FREEZE | NDI CATORS, COVPONENTS THEREFOR AND PREPARATI VE PROCESSES TECHNI CAL
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di scl ogernfhrewnoflowelp.ccatagrggeens and some herbs may wilt and vaccines may lose potency.

Other foodstuffs and medications as well as some industrial products, for example latex paints,

are also freeze sensitive.

20 Accordingly there is a need for a low-cost freeze indicator which can be associated with a
freeze-sensitive host product, for example by attaching the freeze indicator to the host product,
and which can provide an irreversible indication of past exposure of the host product to freezing

or near freezing temperatures.

25 A number of proposals for such freeze indicators is known. For example, U.S. Patents Nos.
7,343,872 and 7,490,575 and U.S. Patent Application Publications Nos. 2008/0110391 and
2008/0257251, all having inventors Taylor et al. and being assigned to Temptime Corporation
disclose a variety of freeze indicators and freeze indicator technologies. These patents and the
patent application publications are referenced herein as the "Taylor et al. patent publications”,

30  and each one is incorporated by reference herein.

As described in their specifications the Taylor et al. patent publications disclose freeze indicators
which employ an indicator element comprising a dispersion of solid particles in a liquid

medium. The indicator element can change appearance irreversibly upon exposure to freezing
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m croorgani sm and the water can conprise deuteriumoxide. U S. Patent No.

5, 223, 492P¢i8WY-ght et al., U S. Patent No. 5,137,815 to Hendricks and U.S.
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temperature such as a temperature near the freezing point of water. As described, Guisinger's

20  critical temperature indicator includes a transformable material including a mixture of water, a

nucleating agent, latex, and a stabilizer for the nucleating agent. As described, in the patent, the
latex can be a wax. Also, the nucleating agent can be an ice nucleating active (INA)

microorganism and the water can comprise deuterium oxide.

25  U.S. Patent No. 5,223,412 to Wight et al., U.S. Patent No. 5,137,815 to Hendricks and U.S.
Patent No. 5,489,521 to So et al., describe ice nucleating agents and microorganisms that can be

employed as ice nucleating agents.

Notwithstanding the foregoing proposals for freeze indicators it would be desirable to have a

30  freeze indicator having new response characteristics.

The foregoing description of background art may include insights, discoveries, understandings

or disclosures, or associations together of disclosures, that were not known to the relevant art
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20  point of the frozen state of the liquid medium.

In some cases, the presence of the ionic coating on the nucleating agent can enhance the
precision of the freeze indicator. For example, the ionic coating can help provide a freeze
indicator with a sharp end point, where there is a relatively narrow temperature difference

25  ?(think about this — search "narrow") the lowest temperature at which the freeze indicator
provides no visible response and a temperature a which induces freezing in a reasonable period

of time and a changed in the visual appearance of the freeze indicator, possibly after thawing.

The indicator dispersion can have a different visual appearance when the liquid medium is in the
30  frozen state, the different visual appearance preferably being irreversible. Optionally, in the

frozen state of the liquid medium, occurring for example as a result of exposure of the freeze

indicator to a freezing temperature, the indicator particles are coagulated and the coagulated

indicator particles provide the different visual appearance.



frozen state of the liquid medium occurring for exanple as a result of
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i quidmedium frozen state nelting point, if desired. Softening of the
organic material particles by the softener can result in an enhanced vi sual

appearance of the freeze indicator after freezing as. a result of goad
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20  appearance wherein the coagulation and the different visual appearance are irreversible. The
indicator dispersion can also comprise a particulate nucleating agent to inhibit supercooling of

the liquid medium below the liquid medium frozen state melting point, if desired.

Softening of the organic material particles by the softener can result in an enhanced visual
25  appearance of the freeze indicator after freezing as a result of good coalescence of the softened
organic material particles. An enhanced appearance, contrasting well with the initial appearance

can help provide a clear indication of exposure to freezing conditions.

For some commercial purposes where a substantial shelf life may be desired, and for other
30  purposes it can be useful to have a freeze indicator employing a freeze indicator dispersion of
solid particles in a liquid medium wherein the indicator dispersion exhibits good stability at

temperatures above freezing but loses stability at freezing temperatures.
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20 DETAILED DESCRIPTION OF THE INVENTION
The present invention provides, inter alia, freeze indicators that are useful for monitoring past
exposure of freeze-sensitive perishable products to freezing temperatures and can have one or

more, or all of, a number of characteristics that facilitate the monitoring.

25  Various useful embodiments of freeze indicator according to the present invention can provide
one or more of a variety of new or improved properties including, for example, suitability for
mass production at a low cost, a reliable and consistent indicator response and a clear, easily
read signal, or indication, of past exposure to freezing conditions. In some embodiments, the
indicator signal is long-lasting, or permanent, so that past exposure to ambient freezing

30  conditions can readily be determined by a viewer or a viewing device.

