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used in cryopreservation. BACKGROUND OF THE | NVENTI ON Cryopreservation
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adversely affect |ow BACKGROUND OF THE INVENTION

Cryopreservation refers to all stages of preservation: treatment, freezing,
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
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1 WD 03/044440 PCT/ US02/ 37124 tenperature heat transfer processes. The
efficiency of the thermal energy transfer process is also adversely

i npact ed by osigensity i ncreases and gelation of the | ow trMpESaBune heat
transfer fluid, as reduced circulation or clogging of parts of the heat
transfer apparatus can occur. Additionally, the rate at which these heat
transfer fluids 5 absorb heat energy is generally |ess than optinal.
SUMVARY OF THE | NVENTI ON Therefore, what is needed is an inprovenent in
heat transfer processes in the cryogenic real mwhich avoid the problens
previ ously di scussed. Accordingly, the 10 various enbodi nents of the

present invention disclose nethods for producjng a pre condi triggned sol ute
Wi th nor e tenperatiuesipean transfer praessass. PropBrieneso! the thegepk ey BanstHer  util e

biliti d ch teri.sti in. . ' le, th
ol utes  dreErverS B EsRiBbhaR byl ARG, BORRRRn Ife BHRIP it g

a latent hgaberRfiaSEeat krbddTel i asib@ited secllationcorfdlegigef partootths hear , at the
very |l east, exhibit a reduced 15 increase in tenperature. In an_enbodi nent,

a sol ute itsnglerappanatis ¢aonesgunyAddilionally e rate abyBghithesmheatinnert flvigem
tenperature tpo,about -23 degr.ees very. gui ckly, on the order of at |east
abo 6.5f@@ﬁﬁ@@@*&¢§8ﬁsﬁ?ﬁ%@gﬁc%ﬁig%ﬁﬁggéz This rapid chilling of the
solute results in a super-cooled solute, which may then be used as a heat
exchange nmediumto absorb 20 heat from substances imersed in the
pre-conditioned solute. Super-cooling is cooling a |liquid substance bel ow

Super - cool i ng al ters a neatORBYAMY PRCHAR BVESHIG o) (S Sk hat T
pre-conditioned solute has an increased heat absorption rate in conparison
Therefore, what is needed is an improvement in heat transfer processes in the
cryogenic realm which avoid the problems previously discussed. Accordingly, the
10 various embodiments of the present invention disclose methods for producing a pre-
conditioned solute with more efficient heat transfer properties, in addition to other
utile capabilities and characteristics in a cryogenic process. For example, the solutes
disclosed herein do not exhibit an increase in temperature during a latent heat phase
transition when used in a freezing process, or, at the very least, exhibit a reduced

15 increase in temperature.

In an embodiment, a solute is pre-conditioned by being super-cooled from
ambient room temperature to 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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to solute which has not been pre-conditioned. The heat absorption rate of a
pre 25 conditioned solute according to one enbodi nent of the present

i nvent i onwicsosabet 135 BTU at a tenperature of between alraaruso237degrees C
and -26 degrees C. 2 WD 03/044440 PCT/ US02/37124 1n an enbodi nent,
pre-conditioning a solute includes super-cooling the solute from anbi ent
roomtenperature to between about -23 degrees C and -26 degrees C at an
average rate of cooling of between about 6.5 degrees C and 8.5 degrees C.
In a 5 further enbodi ment, the step of pre-conditioning the solute includes
super-cooling the solute, for at |east a portion of time, at an average
cooling rate of at |east about 17 degrees .C per mnute. After
super-cooling, a portion of the pre-conditioned solute remains in a

super - cool &0 SIS HbkAmAE! B-RAFEANY LLBREctRtich oseph Tt it n (his

super- 10 cool ed sta ormal 'y wou rel eased upon

freezing ofrorhhgbseak tioen tenpteateas detweehubout K23 gegressdalind i26rdegresoCut e
exhi bits no spike in tenperature upon subsequerg cooéi ng@f r(%m anbi ent room
t enper at uran averase rate ehcemingof bonvegh ghat &-degrses C ol {12 gf . Re

pre-gondi tioned solute c ) . ' L LIAHE S o Br-@oli m
consisti ngllu CLe Sbaorﬁjgm%gp%%Is{e%%o#%ﬁegf(%lﬁlﬁ%&gngg@gggp %rlh‘#lgg%fd%l:‘?gruﬁd%g%}lﬁe?qui d a
15 ci rcul adopite tfor Sileaath pbRiohl tinkeqbi £h dverdgh eodlargkratearfdt feastedboitgiét at i on
system capabl e of cooling the liquid within the tank. An object of at

| east one <agediCnpatimmipgtet he present invention is to produce a solute with
i nproved heat absorption properties for use in a cryogenic process. 20 An
advant age of at | east one enbodi nent of the present invention is that the
heat absor pti onaf@tpei-cdlifgs apditidnatest selcohditivhedyobat e¢mainain 4 he heat

absorption rate ) . .
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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reference numerals designate corresponding parts in the various figures, and wherein:

FIG. 1 is a graph of temperature measurements of three cyroprotectants
undergoing pre-conditioning by being subjected to rapid cooling over a short time -

interval according to at least one embodiment of the present invention;

FIG. 2 is a flow diagram illustrating a method for pre-conditioning a solute

according to at least one embodiment of the present invention;

FIG. 3 is a flow diagram illustrating a method for using a pre-conditioned

solute according to at least one embodiment of the present invention; and

FIG. 4 is a cut-away side view of a chilling apparatus suitable for practicing a

method according to at least one embodiment of the present invention.

