooling the thermal transfer means adjacent to the

thawed Bibli Broducts at the same

In one aspect described herein, the licuid media comprises ethylene glycol,

in one aspect described herein, there are at least four thermal transfer means and at least four
10 thermocouples; and wherein the thermal transfer means and thermoccuples are vertically

positioned within the thawing vessel.

In one aspect described herein, the temperatures of the plurality of thermal transfer means are
raised to not more than abeout 10 °C above the melting point for the biological product until
15  melting is completed, and wherein the temperature is maintained at about 2 °C after melting is

completed.

In one aspect described herein, the temperatures of the plurality of thermal transfer means are
raised 1o not more than about 8 °C when a temperature of less than about 2 °C is measured:
20 and wherein the temperatures of the plurality of thermal transfer means are Jowered to about

4 °C when a temperature greater than about 10 °Cis measured.

Another embodiment described herein is a process for thawing a frozen biological product
comptrising: (a} introducing the frozen biological products into a vessel comprising one or more
25 stirring means, a plurality of thermal transfer means; a plurality of thermocouples; and a means
for temperature control; {b) continuously measuring the temperature at a plurality of levels
within the vessel using the plurality of thermocouples; (c) heating the thermal transfer means
adjacent to the frozen biological products at the same time mixing the contents of the vessel;

{d} cooling the thermal transfer means adjacent to the thawed biological products at the same
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time mixing the contents of the vessel; (e) heating and/or cooling the thermal transfer means to
compensate for the addition of additional frozen biological product and the thawing of the biological
product. BRIEF DESCRIPTION OF THE DRAWINGS FIGURE 1 illustrates a standard jacketed
vertical thawing vessel shortly after addition of frozen biological product (A) and later after the majority
of the biological product has thawed and liquified (B). 5 FIGURE 2 illustrates a multi-jacketed vertical
thawing vessel as described herein.This exemplary embodiment has four thermal transfer means
vertically spaced from the bottom of the vessel to the top. Each thermal transfer means can heat or

cool indéPengaritls 18 BEM: Henharisshsr TRRRE /2RI &gk theihid calisfes B into

the vessgl lymeamnsar A0eachihrimal transier means o measure the internakiempeiatuke Baffles can
be used go ’sepaTate CIiiquids stratified at each level.
iological product.
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FIGURE 3 illustrates an exemplary thawing process as described herein showing the independent
heating or cooling of the respective thermal transfer means. 15 DETAILED DESCRIPTION Described
herein are apparatuses and methods for thawing frozen biological products that could be fed in as
frozen blocks or in other configurations. Exemplary frozen biological products comprise blood, various
blood products such as plasma or serum, or frozen cells or 20 tissues. Biological products can also
comprise cell culture supernatants, cell extracts, homogenates, partially purified macromolecules,
purified macromolecules, or therapeutic‘;ﬁgoducts. A typical thawing vessel 20 is illustrated in FIG. 1. In

this exafiphe HRERETEANBRIENELEAMINGSS interior of the closed vertical thawing vessel 30 are
warmed iy Rdackeied extsrier 23 thalextends vertioallyiagannd the vassel. Adhermalmedium, such

as glycol or water is circulated through the jacket to increase the temperature. In FIG. 1A, the frozen
biologicEPpIEERtict B i Plated AtE theafitsride oh the thaalitip Veisselis0 trslugh sy openittg 85, and the

thermalﬁmﬁgggrﬁg circulated to increase the temperature (thermal media and circulation means are

known in the art and are not shown in the illustration). A top 37 covers the opening of the vessel. An
imgeller 40 circulates the thawed biological product liquid 10 and increases thermal transfer. A valve

45 and B.spevs e used ia emove ihe (hawed piological product flomihe vesse) after thawing is
completed. As the tfrozen biological productgthaws and bécomes gllqwcﬂ , the frozen blo?oglcal
productsfteats! oy the bogiolethteh lesvielLoft iguith bicl ogfimaeproduct iSily tpeoelstehn See FdGobBif The

impeller 40 circylates the liquid product 10 and serves to E{ansfer the w rme(g biological liquid up
toward 1 VT BT Terk b S AR e BT e T8 e Koo Qe
product:andrthierimprelientikewise sifculatesighistcooieddiquid. Haweveto daspiteshesisedlatien, a
temperature gradient can establish within }

i each thermal transfer means to measure the internal temperature. Bafflies can be used to

separate liguids stratified at each level.

FIGURE 3 illustrates an exemplary thawing process as described herein showing the
independent heating or cooling of the respective thermal transfer means.
15
DETAILED DESCRIPTION
Described herein are apparatuses and methods for thawing frozen biological products that
could be fed in as frozen blocks or in other configurations. Exemplary frozen biclogical
products comprise blood, various blood products such as plasma or serum, or frozen cells or
20 tissues. Biological products can also comprise cell culture supernatants, cell extracts,
homogenates, partially purified macromaoiecuies, purified macromolecules, or therapeutic

products,

A typical thawing vessel 20 is illustrated in FIG. 1. In this example, the frozen contents 5 in the
25  interior of the closed vertical thawing vessel 30 are warmed by a jacketed exterior 25 that
extends vertically around the vessel. A thermal medium, such as glycol or water is circulated
through the jacket to increase the temperature. In FIG. 1A, the frozen biclogical product 5 is
placed into the interior of the thawing vessel 30 through an opening 35, and the thermal

medium is circulated to increase the temperature (thermal media and circulation means are
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10 the thawed biological liquid because of the large surface area of the liquid in contact with the vessel
interior. Further, as less frozen biological product exists, less of the frozen product is in contact with
the vessel surface. Thus, the liquid biological product becomes the primary heat transfer medium to
the frozen biological product. This can increase the time to complete thawing. Even if the temperature
of the thermal medium is lowered or changed, the large 15 thermal mass of thawed liquid makes rapid
equilibration to the lowered temperature difficult. Consequently, the liquid biological can be
unnecessarily exposed to increased temperatures for prolonged periods. This can cause denaturation

and/or d8GATONE A VAN TORTTERERE R HROIBERMI prodiict /TIRErs iissepianmgislisor

compongals|such /s diratemns thal may bensensitiva deithesmal danatdratian «Acserdingly. the thawing
process can significantly reduce 20yields of valuable proteins that are thermally sensitive. The

