; e3e E@AdB: 6C D6DT E]f: PRE-CONDI TI ONED SOLUTE FOR USE | N CRYOGEN C
PROCESSES FI ELD OF THE | NVENTI ON The present invention relates generally to
‘cryogenic preservation, and 5 nore particularly to heat exch i ed
in cryopreservati on. BAGKGROUND OF THE | NVENTI ON Cryopreser v%ﬂlm@mmm @H’Hmto
.all stages of preservation: treatnent, freezing, storage, an aw
processes. Considerable research efforts have been devoted to deve!'&i ng
cryoprotective substances, as well as to optim zation of freezi

thawi ng tenperatures and cooling rates for various cell types a![m“\mmmmm““ml
materials. Qther sectors of this research effort have focused on hegf, ...
transfer conpounds and heat transfer nmechanisns within the tenperature
dormai n of cryogenic pre ¢ -ﬁ@@}-ﬁf S es nove thernal
energy to or from an objﬁg%yqit:?ﬁ&lyy caﬁ(?gjgfﬁagpﬁv?ﬁﬁgﬁheat transfer fluid
which is either at a tenper aNIORYOGENIOPROCTESSEShan 15 t he object.
Various organic fluids have been used as such heat transfer fluids for high
tenperature (non-cryogenic) heat transfer processes. In the | ow tenperature
domai n of cryogenics, |ow no I , ketones and

hal ogenat ed hydr ocar bons havﬁgg‘gf\bg\so@aﬁgmlg‘?v erature heat transfer
processes. Low tenperature heat transfer processes continue to have
difficulties caused 20 by the volatility, toxicity, flamability, foam ng,
or | ow tenperature vilbepsésent invanrtipnsrebitescganeelyi torcayogenin presepentimny ped

organi c heat trapnsfer fluids. Sonme conventional |ow tenperature heat
transfer fMQreRATUCYiasly tosheal gxchange 5’5@'81"53 M FIHATETY R %Phey contact. A heat
transfer apparatus enploying such fluids nmay thus adversely affect |ow
tenperature heat transfer processes. The efficiency of the thernmal energy
transfer process is al so BACKGROUNDOQE TdE BNVENTHINt y i ncreases and

gel ation of the | ow tenperature heat transfer fluid, as reduced circulation
or clogging of parts of the heat transfer apparatus can occur.

Additionally, th Whi t . ] rb heat
energy is ggner aﬁrilﬁkegggk%lﬁg%&%&t?ﬁgﬁtaggﬁém%%%ﬁ%ﬂg#Ll{ll\glﬁEtN?F%%)

storage, and thawing processes. Considerable research efforts have been devoted to

developing cryoprotective substances, as well as to optimization of freezing and
10 thawing temperatures and cooling rates for various cell types and materials. Other
sectors of this research effort have focused on heat transfer compounds and heat

transfer mechanisms within the temperature domain of cryogenic preservation.

Heat transfer processes move thermal energy to or from an object in physical

contact with a heat transfer fluid which is either at a temperature hotter or colder than

15 the object. Various organic fluids have been used as such heat transfer fluids for high
temperature (non-cryogenic) heat transfer processes. In the low temperature domain

of cryogenics, low molecular weight alcohols, ketones and halogenated hydrocarbons

have been used for low temperature heat transfer processes.

Low temperature heat transfer processes continue to have difficulties caused
20 by the volatility, toxicity, flammability, foaming, or low temperature viscosity changes
of conventional low temperature organic heat transfer fluids. Some conventional low
temperature heat transfer fluids, such as acetone, absorb any moisture they contact. A

heat transfer apparatus employing such fluids may thus adversely affect low

1



Therefore, what is needed is an inprovenment in heat transfer processes in
the cryogeni c real mwhich avoid the problens previously discussed.
"Accordingly, the 10 various enbodi nents of the present invention disclose
met hods for producing a pre conditioned solute with nore efficient heat
transfer properties, in addition to other utile capabilities and
characteristics in a cryogenic process. For exanple, the solutes disclosed
herein do not exhibit an increase in tenperature during a | atent heat phase
transition when used in a freezing process, or, at the very least, exhibit
a reduced 15 increase in tenperature. In an enbodinent, a solute is
pre-conditioned by bei ng super-cool ed from anbient roomtenperature to
about -23 . i : 6.5
degrces ¢ BeRenelih el Hickses Td HicBRAREC A bl BN NIER ° ot s
in a super paRedsasaBoladi@selwimphctedlyy vibaiithénciases fed gelivesH ofai€vange medi um
to absorb 50 heat from substances imersed in the pre-conditioned solute.

Super - cool temperajuiedispt tignséer fluidi ag redused eircudatinn erglegging ekpartsraf thediaat

wi t hout solidification or crystalll zati t aki e. .Super-coal i ng
alters a hb&?Sf%rbafg AN nrogf%r. d@({‘#ﬁ%’%&’ﬁﬁ? éﬁgﬁcﬁh{%ﬂﬁesﬁm@ tB‘W&‘%f ?18 d

sol utse has aBddrih REdt RAGS _mg)@{eraﬂ?{qggsnhgrmpt{n@e in conparison to solute which
has not been pre-condiiioned. The heat absorption rate of a pre 25

condi ti oned solute according to one enbodi rent of the present invention is
about 135 BTU at a tenperature of between about -23 degrees C and -26

degrees C. I n an enbodi nent, pre-conditioning a solute includes
super-cooling the solute fr kqnbﬁm@mﬁgqUNe to between about -23
degrees C and -26 degrees at an average rate of cooling of between about

6.5 degrees C and 8.5 degrees C. In a5 further enbodinent, the step of
pre-conditioning, the sol Hte i n@égdes super-cool i R%{the solute, for at |east
a portion of tirdereieregayhalis pegieddsdf FMOYement it hegt japsfer progesses i theiegr ees

C per M NURogllit edalfipRtn 400k RproBl-RR T VISR alsBRRY. e AcaBd I ARRS SOl ute

remains in uper-cooled state after I ng pre-conditioned as discl osed
her el. | n vatious esnipelimétts of dieqetehbineentidnalitvdese rhéthdbdsifor pedduyingayrel be
rel eased upon freezinq of the sql.ute is decreased, thus the pre-conditioned

sol ute exhicAnqidongsl soljte withymore allicigrt heat tianster roneatigse iy additinn tagther om

nmbi ent . . - -0 C.
The. re- conig ERRANRE R ARERENn AR acnit brick PB8r Cralfifie R IRE T2
consi st i ng diycloded Aeréincdipmdtlexhibit dndhetesrg in tepipdatiry dd jateatndat phaski qui d, a

15 circulator to circulate the liquid in the tank, and a refrigeration
syst em capaWngEtion wheb upeshin: 4 {Eeqzing BIECess 10k 3 thenvery onst, exhibireducedt at | east

one ggrbodi qﬁ'{}gasgfin{. eRitfRent invention is to produce a solute with
i mproved héat absSorption properties for use in a cryogenic process. 20 An

advant age of at |east one enbodi ment of the present invention is that the
heat absorption rate of pre-conditioned solute is greater than the heat
absorption rat e Ingneabednant; psoluts srprewaaditipantclly Bang seperearled fromhe
pre-condit ia(r)nriaeféjnt ?83:%&&1&@&1% fo' about -23 degrees C very quickly, on the order of at least
about 6.5 degrees C per minute, on average. This rapid chilling of the solute results in
a super-cooled solute, which may then be used as a heat exchange medium to absorb
20 heat from substances immersed in the pre-conditioned solute. Super-cooling is
cooling a liquid substance below the freezing point without solidification or
crystallization taking place. Super-cooling alters a heat absorption rate of the solute
such that pre-conditioned solute has an increased heat absorption rate in comparison
to solute which has not been pre-conditioned. The heat absorption rate of a pre-
25 conditioned solute according to one embodiment of the present invention is about 135