DETAILED DESCRIPTION OF THE FIGURES

FIGS. 1- 4 depict, according to various embodiments of the disclosures herein,
a solute, a process for preparation of conditioned solutes, and a process for chilling

articles by using such pre-conditioned solutes. Such super-cooled solutes and their
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20 FIGS. 1- 4 depict, according to various enbodi mrents of the disclosures
herein, a solute, a process for preparation of conditioned solutes, and a
process fwo @hukdddng articles by using such pre-conditi orred/smkares. Such
super-cool ed solutes and their 4 WD 03/044440 PCT/ US02/ 37124 associ ated
preparation processes, chilling processes, and articles provide utile
capabilities and characteristics. Specifically, the pre-conditioned sol utes
exhibit a very long-duration phase change capability, maintain liquidity
during freezing, possess efficient heat absorption properties, and return
to a pre-frozen consistency 5 after being frozen and thawed. During the
freezing process_in general, nolecules of the constituent chemcals wthin

a sol ut i orfseacEAtepIERATatio RFORTSSEHn ARIHINE PFAFASSHs oFIAItElPS BIoMiIs % uses t he
const i t ueny %}ﬁ@s a%h%h%ﬁ‘a&tgh&lcg.hgpgéﬁg@%{/ﬁlg ré’@b’lﬁﬁ’tl@ﬁéd%@ﬁ@és@hmnca reaction,

whi ch rele ses a ftiInal anount o Ing a |latent heat phase. As
freezi ng naielongldurdidn phaer dangdeapabiiey) mdietain ligoabey duningHrearingndant

endot herm ¢ reacti| pn%] this rel eased heat , causes a FD ntary increase in
the t enperhesipsecificianhieat apsprpti. Properics, AP FRIVRALAR Prestioe ‘fﬂ%’&}? N8% heat of

tra for r ring a phase transition at constant pressure
nss %Fﬁge‘“ ffm I'ng, tﬁ%\g?ﬂ"mtl on), is sinply the change of enthal py.

The change in ent haI py during an isobaric process is equal to the heat

that is transferred 15 when a system undergoes an.jnfinitesinal process
froman initial \é‘éﬂﬁ*?ff??@ﬁgglfoéf’ﬁ ip genegaly F‘g?%cu]@aﬁﬂlﬁeﬁppﬁwg’ttgﬁ@lp? t heory,

b o i
(i rrever sidonhelituektatesicals within the media to produce an endothermic reaction, which
releases a final amount of energy during a latent heat phase. As freezing materials
10 undergo the latent heat phase (with attendant endothermic reaction), this released heat
causes a momentary increase in the temperature of the solution. This latent heat, also
known as heat of transformation, if measured during a phase transition at constant
pressure (e.g., melting, boiling, sublimation), is simply the change of enthalpy. The
change in enthalpy during an isobaric process is equal to the heat that is transferred
15 when a system undergoes an infinitesimal process from an initial equilibrium state to

a final equilibrium state.

In theory, most chemical reactions are bi-directional (reversible). In practice,
however, many chemical reactions are found to be uni-directional (irreversible), based
upon the energy requirements of a particular reaction. In the case of the solutes as

20 embodied in the present disclosures, the release of heat during a latent heat phase is
just such a unidirectional chemical reaction. Once the reactions within the solutes
taken place, simply adding back the same amount of heat removed during the cooling
cycle does not reverse the reactions. Therefore, once conditioned according to the
various embodiments disclosed herein, the solutes exhibit a long-duration phase

25 change capability upon subsequent freezing.

The occurrence of latent heat released during a freezing process is
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upon the energy requirenents of a particular reaction. In the case of the
solutes as 20 enbodied in the present disclosures, the rel ease of heat
during a Wat®rm4faeat phase is just such a unidirectional rdTArsoeati24
reaction. Once the reactions within the solutes taken place, sinply adding
back the sane anount of heat renoved during the cooling cycle does not
reverse the reactions. Therefore, once conditioned according to the

vari ous enbodi ments disclosed herein, the solutes exhibit a | ong-duration
phase 25 change capability upon subsequent freezing. The occurrence of

| at ent heat released during a freezing process is 5 W 03/044440

PCT/ US02/ 37124 dennnstrated in L 1, mglch i S | i ne graph o% t he
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t he presen |nven utes I ITustrate FIG 1 were subjected to
rapi d cooldcherdiseio VanSIIi]s(HnﬁbddlIlﬁmth of thevpasehninaentioxe mhb aolyites ithoiaiadgn
apparatus as disclosed herein. The solutes of FIG i ncl ude di et hyl

sul f oxi de,Fl6hdwrera sulinasd t&?I@PIdéEHO%Q%PI@P@‘F?E&%‘FW@@)}%‘} FRORHEWn as Ay
115, sand  pr.ppa nﬁ]gérgtl.ls a é@@scﬁ%@? 0 Fr0s IJ‘Ja?oFF'Ii@CIt fchide Wifeiigat of

tran%forma 1on ease uring € coo process are clearly

observed i smlfohﬁlenﬁmrae rmvxse) net wegg-ycﬂkxgkydefw edsluad)m showats Glyrel5; ailé
seconds) and 6 (at time = 90 seconds) ere a marked 10 increase in

t enper at url@opwd@éi qbewmzsPPpslwb%e\Fé@CﬁS ot the heptptdeansiormeldn engrer  spi ke
125, subseaienl; ARARUCHRANS pRlcealE ERUPILIIER ih HeAhURLRTHN Ritkodh

decr ease I ture € neasurenent tine perio

shoul d be tak ﬂdeﬂvﬁﬁts (ah€me &Oﬁswb&ilds} hnisé (atien = 90 focGnds), wwﬂea rﬁarh;dect ed to
pre-conditioning by rapid coolln? di scl osed herein, exhibit_an increase
in h@at abisorepsd mﬁemmr@tyre@%ﬁpﬂs% 24 eis oRprresl alldhree solutes.” After spike

125, subsequent measurements at succeeding time intervals exhibit a decrease in
temperature to the end of the measurement time period. It should 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 absorption rates over solutes which have

15 not undergone pre-conditioning.