Usefully, the indication of past exposure to freezing can be irreversible. For example, the

change in visual appearance can be incapable of being removed by thawing or heating to normal



Usefully, the indication of past exposure to freezing can be irreversible.
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20  The terms "coagulate", "coagulating" and "coagulation" are used in this specification to include
coalescing, agglomerating and other appearance-changing phenomena that can be exhibited by a
liquid dispersion upon freezing, or upon freezing and thawing. Particles of harder materials, for
example, colloidal or other particles of inorganic materials such as gold may coagulate or
aggregate, being pushed together and increasing in concentration in the liquid medium as the

25  liquid medium freezes. It will be understood that solid particles dispersed in a liquid medium
generally are not structurally incorporated into the growing crystals of the liquid medium as it

freezes, so that the concentration of the solids in the residual liquid increases as the crystals

grow and the volume of unfrozen liquid decreases.

30  Particles of relatively soft materials such as soft waxes and low glass transition temperature
polymers, and the like, may coalesce as they are constrained by the shrinking volume of the
crystallizing liquid medium. Some soft materials may coalesce irreversibly, which is useful for

the purposes of the invenion. However, some harder materials may be capable of redispersing
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20  The viewer's interpretation of the indicator signal can be assisted, if desired, by providing one or
more reference areas adjacent the freeze indicator's active area with which the viewer can
compare the appearance of the freeze indicator. The reference area can help the viewer judge
the meaning of the appearance of the freeze indicator, for example to determine whether the
appearance indicates "never frozen" or "has been frozen".
25
Freeze indicators according to the invention can be associated with a host product, for example a
freeze-sensitive or freeze-perishable product, to suggest that the host product may also have

suffered potentially deleterious freeze exposure.

30  In general, freeze indicators according to the invention employ a liquid medium as an indicator
component which has a melting point that can be determined from the frozen state of the liquid
medium and which melting point is at a temperature of interest to indicate. The liquid medium

can freeze, and the freeze indicator can display a different appearance, at a temperature



medi um and which nelting point is at a tenperature of interest to indicate.
The liquid nediumcan freeze, and the freeze indicator can display a
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&aﬁgrtqﬁéﬁpgf'ﬁﬁPﬁgﬁﬁgrhﬁgq¥ ﬁ% 9 Her aqueous media, can supercool to a

tenperature significantly below the nelting point of the frozen, liquid
wi thout solidifying. Use of a nucleating agent in a freeze indicator

di sper sihsrilidaienpinpatyaececsap de provigest byospagelaton pigiplid paetirlasdispsisgl érthediguid
supercq?% g, at a tenperature closer to the nelting point of the frozen
liquid an woul d ot herwi se occur. A nucleating agent can reduce the
potential for, or the degree of, or occurrence of, supercooling. The
presence of a nucleatln ent in the jndicator dIS ersion can narrow t he
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whi ch induces freezing In a reasona time and provides a change
i n t he temperaturappe theanelengpoinhef the diguel metinoatten,frqres.sThisys bdchese solmaew ng.
Al so, qucl at|§@> ngtsds%ltable(f rquse |t the practhce of the quentlon
can hell[AUd inclyging water, deuterium oxide and some other aqueous media, can supercool'to a
temperature significantly below the melting point of the frozen, liquid without solidifying.
20
Use of a nucleating agent in a freeze indicator dispersion can promote crystallization of a liquid
medium, subject to supercooling, at a temperature closer to the melting point of the frozen liquid
than would otherwise occur. A nucleating agent can reduce the potential for, or the degree of, or
occurrence of, supercooling. The presence of a nucleating agent in the indicator dispersion can
25  narrow the difference between the temperature above the liquid medium melting point where the
indicator provides no visible response and a response temperature which induces freezing in a

reasonable period of time and provides a change in the visual appearance of the freeze indicator,

possibly after thawing.

30  Also, nucleating agents suitable for use in the practice of the invention can help initiate
coagulation or coalescence of the solid particles in the indicator dispersion. Furthermore, a
nucleating agent can facilitate the obtaining of a consistent response to a defined temperature

event.



coagul ati on or coal escence of the solid particles in the indicator
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20 by routine experimentation.

The term "response temperature” is used herein to refer to an ambient temperature which will
induce a predetermined appearance change in a particular freeze indicator after a reasonable
period of exposure to the ambient temperature, for example a period of 30 minutes or one hour.

25 In practice, quicker response times may be useful, for commercial products, or for test purposes.

The duration of the low temperature exposure required to activate a given freeze indicator
includes time for the indicator dispersion to cool to its response temperature, as well as time for
freezing to occur. This time may be as little as one or two minutes or as much as 30 or 60

30  minutes or other suitable time period, depending upon the construction of the indicator and a

variety of other factors, as will be understood by those skilled in the art.