BTU at a temperature of between about -23 degrees C and -26 degrees C.
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heat exchange nedi um than a non-conditioned solute. 25 A further advantage
of at |east one enbodi nent of the present invention is that freeze damage
‘to sensitive materials is decreased because no tenperature spike is
observed in a pre-conditioned sol ute upon subsequent freezing . 3 BRI EF
.DESCRI PTI ON OF THE DRAW NGS O her objects, advantages, features and
characteristics of the present invention, as well as nethods, operation and
functions of related elenments of structure, and the 5 conbination of parts
and econom es of manufacture, will becone apparent upon consideration of
the follow ng description and clains wwth reference to the acconpanyi ng
drawi ngs, all of which forma part of this specification, wherein |like

ref erence nuneral s desi gnate corresponding parts in the various figures,
and wherein: FIG 1 is a graph of tenperature neasurenents of three

cyropr ot ect ant slnléh embledimenty gprpicenditoning iagolutginbludbesupgreoblirercthe dolue r api d
cooling over a short tine interval, according to at |east aqgne enbodi nent of
the presentomARNERIAOMEPMPEratyre tob thew ahoag-r%ﬁqsrqeag et 128 glearepeEridd for

pre- cond { LOMAGAAUGEIALOEAN I Pl S| £aRE: PARIATANLIRE of oL he

present inven agr am ustratin for using

a pr §- condfirihenedibddineat, thestas oppidicegditioniag thegdbtednstudssxagenddlingthd he
present invention; and FIG 4 is a cut-away side view of a chilling

appar at us Sluieafrat keast apaten ef h@eeatﬁetawaaeambmaurﬁg of gt gast|abauitl Tone

enbodi ment i nventi on. DETAI LED DESCRI PTI ON OF THE FI GURES 20
FIGS. 1- 4d%%%%srl?}>9{1§1 EIIE%I ng to various enbodi nents of the disclosures
herein, a solute, a process for preparation of conditioned solutes, and a
process for chilling articles by usin? such pre-conditioned solutes. Such
super - cool ed solAdteesupeirgoolieg, ra gortion of the pre-conditioned solute remains in a

super-cooled state after being pre-conditioned as disclosed herein. In this super-

10 cooled state, the heat that normally would be released upon freezing of the solute is
decreased, thus the pre-conditioned solute exhibits no spike in temperature upon
subsequent cooling from ambient room temperature to between about -23 degrees C
and -26 degrees C. The pre-conditioned solute can be used as the cooling liquid in a
system consisting of a tank capable of holding a predetermined amount of liquid, a

15 circulator to circulate the liquid in the tank, and a refrigeration system capable of

cooling the liquid within the tank.

An object of at least one embodiment of the present invention is to produce a

solute with improved heat absorption properties for use in a cryogenic process.

20 An advantage of at least one embodiment of the present invention is that the
heat absorption rate of pre-conditioned solute is greater than the heat absorption rate
as compared to a non-conditioned solute, making the pre-conditioned solute a better

heat exchange medium than a non-conditioned solute.

25 A further advantage of at least one embodiment of the present invention is that
freeze damage to sensitive materials is decreased because no temperature spike is

observed in a pre-conditioned solute upon subsequent freezing .
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associ ated preparation processes, chilling processes, and articles provide
utile capabilities and characteristics. Specifically, the pre-conditioned
‘'solutes exhibit a very |ong-duration phase change capability, maintain
liquidity during freezing, possess efficient heat absorption properties,
and return to a pre-frozen consistency after being frozen and thawed.
During the freezing process in general, nolecules of the constituent
chemcals within a solution are forced into alignnment. This forced

al i gnnment causes the constituent chemcals within the nedia to produce an
endot herm c reaction, which releases a final anount of energy during a

| at ent heat phase. As freezing materials 10 undergo the | atent heat phase
(with attendant endotherm c reaction), this rel eased heat causes a
nmonmentary increase in the tenperature. of the solution. This |atent heat,
al so known as heat of tBRIEFRESCRIRTION QETHE PRAWIN@Sa phase transition
at constant pressure (e.g., nelting, boiling, sublimation), is sinply the
change of enthal py. The change in enthal py during an isobaric process is
equal to the he e d r e [OQE

i nfinitesimal pra%tggs]@wdrt%r%hgﬁﬂ? Ei%t fegﬂ‘r%sgal?:ﬁ,{}ﬁ%}a?tﬁﬁgsg@y?g%ggﬁ?’?\vaeﬁ Hon’

equi | i bri urasstell &3 méthodsheperstiormnmst funbiorsad related elentents ¢ff strubiuré]iang@ elig onal
(reversible). In practice, however, many chenmi cal reactions are found to be
uni - d r ect icoRingtiop of partsangd eopnomigsed manyfaciure Willhegome agpiteRlnens of a
particul ar I : . 1 I Led in the
present di Scz?ﬁggéﬂragé‘r} 0{ 8?&2?%123?%%“;%@&@%ﬁfrélhﬁgwgtﬁlrélgée?‘m?@ ﬁ‘gg]t% phase is just
such a uni dice@mF&meg drawipscall of whithiforn a Pae of thiespeedihiionsvivdréiRiliket he
solutes taken place, sinply adding back the sanme anount of heat renoved
during the reffmcmuwal&p%tﬂ@@terﬂﬁmw@@epmen theavarioys & gures.candrwireseinonce
condi ti oned according to the various enbodi nents disclosed herein, the
solutes exhibit a | ong-duration phase 25 change capability upon subsequent
freezing. The oCEI@.en¢e gauphlofitafipertpd meshutasedts cRihicd@yfbproteQantdg process
i's denmonstrated in FTG_ 1, which is a line graph of the tenperature
neasl enentundergoing-presordtigniag byheinegubissted terapishepaling wivara short time as

i nproved heaf - exchange i ccordi t 0. various enbodi.nents of the

or Deont i miBler el aeEsRaEe JE Bost 8P RSB 1 the Bt IRGINERT b, et ed to
rapid cooling over a short tinme interval in an exenplary 5 cooling
apparatus as disclosed herein. The solutes of FIG 1 include dinethyl

sul f oxi de, showFl&s 2DwBdlom diageam dipstroting @ gethod for prespuditioningsisolute as G y
115) and progaﬁedioltISQOwn g@ PPOrﬁZQ The effec%s of the heat of

t r ansf or mat IEAIERP G o3t o0 SEYPOFIPETH O S PressBY PN o cess are clearly
observed in the neasurenents between tine intervals 5 (at time = 75
seconds) and 6 (at tine = 90 seconds), where a narked 10 increase in

t enper at ure, or EIgi.RBas 3 flow disgrapsidiusteatingra method for esing @l pre-eondifibnest spi ke

125, , subsequent neasur ts at succeedin ime intervals exhibit a
decrgise i %@'&ﬁﬁ%ﬁ”é‘ﬁw ﬁon‘%geatsﬁgneeﬂag?fﬁ“Fﬁte&rfé%lgﬁff"é‘rtré‘h“te“f‘P?r;ea eriod. It
shoul d be noted that the solutes illustrated in FIG 1, when subjected to
pre-conditioning by rapid cooling as disclosed herein, exhibit an increase
in heat absor ptiBliG.Ads esubavway $dé vicesofiahihdling appardtbs nuitablenfde paroticing a
pre-conditioning. Notmally, heat re|leased during a | atent heat phase of the
sol ut es cad?@@ogaﬁﬂ'i‘i‘ﬁgécfél?‘?séen‘? Fﬂnk’%‘ﬂﬁé’ﬁh‘ffdﬁ"epﬁeﬁe'{t%"e§8f’ﬁte nedi a, as seen
in spike 125, during a freezing cycle. This rise in tenperature makes
uncondi tioned solutes |ess-than-ideal 20 heat exchange nedia. However, if
one first rapidly freezes (super-cools) the solute in a pre-conditioning
step as discl osed hereb&ﬁﬂeﬁﬁﬂggrature rise indicated by spike 125 is
not observed upon subs GRIBLEON O T EEGURESr e- condi ti oned
sol uyg has undergone a change in its chem cal nature which is manifested as
a | ongduration phase change capability. 25 In one enbodi nent, a solute is
pre-condi tioned FIGS.tpHaepict, ascai@mgas varidisiebodiniédd oftks aeituieB derdh, The