multi-teFP&fature MRARihY VEsSEI RS Hestribed 1arein tvercoes theeshofiesiihg oot tidrexisting
thawing technolpgy by RRUmItng Jhe uses 1 fine-type. i, ieibperature, of he thawingyessel at various

vertical levels and time points throughout the thawing process. Further, in 25some cases the
mutti-telispetatire efaoieny elsseledsrad seribeethiréhe meayofatiadevthedieig\bidgairements: for

thawing, biglagical prgdugcts. emplar ogl 9f the my rat wing v | as
describeg hﬁ%nﬁépgﬁ)US#é%e |h(i‘|:§I'GrTﬂ§!.E ﬁ@%ﬁﬁi?&g glr:ﬁ &ﬁrﬁgﬁtgﬁ%%%ﬁ-{ﬂ%ge%%%ﬁ awing
vessel 8Gridatures airtoadtfoirdindeirend ent thermaltearsfemme dng ¢hatrark d@rfangesldvgitically from

e R T L A R TR R DR e v
means assediateddwithcthevwesselpbachethermalitransfenpeansr is gapablecof heatingh within
10 the thawed bioiogical liquid because of the farge surface area of the liquid in contact with the
vessel interior. Further, as less frozen biological product exists, fess of the frozen product is in
contact with the vessel surface. Thus, the liquid biological product becomes the primary heat
transfer medium to the frozen biological product. This can increase the time to complete
thawing. Even if the temperature of the thermal medium is lowered or changed, the large
15  thermal mass of thawed liguid makes rapid equilibration to the fowered temperature difficult,
Consequently, the liguid biclogical can be unnecessarily exposed to increased temperatures for
prolonged periods. This can cause denaturation and/or degradation of various components of
the biological product. This is most pernicious for components such as proteins that may be

sensitive to thermal denaturation. Accordingly, the thawing process can significantly reduce

20 yields of valuable proteins that are thermally sensitive.

The multi-temperature thawing vessel as described herein overcomes the shortcomings of the
existing thawing technology by permitting the user to fine-tune the temperature of the thawing
vessel at various vertical levels and time points throughout the thawing process. Further, in
25  some cases the multi-temperature thawing vessel as described herein may reduce the energy

reguirements for thawing biological products.

An exemplary embodiment of the multi-temperature thawing vessel as described herein is

iustrated in FIG. 2. This exemplary embodiment of a multi-temperature thawing vesse! 60
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5 or cooling independent of the other thermal transfer means. In addition, at least two thermocouples
65 are positioned at each thermal transfer means level and extend outward toward the center of the
vessel for measuring the temperature of the biological product medium at that level. Although the
thawing vessel depicted in FIG. 2 is arranged vertically, a horizontal configuration is also
contemplated. In a horizontal embodiment, a plurality thermal 10 transfer means would be spaced
from the bottom of the vessel to the top of the vessel, parallel to the axis of the cylinder. The thermal

transfer means may be attached to the exterior walls of the vessel as shown in FIG, 2, or may be
attachedGHHIse TSRS RIS HIRpRAGREE TP SBATS a5 thet tHerargahrst rbafio Eai Comprise

the walls, gf: the yesseleloMtdeastope impellerd0 sircuates and mixes e liguified-bilogical product
and thereby increases thermal transfer; the impeller also facilitates movement of the frozen biological

product.Mdrtipfe rripetels 1y Béﬂegféd‘.f?%? &xaniple; at feastofelifhpéller @aﬁnt_féfwethaftr@agh
transfer means |evel.In.some-emhediments, batfles 90.ca9,he.Hsed fo.redvce, mixing, of biglogical

product at different thermal transfer means levels and thereby better control the 20 temperature at
each thermenataasied eneadrlevél the sohwe shebodintentsefloatngsbaffes dditidse asddas separate the

uper leyel aldnawed biologioalpradued liguidam the ftpzen bioladieal produt & A58 gn-fimiting
example, the Ba fles can com%rlse circular "doughnut-shaped” plates with hollow centers. ‘stch a
configuratioar svoird eeraitcdtrdmification ofrthewwed ibwltgicalmpeductatcéadth thiefopalaransteremeans

level and Qﬁrmit I'% t;\tgdi trarpsflg’r amofpgh_%ﬁlheﬁ\éels. A valyg 45 an ISQIEp ut permit removal i?f the

thawed bi6 6§"éri?:éal proéu%‘fefr‘omttrﬁoeu essel. The §pou %aneBIétBOSI ioned at the botfory St thevessel as

shown indritan2:0tanty beiattRetepcant sesnaval is taciitatedanith topumaptor siphaningnereans (not
shown). Thaﬁ/ed biolo%icaLJ)roduct gze%n be removed at the end of a thawing c%gle or continyously
t

dufing the BREARG I Fot8YY B mRRTRT S BRHBR BR B HTS ThatrserbIBIbHi CaP SHo TG s TrerAitld!

temperaiyires. skRevesse)icar bersonfiguen 5o dhatwas soan-asdhehislonisal progucs isynelted, itis
removed from the thawing vessel. 5
the vessel as shown in FIG. 2, or may be attached on the interior walls of the vessel. In some

aspects, the thermal transfer means can comprise the walis of the vessel.