Normally, heat released during a latent heat phase of the solutes causes a
momentary rise in temperature in the solute media, as seen in spike 125, during a
freezing cycle. This rise in temperature makes unconditioned solutes less-than-ideal
20 heat exchange media. However, if one first rapidly freezes (super-cools) the solute in
a pre-conditioning step as disclosed herein, the temperature rise indicated by spike
125 is not observed upon subsequent freezing events because the pre-conditioned
solute has undergone a change 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 not undergone pre-conditioning. Normally, heat released during a | atent
heat phase of the solutes causes a nonentary rise in tenperature in the
sol ut e nmedicen3/ast4seen i n spi ke 125, during a freezing cydaa/ushhi3si2ei se in
t enper at ure makes unconditioned solutes | ess-than-ideal 20 heat exchange
medi a. However, if one first rapidly freezes (super-cools) the solute in a
pre-conditioning step as disclosed herein, the tenperature rise indicated
by spike 125 is not observed upon subsequent freezing events because the
pre-conditioned solute has undergone a change in its chem cal nature which
is mani fested as a |long- duration phase change capability. 25 In one

enbodi nent, a solute is pre-conditioned to inprqQve its use as primary

heat exchaegditionigunsludassursstogeling hespRucHADn PRRIFHL4OWy tglﬁlgfé?tllf?it{} ling the
solute fr anbi ent t R degregs C at an
aver age %ﬁ%ﬁe&a%88%|2?%§k%§§r§§{c}gt %6&%@&%5?} %ﬁe@a%kﬁg?%rglr{ﬁtt%g I n anot her
enmbodi nMentahoit €5 @e MEEOFIWIF ddie R HEISORNET WRurthensmbddimantyye-conditioss
super-cooling the solute from anbi ent room tenpef)at Li{7e to bet V\Aeeg3 about
- 23 degr edhe ®luisdy-Pperegiiag at @ aerags A ableat abeyt 17 degregs PHILREE N  about
6.5 degre d 8.5 dearee. (A1) ifarpesli ment

pr e-condi ﬁ?’%%sqeagﬁgogb u%%glig rgogé%mec%g%f?fn@n??{ay%% 1gragé rate of at | east
about 17 degrees per mnute 5 for at least a portion of tine prior to the

start of tenperature spike 125. After pre-conditioni ng as 'sg%os%g her ei n,
a solute may beAfter prewandioning s digclosediprein; Hiolith Layd r?“Hfﬁc‘jlloV Shgat

Shoul 8 be ROvBRT TR PERReBLERpAT Rt bEBHTRS b L R IR & 10 of
freezing tfaain tempsia@iie.f itehaild Ye abedetiat iftha solhetis gieswindgmdedesiag a raté or
exa{rc]))l e b of freezing that is significantly slower than that disclosed herein, for example by
freezing in conventional freezers, etc., the solute may not exhibit a long duration
phase change, and temperature spike 125 may be manifested during subsequent freeze
cycles, and the improved . In addition, an optimum increased heat absorption rate of

the pre-conditioned solute will not be achieved.

15 Referring now to FIG. 2, a flow diagram illustrating a method for pre-
conditioning a solute according to at least one embodiment of the present invention.
A cooling fluid is introduced into a tank of a chilling apparatus and is circulated past
the heal exchanging coil, as in step 1005, to rapidly chill the cooling fluid to induce
an irreversible phase change as previously discussed. In one embodiment, the cooling

20 fluid is the solute to be conditioned. The rate of chilling of the solute in the chilling
apparatus should average between about 6.5 degrees C and 8.5 degrees C per minute.
In a further embodiment, the rate of chilling averages at least about 17 degrees C per
minute. A chilling apparatus such as that presented in FIG. 4 is ideal for achieving the
chill rates as disclosed herein. The solutes used in the various embodiments may |

25 include, but are not ﬁmited to, glycerol and propylene glycol. High grade solutes

having relatively few impurities are preferred.

In one embodiment, purified propylene glycol and water are blended at ratios
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freezing in conventional freezers, etc., the solute may not exhibit a |ong
duration phase change, and tenperature spi ke 125 nmay be mani fested during
subsequenwd 03axd0 cycl es, and the inproved. In addition, POT/C§RBMM2M

i ncreased heat absorption rate of the pre-conditioned solute will not be
achieved. 15 Referring nowto FIG 2, a flow diagramillustrating a nethod
for pre- conditioning 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

change as previously discussed. In 0 enbodj ment ,. the coolin fluidis
the sol ut eftagoBe ARt %b%é@% fﬂ%%ecpé{?lé(’ Y Wﬁllg}‘{’rlﬁ?‘ﬁgfo%?mg REVRY Tcgf’ég}en t he
chi 11119  ARRREATHSGHRMH i RFEADEuR, BEBR BRAME by SollBR BEE gfacind 6.5
degrees Cpéer minute. 1n a further enbodinent, thé rate of chilling

aver ages ajurfae@sts, gdretlly frondehgvesa poOrdar of the miktare, suablisipolyethydgmear at us such
as that presented in FIG 4 is jdeal for %chi evi ngg t he lﬁﬂl?dj hgt S as

di scl osed $iEedieptersTplsatey airobel eiheylates. ohathgrskngya 1 Hgsa s nt 9325
include, but are not Iimted to, glycerol and propylene glycol. H gh grade
solutes having relatively fewinpurities are preferred. In one enbodi nent,
puri§ied propyl Ehetegipsaaire anthewabkng fuid ibbangled inatepr HX07o8nd if fM@da8/ 044440
PCT/ US02/ 37124 of about 50% and about. 50% respectiﬁflﬁg.ﬁéﬁgpight, t hus
form ng a keupsof sangeamptep 1048 pgiemal wouldihs spef tha CRETIFT (Bt B8 of t he

m XtUre oy g o d8fnd mgﬂgegc%%f{gfyg@%ﬁq a gegﬁgéggtﬁdnvuﬁiﬂ A ezt er

portion of ™t mxt ure, suc | ene esters, ol eates,
al cohol et iyt Ble8&locy oPthbebslind i at Aeddsnsp tosdccbire dod ahahges imthe. 5 The
tenperature of the cooling fluid is sanpled in stg&f%OO?, and if found to
cooling fluid viscosity, temperature, and the like during the chilling process.
10 Preferably, the velocity of the cooling fluid is held constant by adjusting the force

provided by one or more circulators.