solute is pre-conditioned by super-cooling the solute from anbient room
t enper at ur e sQJutg; a prsess fanprgparation ebepndisionel salutgs, andarmaeeess farehdfing ool i ng

f about 6.5, i nuge. | nbodi ment. .
condi ¢ oni iyt RePg S8nE el peHliRimed s BUE% Flon SPG TR ol fon gpei

tenperature to between about -23 degrees C and -26 degrees C at an average
chill rate of between about 6.5 degrees‘bnd 8.5 degrees C per mnute. A
further enbodi nent pre-conditions the solute by super-cooling at an average
rate of at |east about |17 degrees per mnute 5 for at |east a portion of
time prior to the start of tenperature spike 125. After pre-conditioning as
di scl osed herein, a solute may be re-used as desired, and maintains its

o o o o o - Y T




10 of freezing that is significantly slower than that disclosed herein, for
exanpl e by freezing in conventional freezers) etc., the solute may not
‘exhibit a |long duration phase change, and tenperature spi ke 125 may be

mani f ested during subsequent freeze cycles, and the inproved . In addition,
an optimum i ncreased heat absorption rate of the pre-conditioned solute
w Il not be achieved. 15 Refering nowto FIG 2 a flow diagramillustrating

a method for preconditioning a solute according to at | east one enbodi nent
of the present invention. A cooling fluid is introduced into a tank of a
chilling apparatus and is circul ated past the heal exchanging coil, as in
step 1005, to rapidly chill the cooling fluid to induce an irreversible
phase chan r S ol oling ?0
AR e e b e S L A T T L S S
in the chi tapabilitiepaad aharsctadisick.dSpemfiedly, ﬁetpmemchﬂnmetd oliedednkiés C and
$.5 degrees C per mnute, In_a further enbodi rate of chilling
aver ages avenydgag-dyrsson Pllaise(fé@?@e%apéblb mARAn ‘q“%?"é' YmefieetPifar at us such
as that pr e : as

di scl osed ﬁé%glgsn&fﬁflﬁréﬁ{seg} u]%%glépct gﬁg‘@#erﬁ 8%%@%3@98&:&8?&%&5 ;%h@?

i ncl gde, bufteﬂﬁsin?ﬁbzdniaﬁﬂttbméd), gl ycerol and propyl ene glycol. Hi gh gr ade
solutes having relatively fewinpurities are preferred. In one enbodi nent,
purified propylene glycol and water are blended at ratios 7 of about 50%
and about 50% I i h } - )

Tt are. 1t shott e Eczine peeS i Bbnerbi,HBle- AECLOheoRURGEa BN

food- gr adeyithin haclkeeh are forRBe itb lalighment tihés fobded alipamentarausds thbie m xture,
such as polyethyl ene glycol esters, oleates, alcohol ethoxylates, or others
known to thoe%xtmtph@mcnlﬁ wtithén ﬁxetlnecbaﬂmerosi@qﬁ?@reafiaﬂlém rﬁﬁ‘éwowhiuﬁg fluid

o1 gnal  wourtenes Spt gout B ehorey Bl A ByctFpPitbode, [ANREAT, RERIT 1007 |

coolot he healer@¥GheTatinhBeat Phase\Wivith afteh@ink bgdtidinin retictidn), thisielehfsibhaad] ust s
the velocity of the cooling fluid as necessary to account for changes in

the cool i ngaaseamdnmh@ﬁ@rylmqreaspemrﬁ@rtamﬁr@turaﬁat ¢ pelutipre Thisrlptegt hess I'ling

1Q Pref | |
Dy sa ust i dgoraasapel s SmiSiets o nnBlushYophe phiid shandctbe' & it Prot &
t enper at ur rb8uitak 2, Mdlehk, beilike, wmﬁmohh@s dfpiythe chaiRefahthafpy. alge in

step 100S, 'the conﬁltlonlng of the.solute has Been conpleted, as in step
1111. 15 Afchangesinpathalpyaluring andsabasie precess ik equsi mthcméatstbatméran@fyrr%
returned to jts re c ed consi stenc eratu e above 0O
degrbes Cel'dheh yIS{?Fn ‘éﬂdﬁhﬂ%anf ‘W%ﬁﬂ%{gﬁ%«gﬁsga e ggmf’ﬁ%lre@uel Lo §t§£§1’at9at| on
of fluid |qyﬁﬁ§eqﬁgﬁnﬁﬁghﬁéy freezing the solute to -18 degrees Cel sius or

nore once thawed.” The lack of fluid layer separation is advantageous, as
sol ubilization of the solute in subsequent cooling cycles increases 20

after a first c tionin [ofe]0] and th err| now to
Fle a0 a f1ow dndbsorn e sblel R Bt Sairgtot firden e L db Rt mea

sol ute accqfdilr, nn ztchkﬁﬁ:‘éi re@a%‘or%rmfhuﬂaraé b@ﬁmtda@cab&zﬂqmeuefsv@@)t bagd The
met hod conmences wth step 305, when a tank in a cooling apparatus is
filled w thmnlthe endrggateqhasmuuenf pperticulad reacidone dndke case @i thensolesenas or use
as a_cooling fluid/ heat 25 e dia. T re-conditiqgned solute is
chi 1#&d t o RRPdiRdint ?jpﬁeé?%gfsa oS, e & ‘eassf’gﬁ ﬂgé‘?“"%g‘ﬁ SERIBST By
tenper at ur &,k Qi B &nfHeEldial cﬁamba £hQRATOS tB@?&uB@&ls WRARth@bolh@sbe frozen
can be i rsed into the chilled pre-conditioned solute.. Because the

sol ute has takenplacs sinapiyaddiog backpthe same emosst ofhealudmpafcééumo theeeelimg are

not as critical as when pre-conditi ng a solute for the first tine, and
t he sol ut e G¥ciq dassapt ’iel"erg"eﬁﬁﬁg‘f‘ﬁné’f‘%qg’r‘?eg a?ﬂf@&milfgﬁf’“eé{) ingiP &t e over

non- condi t's’&fo%s%ﬂlbua&en\ém&ogea eRifS tﬁ@&pﬁ&g %@atmﬂ#&ﬂaﬁop hfdg _cool ed ,

i f necessar or certaln types o material, a pre-tredatment s ep 30S may be
per f 95 med. ctthgélcqmbmﬂynmltsubpequennﬂedzmgned sol vent may be used to treat
material in preparation for freezing of the material, as in step 308.
Alternately, certain nmaterials may require other chem cal 10 preparation
prior to freezin . I rial may

i ncl ude pre- treagfrpgr??E%lfeﬁ%gB%%}a%ng&%ggr&%éeﬁ dgérg?g&ésﬁdg%pgoggﬁlgbl lizers, dyes
or colorants, enmulsifiers, and other chem cals or chem cal conpounds, many
of which are known to those skilled in tnhe art. In sone cases, no
pre-treatnment step 308 is required prior to freezing. For exanple, whole
fryers (chickens) or whole beef runp 15 could be directly inmersed into the
chilled, pre-conditioned solute in a chilling apparatus for freezing, as in
step 309 In step 310 t he chllled pre- condltloned solute (coollng f|UId)