15 At least one impeller 40 circulates and mixes the liquified biological product and thereby
increases thermal transfer; the impeller also facilitates movement of the frozen biclogical
product. Multiple impellers may be used. For example, at least cne impeller can be used at
each transfer means level. In some embodiments, baffles 30 can be used 1o reduce mixing of
biological product at different thermal transfer means levels and thereby better control the

20 temperature at each thermal transfer means level. in some embodiments, floating baffles can
be used to separate the upper level of thawed biotogical product 15 liquid from the frozen
biological product 5. As a non-limiting example, the baffles can comprise circular “doughnut-
shaped” plates with hollow centers. Such a configuration would permit stratification of thawed
biofcgical product at each thermal transfer means level and permit limited transfer among

25 levels,
A valve 45 and 50 spout permit removal of the thawed biological product from the vessel. The

spout can be positioned at the bottom of the vessel as shown in FIG. 2 or may be at the top and

removal is facilitated with a pump or siphoning means (not shown). Thawed biclogical product

Page 16 of 32



In some embodiments, the thermal transfer means described herein can comprise jackets for
circulating a thermal conducting liquid or gas. The liquid can comprise water, ethylene glycol, oil, or the
like. Gases can comprise steam, CO2, N2, 02, or refrigerant gas/liquid mixtures. The thermal transfer
means can also comprise thermoelectric or Peltier devices. The thermal 10 transfer devices typically
are capable of supplying heating and/or cooling to the thawing vessel. In some case, the plurality of
thermocouples can be used to monitor the internal temperature of the thawing vessel described herein
and used to regulate the temperature of the thermal transfer means. In some aspects described
herein, &8 teSE aYGre O ieeBitility DR tHRFrAA tr AR SREN Riea Y She inmkiElse Mg RSgGtated by
measuringhthe.insmallemperature.ef the s dhawing vessabysing @ plwalityof therpecyples and
then adjusting the internal temperature (i.e., rasing or lowering the internal temperature) by adjusting
the tempéraflifé&bfihe thdidhalstransfer feans i sahisulsecis ke €all Beratershiioaslyttentrolled
by a compuier. R Qther aspects, the temperatures are manually monitored and adjusted. 20The
multi-temperature thawing vessel as described herein permits the operator to precisely regulate the
temperature of the thawing vessel walls at various levels and/or capacities. For example, as shown in
FIC. 2 (e INRIALEANSISE meRns, Ak e bolam AL wessaldl g 10.and [9)6An.Be capled, while
the thermal transfer means 80 may be at an intermediate temperature an thiermal tfansfer means 85
may be tisatetdnd hishamcdd familitaiegiawinhgtes 25 froien dtnasscof-pidte gicat predivtit, gihich floats at
the level of the thawed liquid 15. The thawed biglogical product liquid at the bottom of the vessel 10 is
ot suy 2 5 1o e T Ry A S ot kit A A ARl i £ B0 anc
thus thetpessibilityraf degradatiom arl denatusationis rredeieettic |araelditiondthe snultitemperatire
thqc\gling ves§el S describ_edi herein ca[?‘u reguce the_ener%y r%ﬁ i{ed to thaw biological products.
Becauss e tEmparatdve e tighthy EBANB IR e o RRBTEH ﬁﬁéﬁ%%f&é%%@%‘('@ﬁé’ﬁ%rmm
transferimesns level teaergyoyhgatienabtheghermaldtansterameansoist:only.applied when neeessary
to heat/cool the region. 5 The multi-temperature thawing vessels as described herein has optimal

thermal A& PGS ShABH TR GBS &Rl erBiSRoBiBIR P oaG I PREY A hEMtiRE B2k ooling)

is applieghkharmahiansfes ismaximizad anadfupatian:eof the.suriace areadpNelime ratie Far a
cylindrical vessel with height, h, and diameter, d, the surface area, SA, is: SA = ndh, and the 10

volume, 718y 2 ERaR)MS THRDAME Palor BEdarracEareeaty Vuihe igtesmalvtenpgraiecordinghy, as the
diq@ete{hywiksgm&miz@mgtaeﬁr@@%ﬁ»dﬁﬁ?@%@mg%n&e{w thermabtansierhecomes highly efficient

(with optimal mixing). As such, thawing vessels having small diameters can be particularly efficient
with intehfal théreal tearisfer Heamsrrorexaniplerd Ronzortagiawing vesserevithiseratifiedanternal

thermal EJ%%E‘?MQS?@%&?&#@X&X&Q ﬁﬁ@%‘ﬁ%&%%F»’&%U&Q%E‘?&rozfed by a computer. In other

aspects, the temperatures are manually monitored and adjusted.

20 The multi-temperature thawing vessel as described herein permits the operator to precisely
regulate the temperature of the thawing vesse! walls at various fevels and/or capacities. For
example, as shown in FiG. 2, the thermal transfer means at the bottom of the vessel {i.e., 70
and 75} can be cooled, while the thermal transfer means 80 may be at an intermediate
temperature and thermal transfer means 85 may be heated. This would facilitate thawing the

25 frozen mass of biclogical product 5, which floats at the level of the thawed liguid 15. The
thawed biological product liquid at the bottom of the vessel 10 is not subject to the heating
thermal transfer means 85 or intermediate thermal transfer means 80 and thus the possibitity

of degradation or denaturation is reduced.
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EXAMPLES Example 1 An exemplary process for thawing a biological product is illustrated in FIG. 3.
At the beginning 20 of the thawing process virtually all of the biological product is frozen. See FIG. 3A.
Accordingly, all of the thermal transfer means (70, 75, 80, 85) can be adjusted to warm temperatures
to facilitate melting of the frozen biological product 5. Note: in FIG. 3, the shading within the thermal
transfer means (70, 75, 80, 85) indicates identical temperature at the shaded levels; darker shading
indicates a relative higher temperature. The temperature within the thawing 25 vessel can be
monitored at various thermal transfer levels using the thermocouples 65. As the frozen biological

product '8 BEGH o' Bialik HhECRRA LGNS BRITEE AR EB ORI BRFE (RReusedaEnaBY

Consequenthsdhe teraperte ol the lwer thermal drapsfesmeans (70; 1aheanthenhedoygred
and/or changed to cooling to prevent excess heating of the liquid biolo%ical product. The frozen

biologicEl Prefiset By fioai8'atepRse fiejdidEBAISBFERIPIGHEE 1D TR the ippetaherHarebitsfer
means @Q,33)¢aneoninye 0 varm thedtoren Ridlogical preduct andJacilitate thawing. As the frozen

product thaws, the liquid level will rise and the temperature can accordingly be adjusted. Temperature
me&surements from the thermocouples at each level allow the operator to monitor the internal vessel

temperafyre in, & reaLiME, In same aspects desg Q@sﬁbﬁsr%i@reﬁne%@%&ﬁ&é@'ﬂ@ﬁ%ﬁ?rgrqH&te?a“ be

removed from the thawing vessel shortly after melting has occurred. An optimum rate ot melting and
removakdfdeawedprothickaan/beestablishgdas orthbtchrising bf the frozdn biotdgitiadk prodiadt is