Should the temperature be determined to be within the desired temperature
range in step 1008, the conditioning of the solute has been completed, as in step 1111.
15 After super-cooling as disclosed herein, the solute may be returned to its pre-chilled
consistency by thawing to a temperature above 0 degrees Celsius, for example, 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



be out of range in step 1008, a signal would be sent to a controller (not
illustrated), as 1in step 1009, to cool the heat exchanging coil with a
refri ger anioors/oumisd. Step 1035 adjusts the velocity of thecaoadoenagi2iil uid as
necessary to account for changes in the cooling fluid viscosity,
tenperature, and the like during the chilling process. 10 Preferably, the
vel ocity of the cooling fluid is held constant by adjusting the force

provi ded by one or nore circulators. Should the tenperature be determ ned
to be within the desired tenperature range in step 1008, the conditioning
of the solute has been conpleted, as in step 1111. 15 After super-cooling
as disclosed herein, the solute naégbﬁgreturned re-chilled

consi st encePs307 Al Betdssized iBRpEAGE] thgmaieria! %g’ﬁk’%’ggl?@nghﬁg f or
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rapidly freezin egrees Celsius or nore once thawed.
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the solute in subsequent cooling cycles_ ingreases 20 after a firs:
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t hat has been pre-conditioned as_taught herein for use as_a cooling

fluid heat 25 eVéhilaife Preennditionpd splpe1e BRiae crYRd oif 85¢5588Y f& CEHPIM ed to the
desired tenperature.in 2 en the
t%e rogiimaten lba} pr;%htyégtrg tgééf%? ﬁ%ﬁeﬁ%g&: If‘l an%&xﬂ%&?ﬁgnﬁh

desired te ure e materi rozen Is rea erial to
be frozen gagitmed EoWERechy Hetused teetredd nlaterthl pr prepaaibint foo freezispbithe. Because
the solute has been pre-conditioned prior to use, rapid at%s %Llfreezing
are material, as in step 308. Alternately, certain materials may require other chemi
10 preparation prior to freezing. For example, chemically preparing the material may
include pre-treatment of the material with agents such as stabilizers, dyes or
colorants, emulsifiers, and other chemicals or chemical compounds, many of which
are known to those skilled in the art. In some cases, no pre-treatment step 308 is
required prior to freezing. For example, whole fryers (chickens) or whole beef rump
15 could be directly immersed into the chilled, pre-conditioned solute in a chilling
apparatus for freezing, as in step 309. In step 310, the chilled, pre-conditioned solute
(cooling fluid) is circulated past the material to be frozen. According to at least one
embodiment of the present invention, a substantially constant circulation of cooling

fluid past the material to be frozen should be maintained in order to vitrify the

20 material.

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



not as critical as when pre-conditioning a solute for the first tinme, and
the solute will 5 still denonstrate an enhanced heat absorption rate over
non- condi wicors@d4sol ute. Whil e the pre-conditioned sol ute irCTESRG7IR®O! ed,
if necessary for certain types of material, a pre-treatnent step 308 may
be perforned. In an enbodi nent, pre- conditioned solvent nmay be used to
treat material in preparation for freezing of the material, as in step
308. Alternately, certain materials nay require other chem cal 10
preparation prior to freezing. For exanple, chemcally preparing the
material may include pre-treatnent of the material with agents such as
stabilizers, dyes or_ .colorants,, | sifiers, and other chem cals or

chermi cal €BfYA §Pfhﬁﬁfsﬁﬁsﬁﬁpdﬂ%&§r known to those skilled in the art.
In sone cases, no pre-treatnent step 308 is required prior to freezing.
For exanple, whole fryers (chickens) or whole beef runp 15 coul d be
directly i mrer 9a@rdfairal érhieodimedts,quic-cpnditicning tsolotrerswslinedongnduration | | i ng
apparatus for freezing, as in step 309. In step_ 310, the chjlled,

pr e- condi (Dhawednangs ¢APAbIIEBENGY g SPPIGALENLic a‘tgerog P e]t:)orﬁé%’inpitehét aterial to

be frozen., Accordi i i ol ABButdds diddfostll BSRMH weImvent i on,
a subst antplozsicﬂﬁl?/ tglgﬁg%g%?ﬂ%?é gu éil%lﬁgg)fg;fzéfggoo?i ng fISui d Sast the material to
be f3 ozen peheuid fhezimipoimioneder (supedanldd) withont $ofidiffvati@ohthe eplutibn. The
steps illustrated in FIGS. 2 and 3 are shown and discussed i sequenti al

n
order. Howesdntion pichias|thesexemplay FaXHEPresentd k%fr‘?’}ﬁt‘i}f‘@%raequwcg&re or all

of the steps, are contli ke : J di fferent
or der . andhaurf A A Bt by DB Gl e B R e R o e

t enper aturt@mg@aﬁjﬂésfrﬁmuoﬁtrﬁmuk@. 25 not shown, however it is understood that
the chilling apparatus woul d be such that tenperature neasurenents could
be made throughout the cycle of chilling and 9

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. Ina 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



WO 03/ 044440 PCT/ US02/37124 <circulating the fluid, as was seen in FIG 2.
In preferred enbodi nents, pre-conditioning a solute results in a

| ong- dur awioous/o4ptaase change capability w thout a subsequemcTebsange2ef form
For exanple, it is possible to bring a solution conprised of water and a
solute as disclosed herein well 5 below the freezing point of water
(super-cool ed) without solidification of the solution. A solution such as
the exenplary m xture presented herein is known as a eutectic mxture,
that is, a mxture of two or nore substances which liquefies at the | owest
tenperature of all such mxtures. In a super-cooled form pre-conditioned
solute and water m xtures_ as disclosed 10 hergin retain liquidity, and
thus becoreckafisplidificatien ofthe pelnte egpbigsihepge-ranlitipnedspREPR o Weat from any
material in contact, wth-.t -condi tioned solution. This altered heat
absorpti or?nﬁ}'ﬂr%ge rvt”it/h%@cctli}%ﬂsl r??aé&sguper- cooling operation is performed on
the solution because a portion of the conposition is held in the

| at ent - heat super-cooled state yet does not freeze, The heat no r‘rglly
rel eased on fr Refenmearext todilGphra Groling appayaiys spigaicler Bse ‘E”rﬁ'éa’&r%‘if PC of
supeg-cool.ing. . In.an _egbodi nen - .4l : ] S a heat
absot pti orf® ﬂg{sgatg{d a&%%%g%%gﬁ 'Bélsbo}é‘if]%ggé(grr?%g{r]%ﬂth% g&g‘?ﬂ E)léﬁ}g%rﬁ about -23
degrees C RBnatdl eRaAIBLSs dSolihgukit BEE:t Coblifg phie 800 pefdraipesmpiispsitahkhas a
heat absorption rate conparable to that of solid materials such as ice. In
a further 8l&mootiimingcoolingiiuid 84hdbubrasread injcgaling fluids4pP gre GculticBr ed heat

b ti te, be . 20 d_as i ition t
nor cosed e EEEaRCsh S ApRg o pBelt B BBt UiBhabBnglo || OO (O
ot her advagipagsssacdratk 810 RBcouPiedas heaarbhmginstveil 886] ie reffigemtom part of

a pre- conditioned solution, the super-cooled- liquid characteristics of
t helOat er umt §¥e