Y e o v o, g,



20 material. The steps illustrated in FIGS. 2 and 3 are shown and di scussed
in a sequential order. However, the illustrated nmethod is of a nature
wherein some or all of the steps are continuously performed or may be
performed in a different order, and certain inplicit steps may not be
illustrated. For exanple, a tenperature neasurenment step is 25 not shown,
however it is understood that the chilling apparatus would be such that

t enper ature neasurenents coul d be nade throughout the cycle of chilling and
9 circulating the fluid, as was seen in FIG 2. In preferred enbodi nents,
pre-conditioning a solute results in a |long-duration phase change
capability w thout a subsequent change of form For exanple, it is possible
to bring adéﬁbhma% IREIE! 1,SocRis d"ﬁﬁ@@'ﬂ?ﬁ'@f teIGhpirauasmehsrdRsad fdier ei n

wel | below the freezing point of water (super-cooled) wthout

sol i di fi cathremsabfites hedesgding porconditsmiing formssasccimpasvedieatsaigahge mediaxt ur e
presented herein is kpown % ic mxture, i xture of two

saeutetﬁ] . th is, a,ﬁ1 )

or nore suBGSOEHBE L0 YMIQUA em 69@?‘?’@%01; CPFFée’PtdWIOPe%%F%IPEﬁSé wtralpfiing ych
. _ ) ol o

s Gt sl os £ HRS AL EC rddhl BholfyecR Shrt BRIt iaBientig’ T 1T oS

"heas si nksgoling dppaiatiisyas dbeiusbd herein. f Tiersoknys ofaFkS.ilainciude dirhéthgk Wi th the

pre-conditioned solution., This altered heat absorption property occurs when
a super - costlfergde sbewr poRMSO JdPs y eaedydl glyserok nlutions showe a8 S8y 41H6Rdi on of

t he conposition. i ' a - , does not
freesen nrpabedifl, Mafh B0 A 202 TRRLTRER e UL ST SHrRh B enerby I
decreased yedsB@ danRgiNe coblisy PRicessQrt tlegrly bseped eirtHethe@ifemdnfiEbetween
pre-conditioned solute has a heat absorption rate of about |35 BTU at a

t enper at ur dmsfinteevaled fatdisaare 75 3ecandg) anslsd @t img = Wsegergdsdexhete ajmarkéd ect |

the pre-conditioned liquid has.a t. apsornpt.ionp rate conparabl e, to that of
o 1) o omcspise 3 e it oF S, 15 i ARV &1 ek SoIGRTT ARt onec
l'iquid, dUQzSPsdbEeﬁuéhttrﬁézﬁﬁre%%is ARBSEREING HinteAhRrvaAIPIX ISt 8 Qetied jAS a heat
exchange medium ih addition to increased heat absorption capabilities, the

pr e- condi t itonporatiod withe eredsofothh ercasurementigrpe periash dhshiduld besotedshag theexanpl e,
when water forns. .a ri. a,preconditioned solution, the super-cooled-
(Ui d cha et Sl ind1on L YOS P e b el BRE3S: en i
for freeze ARG hERiINTRERDit 3hIndtBAR S AENAbIHIA fafks vIePRTRES Fhith Habe

super-cooled liquid s ability to vitrify the material. In addition, the 10
| ackl5of solniotlivfidergdrieqpre-obnditieniggl ut e enabl es the pre-conditioned sol ution

to be circulated within a chilling apparatus. Referring next to FIG 4, a

chilling apparatus suitable for use with the nmethod 5 is illustrated

according to at N%@mggﬂsaﬁgia%@d%gggg&n@oegf fREEhs A

desi gnat ed general cooling unit : uni t O preferably
conpri ses tramke@afy dserih simpergtucoiml the golfileunatli B 46 seenSn lspike 426, duringaol i ng
fluid 840 are circu] atjon nmechani sns 834 such as notor and inpelle
conbi nat i oFECZHEFYREtT ST IR JFTRBETALTE "’S&‘??.““EQ‘E‘E?W?‘H% SP[P“F ﬁs'@i‘@',’d%id

couppgd to agat ,cggmmgaiagngwebe@?f%neifﬁstrrséigi e3td @ﬂﬁ)&%dém)il}e&%%te #@ank 810

may be of any di nenSions necessary to I nme material to bé frozen in a
vol ume of copreicogditioning stplhs distlashd hbreir) ¢hedemperaiuve sisaindictesl bydspikd t i pl es

of 12 inches by 24 inches by 4S inches. O her size tanks may be eppl oyed
consi st ent 1\M75tlﬁnf’h‘ébsﬁ"éfﬁgHp%é@ﬁg“%ﬁff’?‘%‘?‘@i“ﬁ.sbe?ﬁse Wﬁr@,ndiuﬁnﬁgg

enbodi ment (AL hhd hiRtddak @hange in its chemical nature which is manifested as a long-

duration phase change capability.

25 In one embodiment, a solute is pre-conditioned to improve its use as a
primary heat exchange medium. The solute is pre-conditioned by super-cooling the
solute from ambient room temperature to at least about -23 degrees C at an average

rate of cooling of about 6.5 degrees C per minute. In another embodiment, pre-
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15 tank 810 is sized to hold just enough cooling fluid S40, so containers
can be placed in tank 810 for rapid freezing of suspensions including

bi ol ogi cal materials and cryoprotectants. In other enbodi nents, tank 810 is
| arge enough to conpletely imerse entire organisns for rapid freezing. It
W || be appreciated that tank 810 can be made | arger or snaller) as needed,
to efficiently accormmbdate various sizes and 20 quantities of material to
be frozen. Tank 810 holds cooling fluid 840) which serves as a primary heat
exchange medi um I n one enbodinent, the cooling fluid is a food-grade
solute. Good exanples of food-grade quality fluids are those based on
propyl ene glycol, sodiumchloride solutions, glycerol, or the like. In a
preferred ﬂ?&ﬁﬁ%‘ﬁclu&ib@wepbwmgfth@b&uierfedxﬁdmi%rddmetem;ﬁermmﬁot i oned

sol ute propyl ene dfycol. ile various containers may be used to hold

quant i t i esbefvesmhbdut -2ddgeees G and-A26 degress B o ianeragaClull rataof ppavesnt

i nvention 11 provi de that. cooli fluid S4Q i.s th olute .

pre- condi t ARAVEE.S degress 6‘8& gtso&ﬁe@s gﬁ?qr Iml%tleu‘f\gfmgﬂee "ﬁ%ﬁ@%?ﬂ@h‘%—g%&ﬁ%l%nes
present i nyention,ess 132G of 4 @dut | NAeREIpEr thiduke
chilled, aﬁﬁ%gb%ug gf%%ﬁ@%l@%ﬁ%ﬁta'@gféekﬁ %%4%85)&; per %1 nute for every

f oot 50f  cofdriabieabl apattionof tine gior to the sartad teoperawrespikeab2R4 i nches 5 wi de
by 4S inches deep. The necessary circulation is provided by one or nore
circul ati on nechani sns S34 for exanple, a notor and inpeller conbination.
In at | east one | - of - 1hes ki ' dekiréd)| ation
mechani sns S34 é\?ggg%ﬂa@c%ﬁ?%%%%ﬁag%{)ﬁg\ggg Idrtg{hg??g:?éf?g&g% frozen.

Ct her ci r cah@bia@itaife ithanprowed B absonptiandproperties ¢vensiftpubging thawted to
illustrated), can be enpl oyed 10 consistent with the o '.ectg af the present
| nvent i on. roum (EBRaHe Teshoull HeRieh ol Henmialueds PemoBRtostT PREEALTES ( he
area.and volune .t ho . Wh. I | ke Cly: d J . oyi ng at
ead0 one. Of FEEring 1k K HEHGRUG 3R han iicchosEl bR LcaltpRY 0

circul ati ofrceRRBan e RenESthl frebraers thasblute mayenad exlibillai long duratidn
circulation are increased in direct proportion to each addjtional

ci rcul at i ophaseothangs and Enenepatespagikedds rachpnanifested duging subsegent {5627 ment |
one additional circulation nmeghani i f. . bppg fluid
that is tocﬂ‘g]eﬁ’ialnéﬁ}i’ea do‘ferﬁjr'oﬁlg gﬁﬂa?égﬁ%@%ﬁ&ﬁ%‘r@ glﬂf’ %tg‘%g% gaﬁﬂggb?nches
wi de by 4Sthél?}%ecsondﬁﬁﬂed5’dletfeaviﬂmoybe agiieved. Wi t hi n circul ati on mechani sm 834
can be controlled to maintain a constant predeterm ned velocity of cooling
fluid flow past the materials to 2U be preserved, while at the sane tine