As described herein, the invention provides, in one aspect, a freeze indicator comprising an



m nutes or other suitable tinme period, dependi ng upon the construction of
the indicator and a variety of other factors, as wll be understood by
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i nvention conprise a liquid nmediumwhich is aqueous. In such enbodi nents,
the ionic surface coating on the nucleating agent can conprise a salt, for
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20 A suitable salt can be selected from the group consisting of the chlorides, fluorides, bromides,
iodides, nitrates and sulfates of sodium, potassium, ammonium, lithium and magnesium,
mixtures of two or more of the foregoing salts. Salts of other acids and bases including organic
acids and/or organic bases can be employed, if desired. Alternatively, or in addition, the ionic
surface coating can comprise the residue of ionic coating of the inorganic nucleating agent with

25  an aqueous solution of a salt, for example the residue of ionic coating of the inorganic nucleating

agent with an aqueous solution of any one or more of the foregoing salts.

While the present invention is not intended to be limited by any particular theory, it is believed
that nucleation of the freezing of a liquid in a metastable or super cooled state, i.e. ata

30  temperature below the melting point of the frozen liquid, occurs via germs or embryos of the
solid crystal phase of the liquid. Germs can be considered as small, transient clusters or the like
of the newly developing solid phase which may exist in various sizes, dispersed in the parent

liquid phase. Under favorable conditions, a germ may grow large enough to become stable,

10



tenperature below the nelting point of the frozen |iquid, occurs via gerns

or enbryos of the solid crystal phase of the liquid. Gerns can be
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20  agent and the solid phase to be nucleated; solubility of the nucleating agent in the liquid phase,
size of the nucleating agent particle; polarizability, hydrophobicity and hydrophilicity of the
nucleating agent particle surface when submerged in the liquid medium; surface charge on the
nucleating agent particles; number and strength of surface sites on the nucleating agent particles
that are capable of adsorbing molecules of the supercooled liquid. Theoretically, any one or

25  more of these parameters is available for manipulation by a person of ordinary skill in the art

seeking to provide a nucleating agent having improved performance.

Silver iodide is known to be capable of providing a useful nucleus for the formation of ice

crystals, possibly because silver iodide is water insoluble, has crystallographic properties, such
30  as crystal geometry and size, that are related to those of ice, and because commercially available

silver iodide has relatively large crystals.

However, pursuant to the invention, it is also believed that, in freeze indicators according to the

11
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nucl eating agent into the indicator dispersion. Accordingly, in this
aspect, the invention can provide sinple, econom c processes for preparing

The process can comprise steeping the nucleating agent in the aqueous salt solution, optionally,
20  for at least 30 minutes. Steeping can last several hours for example 1 to 2 hours or more if

desired and can be conducted at room temperature or other suitable temperature.

If desired, the ionic coating process can include separating the ionically coated nucleating agent

from the aqueous salt solution prior to incorporation of the ionically coated nucleating agent into
25  the indicator dispersion. Optionally, the ionic coating process can include drying the ionically

coated nucleating agent before incorporating the ionically coated nucleating agent into the

indicator dispersion.

Accordingly, in this aspect, the invention can provide simple, economic processes for preparing
30  useful nucleating agents which can be beneficially incorporated into freeze indicators including

the novel freeze indicators described herein. Such processes include washing an inorganic or

organic nucleating agent with an ionic liquid and optionally stabilizing the surface of the washed

nucleating agent, by drying or other suitable means, to provide a treated nucleating agent which

12
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herein, In this aspect, the invention can provide sinple | ow cost processes

whi ch cpie iRVaioH @158 ind 1M PadticSseh s ppaaking fREANndhiohs §RRH ceibiisacy, shel f
|ife and/ or other properties that can be beneficially enployed in freeze

i ndi catiBeypating anen@nt:ailytq@étedﬁmélﬁamwgem it a fraezejipdiedtey digpprigeesses can
| mpr Ve tn)%aﬁ sfu@l? gﬁlg%[grlgﬁ} Qlatjo §1leéXra8£n SQ:gﬁ‘ gr% Ill&gthgﬁleora V\is o\@h&llgalﬁvm di ng

i ntroducing polar sal ze |n ersio

pr eventcoat@gthk atitloain agady eiseddimaitt &€ freézl’eencﬂlbﬁof conagiving @biohichy Onfatéd’le

i ndi_cator_ di spersion, in_sone cases. Enploynent of nucleating agents

i orlPcallugleatng %%fnby‘séeﬁf@%g%relé‘ecor ding to the invention in freeze

i ndi cators conprising indicator dispersions can reduce the potential for
supercool i ng of the dispersion nmedium In addition, enploynent of ionically
coat ed Inulch esfiecn theagentt®n cam peyidEr siiapledowico bt prbr&ssielswém}i @n previdhed p provi de
a narraqw di fference between the t e above freezing where the

i ndi cat'BPTE&NEMECIHY A BNEED gaft "tfﬁé ctye%ﬁ e gpd/onethgiproRcFirs B2t ¢ig B | |

beneficially employed in freeze indicators according to the invention. Also, the inventive
20  processes can improve the surface hydrophilicity of some nucleating agents while avoiding
introducing polar salts into freeze indicator dispersions which might prevent coagulation or

adversely affect the pre-frozen stability of the indicator dispersion, in some cases.