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

11



m xture decreases the potential for freeze damage to material s undergoi ng
freezing 25 because of the super-cooled liquid' s ability to vitrify the
mat er i al . wao3addisbi on, the 10 WD 03/ 044440 PCT/ US02/ 37124CT1/es0k/30124
solidification of the solute enables the pre-conditioned solution to be
circulated wwthin a chilling apparatus. Referring next to FIG 4, a
chilling apparatus suitable for use with the nethod 5 is illustrated
according to at | east one enbodi nent of the present invention, and

desi gnated generally as cooling unit 800. Cooling unit 800 preferably
conpri ses tank 810 containing cooling fluid 840. Submersed in cooling

fluid 840 are. such not or and i npel |l er
conbi nat i oﬁ%o"l 1“%3’8@% ‘3(:S(r§‘ia}te (gll?opref:s)?f’ IHH‘F ‘to tank 810, and

coupl ed to heat exchanglng coil 820, is refrigeration 10 unit 890. Tank
810 may be of any di mensions necessary to imerse material to be frozen in
a vol une of coolln nglef kaprd-cBldDsolute, avieientbotlinerd iohtegiresest iaventwoaiedates| ti pl es

f 12 h h i | d
Coner st oot Coniie AiasID Bashdeslite 1 54 Shilee His Bt veRuiora ARt S igRe " ©
enmbodi ment é@%g Zt%éif HelE th&.)of c&ilrfcgat’ﬂhgg&ﬁafn%d% Zestel RofRbA thaiSia faa%gh
8 an e

cooling fl SO C nt ai ners laced I1n tank 810 for rapid
freed ng ofwideibp4d dichasdéepc Thd her@shirpbiocgﬂamin irptayided| by cmndr more

cryoprotectants. In other enbodi nent tank 810 is_|ar enough to
conpl et el y CUPHAETBCEHANTSRS G aniamp TS, armqtabmfi lvrfr@lalﬁwgn lm%tlon atbe

appr eci at eq thafe iR G pr@nfBYEnd Qx%néi‘éedsdﬂ%h afibn nfdEhRGHEd, to

efficiently acconmpdate vari ous sizes an uantities of materi aI to be
frozen. TaRR4 8ikEulbtelcdslitgfitidrsgO phstinaht&dD to bdﬂfmhers edthescigslagiopr i mary heat
exchange 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

12



medium I n one enbodi nent, the cooling fluid is a food-grade solute. Good
exanples of food-grade quality fluids are those based on propyl ene glycol,
sodi um chivard3da444s80l uti ons, glycerol, or the like. In a prrTasoedri24

enbodi ment, the cooling fluid includes 25 the pre-conditioned solute

propyl ene glycol. Wile various containers may be used to hold quantities
of solute to be chilled, sone enbodi nents of the present invention 11 WO
03/ 044440 PCT/ US02/ 37124 provide that cooling fluid 840 is the solute to
be pre-conditioned. In order to pre-chill solute, one enbodi nent of the
present invention circulates cooling fluid 840 past the solute to be

chilled, at a relatively constant rate of 35 liters per nute for every
foot of cavédhanisml 834ccanarareasnerdsoreagn theraiatiqpgl Sﬁmdé’fttﬁf&ﬁe git“‘?ﬂ*?@ﬁ‘ésa% wi de
by 48 inches qup. The necessary circulation is provided by one or nore
circulati&Weﬂ%Chanisns 834 for exanple, a notor and inpeller conbination.
In at |east one enbodi nent of the present invention, subnersed circul ation
mechani sms 834 circulate cooling fluid 840 past material to be frozen.

Ot her ci rcul at i lorothasehborlinents Jpiors A GOAFHIFISAIC BYBtaH HpYen fbitiona

il d). . b I . ' ' W elo]! f
| nvent | on.vekieit et € GREE Rt A BB Eh G peot e B B g e The

areasand vQkdinke fobdRUaothbed speealof igpdilen idnpasted b meotbmatienbt byteambllyoyi ng at
| east one circulation mechanism 834. In enbodinents using multiple
ci rcul at i crentreBerhnDE netegsthe fadhthahpe axtaral PUPPHEEHS. eoplienarengpepd in

circulatio e.increased An direct nroportj I1idgnal

circul ati otﬁe ?pgﬁ{ai%s' 5?%1“89%%&’.“ rﬁ%?%ea%gﬁ%&glér?’n&gﬁ%rre éeHr red embodi ment,
one addi t i Q@ anGids@34akiik WAmerRE AaBIEMicBoksetuid®10e dsh ot cadlingool i ng
fluid that is to be circulated through an area of not nmore than about 24
i nches wi duidy34Q80t el drcezhsanaterial placed in tank 810, but cooling fluid 840 also

10 provides cooling for components (i.., 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

13



Preferably, notors within circul ati on mechani sm 834 can be controlled to
mai ntain a constant predeterm ned velocity of cooling fluid flow past the
mat er i al swioo3/02@4be preserved, while at the sane tine nai rca/vsorg7am even
distribution of cooling fluid tenperature to within +/- 0.5 degrees

Cel sius at all points within tank 810. The substantially constant
predeterm ned velocity of cooling fluid circulating past the material or
product provides a constant, neasured renoval of heat, which allows for
the chilling or freezing of the material. In one enbodinent, cooling fluid
properties, 25 such as viscosity, tenperature, etc., are neasured and

processed, and control signals are sent_tq circ Iatlo nmech m 834 such
that the m@mmgthﬁergperr@t@reamcgﬁhl@ﬁ%% L2 ep@l*fea %%? mechani sm