mai nfai ning an eyen distributiog o JNg eIy =] to within +l-
0.5 Hegrees Cel g#?fgng’tg 'E’lvltoaﬁpnt‘sa ﬂ?‘?@?‘{w’ arlllldsyfgl.]"“ %@9@0&%@% grneti ally
constant predafiRmifigebine heording @ ataest bifgerhbedithent ofahie piesery ipastionhe

mat erial or product” provides a constant, neasured renoval aof heat, which

al | ows for Aleolig flbidrigingrodaceddmiorifank of hehiHugappantus and sheraigtiPitnt |
g L e BB coB oS ea 8! SEABIY el SAPES b fiia i fiauod @

measured a sirgn e Se o Circulation
mechani sm 834 suehididatiast BRane 0 predi dublyti &used! & beerdBodimert ienio®ingG34 can
increase or decrease the rotational speed or torque of inpellers as needed.
In oper enfhoidiisthietselutermt erconditionednthe b ofcchillingaf the splutainghe ehilling at i onal
vel ocity over a range, of fluid condjti Wi t hout i.n L&l gpal
L oot WS st b R oS i A B S DOCTP g0
| nparted Dyp Tk OfS, énﬂbt?@fneﬁl?fhﬁrrﬁéldﬂéhﬁ}?ﬁg §vekdoRd at 19kst BBG® 17sdephes Cager t hat
no external punps, shafts, or pulleys are needed in the chilling apparatus.
Conbi nat i onmimiter 8 chilting appeirdtes sychas thet peasersed uFlg:. ddnideakionnchiengte, are
imersed directly in _cooli fly,d S40. As.a resul.t. cqgolj. luid S40 not
only freezeghifgates P%ﬂ‘sﬂp%?ég’%rq‘?rut]}fﬁﬁ?h’éﬁsd}%%mthsdﬂp?%geﬁﬁllﬁ%gﬁgl so 10
provihdes cog| i r t i » arfdr dolMgilch @tk sivkdyl N
ci cmSati onmr‘r:llec a%@ga%ﬁ@%% , él&ce‘i"ol 2 %ﬁE@@y oftd °

having relatively few impurities are preferred.

In one embodiment, purified propylene glycol and water are blended at ratios
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Heat exchanging coil S20 is preferably a "nulti-path coil,"” which allows
refrigerant to travel through nultiple paths (i.e. three or nore paths), in
contrast to conventional refrigeration coils in which refrigerant is
generally restricted to one or 15 two continuous paths. In addition, the
-coil sizeis in direct relationship to the cross sectional area containing
t he nmeasured anount of the cooling fluid S40. For exanple, in a preferred
enbodi ment, tank 810 is one foot long, two feet deep and four feet w de,
and uses a heat exchanging coil 820 that is one foot by two feet. If the

| ength of tank 810 is increased to twenty feet, then the |l ength of heat
exchanging coil S20 is 20 also increased to twenty feet. As a result, heat
exchangi ”Qof%qdm 986, SRMLBE: STRH e L1 Pty B Wéi¥hi tHuk Yorﬂﬁﬁgﬁ@ﬁ%ﬁfcobmle?' ze of
a conventional coil required to handl e the sane heat | oad. rcul ation
mechani smemBS&darei It shibudd be abiet ithead abous| 1% gf thie mhioltuBel Map ¢entainefioed-igaidet 0o be
frozen, and then transpQri warner cooling f%yid to heat exchangi ng coi

820, whi ChSrERCEATSEFBEAlY FrOBILF PHFT PO QlAbe MYNIE: SHEB 28 PO Eodi ment
heat 25 ex i L) a SR I<ORE . . t he sane
amount of UEPHsils, ides Eoldl R ARSBFARL R KhBRRYEUBRE shifiedn' Re e 12
being frozen, thereby 13 mai ntai ning the tenperature of cooling fluid 840

in a predeterm ned range. Heat exchanging.coil 820 is connected to
refrfgeration udihe tgoperatyrg efithe é%i]@sﬁ‘%lﬁéﬁ saepded s 1004t anddé fetgitg coi |

820 and th I e b e ' ' ' Ois
desi aned 1 5° Rt ehiapase e e B CRRAH vE 10 f EOIARE Bld: ShliBlen 280 (3
that heat irﬁstéﬁ@@@,dof:b@lffhé heat syaiaapiniztofl Wit Anrtegtraivd iif | Sie@n035anner ,
resulting in the controlled, rapid freezing of a material. The efficiency

of the ref adigetsahé velocity of thocodlmgdiuidas necepsanatoagceunt farechapgeasdal thepl oyed
for controllin ucti.on pressures b e.efficient feeding of the heat
exchange 0_8‘?‘?1"%26“‘ nASPOR ’zer‘??eé?‘ém Xgifh&}ﬁwéfpnggﬁbpercgﬁﬁgg gﬁifg%sd in

ref njigger at paletaBly, tHlveRStty of McScdBinB PRl RAKIT RRbIahESy MRlsting iRSRIED! er ances
to be maintained ‘between the refrigerant and cooling fluid 840

t enper at ur psgvidettbypenewemorelvacelatd®nsi ng t enper at ure and t he anbi ent

tenperature. These tenperature criteria, together with the design of the
heat exchange coil 830, allows heat exchange coil S20 to be fed 15 nore

efficiently, whigHyuidiht WrtpedhthRVe dGnEAIOESAthih thelRsit@fteliperutiial anced
and tightly controlled manner to achieve in excess of twenty-five percent

G eat er perdmgenanstp 008nthe henditoming of thesohitcalmsttiean carhpleted; &s instepplldd. as t he
conpressor nufacturer's stapdard rating. te that in the enbodi,nent
110 2t coARAF Saper Cadimedr b GIaset Peituing sebts Fay Bfened FRs e il el y
located refh,dekaty B\ thaNie a tEiRREMRIre abdVedWRARE CBRRRIFFRRAmDle, to

room temperature. There is no separation of fluid layers upon rapidly freezing the

solute to -18 degrees Celsius or more once thawed. The lack of fluid layer separation

is advantageous, as solubilization of the solute in subsequent cooling cycles increases

20 after a first conditioning (cooling and thawing) cycle.

Referring now to FIG. 3, a flow diagram illustrating a method for using a pre-
conditioned solute according to at least one embodiment of the present invention. The
method commences with step 305, when a tank in a cooling apparatus is filled with
solute that has been pre-conditioned as taught herein for use as a cooling fluid/heat

25 exchange media. The pre-conditioned solute is chilled to the desired temperature in



(not ilfustrated), refrigeration unit 890 is incorporated into another
section of tank 810. It will be appreciated that various configurations for
‘refrigeration unit S90 nay be nore or |ess appropriate for certain
configurations of cooling unit S00. For exanple, if tank 810 is extrenely
darge, a separate refrigeration unit 890 nmay be 25 desirable, while a
portabl e enbodi mrent may benefit froman integrated refrigeration 14 uni t
890. Such an integration is only made possible by the efficiencies achieved
by inplenmenting the principles as set forth herein, and particularly the
use of a reducedsize heat exchanging coil. 5 By virtue of refrigeration
unit 890 and heat exchanging coil 820, in a preferred enbodi nent, the

cool i ng flyd30E Waehesk dediréd {eaifieitare Yoethe imdieriaMeebe fbLBI is 1@8Redle! si us and
-260 Celsius, with a tenperature differential throughout the cooling fluid
of |ess t haateribbtotbefiozen can beippmersedisia thechiljed preisendidpmpshiioliiat s, t he

cooling flyid is cooled tq tenperatures,outside the .-230 J: to -300
Col's1 g 1 oBRupS g SaFE bas Doty BB OPGIonRg PGS to e R RPE o Bt Rk”, 500 be
frozen. | i orfaPdringa sdidtedot fhe FHRAIME AR L MuBRviRver age
rate of b@%gﬁﬁg%&t gpglé;gbr ees déﬁ%?\d S. 50de§r ees n%: per m nul%e. 1I n

anot fer enhitidemoistrafe an eharced hpatrabsarptien rat¢ ower naueondjtioned solute. at | east

about 17 degrees C per minute. O her enbodinents control the circulation
rate of the cooling fluid to achieve desired freezing rates. Alternatively,