mammqg% ranaq rg,rp}gyal lfgonn{la%]{%igggv%ln% vfes%g is a}s&gpg reven therm;%ll der‘gaturaﬂon of

imized to
the biologlcé? pro UCt: The various modes olfnprga‘ucot removugﬁal ea?‘éﬁé)(t:gnv Fé’§T80r[33t|‘r(r)ﬁzedﬂ*ro? a
specific dyibldgicalverselustiiLatdghn the thavisng:processethe haielagical Jaraductiexitarin ougitly equal

proportions of frozen 5 and lig i? 10 forms, See FIG. 3C. At this stage, three temperature levels can
po U260 e Borirh tfHia) Gansier miina 170, o5 Ufe GoblEt 1 (HOUGH Bueritfig SFine

biologicakcordingly, as the diameter, d, is minimized, the ratio is maximized, and internal thermal
transfer becomes highly efficient (with optimal mixing). As such, thawing vessels having small
diameters can be particularly efficient with internal thermal transfer means. For example, a
horizontal thawing vessel with stratified internal thermal transfer means can have very efficient

15  thermal transfer.

EXAMPLES
Example 1
An exemplary process for thawing a biological product is iliustrated in FIG. 3. At the beginning
20 of the thawing process virtually ali of the biological product is frozen. See FiIG. 3A. Accordingly,
alt of the thermal transfer means (70, 75, 80, 85} can be adjusted to warm temperatures to
facilitate melting of the frozen biclogical product 5. Note: in FIG. 3, the shading within the
thermal transfer means (70, 75, 80, 85} indicates identical temperature at the shaded levels;
darker shading indicates a relative higher temperature. The temperature within the thawing
25  wvessel can be monitored at various thermal transfer levels using the thermocouples 65, As the
frozen biological product 5 begins to thaw, the liquid begins to collect at the bottom of the
vessel. See FIG. 3B. Conseguently, the temperature of the lower thermal transfer means (70,
75} can then be lowered and/or changed to cooling to prevent excess heating of the liquid

bioiogical product. The frozen biclogical product 5 floats atop the liguid biological product 15,
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15 product liquid. The middle thermal transfer means 80 can be set at an intermediate temperature
(e.g., a median value between the warming temperature and the cooling temperature). This prevents
the biological product liquid at the top of the liquid level 15 from being warmed too much. Baffles (not
shown) can be used to further reduce thermal transfer from the upper levels to the lower levels. The
upper thermal transfer means 85 can continue to 20warm the frozen biological product. At the final
stages of the thawing process, most of the frozen biological product has been thawed to liquid and
only a minor fraction exists in frozen form 5. See FIG. 3D. As such, the temperature of the upper

thermal tFHsfEr rHBRHS B8 05N BaTINePE Bt & WA TR 26 MHiddr HBAMAH4R5Rr means

80 can hedeweradite.soohorremaln atamintervedialetemprrature level When thesfrazen:hiological
product is thawed, the thermal transfer means (70, 75, 80, 85) can be cooled to equilibrate the liquid

biologicH# PrEAEU at &ATpPIEPAAE teiperdtitddor the AESREIBNWIfstrERH Pieess THEScpR of the
devices @nlmmetheds describrdiencin indudes.al.combinations.ofembediments aspeels. gxamples,

steps, and preferences herein described. CLAIMS What is claimed is: 1.An apparatus for thawing
froZen bistoies matetiat #iecapparatiisecohmprisinge thawed biological product can be removed

from the thawing vessel shortly after melting has occurred. An optimum rate of melting and
removal of thawed produce can be established so that melting of the frozen biological product
is maximized and removal from the thawing vessel is also optimized to prevent thermal
denaturation of the biological product. The various modes of product removal, if at all, can be

10  optimized for a specific biological product.

Later in the thawing process, the biological product exits in roughly equal proportions of frozen
5 and liquid 10 forms. See FIG. 3C. At this stage, three temperature levels can be utilized. The
bottom thermal transfer means {70, 75} are cooled to prevent overheating of the biclogical
15 product liquid. The middle thermal transfer means 80 can be set at an intermediate
temperature {e.g., a median value between the warming temperature and the cooling
temperature). This prevents the biological product liquid at the top of the liquid level 15 from
being warmed too much, Baffles (not shown) can be used to further reduce thermal transfer
from the upper levels to the lower levels. The upper thermal transfer means 85 can continue to

26 warm the frozen biclogical product,

At the finai stages of the thawing process, most of the frozen biclogical product has been
thawed to liguid and only a minor fraction exists in frozen form 5. See FIG. 3D. As such, the
temperature of the upper thermal transfer means 85 can be lowered or remain warming. The
25  middle thermal transfer means 80 can be lowered to cool or remain at an intermediate
temperature level. When the frozen biclogical product is thawed, the thermal transfer means
(70, 75, 80, 85} can be cooled to equilibrate the liquid biological product at an appropriate

temperature for the next downstream process.
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a vessel having an interior space for receiving the biological material, the vessel having an upper
portion extending around an upper portion of the interior space, a middle portion extending around a
middle portion of the interior space, and a lower portion extending around a lower portion of the interior
space; a plurality of thermal transfer devices operatively associated with the vessel for transferring
heat between the vessel and the thermal transfer device, comprising at least: a first thermal transfer
device operatively associated with the upper portion of the vessel for transferring heat between the
upper partion of the vessel and the first thermal transfer device; a second thermal transfer device