834 can | NeHeass QIO CaRRLIE (d RFAL: AR urBPERIWAICHRBUR 1B pidpel er s as

needed. , motors are constructed to maintain a given
rotati 0na|fronYﬁééifékéh‘an@iﬂgrcoﬂ grangé thefsy§tem. d condi tions wi t hout producing
additional heat. In such a 5 case, the torque or rotational speed of

i npel l ers |rrparted by nmotors is not externally controlled. O note is the

fact that nCC)Oe er n er&l n@%oglﬁ%ﬁggﬁ%&% 1Whﬁ1?¥?0 A/ mgﬁ&pt%qndtéh thehgagchi 1 11 ng

appar at us. ers (0] circul ation

mechani s ”&ecﬁﬁfbms’ﬁt of hemtremﬁd iélg E6IC B2Y, sbmhat hedttlmgarﬂduedcﬂro&imhe sysera in esul t
cooling fluid 840 not only %reezes mat erial placed in tank_810, but
cooling f Ihala@cghmcbnfﬁ@lemompnw,u ré%%tlltgﬂélth?@f’fft&l eédﬁﬁ'@rfé‘?ﬁ"?@g("fa , motors and

i npel | ers) ul ati 820 is
pr ef er abl ﬁm\gem%ul Efg lﬁlcgo?l e,r@&ﬁ%@aﬁxo lt%% b 51? g?;ﬂg%? Q(?gl@??ée;{@%% t hr ough
nul tipl e RatfI6ydd fofeortilgg: Sﬂétlﬁmpﬁss}n@ésf@the bﬂlo@@mfdedﬂig df the heat

exchange coil 820 and the efficient output of compressors used in refrigeration unit

10 890.

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, to gether 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 890 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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conventional refrigeration coils in which refrigerant is generally
restricted to one or 15 two continuous paths. In addition, the coil size is
i n directwoelsadsqanship to the cross sectional area contaipdmgsoeheizmeasur ed
anount of the cooling fluid 840. For exanple, in a preferred enbodi nent,
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 I ength of
tank 810 is increased to twenty feet, then the I ength of heat exchangi ng
coil 820 is 20 also increased to twenty feet. As a result, heat exchangi ng
coil 820 can be nmade approxinately fifty percent of the size of a

conventi onal ired to h t
nechani s m; %‘ég&él §%%Iqad’( @te@mtﬁnégo‘gﬁ B}aidﬁ g O?Slﬁﬁfqu glf‘oefg%{mwsngp{;%%gy ![ 8 " be
frozen, @Bﬁenﬁﬁmég%h Y@rag@ét f&‘ﬂ?hér@ﬂl aﬁdlpaqn&a e B 6hARALAG-COI |
820, mhlch I's subnmersed incooling fluid In at 1east one enbodi nent,

heat 25 exsibaheftrgclonging®®f.is so desi gned to renove not | ess than the sane
anount of heat fromcooling fluid 840 as that renoved fromthe nmateri al
bei ng frozen, thereby 13 WO 03/ 044440 PCT/ US02/ 37124 maintaining the
tenpeyature of QJnlt o Ileﬂigf@re%ﬁuhﬁ SQOBB&H&&%RGE gvah o cBN%20, i efeﬁé@hang' ng
coi | 820 i's conn to refrigeration unit hich renbves the heat
from heat embhﬁnmnnghe::mdhngmmmtooﬂaétcsgfsamperature df bptvefer mbad -23thodi nent ,
refrlgeratlon unit 8 0 is desjgned to mat t he I ad 5 re enent, of heat
exchangi ngCelsius o2 Q*Wﬁtwﬁgéfem@@t@ﬁdﬁ& epiigy Iioﬁgh%‘%kiegr‘?f){ rTguldbal anced
and effici Shld 4 HePbinBGkincAR! fle LbAGR
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to the netb@ﬂed&nmh@yﬂdué@mnmdaﬂmoﬂw?@ghﬁﬁdbﬁﬁh)@ﬂmssumgsubmdmhe ef ficient
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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

15



10 890. This nethodol ogy requires very close tolerances to be maintained
between the refrigerant and cooling fluid 840 tenperatures, and between

t he condewsi osg44t4enper at ure and t he anbi ent tenperature. THoaBESRBMREr at ur e
criteria, together with the design of the heat exchange coil 820, allows
heat exchange coil 820 to be fed 15 nore efficiently, which in turn all ows
the conpressor to be fed in a balanced and tightly controlled manner to
achieve in excess of twenty-five percent greater perfornmance fromthe
conpressors than that which is accepted as the conpressor manufacturer's
standard rating. Note that in the enbodinent illustrated in FIG 4,
refrigeration unit 890.is .an, 20 external, motely |l ocated refrigeration
system HoRESEH myey la%%%éweéﬁﬁgohyﬁéﬁﬁppe@ﬂ%{ gllﬁl Mustrated), refrigeration
unit 890 is incorporated into another section of tank 810. It will be
appreci ated that various configurations for refrigeration unit 890 may be
nore or | ess appropriate for certain configurations of cooling unit 800.
For example, if tank 810 is extrenely large, a separate refrigeration unit
890 may be 25 desirable, while a portable enbodi nent may benefit from an
integrated refrigeration 14 WO 03/044440 PCT/US02/ 37124 unit 890. Such an
integration is only made possible by the efficiencies achieved by

i npl enenting 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 enbodinent, the cooling
fluid is cooled to a tenperature of between about -230 Celsius and -260
Cel sius, with a tenperature differential throughout the cooling fluid
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of | ess than about +/- 0.5 degrees Celsius. In other enbodinents, the
cooling fluid is cooled to tenperatures outside the -230 Celsius to -300
Cel si us rwags/dador der to 10 control the rate at which a digtrsancei2is to be
frozen. In an enbodinent, the cooling fluid is super-cooled at an average
rate of between about 6.5 degrees C and 8.5 degrees C per mnute. In