15 the volume ofwhifee e bbitiflofEsoifie SRMGAGbIIN af AREsdafy fEbikaihal e a

particul ar freezing rat'e. e appreci ate at vari ous conbi nati ons
of cool i ngtybksibfimaterial)agié-treatmantster 38 may bé peiformed! tmren earbddiowent,i pre- f | ui d
tenperature can be used to achieve desired freezin tes. 20 In the

| r
precedi ng erditionsd sqbieat mpy bphsedite tigpidRisnpHE Pﬁ@é}?%ﬁﬁ 23 EFZf‘}i"eoga]{EEorrpanyi ng

drawi ngs whi_¢h. tor ! i f

st Pt Btedipbdf i SeB 38, ARERRlety BBph A Rl RO WAL i ced.

Thegg e”boghgﬁfﬁiénfpﬁ%?tobﬁﬁiirﬁﬁﬁtEbﬂﬂplb,rbmuﬁédllg'imﬁaﬂdgtl&j matesiabmapl e t hose

skilled in the art to practice the invention, and it _is to be understood

t hat ot her ing rAWIeAENanh 9 mategajl Wity age Cil @& PLapiigeIs aflYCS REchani cal
inshisted anapf the material with ageraninch jag stabibigers adlyes O

chem cal and el ectri ._chanaes i th rtd t he

cpi it or Cogmre et OB R e Es TR shertlehl WilpoHRAC AR 2 e

those ski | htriowd foehédetskilled B etarC Enisbmeicaywsid g treatiseriepr30ptison omits
certain information known to those skilled in the art. The precedi ng
det ai | ed dessminegtprionta feezinge fior sxamplaovhels fryersi(ghigkens houwhelgibeefympbnse,

and t.he sco f the. 15 resent, i pwention is. ' | J he appended
cl ailfs. 16°8L%ﬂ%ﬁ&ﬁe§tlﬂrﬁnﬁéfﬁr§9 Erf.c'hﬂ%@é?%o?f"?ggng;# %ﬁ%&?ﬂgﬁgquiool ing a
solute to Fﬂﬁ}ﬁﬂﬂ@ﬁ fér IR0 N step B0, IRb1epe10aRe chisledPpré-benditieneiasatiite i oned
solute as a heat exchange nmedium 2. The nmethod as in Claim1l, wherein the

step of sutecolingdluidiys cireulatdd pass thengntegak tadeduizan.cAreasdingde st leash®Beat ure to

at | east aboyt -23C an average.rate .of at. | eas bout, 6.5 .. mnute to
produce a f§ -"éﬁﬂmtto? &JT?eQi'e?Bi 1.}}3’%'“50_“’ %ﬁlébsﬁ@?lﬁgﬁc%@gq" maui?tmnl& C&ﬁé}? in the
step of suggfd g@&kﬂMa@HBIQB%e%OQSﬁEh@m% BlaiAiné Bintrdr b RArisPihegt €, such

that the pre-conditioned solute has an increased heat absorption rate as

conpdy ed t ondttxgalsol ute prior to conditioning.

The steps illustrated in FIGS. 2 and 3 are shown and discussed in a sequential
order. However, the illustrated method is of a nature wherein some or all of the steps
are continuously performed or may be performed in a different order, and certain
implicit steps may not be illustrated. For example, a temperature measurement step is

25 not shown, however it is understood that the chilling apparatus would be such that

temperature measurements could be made throughout the cycle of chilling and



4. The nmethod as in Claim3, wherein the heat absorption rate of the pre
conditioned solute is about 135 BTU at a tenperature of between about -23C
‘and -26C. 5. The nethod as in Claim1, wherein at |east a portion of the
pre-conditioned solute remains in a super-cooled state after the step of
.super-cooling, such that the pre-conditioned solute exhibits no spike in

t enper at ure upon subsequently being cooled fromroomtenperature to between
about -?3C and -26C. 6. The nmethod as in aim1l) wherein the step of
super-cooling includes super cooling the solute fromroomtenperature to
bet ween about -23 C and ? 6C. 7. The nmethod as in Caim1l, wherein the step
of super-cooling includes cooling the solute at an average rate of between
about b. 5Qimnthtiag3he flerd, as was seetin FIG.2.The nethod as in Caim 1, wherein
the step of super-cooling includes cooling the solute, for at |east a
portion of time, at an average rate of at |east about 17C per m nute. 9.

The nethod as '{hﬁfgé&#%mﬁmﬁﬁéiﬁ fr@@o oﬁ%@%&lu@@ﬁ%l&%%l@né -Q6aHBRS

propyl ene gl yco he met s in al wherein the e-condi ti oned
solute i nc;bhadeehar@b@upalﬁmtypmhauearsulmqmmt chmgatofmnpememmmpyisene

gl ycol ; and about percent surfactant. 11. The pethod as in Caim1l

wher ei n t heosgible '@d?ﬂ:ﬂgtﬂ sllipnsgamprised of Maka ang web\t%@s dl&%osedmrelmwgvst em

CONPE Isi "Obelow the freezing point of water (super-cooled) without solidification of the solution.
| A solution such as the exemplary mixture presented herein is known as a eutectic
mixture, that is, a mixture of two or more substances which liquefies at the lowest

temperature of all such mixtures.

In a super-cooled form, pre-conditioned solute and water mixtures as disclosed

10 herein retain liquidity, and thus become very effective "heat sinks” to rapidly absorb
heat from any material in contact with the pre-conditioned solution. This altered heat
absorption property occurs when a super-cooling operation is performed on the
solution because a portion of the composition is held in the latent-heat super-cooled
state yet does not freeze. The heat normally released on freezing of that portion is

15 decreased by the amount of super-cooling. In an embodiment, the pre-conditioned
solute has a heat absorption rate of about 135 BTU at a temperature of between about
-23 degrees C and -26 degrees C. In effect, the pre-conditioned liquid has a heat
absorption rate comparable to that of solid materials such as ice. In a further
embodiment, a pre-conditioned liquid, due to its altered heat absorption rate, may be

20 used as a heat exchange medium.

In addition to increased heat absorption capabilities, the pre-conditioned solute
has other advantageous capabilities. As an example, when water forms a part of a pre-
conditioned solution, the super-cooled- liquid characteristics of the water in the
mixture decreases the potential for freeze damage to materials undergoing freezing

25 because of the super-cooled liquid’s ability to vitrify the material. In addition, the

10



a tank capable of holding a predeterm ned anount of liquid; a circulator
capable of circulating said liquid; a refrigeration system capabl e of
‘cooling said liquid; and a pre-conditioned solute having an altered heat
absorption rate. 13. The systemas in Claim12, wherein said

-pre-condi tioned solute is a solute having been conditioned by being
super-cool ed at an average rate of at |east about 6.5C per mnute. 14. The
systemas in Claim12, wherein said pre-conditioned solute is a solute
havi ng been conditi oned by being super-cooled fromroomtenperature to a
tenperature of |ess than about -23C. 15. The systemas in Caim 12, wherein
said pre-conditioned solute is a solute having been conditioned by being

super - cool Rdkfof ealidifieaT dnedTRE &ilite @nklsles Bk PR Bort9sted sdRiEoa e be 26C. 16. The
systemas in Claim12, wherein said pre-conditioned solute is a solute

havi ng beepiredatad widwea chijlingappgratusper - cool ed at an average rate of between
about 6.5C and 8.5C per mnute. 17. The systemas in Caim13, wherein said
pre-conditioned solute is a solute having been conditioned by being

super - cool ed, f Qef@tink 8egtito FIQH, i Bl VTR ; at
| east about 17C Ser rr}ﬁ’nut el? 18. Thenslgés?lsm ags igﬁnlt a??ng%e},gﬁ%%&g?[ﬁg he heat

absodpt i onisriligraséd sdverding tocat etist orensmbaihenteofite plesart ilh@nti&d, it a

tenperature of beiween_about -23C.1 nd -26C. 19. The systemas in
a gP m 2, mﬁ%%‘ﬁtff %eﬁeé“é‘gtaszs%‘m&%hg% &ﬁ%l"gﬁ @11&§%P$fed#ém¥@@m§eé tardiraj ns
. . . : ] oo bit
opi ke h 1 SEOoRfnRiRdlng ¢oll 4407 e Bl CORGS 1 GUBIO AL U Ot ot ur o

to bet weenmebhattism®8%,anch afiGlor 26d irfpedles yorhbimmasns, Bndheat BxchdhginheoRi N sai d
pre-conditioned sol ute includes
820. External to tank 810, and coupled to heat exchanging coil 820, is refrigeration

10 unit 890.