operativeRf a&ttiafid WRnAREEp P BB WSS EPRE D88 {8 Htsralrifg AP BRtledn the
upper migglle partion, of theryassal and the secenddhemmaltransfer devices a third thermal transfer
device operatively associated with the lower middle portion of the vessel for transferring heat between
the lower middle portion of the vessel and the third thermal transfer device; and a fourth thermal
transfer device operatively associated with the lower portion of the vessel for transferring heat between
the lower portion of the vessel and the fourth thermal transfer device and at least one controller
operatively associated with the first, second, third, and fourth thermal transfer devices for controlling
the first, second, third, and fourth thermal transfer devices independently from one another, comprising
the at least one controller being adapted for controlling the first thermal transfer device to control
thermal transfer between the first thermal transfer device and the upper portion of the vessel;
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controlling the second thermal transfer device to control thermal transfer between the second thermal
transfer device and the upper middle portion of the vessel; controlling the third thermal transfer device
to control thermal transfer between the third thermal transfer device and the lower middle portion of the
vessel; and controlling the fourth thermal transfer device to control thermal transfer between the fourth
thermal transfer device and the lower portion of the vessel. 2.The apparatus of claim 1, further
comprising at least one stirring apparatus and thermocouples extending into the interior space of the
vessel, wherein: the thermocouples are arranged in an upwardly extending series; the thermocouples
are ope Wassociated with the at least one controller; and the at least one controller is operative
for contrplhiagithe firsts second, third, and fourth thermal transfer devices at least partially in response
to signals from the thermocouples. The apparatus of claim 1, wherein the at least one controller
comprises at least one processor and at least one memory including computer program code, and the

at least gne memQapy, and the coMpMErprogiambeRde-ae configured fo. with the pracessor, provide
signals for: controlling the first, second, third, and fourth thermal transfer devices independently from
one another; afdessel having an interior space for receiving the biological material, the vessel having

an upper portion extending arcund an upper portion of the interior space, a
middie portion extending around a middle portion of the interior space, and a
lower portion extending around a tower portion of the interior space;

a plurality of thermal transfer devices operatively associated with the vessel for
transferring heat between the vessel and the thermal transfer device, comprising
at least:

a first thermal transfer device operatively associated with the upper
portion of the vessel for transferring heat between the upper
portion of the vessel and the first thermal transfer device;

a second thermal transfer device operatively associated with the upper
middle portion of the vessel for transferring heat between the
upper middle portion of the vessel and the second thermal
transfer device;

a third thermal transfer device operatively associated with the lower
middie portion of the vessel for transferring heat between the
lower middle portion of the vessel and the third thermal transfer
device; and

a fourth thermal transfer device operatively associated with the lower
portion of the vessel for transferring heat between the lower
portion of the vessel and the fourth thermal transfer device; and

at least one controller operatively associated with the first, second, third, and fourth
thermal transfer devices for controlling the first, second, third, and fourth
thermal transfer devices independently from one another, comprising the at

least one controller being adapted for
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controlling the first thermal transfer device to control thermal transfer between the first thermal transfer
device and the upper portion of the vessel; controlling the second thermal transfer device to control
thermal transfer between the second thermal transfer device and the upper middle portion of the
vessel; controlling the third thermal transfer device to control thermal transfer between the third
thermal transfer device and the lower middle portion of the vessel; and controlling the fourth thermal
transfer device to control thermal transfer between the fourth thermal transfer device and the lower
portion of the vessel. 4. The apparatus of claim 1, wherein each of the first, second, third, and fourth

thermal transfer devic@8 B Es S5 faiteMdtFtEd te e XterRIt BT the vedldar feisprotiuiff at least

conductive thermal transfer pgiweerthe, iackeLanding vessehed, sHae Apnaratps ef claim 4, wherein
the jacket extends around the vessel. 6. The apparatus of claim 4, wherein the jacket comprises at

least one passagewa$Pff HAVNG"S theiondl tharster fatitim ferthéretinsighterTihé appaletus of
claim 6, wherein the thermqjg{@gg}f‘egmegégg%gwmst%m%m%%@@s;% Iig%idmgpgrhgq%p@ratus of

claim 6, comprising a system in fluid communication with the at least one passageway for circulating
the thermal transfer mediunptitsuigh the yrassageway. 9. A method for thawing frozen biological

material, comprising: AQF&QQM%@%“&;U@é%@%?'ﬁ%%%}@%&Cféa('a%%é}aﬁﬁgﬁha; transfer between
the third thermal transfer device and the lower middle portion of the
vessel: and
controfling the fourth thermal transfer device to control thermal transfer
between the fourth thermal transfer device and the lowar portion of the

vessel,

2. The apparatus of claim 1, further comprising at least one stirring apparatus and
thermocouples extending into the interior space of the vessel, wherein:
the thermocoupies are arranged in an upwardly extending series;
the thermocouples are operatively associated with the at least one controller; and
the at least one controller is operative for controlling the first, second, third, and fourth
thermal transfer devices at least partially in response to signals from the

thermocouples.

3. The apparatus of claim 1, wherein the at least one controfler comprises at least one
processor and at least cne memory including computer program code, and the at least
one memory and the computer program code are configured to, with the processor,
provide signals for:

controlling the first, second, third, and fourth thermal transfer devices

independently from one another; and
controlling the first thermal transfer device to control thermal transfer
between the first thermal transfer device and the upper portion

of the vessel;
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causing thermal transfer between an upper portion of the vessel and medium exterior to the upper

portion of the vessel, comprising heating the upper portion of the vessel; causing thermal transfer

between an upper middle portion of the vessel and medium exterior to the upper middle portion of the
vessel; causing thermal transfer between a lower middle portion of the vessel and medium exterior to
the lower middle portion of the vessel; causing thermal transfer between a lower portion of the vessel
and medium exterior the lower portion of the vessel; monitoring temperature of the biological material
at different levels in the vessel, adgsusting the thermal transfer between the upper portion of the vessel

and the medium exterior to f8 UPPE? PEriidrToF the Vet ki 648 ba iR Y d8poRakL tBHe"

monitoring of the temperature of the-hielagiead materaltheragjustingof thethernal transfegdetween
the upper portion of the vessel and the medium exterior to the upper portion of the vessel being

performed independently of the adjUisfifoP6f tHE Hérmittiahsfer between the upper middle portion of

the vessel and the medium exteriario 4hevppanmidgle RRrtioniefithe yessel theadisisting pf the
thermal transfer between the upper portion of the vessel and the medium exterior to the upper portion

of the vessel being performed indeifénaend)ottiie Hfjusthyuisire dasanargdhsfsrsnvedtiahe lower
middle portion of the vessel and th&%QQigmh%gggg[;%me lower middle portion of the vessel; and the
adjusting of the thermal transfer between the upper portion of the vessel and the medium exterior to
the upper portion of the vessettseltg seefbrmtutimdepedentty oftve tjostirg bEteatiermédrtransfer

between the lower portion of the vgssglan ine RN EXFIRLAS g IQuer RRItion of fag ysssel: and

of the vessel.
4. The apparatus of claim 1, wherein each of the first, second, third, and fourth thermal
transfer devices comprises a jacket mounted to an exterior of the vessel for providing at
least conductive thermal transfer between the jacket and the vessel,

5. The apparatus of claim 4, wherein the jacket extends around the vessel.

6. The apparatus of claim 4, wherein the iacket comprises at least one passageway for

having a thermal transfer medium fiow therethrough.