Employment of nucleating agents ionically coated by a process according to the invention in

25  freeze indicators comprising indicator dispersions can reduce the potential for supercooling of
the dispersion medium. In addition, employment of ionically coated nucleating agents, in
accordance with the invention can help provide a narrow difference between the temperature
above freezing where the indicator shows no response and the temperature at which freezing will
reliably occur and the indicator will respond.

30
Silver iodide is an example of an inorganic nucleating agent which can usefully be ionically
coated and employed in a freeze indicator, by employing a process according to the invention, or

by other suitable means to nucleate the formation of ice from an aqueous liquid medium or to
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reliably occur and the indicator will respond. Silver iodide is an exanple
of an inorganic nucleating agent which can usefully be ionically coated and
enpl oyed wo 2a1foiesae i ndi cator, by enpl oying a process actwsdino®siieot he
invention, or by other suitable neans to nucleate the formation of ice from
an aqueous |iquid nediumor tonucleate the formation of other solid phases
f r om otiyeleatethefagmaiien af other sgiifl phiyes fiom gfberdimmihimediocttt willdeaoplegcen of

ordinaQ%Pg LJ&)%ﬁlrgg%f%ﬁﬁnmkkﬂﬁﬁgtﬂyﬂlun‘ Any suitable liquid nmedium can be
tar

used in‘fndica i spersions enployed by freeze indicators according to
the present invention. In general, the response tenperature of the freeze
indicator is related to or, or determ ned by the choice of |iquid medium

: y . 114
Howev erkidgidiegdivm e gy sugaplc HiS6 madWe £ euicd dp S I eigpersns caP QG &Y of
whi gh af&,d ﬁﬁﬁi{a’t&? e dARifd By thi ?fcs@xﬁﬁﬁ%nﬁoﬁ.u Fiﬁ nés&%', f1d rﬁs@gn&%ﬁlﬁeﬁa{&& oENT S,
if present. Unless the context 1ndicates othérw se, t terns "water" and
"aqueoUstezaimgiaageds rehat¢diosors@ettdrmieti byrthe chaicrcofildpidoiedion. yHonyeleogeler

oxi de, O but  al deuterium oxi de, D20, or heav ter, partially

deut er af?@&rsxﬁé{l also a?ﬁgﬁ tﬁ"nEFSPr‘?%éF (RIS %%%O{fﬁgléﬁia%:ﬂ ‘ggcrﬁ?él f@?ﬁ%‘&»efﬂlf ration of
deut er i ymrpie Qgeﬁgg{%ang%gjegiﬁgaggggg gaisest. wat er can be varied to control
the freezing point of the water or aqueous phase w th higher concentrations

of deuterium oxide raising the response tenperature to be closer to the

mel.tin 0i of .ice. .If desired, .up to 100 percent by,wei ght. of. deuterium
oxi'fe. aufiisahe fineb Suicasr TR 0¥Rhg ol B ERbetY MRySRmET om can.
conpr i spedifioMoale ucldd? ebaI§MydideabRldt, D), Per & deukai@dodte e, venahy of
the liquid nedium of deuterium oxide, deuterated water or of a mxture of

deut er i wtloRMHallnAenteraied eraiere BHA tand mitiyees o dfase matyolh nistcopsensiglienols
liquid I ' L e Iy I i ment
of "aquei R GRASLEN SRR SelieBled AL Al BN B e e BB e
di sper showaeaor igedeyghiade with Highee corabn@stpanio€ déutetiiirg pxide raisiag tiedresponse
Furthernore, the liquid nediumcan _be a single phase before, during and

af tler  fiPBRsatEKodsFeser (o thg axtingpoighal dest If g‘?snieﬁe up @ s¥hessceit by welHl Shase

e the AL Yarer Y hI RS Geen Solid and |iquid states. Suitable Iiquid
medi a can conprise a single liquid, for exanple water, or a m xture of
m sci blf%r leiiﬂllilli)lg,s a gl\'ﬂtialcjﬁ: aglgeor{lcs)tﬁquid medium can, comprise from about 10 percent to about 70
percent based on the weight of the liquid medium, of deuterium oxide, deuterated water or of a
20  mixture of deuterium oxide and deuterated water. One useful embodiment of aqueous liquid

medium consists entirely of regular water. Another useful embodiment of aqueous liquid

medium consists entirely of deuterium oxide.