Tank 810 may be of any dimensions necessary to immerse material to be
frozen in a volume of cooling fluid 840, in which the dimensions are scaled multiples
of 12 inches by 24 inches by 48 inches. Other size tanks may be employed consistent
with the teachings set forth herein. For example, in one embodiment (not illustrated),

15 tank 810 is sized to hold just enough cooling fluid 840, so containers can be placed in
tank 810 for rapid freezing of suspensions including biological materials and
cryoprotectants. In other embodiments, tank 810 is large enough to completely
immerse entire organisms for rapid freezing. It will be appreciated that tank 810 can
be made larger or smaller, as needed, to efficiently accommodate various sizes and

20 quantities of material to be frozen.

Tank 810 holds cooling fluid 840, which serves as a primary heat exchange
medium. In one embodiment, the cooling fluid is a food-grade solute. Good examples
of food-grade quality fluids are those based on propylene glycol, sodium chloride
solutions, glycerol, or the like. In a preferred embodiment, the cooling fluid includes

25 the pre-conditioned solute propylene glycol. While various containers may be used to

hold quantities of solute to be chilled, some embodiments of the present invention
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propyl ene glycol. 21. The systemas in C aim 20, wherein the
pre-conditioned solute includes: about SO per cent water; about 50 percent
‘propyl ene glycol; and about 1 percent surfactant. 22. The systemas in
Claim12, wherein said pre-conditioned solute includes glycerol. 20 23. A
-heat exchange medi um conposing a liquid having an altered heat absorption
rate, 24. The heat exchange nediumas in Caim23, wherein the heat
absorption rate. of said liquid is altered by a process including
super-cooling a liquid with an unaltered heat absorption rate at an average
rate of at |east about 6.5C per mnute. 25. The heat exchange nediumas in
Claim 23, wherein the heat absorption rate of said liquid is altered by a
process i nPravdiathas apeling-feidisdg isthe isgutetotietre-gonditiah¢cer ed heat absor pti on
rate to a tenperature of |ess than about -23C. 26. The heat exchange nedi um
as in Caim23, wherein the heat absorption rate of said liquid is altered

by a process | NahtldiGo pHOGKNIGERI, Oflc Bbbitdhs bf e RAHIBLLAIAEERles

absorption rate fromroomtenperature to between about _
The heat exohbngfuitéiQupasatheisolu@ taibe chillediiea milativieheconsait @teseirstliterg rat e
process including super-cooling a liquid

\C/)m!c t f}aiag Llngﬁlélf gli’il,s‘és}e ﬁééﬁ%’%ggﬁ B??QSW"E dtud eantainedifeimbayea pefreosthareddisehesabout
PR I e S St T R
i ncl udi ng <irpelation ehdch@nismt 854/ fat ewbinpledd motor and impeller combination. In at
least one embodiment of the present invention, submersed circulation mechanisms
834 circulate cooling fluid 840 past material to be frozen. Other circulation
mechanisms 834, including various pumps (not illustrated), can be employed
10 consistent with the objects of the present invention. At least one embodiment of the
present invention increases the area and volume through which cooling fluid is
circulated by employing at least one circulation mechanism 834. In embodiments
using multiple circulation mechanisms 834, the area and volume of cooling fluid
circulation are increased in direct proportion to each additional circulation mechanism
15 employed. For example, in a preferred embodiment, one additional circulation

mechanism is used for each foot of cooling fluid that is to be circulated through an

area of not more than about 24 inches wide by 48 inches deep.

Preferably, motors within circulation mechanism 834 can be controlled to
maintain a constant predetermined velocity of cooling fluid flow past the materials to
20 be preserved, while at the same time maintaining an even distribution of cooling fluid
temperature to within +/- 0.5 degrees Celsius at all points within tank 810. The
substantially constant predetermined velocity of cooling fluid circulating past the
material or product provides a constant, measured removal of heat, which allows for
the chilling or freezing of the material. In one embodiment, cooling fluid properties,
25 such as viscosity, temperature, etc., are measured and processed, and control signals

are sent to circulation mechanism 834 such that the motor within circulation



unal tered heat absorption rate, for at |least a portion of tine, at an
‘average rate of at |east about 17C per mnute. 29. The heat exchange nedi um
as in Caim23, wherein the altered heat 21 absorption rate of the liquid
i s about 135 BTU at a tenperature of between about -33C and -?6C. 30. The
-heat exchange nediumas in Caim23, wherein at |east a portion of said
liquid remains in a super-cooled state, such that said liquid exhibits no
spi ke in tenperature upon subsequently being cooled fromroomtenperature
to between about -?3C and -?6C. 31. The heat exchange nmediumas in Caim
23, wherein said liquid includes propylene glycol. 32. The heat exchange
mediumas in Caim31l, wherein said |iquid includes: about 50 per cent

wat er ; abomecinishe 884 64in Peepsd sridecghseahe rotatichahbpaed ol teigue oNimpaliefsast ant .

33. The heat exchange nmediumas in Caim23, wherein said |iquid includes
gl ycerol . neededs AS AN . A AS. A@A@AS. A A 2.AN,.A 2. A .A( ,.AN?. A AlaRA
.Alu e. A ?. AY

In other embodiments, motors are constructed to maintain a given rotational
velocity over a range of fluid conditions without producing additional heat. In such a
5 case, the torque or rotational speed of impellers imparted by motors is not externally

controlled. Of note is the fact that no external pumps, shafts, or pulleys are needed in
the chilling apparatus. Combination motors and impellers, or other circulation
mechanisms 834, are immersed directly in cooling fluid 840. As a result, cooling
fluid 840 not only freezes material placed in tank 810, but cooling fluid 8§40 also

10 provides cooling for components (i.e., motors and impellers) within circulation

mechanisms 834.

Heat exchanging coil 820 is preferably a “multi-path coil,” which allows
refrigerant to travel through multiple paths (i.e. three or more paths), in contrast to
conventional refrigeration coils in which refrigerant is generally restricted to one or

15 two continuous paths. In addition, the coil size is in direct relationship to the cross
sectional area containing the measured amount of the cooling fluid 840. For example,
in a preferred embodiment, tank 810 is one foot long, two feet deep and four feet
wide, and uses a heat exchanging coil 820 that is one foot by two feet. If the length of
tank 810 is increased to twenty feet, then the length of heat exchanging coil 820 is

20 also increased to twenty feet. As a result, heat exchanging coil 820 can be made
approximately fifty percent of the size of a conventional coil required to handle the
same heat load. Circulation mechanisms 834 circulate chilled cooling fluid 840 over
material to be frozen, and then transport warmer cooling fluid to heat exchanging coil
820, which is submersed in cooling fluid 840. In at least one embodiment, heat

25 exchanging coil 820 is so designed to remove not less than the same amount of heat

from cooling fluid 840 as that removed from the material being frozen, thereby
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This methodology requires very close tolerances to be maintained between the
refrigerant and cooling fluid 840 temperatures, and between the condensing
temperature and the ambient temperature. These temperature criteria, together with
the design of the heat exchange coil 820, allows heat exchange coil 820 to be fed

15 more efficiently, which in turn allows the compressor to be fed in a balanced and
tightly controlled manner to achieve in excess of twenty-five percent greater

performance from the compressors than that which is accepted as the compressor

manufacturer’s standard rating.