7. The apparatus of claim &, wherein the thermal transfer medium comprises a thermal

transfer liguid.

8. The apparatus of claim 6, comprising a system in fluid communication with the at least

one passageway for circulating the thermal transfer medium through the passageway.

g, A method for thawing frozen biclogical material, comprising:

introducing the frozen biological material into a vessel;
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adjusting the thermal transfer between the upper middle portion of the vessel and the medium exterior
to the upper middle portion of the vessel at least partially in response to the monitoring of the
temperature of the biological material; the adjusting of the thermal transfer between the upper middle
portion of the vessel and the medium exterior to the upper middle portion of the vessel being
performed independently of the adjusting of the thermal transfer between the upper portion of the
vessel and the medium exterior to the upper portion of the vessel; the adjusting of the thermal transfer

between the up er middle rtlon e vessel and the medium exterior to the upper middle portion of
the vessel heirt) GURHREA InSaREALERHY BT b YERECETG O b BeHAEE wAHLIEF QKR GATPIAG lower

middle portion of the wesselapd-thermedinnmextesor to e lowetaniddlenpartien ebthe vessel and the
adjusting of the thermal transfer between the upper middle portion of the vessel and the medium

exterior to the upper Hiithdle portion of the vessel being performed independently of the adjusting of the

thermal transfer bahyesn e lowerdastion-ehthe vessehanddhe mediymexterar to-thelayer portion
of the vessel; and adjusting the thermal transfer between the lower middle portion of the vessel and

the medium exterior t&TREIDIRER AiAARS POFEiHPET HRe OBy &t Rast partially in response to the
monitoring of the (erpnetaiHEe Of e binlegical malgaly, the-2HiEHRLPiRe thermal dransig-Detween

the lower middle portion of the vessel and the medium exterior to the lower middle portion of the
vessel being perform&¢ige e bride adpistimgrdtheheshelimal transfer between the upper

portion of the vessel.and the mediumexieror éQoRQ@rLE]%Zﬁ&PBWRQ 9&@%%%8&%@% adjustipg, of the

thermal transfer between the lower middle portion of the vessel and the medium exterior to the lower
middle portion of the V@wﬁe}ngipeﬂbthﬁe@m@ependently of the adjustlng of the thermal transfer

between the upper. L%Ie portion of the vessel and medi xterip upper mlddle portion of
{ h TR HE Lpps
the vessel; andt m olj t?ng "ot t a L'é—:-ﬂthermea It(r)aor'%s? aete\}&gen t?wn 6Wererkﬁ?dsdp ortlon of the vessel

and the medium exteammtoﬂgeﬁewmﬂwmp@mmﬂwtetﬂme:h@ssebbem@qnerfbmeedamelleqaehdmwtly of
the adjusting of the thermal transfer b tween the Iower;rj]oortlon of the vesse| and the medlhtm exterior

LA St BRG] e et hemiesh B BN portion

to the lower portion of the vesselmé]tn justlng 5Ot
of the adjusting the thermal teamsies betwe&ertherlag\left}aertt@iﬂpefathee\/ese&! ginthinet material:

the adjusting of the thermal transfer between the upper portion of the
vessel and the medium exterior to the upper portion of the vessel
being performed independently of the adjusting of the thermal
transfer between the upper middie portion of the vessel and the
medium exterior to the upper middle portion of the vessel;

the adjusting of the thermal transfer between the upper portion of the
vessel and the medium exterior to the upper portion of the vessel
being performed independently of the adjusting of the thermal
transfer between the lower middle portion of the vessel and the
medium exterior to the lower middie portion of the vessel: and

the adjusting of the thermal transfer between the upper portion of the
vessel and the medium exterior to the upper portion of the vessel
being performed independently of the adjusting of the thermal
transfer between the lower portion of the vesse! and the medium

exterior to the lower portion of the vessel; and
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medium exterior to the lower portion of the vessel at least partially in response to the monitoring of the
temperature of the biological material; vessel and the medium exterior to the lower portion of the
vessel being performed independently of the adjusting of the thermal transfer between the upper
portion of the vessel and the medium exterior to the upper portion of the vessel; the adjusting of the
thermal transfer between the lower portion of the vessel and the medium exterior to the lower portion
of the vessel being performed independently of the adjusting of the thermal transfer between the upper
middle portion of the vessel and the medium exterior to the upper middle portion of the vessel; and the
adjusting of the thern?&ll {eaREfEI DENEEH tHEIRIOLHBREONTHT HiPVesddt smptHehiddibavexterior to

the lower portion of the vessg| bging,performes independently of the.adiusting ok the thermal, transfer

between the lower middle portion of the vessel and the medium exterior to the lower middle portion of
the vessel. 10. The method I6B&laIAite/wierervomie cadsing of tes therinabtiansiersbetveénithe upper
portion of the vessel and th%imf%i]mggggr to the upper portion of the vessel comprises heating the
upper portion of the vessel; and thereafter, the adjusting of the thermal transfer between the upper
portion of the vessel and thétmediushirextdrior th theal ppersportienvet thé v essel coidprses atdeast
reducing the heating of the upper %?”tir?é‘ \(?gestpe‘? \é%%sg 11. The method of 8I%nél 9 wherei%