The aqueous dispersion can be devoid, or free, of organic liquid, if desired. Furthermore, the
25  liquid medium can be a single phase before, during and after freeze exposure, if desired, except
for the presence of a two-phase mixture constituted by the liquid medium which will occur
during freezing as the liquid transitions between solid and liquid states. Suitable liquid media
can comprise a single liquid, for example water, or a mixture of miscible liquids which do not
separate one from the other before, during or after freezing, or after thawing, for example, an

30  aqueous alcoholic mixture.

Some other liquids which can be employed as liquid media in the practice of the invention

include, for example, nonaqueous polar or nonpolar liquids, ethanol, propanol, hexane and other
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separate one fromthe other before, during or after freezing, or after

t hawi ng, for exanple, an aqueous al coholic m xture. Sonme other |iquids
whi ch carwbeosmmhimyed as liquid media in the practice ofctrhms2e0008n186 on

i ncl ude, for exanple, nonaqueous polar or nonpolar |iquids, ethanol,
propanol, hexane and ot herl ower al kanols and al kanes having ten or fewer
car bon lavendkanpdeangrigkangs hapingteatos fesvercarben peoms, ascipne. aall ek, telseteu|

or gani vent j he conposition of the |iquid dispersion
nediunﬁgggfﬁ%@dﬁm?ﬁggﬁrggggﬁggggﬁ%erature i ndi cated can be the freezing
poi nt of water, the freezing point of an aqueous solution or of a m xture
of liquids or the freezing point of an organic, silicone or other solvent,
| i qui d ldgpepdigaivgomthercapwosition gf thg layidedipnessjerimedivphamplayeh theféeeringe z e

| nd'SC attQﬁlp T fnﬁp:la)éd CtaH Be Itﬂe%’éegin 0 b, chb %E?n%@@iﬁ?o f ru@ousdur Ing
and after freeze exposure. The invention includes freeze indicators

conpr i ssohgioa onohaquetoresofl liquudschr nediream i afius beshicgiliagendr dfleraslsestt or

pronote, freezing,of the liquid nediymwherein the nucleating agent js
i nsol uﬁ’rqé“‘f‘ﬁrzlfc}]ﬂgd Fi”&fﬁ’iedlfrﬂé ﬁﬁfnrlr’ﬁ%ﬁ AP YSHBY Y P afbff‘i’iz‘é mﬂﬂ%‘ﬂ%r eé’_g?ebq%dh‘h as
cryst al)i @ePaRliunh Rl Bl fof, Quiitd AlEHte GrebRASGoQret he solid phase of

the frozen |iquid nmediiumand which is commercially available with
relatively large crystals. Useful crystal sizes for an inorganic ice
nugl.eat.j.ng agent .can c ri.se. an average particle si.ze in range of from
abadt THRIBREROP S o PR T eon g P e s B it s e on 1 o
about  AicR¥h6fi©flgenOio HEBt dIPemRIEREH o DY HeAR|UR] SbdiRnAshdeinl th@ﬁu&éaﬁlagcagaﬁ
apparent to a person of ordinary skill in the art. Sone exanPIes 0

i nor garib t1splybledathalifuad eedsim. has ciysigllperaplp pepedics rsuch as piyset geomesty anfe

| nvent i of, NG }é‘li’a‘%ed i%%%%gﬁ?he%ﬁh@%%”& RIEBSS RRIEHEEYn] LR AiBE 9T oup
consi sting of siTver iodide, silver bromde, copper rodi de, mersite, mca,
bent onidommdieiatlpavdigblefwittoredpivendagdetcgysaaid m xtures or bl ends of two or
nore of the foregoing inorganic nucleating agents. O her suitable inorganic
nuépeating agents will be, or becone, apparent to a person of ordinary

ski |l i[ﬁ'se‘ﬁh%r th siz@s fd-rqmin(ﬂ%atﬁm ,nq-bhsyﬁtg%s%ﬁt ca}{%rok‘%?i%e RE QRO4 i}ﬂ?t?clé)gize

nucl eating agent can be enpfoyed in t I cat or di spersior. For exanpl e,
a pr opantirgngectt fronoalyanil enintwal teaboutd Oagentonofor asarhglastonaitout 10 micipeteent by
wei ght a%l(‘)utoé[o micron, or can have another suitable size as will be or become apparent to a person of
ordinary skill in the art.

20

Some examples of inorganic nucleating agents that can be employed in the practice of the
invention, include inorganic nucleating agents selected from the group consisting of silver
iodide, silver bromide, copper iodide, miersite, mica, bentonite, hectorite, fluorophlogopite and
25  mixtures or blends of two or more of the foregoing inorganic nucleating agents. Other suitable
inorganic nucleating agents will be, or become, apparent to a person of ordinary skill in the art in

light of this disclosure.