Note that in the embodiment illustrated in FIG. 4, refrigeration unit 8§90 is an
20 external, remotely located refrigeration system. However, in another embodiment
(not illustrated), refrigeration unit 890 is incorporated into another section of tank
810. It will be appreciated that various configurations for refrigeration unit 890 may
be more or less appropriate for certain configurations of cooling unit 800. For
example, if tank 810 is extremely large, a separate refrigeration unit 890 may be

25 desirable, while a portable embodiment may benefit from an integrated refrigeration
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unit 890. Such an integration is only made possible by the efficiencies achieved by
implementing the principles as set forth herein, and particularly the use of a reduced-

size heat exchanging coil.

5 By virtue of refrigeration unit 890 and heat exchanging coil 820, in a preferred

embodiment, the cooling fluid is cooled to a temperature of between about -230
Celsius and -26° Celsfﬂs, with a temperature differential throughout the cooling fluid
of less than about +/- 0.5 degrees Celsius. In other embodiments, the cooling fluid is
cooled to temperatures outside the -230 Celsius to -300 Celsius range in order to

10 control the rate at which a substance is to be frozen. In an embodiment, the cooling
fluid is super-cooled at an average rate of between about 6.5 degrees C and 8.5
degrees C per minute. In another embodiment, fluid is super-cooled at an average
rate of at least about 17 degrees C per minute. Other embodiments control the
éirculation rate of the cooling fluid to achieve desired freezing rates. Alternatively,

15 the volume of cooling fluid may be changed in order to facilitate a particular freezing
rate. It will be appreciated that various combinations of cooling fluid circulation rate,
cooling fluid volume, and cooling fluid temperature can be used to achieve desired

freezing rates.

20 In the preceding detailed description, reference has been made to the
accompanying drawings which form a part hereof, and in which are shown by way of
illustration specific embodiments in which the invention may be practiced. These
embodiments have been described in sufficient detail to enable those skilled in the art
to practice the invention, and it is to be understood that other embodiments may be

25 utilized and that logical, mechanical, chemical and electrical changes may be made
without departing from the spirit or scope of the invention. To avoid detail not
necessary to enable those skilled in the art to practice the invention, the description
omits certain information known to those skilled in the art. The preceding detailed

description is, therefore, not to be taken in a limiting sense, and the scope of the
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WHAT IS CLAIMED IS:

1. A method comprising:
super-cooling a solute to produce a pre-conditioned solute, and

using the pre-conditioned solute as a heat exchange medium.

2. The method as in Claim 1, wherein the step of super-cooling includes bringing
the solute from room temperature to at least about -23°C at an average rate of

at least about 6.5°C per minute to produce a pre-conditioned solute

3. The method as in Claim 1, wherein the step of super-cooling alters a heat
absorption rate of the solute, such that the pre-conditioned solute has an

increased heat absorption rate as compared to the solute prior to conditioning.

4. The method as in Claim 3, wherein the heat absorption rate of the pre-
conditioned solute is about 135 BTU at a temperature of between about -23°C

and -26°C.

5. The method as in Claim I, wherein at least a portion of the pre-conditioned
solute remains in a super-cooled state after the step of super-cooling, such that
the pre-conditioned solute exhibits no spike in temperature upon subsequently

being cooled from room temperature to between about -23°C and -26°C.

6. The method as in Claim 1, wherein the step of super-cooling includes super-

cooling the solute from room temperature to between about -23°C and -26°C.

7. The method as in Claim 1, wherein the step of super-cooling includes cooling

the solute at an average rate of between about 6.5°C and 8.5°C per minute.
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17°C per minute.

9. The method as in Claim 1, wherein the pre-conditioned solute includes

propylene glycol.

10.  The method as in Claim 9, wherein the pre-conditioned solute includes:
about 50 per cent water;
about 50 percent propylene glycol; and

about 1 percent surfactant.

11.  The method as in Claim 1, wherein the pre-conditioned solute includes

glycerol.
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12. A system comprising:
a tank capable of holding a predetermined amount of liquid;
a circulator capable of circulating said liquid;
a refrigeration system capable of cooling said liquid; and

a pre-conditioned solute having an altered heat absorption rate.

"13. The system as in Claim 12, wherein said pre-conditioned solute is a solute
having been conditioned by being super-cooled at an average rate of at least

about 6.5°C per minute.

14.  The system as in Claim 12, wherein said pre-conditioned solute is a solute

having been conditioned by being super-cooled from room temperature to a

temperature of less than about -23°C.

15.  The system as in Claim 12, wherein said pre-conditioned solute is a solute

having been conditioned by being super-cooled from room temperature to

between about -23°C and -26°C.

16.  The system as in Claim 12, wherein said pre-conditioned solute is a solute

having been conditioned by being super-cooled at an average rate of between

about 6.5°C and 8.5°C per minute.
17.  The system as in Claim 12, wherein said pre-conditioned solute is a solute
having been conditioned by being super-cooled, for at least a portion of time,

at an average rate of at least about 17°C per minute.

18.  The system as in Claim 12, wherein the heat absorption rate of the pre-

conditioned solute is about 135 BTU at a temperature of between about -23°C
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and -26°C.

19.  The system as in Claim12, wherein at least a portion of the pre-conditioned
solute remains in a super-cooled state, such that the pre-conditioned solute
exhibits no spike in temperature upon subsequently being cooled from room

temperature to between about -23°C and -26°C.

20.  The system as in Claim 12, wherein said pre-conditioned solute includes

propylene glycol.

21.  The system as in Claim 20, wherein the pre-conditioned solute includes:
about 50 per cent water;
about 50 percent propylene glycol; and

about 1 percent surfactant.

22.  The system as in Claim 12, wherein said pre-conditioned solute includes

glycerol.
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23. A heat exchange medium comprising a liquid having an altered heat

absorption rate.

24.  The heat exchange medium as in Claim 23, wherein the heat absorption rate
of said liquid is altered by a process including super-cooling a liquid with an
unaltered heat absorption rate at an average rate of at least about 6.5°C per

minute,

25.  The heat exchange medium as in Claim 23, wherein the heat absorption rate
of said liquid is altered by a process including super-cooling a liquid with an

unaltered heat absorption rate to a temperature of less than about -23°C.

26.  The heat exchange medium as in Claim 23, wherein the heat absorption rate
of said liquid is altered by a process including super-cooling a liquid with an
unaltered heat absorption rate from room temperature to between about -23°C
and -26°C.

27.  The heat exchange medium as in Claim 23, wherein the heat absorption rate
of said liquid is altered by a process including super-cooling a liquid with an
unaltered heat absorption rate at an average rate of between about 6.5°C and

8.5°C per minute.

28.  The heat exchange medium as in Claim 23, wherein the heat absorption rate
of said liquid is altered by a process including super-cooling a liquid with an
unaltered heat absorption rate, for at least a portion of time, at an average rate

of at least about 17°C per minute.

29. The heat exchange medium as in Claim 23, wherein the altered heat
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about -23°C and -26°C.

30.  The heat exchange medium as in Claim 23, wherein at least a portion of said
liquid remains in a super-cooled state, such that said liquid exhibits no spike in
temperature upon subsequently being cooled from room temperature o

between about -23°C and -26°C.

31.  The heat exchange medium as in Claim 23, wherein said liquid includes

propylene glycol.

32.  The heat exchange medium as in Claim 31, wherein said liquid includes:
about 50 per cent water;
about 50 percent propylene glycol; and

about 1 percent surfactant.

33.  The heat exchange medium as in Claim 23, wherein said liquid includes

glycerol.
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