) . the
. d t
causing of the thermal transfer between the upper m,§§|em§0r't‘f8“n of the vessel anlﬁ)ﬁ% r%néd?Lem

exterior to the upper middle portiopotihe véssel cemprisesbeatirigrtheluppienanidete \pastiohof the
vessel, and adjusting of the thermal transfer between the upper portion of
the vessel and the medium exterior to the upper portion of the
vessel:
the adjusting of the thermal transfer between the upper middle portion
of the vessel and the medium exterior to the upper middie
portion of the vessel being performed independently of the
adjusting of the thermal transfer between the lower middle
portion of the vessel and the medium exterior to the fower middie
portion of the vessel; and
the adjusting of the thermal transfer between the upper middie portion
of the vessel and the medium exterior to the upper middie
portion of the vessel being performed independently of the
adjusting of the thermat transfer between the lower portion of
the vessel and the medium exterior to the lower portion of the
vessel: and
adjusting the thermal transfer between the lower middle portion of the vessel
and the medium exterior to the tower middie portion of the vessel at
least partially in response to the monitoring of the temperature of the
biological material ;
the adjusting of the thermal transfer between the lower middle portion
of the vessel and the medium exterior to the lower middle portion

of the vessel being performed independently of the adiusting of
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thereafter, the adjusting of the thermal transfer between the middle portion of the vessel and the
medium exterior to the upper middle portion of the vessel comprises cooling the upper middle portion
of the vessel. 12. The method of claim 9, wherein: the causing of the thermal transfer between the
lower middle portion of the vessel and the medium exterior to the lower middle portion of the vessel
comprises heating the lower middle portion of the vessel; and thereafter, the adjusting of the thermal
transfer between the lower middle portion of the vessel and the medium exterior to the lower middle
portion of the vessel comprises cooling the lower middle portion of the vessel. 13.The method of claim
9, wherein: the causing of the thefMidMEHaNFERBERISSHRRN RFe ARSIt Veskatghdthe

medium exterior to the lower portign. of dhe, yesselicomnrses healing she Jonerpostion of the vessel;
and thereatfter, the adjusting of the thermal transfer between the lower portion of the vessel and the

medium exterior to the lowéPpafistiins Met%ﬁééfréémmé?s’ E6BliRgTttieower poitidin ePthevessel.
14.The method of claim 9, wherein; {he adiusting %@%&EL%H%%&F%’?75%@%\04%?9&@%BB_&V ortion of

the vessel and the medium exterior to the upper portion of the vessel comprises automatically
adjusting the thermal transfer betwé&rethes e geriporioty of thevissseidant tivé thedidimsgrienior to the

e e I DR A, e P L pn o
adjusting the thermal transfer between!thecuppe mmiddte gxoetion @f the vessehandithecmedhiurh exterior
to the upper middle portion of the %%svseeslée& and
the adjusting of the thermal transfer between the lower middie portion
of the vessel and the medium exterior to the lower middle portion
of the vessel being performed independently of the adjusting of
the thermal transfer between the lower portion of the vessel and
the medium exterior to the lower portion of the vessel; and
the adjusting of the thermal transfer between the fower portion of the adjusting
the thermal transfer between the lower portion of the vessel and the
medium exterior to the lower portion of the vessel at least partially in
response to the monitoring of the temperature of the biclogical material;
vessel and the medium exterior to the lower portion of the vessel being
performed independently of the adjusting of the thermal transfer
between the upper portion of the vessel and the medium exterior
to the upper portion of the vessel:
the adjusting of the thermal transfer between the lower portion of the
vessel and the medium exterior to the lower portion of the vessel
being performed independently of the adjusting of the thermal
transfer between the upper middle portion of the vessel and the
medium exterior to the upper middle portion of the vesset: and
the adjusting of the thermal transfer between the lower portion of the

vessel and the medium exterior to the lower portion of the vessel

being performed independently of the adiusting of the thermal
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the adjusting the thermal transfer between the lower middle portion of the vessel and the medium
exterior to the lower middle portion of the vessel comprises automatically adjusting the thermal transfer
between the lower middle portion of the vessel and the medium exterior to the lower middle portion of
the vessel; and the adjusting the thermal transfer between the lower portion of the vessel and the
medium exterior to the lower portion of the vessel comprises automatically adjusting the thermal
transfer between the lower portion of the vessel and the medium exterior to the lower portion of the
vessel. 15.The method of claim 9 wherein: at least the adjusting of the thermal transfer between the

upper portion of the vessel and thé HEHUREEYESROT fo tHE LPPET RIS dANE ¢ &88H jgnd the

computer-implemented; at east theradjustiag @{dhe thermakiransier hetween the wpper middle portion
of the vessel and the medium exterior to the upper middle portion of the vessel is
computer-implemented; at least the adjusting of the thermal transfer between the lower middle portion

of the vagsel apgbthe mediim exterigr tothe lower middle portion of the vessel is
computer-implemented; and at least the adjusting of the thermal transfer between the lower portion of

the vessel andtfifeiEdiam ekeefibi torthsaomes Borr oftherrss ser o gliteramplererited. 16. An
apparatus for thawingfrazen biplagicrl MOdHELS SOMBHEING:.AJeastaRe NESSRl: ANEAE Mse, stirring

means; a plurality of thermal transfer means surrounding the vessel; and at least one means for
temperature control. portion of the vessel; and

thereafter, the adjusting of the thermal transfer between the upper portion of the
vessel and the medium exterior to the upper portion of the vessel comprises at

least reducing the heating of the upper portion of the vessel.

11. The method of claim 9, wherein:
the causing of the thermal transfer between the upper middle portion of the vessel and
the medium exterior to the upper middle portion of the vessel comprises heating
the upper middie portion of the vessel; and
thereafter, the adjusting of the thermal transfer between the middle portion of the
vessel and the medium exterior to the upper middle portion of the vessel

comprises cooling the upper middle portion of the vessel.

12. The method of claim 9, wherein:
the causing of the thermal transfer between the lower middle portion of the vessel and
the medium exterior to the lower middle portion of the vessel comprises heating
the iower middle portion of the vessel; and
thereafter, the adjusting of the thermal transfer between the lower middle portion of
the vessel and the medium exterior to the lower middle portion of the vessel

comprises cooling the lower middie portion of the vessel.

13, The method of claim 9, wherein:
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17. The apparatus of claim 16, wherein the plurality of thermal ansfemeans are vertically positioned
from the bottom to the top of the vessel. 18. The apparatus of claim 16, wherein the temperatures of
the plurality of thermal transfer means are independently controlled. 19. The apparatus of claim 1,
further comprising a plurality of thermocouples. 20. The apparatus of claim 19, wherein the plurality of

thermocouples are vertically positioned from the bottom to the top of the vessel.