Various proportions of nucleating agent can be employed in the indicator dispersion. For
30  example, a proportion of inorganic nucleating agent of at least about 0.1 percent by weight or of
from about 1 to about 2 percent by weight can be employed. Both ranges of proportions of

inorganic nucleating agent are based upon the weight of the indicator dispersion.
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fromabout 1 to about 2 percent by wei ght can be enployed. Both ranges of
proportions of inorganic nucleating agent are based upon the wei ght of the
i ndi cat orwoi2spansizon. Sone illustrative and nonlimting exagsk@s/08f130
processes according to the invention and of conparative process wll now be
descri bed. Conparative Exanple A: Commercial Silver lodide A freeze

i ndi catmaillypreatiye gnd penlgpising casgmplys phproerbses asgoginego ghesinvgionjapdioie powder
(Al fa r 99 de 121 11) with a spatula into a cl ean
gl ass V%I% aﬁ%%ggg Cégs ﬂlci“eol“g{r)l‘f“)éziléejsc@iltl\/\/a er. 7.95 g gold colloid (20 nm gold
particles in water, BBInternatlonaI product nunber EM GC20 at OD2),

followed by 1.9 ¢ deuterlun1OX|de (99. 9@6deuter|un1fron18|gna Al dri ch,
product nunber 151882%?)?W~mwem4 e £ escialapbveglodide vvial . The glass
vialk is f i me
R S e S 92&@@@3%3@8?3?%% RORe bR LR AR

sil ver 99cﬁﬂ9d’epma1modmit chéec thidg) fwith zysp}mﬂzpﬁmsedleamglassviabltinsteﬂmnpedhorﬁstfalkl ng

o0, SO P ST b, 3OS 0 STRRIENRL ey =0
stirringvtgr2d yedye), 2010Wedd 'lqygtdéut@ﬁu&hﬁld@ (@9@%&1&1’%&&?&6%&&1‘3 AloRe,t he

gl ass vial using an Eppendorf Prpette and i medi ately delivered into smal
pol ypr apydusheusberpld 88Libars piigeted mto el spmebyss emé. Theghewehl i§ seicaFedbsa f r om

Cor,ni n Inc rt n 6571).. The ve f.reeze in or .di spersion
sartf egop P PRih SPURG 3 bom U5 heRm¥ Es thBET GrhPhETh it T Ry ™

per f or resieR tusehg\ge s ofigls11 Qi fdldP R eid Ub@ omER eul S adTieped Ahe i M ACRENHd. @
wei ght ed open-weave nesh bag and i mmersed in a propyl ene glycol/water

ci r cul athakipgcoe spmeativataie equuinppantylithesodids are hpmaesaoushedipritndplidding a

cal i br tlgﬁgl(glngr noneter to control the tenperature to - 20C. The sanples are
vi sual | mned for a change in color at regular intervals. The 12
sanpl es enpl oyed in this experinment |ost their pink color becom ng

apprOX| rrately colorless with an average response tine of about 25 m nutes.

Thils r VRS Varpe of BRdvasisas withiafaagg @é%rtr%lgtbﬁéf‘V%Yﬁ el diguets phiieci al
silver dlggks% ge ?an&% fﬁ;imﬂy (%asq%ﬂ ubi g%lﬁ l%\?gg&ilog@{f gétté"éiﬁi' iR d P Rely

characteristics. Exarrp e mer cl a
delivered into small polypropylene sample tubes (0.2 ml polypropylene Thermowell™ Tubes

from Corning Inc. part number 6571).

20  The twelve freeze indicator dispersion samples from the previous step are then tested for freeze
indicating performance using the following procedure. The samples are placed in a weighted
open-weave mesh bag and immersed in a propylene glycol/water circulating cooling bath
equipped with a calibrated thermocouple or calibrated thermometer to control the temperature to
—2°C. The samples are visually examined for a change in color at regular intervals. The 12

25  samples employed in this experiment lost their pink color becoming approximately colorless
with an average response time of about 25 minutes. This relatively slow response time suggests
that untreated commercial silver iodide does not exhibit good freeze indicator nucleation

characteristics.

30 Example 1: Commercial Silver lodide

Comparative Example A is repeated with the difference that, before incorporation into the freeze
indicator dispersion, the silver iodide is added to a 0.01 molar sodium chloride solution in a

proportion of 1 g of silver iodide per 100 ml of sodium chloride solution and agitated for two
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Conparative Exanple Ais repeated with the difference that, before

i ncorporation into the freeze indicator dispersion, the silver iodide is
added t o woQofdloimsbar sodi um chloride solution in a proportusesooms2ido g of
silver iodide per 100 mM of sodiumchloride solution and agitated for
twohours at roomtenperature to provide an ionic coating on the silver

i odi de.howreatipom tareparatuse tp pPervade aviopisAevdng pieths sdvamnP @it ol hel@ixisleds i on and