anot her enbodi nent, fluid is super-cooled at an average rate of 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 volune of cooling fluid may be changed in order to facilitate a
particul ar i r t wll be appreciated that various conbinations
of coolingv§h§ﬁéhggpéﬂﬁiﬁpa ‘rate, cooling fluid volune, and cooling fluid
tenperature can be used to achieve desired freezing rates. 20 In the
precedi ng detail ed description, reference has been nade to the

accoripanyi ng dr Awnegedebinptisihgr m a part hereof, and in which are shown by

way of illustration specific enbodinments in which the invention may be
practd ced. Thes&UPE RO SR HIUCH PROdYeRhP=oariioBgd solueytd ci ent detail to

enable those ski.l. 0.t . ice.d & B on, and it is to be
under3§t ood t hat hglbﬁg}éﬂ(}ﬁﬁ%ﬁ(ﬁlﬁé’%ﬁfdﬁoﬂlﬁgaﬁhéﬁ ﬁt}{&ﬁigze and that |ogical,
mechani cal , chem cal and el ectrical changes nay be made w thout departing
fromthe spirit _or scope of the jnventign. To avoid detail not  necessary

to erabl e 2hose Tormethad asin (Ramp}twhegeip thectsnef stRar-Galiaa fnchides brigsing
g a0 . i . X i ; .
The' 1 beedi ng oSG FBLiobf! GEPBRhaE I LI, bl NIFE: 2l qyElee Pud 8° 27

| i mt3 ng sense, aakdsttabeutaIAEpafmihtie td prodirOB3pAcbhdlioned dlae2/ 37124
present invention is defined only by the appended cl ai ns.

1 3. The method as in Claim 1, wherein the step of super-cooling alters a heat

2 , absorption rate of the solute, such that the pre-conditioned solute has an

3 increased heat absorption rate as compared to the solute prior to conditioning.
1 4. The method as in Claim 3, wherein the heat absorption rate of the pre-

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

1 5. The method as in Claim 1, wherein at least a portion of the pre-conditioned

2 solute remains in a super-cooled state after the step of super-cooling, such that
3 the pre-conditioned solute exhibits no spike in temperature upon subsequently
4 being cooled from room temperature to between about -23°C and -26°C.

1 6. The method as in Claim 1, wherein the step of super-cooling includes super-
2 cooling the solute from room temperature to between about -23°C and -26°C.
1 7. The method as in Claim 1, wherein the step of super-cooling includes cooling
2 the solute at an average rate of between about 6.5°C and 8.5°C per minute.
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16 WO 03/ 044440 PCT/ US02/ 37124 WHAT IS CLAIMED IS: 1 1. A nethod
conprising: 2 super-cooling a solute to produce a pre-conditioned sol ute,
and 3 uswastoaendpr e- condi ti oned sol ute as a heat exchangeeamadoansrizd 2. The
method as in Caim1l, wherein the step of super-cooling includes bringing
2 the solute fromroomtenperature to at |east about -23C at an average
rate of 3 at |east about 6.5C per mnute to produce a pre-conditioned
solute 1 3. The nethod as in Claim1, wherein the step of super-cooling
alters a heat 2 absorption rate of the solute, such that the
pre-conditioned solute has an 3 increased heat absorption rate as conpared
to the solute prior to conditioning. 1 4. The nethod as in Caim 3,
wherein the heat absorption rate of the pre 2 conditioned solute is about
135 BTU at ga t enpRradthbEadh IBINESIhRNA e stéB&t s@e@@&blm%@ﬁéluées%ooﬂ_ﬁge met hod
as in daiml, wherein at |least a portion of the pre-conditioned 2 solute
remaihs in a supmscduiolf@da‘sbmt@mﬁtcmrofﬁm st apavstagsupterof ablehst aoutsuch t hat
3 the, pre-conditigned solute exhibits no spike in tenperature upon
subsejuently 4 Beﬂ?ﬁr@b‘&%d fromroomtenperature to between about -23C
and -26C. 1 6. The nethod as in Claim1, wherein the step of super-cooling
i ncl udes super- 2 cooling the solute from roomtenperature to between about
-23C lnd -26C. TheZnetlitbanmtClaian dswhancibltla preonditioned soluthendidep of
super-cooling incl ucii oohll ng 2 the solute at an average rate of between
about? 6. 5C and &TRYPE ute. 17

1 10. The method as in Claim 9, wherein the pre-conditioned solute includes:
2 about 50 per cent water;

3 about 50 percent propylene glycol; and

4 about 1 percent surfactant.

1 11.  The method as in Claim 1, wherein the pre-conditioned solute includes
2 glycerol.
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WO 03/ 044440 PCT/ US02/37124 1 8. The nethod as in Caim1, wherein the

step of super-cooling includes cooling 2 the solute,

for at | east a

porti on oWaasme444at an average rate of at |east about 3 1HRCTpES2BTNIMEE. 1
9. The nethod as in Claim1, wherein the pre-conditioned solute includes 2
propyl ene glycol. 1 10. The nmethod as in Caim9, wherein the
pre-conditioned solute includes: 2 about 50 per cent water; 3 about 50
percent propylene glycol; and 4 about 1 percent surfactant. 1 11. The
method as in Claim1, wherein the pre-conditioned solute includes 2

gl ycerol. 18 WO 03/044440 PCT/US02/ 37124 1 12. A systemconprising: 2 a

t ank ]Icapablﬁ of h%sgeinpgorg IEsrqg?detern‘i ned anmount of liquid; 3 a circulator

capabl e of "Circu I'ng sa

%’qui d; 4 arefrigeration system capabl e of

cool img sai d | i guimk caphible 2f BoRlify £HRBEIEMANETaBOIN R ligant ng an al tered heat
absorption rate. 1 13. The systemas in Caim12, wherein said

pr e- condi t i oned agdiculatoricgpablesef aitcelating pidiliggidbeen conditi oned by bei ng
super; cool ed at _an ayer.age rate of . at St . bit%]%%l?fg-SC per mnute. 1 14.
i d

| )
Tt om as 1 A TGRS Sy Pari S cSRRe s

solute is a solute

2 hai ng been ceRfétoiigshddsolfd Re/istRLAItesQPhREabdoffionaam t enperature to a

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

2 having been conditioned by being super-cooled at an average rate of at least
3 about 6.5°C per minute.