21. The apparatus of

claim 19, wherein the internal temperature of the vessel is measured using the plurality of vertically
arranged thermocou Ies 2? The ?F{% ratus f claim 16, wherein the temperature of thermal transfer

means is moduiXted By theFiseld

Figfﬁ roiﬁﬁtd\tﬁarhjiaalg)wer portion of the vessel and the

medium exterior to the lower portion of the vessel comprises heating the lower

partion of the vessel; and

thereafter, the adjusting of the thermal transfer between the lower portion of the

vessel and the medium exterior to the lower portion of the vessel comprises

cooling the lower portion of the vessel.

14, The method of claim 9, wherein:

the adiusting of the thermal transfer between the upper portion of the vessel and the

medium exterior 1o the upper portion of the vessel comprises automatically

adjusting the thermal transfer between the upper portion of the vessel and the

medium exterior to the upper portion of the vessel:

the adjusting the thermal transfer between the upper middle portion of the vessel and

the medium exterior to the upper middle portion of the vessel comprises

automatically adjusting the thermal transfer between the upper middle portion

of the vessel and the medium exterior to the upper middle portion of the vessel;

the adjusting the thermal transfer between the lower middle portion of the vessel and

the medium exterior to the lower middie portion of the vessel comprises

automatically adjusting the thermal transfer between the lower middle portion

of the vesse! and the medium exterior to the lower middle portion of the vessel

and

the adjusting the thermal transfer between the lower portion of the vessel and the

medium exterior to the lower portion of the vessel comprises automatically

adjusting the thermal transfer between the lower portion of the vessel and the

medium extertor to the lower portion of the vessel,

15, The method of claim 9, wherein:
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23. The apparatus of claim 22, wherein the temperature of thermal transfer means is modulated by
liquid media. 24. The apparatus of claim 23, wherein the liquid media comprises ethylene glycol. 25.
The apparatus of claim 19, wherein there are at least four thermal transfer means and at least four
thermocouples; and wherein the thermal transfer means and thermocouples are vertically positioned
within the thawing vessel. 26. The apparatus of claim 21, wherein the temperatures of the plurality of
thermal transfer means are raised to not more than about 10 C above the melting point for the
biological product until melting is completed, and wherein the temperature is maintained at about 2 C

after melting is"GoMAPItET® D> HifeCh HParafiT6F RIS £ AV RIH thePRh PEFHAT &S BtarEShirality of

thermal transfer meansare saised tenetmare thamahge8 Gonhen s temparaturesofdess than about 2
'C is measured; and wherein the temperatures of the plurality of thermal transfer means are lowered to

about 4 C when a terfiBBIgf#& Yteater than about 10 "C is measured. 28.A process for thawing a
frozen biological prodyet cemprising: akiptaducng dbefrozenbinlogical preducts Bi.a.yessel
comprising one or more
vessel and the medium exterior to the upper middle portion of the vessel is
computer-implemented:
at least the adjusting of the thermal transfer between the lower middle portion of the
vessel and the medium exterior to the lower middle portion of the vessel is
computer-implemented; and
at least the adjusting of the thermal transfer between the lower portion of the vessel

and the medium exterior to the lower portion of the vessel is computer-

implemented,

16. An apparatus for thawing frozen biological products comprising:
at least one vessel;
one or more stirring means,;
a plurality of thermal transfer means surrounding the vessel; and

at least one means for temperature control.

17. The apparatus of claim 16, wherein the plurality of thermal transfer means are vertically

positioned from the bottom to the top of the vessel,

18. The apparatus of claim 16, wherein the temperatures of the plurality of thermal transfer

means ate independently controiled.
19. The apparatus of claim 1, further comprising a plurality of thermocouples.

20. The apparatus of claim 19, wherein the plurality of thermocouples are vertically

positionad from the bottom to the top of the vessel.
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stirring means, a plurality of thermal transfer means; a plurality of thermocouples; and a means for
temperature control; (b) continuously measuring the temperature at a plurality of levels within the
vessel using the plurality of thermocouples; (c) heating the thermal transfer means adjacent to the
frozen biological products at the same time mixing the contents of the vessel (d) cooling the thermal
transfer means adjacent to the thawed biological products at the same time mixing the contents of the
vessel; (e) heating and/or cooling the thermal transfer means to compensate for the addition of
additional frozen biological product and the thawing of the biological product.

21. The apparaius of claim 18, wherein the internal temperature of the vessel is measured

using the plurality of vertically arranged thermocouples.

22. The apparatus of claim 16, wherein the temperature of thermal transfer means is

modulated by thermoelectric, Peltier, or liquid media.

23 The apparatus of claim 22, wherein the temperature of thermal transfer means is

modulated by liguid media.

24, The apparatus of claim 23, wherein the liquid media comprises ethylene glycol.

25. The apparatus of claim 19, wherein there are at least four thermat transfer means and
at feast four thermocouples; and wherein the thermal transfer means and

thermocouples are vertically positioned within the thawing vessel.

26. The apparatus of claim 21, wherein the temperatures of the plurality of thermal transfer
means are raised to not more than about 10 °C above the malting point for the
biotogical product until melting is completed, and wherein the temperature is

maintained at about 2 °C after melting is completed.

27. The apparatus of claim 21, wherein the temperatures of the plurality of thermal transfer
means are raised to not more than about 8 °C when a temperature of less than about 2
°C is measured; and wherein the temperatures of the plurality of thermal transfer
means are lowered to abcut 4 °C when a temperature greater than about 10 °C is

measurad.

28, A process for thawing a frozen biological product comprising:
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introducing the frozen biological products into a vessel comprising one or more
stirring means, a plurality of thermal transfer means; a plurality of
thermocoupies; and a means for temperature control;

continuously measuring the temperature at a plurality of tevels within the vessel
using the plurality of thermocouples;

heating the thermal transfer means adjacent to the frozen biological products at
the same time mixing the contents of the vessel;

cooling the thermal transfer means adjacent to the thawed biological products at
the same time mixing the contents of the vessel;

heating and/or cooling the thermal transfer means to compensate for the
addition of additional frozen biclogical product and the thawing of the biological

product.
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