the 5' 'f}’l% e t{%%&%ﬁ%%%%‘%d c%léjr e glu% ghd Hesiivdl 3hidl ?Qﬁéeﬁggﬁéﬁﬁﬁe? The

dr en rncorp eeze | Ndi Ca I'Spersion, and

t est ed,vaaﬁurh at @esCihipedtirs. @bérnﬁescapﬂou@ctﬁis(aleﬂ i ofpordtb@int®alret £spdiaser t i me
for the twelve sanples, when the sanple changes appearance fromclear to
appr oxiHeeetign. @t Eﬁswés%s ip §CS&BB%& mSC‘?ﬁlPﬂIﬁfé‘ée Expmple 8stThedngaggesponss e for

sangl € tﬁ‘gﬁgﬁlwg é‘s Waek gmhhﬁgr%ea@ﬁé&fa&e foﬁ?cl@?@ttB gb?%%?ﬂfaﬁg%f@le@sor

the 12 sanpl es again result sugges ionically
coat ed ishaboe mmdtesleTh‘atespe répented as asampfd dged éntonarvwkeitaatiom rupesatieng

agent i the freeze i ndi.ca di s er5|on t est ed. e nu Ieatlng erties
appear B TR ‘H@B f%ff&“’eﬂz éad{l §° BARIGreMEs- Eﬁ} gré?t g?sltﬁethg‘i @Eer si on

may havignighl o%hi%l ditvbi ib8ide @QIT'P@HG}B{ é&ean@fﬁﬂglllteang staMRd ﬁuc@’aﬁh’%‘ Hoeak b th%E I odi de
Silver i odi use as a nucleating agent is fresh ground

mel ti ngfretehelrsiudamrdlspom@eteﬁ@d/\déhe euvbiatipe draparts appaeatd bfemEbmmdeafm agina

u furnace u vacuum nel t, | duced to roomtenperature
w ) cdat P e ety e M bR et b 4B '3 ound and dry ot eved
through a series of five wwre nesh sieves. The sieves have nesh openi ngs of

si ze nunber 100, 200, 325, 400 and 635 respectively and are shaken for 5
hours. The graded product conprises five fractions separated by sieve size

whi ch have nom nal pai;iﬁ%ﬁnﬁ%ﬁﬁﬁnﬁié%bﬁﬁﬁﬁ%@mﬂﬂ?ﬂ%r%%ﬁ;@1Cron and about 74
m cron; between about L en about 44
M cron Siher RidadetfoBusends arminleathes ageanisdhehlly nddlt gioondby arttinghbe sila iodidy on;

and | ess than about 20 mcron, resp ectlveg§ The resul tant ground si | ver
i odidde RO¥deh oMM iR GoMpertize Frample A Hup BRe SHmagespdesdgRmin vaquesy elheas

descri Bedy | '}ecgﬁgg% I%Bl“nvt%ngél%.lfm!: Sidh coﬁﬂalé@&tohkg ﬁée?QfaE ahg Qhe%rh gfﬁfﬁlnﬁs

aged for one wee room tenperature. Four ract|ons Ive
freeze anddirg sitwrd thenvgh eseti¢radf fiveosizemasit icves abwrievkd hmamb@sop@uglge sf $ing

that nelt & $ver odj éga have it ucl e activity.
The r erih S0 208t 135m 0 R 55 SfecBRilY o 8 shienstr 5 oGy & gy
freeze comprises five fractions separated by sieve size which have nominal particle sizes of. between
20  about 149 micron and about 74 micron; between about 74 micron and about 44 micron; between
about 44 micron and about 37 micron; between about 37 micron and about 20 micron; and less

than about 20 micron, respectively.

The resultant ground silver iodide is incorporated into a freeze indicator dispersion and tested as
25  described in Comparative Example A. The test is also repeated on samples aged for one week at
room temperature. Four of the five fractions give freeze indicator samples that freeze within
about 10 minutes suggesting that melt ground silver iodide can have good initial nucleating
activity. The remaining fraction, of nominal particle size 20 to 37 microns, gives freeze
indicator samples that freeze within about 90 minutes. However, after aging for one week, some
30  samples from each of the silver iodide fractions do not freeze after 2 hours in the cooling bath,

suggesting that the initial freeze indicator nucleating properties have declined significantly.