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

2 having been conditioned by being super-cooled from room temperature to a
3 temperature of less than about -23°C.

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

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

3 between about -23°C and -26°C.

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

2 having been conditioned by being super-cooled at an average rate of between
3 about 6.5°C and 8.5°C per minute.

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

2 having been conditioned by being super-cooled, for at least a portion of time,
3 at an average rate of at least about 17°C per minute.

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

2 conditioned solute is about 135 BTU at a temperature of between about -23°C
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3 tenperature of |ess than about -23C. 1 15. The systemas in Caim12,
wherein said pre-conditioned solute is a solute 2 having been conditioned
by bei ng wwpsro4eael ed fromroomtenperature to 3 between ralToug02822€ and
-26C. 1 16. The systemas in Claim 12, wherein said pre-conditioned solute
is a solute 2 having been conditioned by being super-cooled at an average
rate of between 3 about 6.5C and 8.5C per mnute. 1 17. The systemas in
Claim 12, wherein said pre-conditioned solute is a solute 2 having been
condi tioned by being super-cooled, for at |least a portion of tinme, 3 at an
average rate of at |east about 17C per mnute. 1 18. The systemas in Caim
12, V\_@erei n the agﬁq%y@bsor ption rate of the pre 2 conditioned solute is
about™ 135 BTU at a Tenperature of between about -23C 19 WO 03/ 044440

PCT/ US02/ 37124 3 and -26C. 1 19. The systemas in Caim2, wherein at

| east a portion of the pre-conditioned 2 solute remains in a super-cooled
statel such9 hatThetsgstpmes do pimildneberein|aiteest 3 pestiontsif the pro-copditiensdn

t t b tly beij led f 4 t t
ot veen about <SS RAASaR syPSf TR Spett ML PR ponyforBa ST o1 s o
pre-cpndi ti oned esRibits Bo lsPikk Y8l REnpefatie ABYH me@le&aﬁg*ggisng cgéledfﬂ%ﬁl Ryffemas in

Cl aim 20, wherein the pre-conditioned solute inc X about 50 per cent
wat erd 3 about S@nprrevEnto hetwesn aboet 13yCahd -267€ -

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

1 21.  The system as in Claim 20, wherein the pre-conditioned solute includes:
2 about 50 per cent water;

3 about 50 percent propylene glycol; and

4 about 1 percent surfactant.

[a—y

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

2 glycerol.
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4 about 1 percent surfactant. 1 22. The systemas in Claim12, wherein said
pre-conditioned solute includes 2 glycerol. 20 WO 03/044440 PCT/ US02/ 37124
1 23. A heatosadesaange nedi um conprising a |iquid having arrca/tseesdi2iheat 2
absorption rate. 1 24. The heat exchange nediumas in Caim23, wherein the
heat absorption rate 2 of said liquid is altered by a process including
super-cooling a liquid with an 3 unaltered heat absorption rate at an
average rate of at |east about 6.5C per 4 mnute. 1 25. The heat exchange
mediumas in Caim23, wherein the heat absorption rate 2 of said liquid
is altered by a process including super-cooling a liquid with an 3

unal tered t f les n_.about -23C 1
26. e he;kt% exﬁg%’tg%ﬁ% %%eglsutn?%ﬁ@&qip z&@&tﬂvﬁlgﬁggﬁna ereﬁzlg?t absorption
rate 22 of sai dabgapu@lna& altered by a process including super-cooling a
liquid with an 3 unaltered heat absorption rate fromroomtenperature to
bet ween about -23C 4 and -26C. 1 27. The heat exchange nediumas in Caim

23, erein, t he -hea bs tion.rate of i altered by a
 ocehe et AIEahesR ERhBie ARl jn utly 2 vihet S sher g e
absorption rat e ofkaidlqaldek alieret BYQ éﬁécebﬁhmﬁﬂl @hﬁéﬁco@llﬁgamdld velmﬁarﬁC per
m nute. 1 28. The heat exchange nediumas in al m 23, wherein the heat

absordti on rat e un2ltespd begt @b$qrp|mrxjrate§ntamamregt tafe of apﬂfmsfe@@ut mef@pérng
super; cooling a |I8UId with an

1 25.  The heat exchange medium as in Claim 23, wherein the heat absorption rate
2 of said liquid is altered by a process including super-cooling a liquid with an
3 unaltered heat absorption rate to a temperature of less than about -23°C.

1 26. The heat exchange medium as in Claim 23, wherein the heat absorption rate
2 of said liquid is altered by a process including super-cooling a liquid with an
3 unaltered heat absorption rate from room temperature to between about -23°C
4 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

BOWON

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

S W e

of at least about 17°C per minute.

1 29. The heat exchange medium as in Claim 23, wherein the altered heat

21



3 unaltered heat absorption rate, for at |least a portion of time, at an
average rate 4 of at |east about 17C per mnute. 1 29. The heat exchange
medi um aswiao3@4ai4m 23, wherein the altered heat 21 WO 03/F@Ads/37124

PCT/ US02/ 37124 2 absorption rate of the liquid is about 135 BTU at a
tenperature of between 3 about-23C and-26C. 1 30. The heat exchange nedi um
as in Caim23, wherein at least a portion of said 2 liquid remains in a
super-cool ed state, such that said liquid exhibits no spike in 3

t enperature upon subsequently being cooled fromroomtenperature to 4

bet ween about -23C and -26C. 1 31. The heat exchange nediumas in O aim 23,

A ey i s T e e S T T Sl

wat er3 3 about 5S8omergantanprogryd.ene gl ycol; and 4 about 1 percent
surfactant. 1 33. The heat exchange nediumas in C aim 23, wherein said
liquid includes 2 glycerol. 22

1 30. The heat exchange medium as in Claim 23, wherein at least a portion of said

2 liquid remains in a super-cooled state, such that said liquid exhibits no spike in
3 temperature upon subsequently being cooled from room temperature to
4

between about -23°C and -26°C.

1 31. The heat exchange medium as in Claim 23, wherein said liquid includes
2 propylene glycol.

1 32.  The heat exchange medium as in Claim 31, wherein said liquid includes:
2 about 50 per cent water;

3 about 50 percent propylene glycol; and

4 about 1 percent surfactant.

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