Example 2: Melt Ground Silver lodide
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i ndi cator sanples that freeze within about 90 m nutes. However, after aging
for one week, sone sanples fromeach of the silver iodide fractions do not
freeze afwenof/hoewos in the cooling bath, suggesting thatTiuseodonsiBal
freeze indicator nucleating properties have declined significantly. Exanple
2: Melt Ground Silver |odideConparative Exanple B is repeated with the

di f f er dpeparpfise, Exsatpde B 15 repetpdwithitemdifigrence Hat. oetose mcprpgratipnontodhaieqzsi on,
the sil.yer C r

in Exa 1}{(§"1cat810 &ll.?;geefsmf? tlhec glﬂe?god%e 1I3 éégtgii Wih! sladl%éﬂ &ﬁ?{}% ﬁllqﬁe H-ggﬁegldg%?%{é;% @i ts

better Emﬁpl@l mu@ioaaialmgoﬂed mlttgyodnhesﬂvélhedlue@mateﬂﬁbﬁg beéttee initifanpleasngrade
fromthe 20 to 37 mcron fraction all freeze within 10 m nutes. After aging

for onec{irigkthag figptneeatas geodueto mamplesanadedrogy thy %Qf@ﬁf%&q fgaetign allffeses e
within s [

i i e YRR 4RO R e R R RES RSPt 200 37 Rtob¥alion
enpl oyiahlgfrgeat azstshlmlﬁ oiduoesi, slezgestingl thmehcofreeszednuullafam’rg ativdeis mlmatahr;edm m | ar
results are obtainabl e although sodi umchl ori de appears marginally superi or
to potassiumchloride. Exanple 4: Freeze Indicator Dispersion A freeze

i ndi cat or di spersion which CaixhePs: eRegdmyhibAg Met hod described in
Conparati ve Exanple A conprises, by weight, based on the weight of the

di sper dixamples, lbanged @em@pe@fedempmnng patisiein cllbgde ur;@wgérspdmm dderideo| t he
freeze response 19 0 ent of . deut eri.um e freezing

poi Tt ANTHS TR af R RSB B Fh GO L AoBeF Rt Db EES R e
sever al Olt;ﬂ,glﬁlﬁﬁd}ﬂdjﬁ(ﬁ: can be the products sourced fromthe suppliers
referenced in Conparative Exanple A, or other suitable products. The silver
i odide can be ionically coated silver iodide prepared as described in any
one of Exanples 1 to 3, or i I descri bed herein as
suitable for the practice %@&1‘?2 sty Iﬁ&%% Blon e indicator dispersion
can useA tidebse ibgicaioplioy@asion Nvlﬁcf]ﬁcahﬂﬁ@i@alrd&i:b}(:ﬂié oieshadiedes criteddn M®kiarhtive

Nucl eat i ng agents can al so _be provided for ngnaqueous liquid nedia

i néﬁudlﬁﬂjlmn 0 COMPEIEE sa P w&eghﬁdaﬁéedsmemlﬁﬁﬁgﬁudéw@%%t arergsnt phtilvtie one
or qo@ia%ﬂﬁd&{m@%%%' Bk &E&%ﬁu fredR [%Bﬁg%t $9.0P8rckft Jrie gdaﬁﬁmd&&géeog ﬁj

el sewhere hereln anot aspect I nvention provides a nucl eat
agent obatreeringppacessl Mpﬂrcait o) gcldablloig suspension to indicate freezing. The several

ingredients can be the products sourced from the suppliers referenced in Comparative Example

A, or other suitable products. The silver iodide can be ionically coated silver iodide prepared as
20  described in any one of Examples 1 to 3, or another nucleating agent described herein as suitable

for the practice of the invention. The freeze indicator dispersion can usefully be employed in the

freeze indicators described herein.

Nucleating agents can also be provided for nonaqueous liquid media, including liquid media that
25  have some hydrophobic character or include one or more polar or nonpolar organic components,

as 1is further described elsewhere herein.

In another aspect the invention provides a nucleating agent coating process comprising coating
the nucleating agent with a coating fluid comprising a surface coating material, selected to

30  provide a surface coating on the nucleating agent that can enhance the compatibility of the
nucleating agent with the liquid medium. For example a hydrophobic coating agent, such as a
titanate or the like can be employed for compatibility with a hydrophobic liquid medium or a

polar organic coating agent can be employed for compatibility with an alcoholic or other polar
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t he nucl eating agent wwth a coating fluid conprising a surface coating
material, selected to provide a surface coating on the nucl eating agent

t hat can wohamoa4tshe conpatibility of the nucl eati ng agect/ustdo/oshiso | i qui d
medi um For exanpl e a hydrophobic coating agent, such as a titanate or the
i ke can be enployed for conpatibility with a hydrophobic Iiquid medium or
a pol arorgagasileent oaalkagy RodesHpxangs cmbfe@mpléy@chasr@atl@mgyat& fior fernpatihilithi an

al cohol c V.

el oyed i €SSt HuB ToBLARARTC B ckRhe Plol SHEBRRER S ERL Y feFay o
medi umagdien Cigaddatifle PURIC 8pttomaHN, foPRTIEAs3 80 siid@pd.ng t he nucl eating agent in
the coating fluid, optionally, for at |least 30 mnutes. If desired, the
coating process can include separating the coated nucleating agent fromthe
coaki n i agent
o 1 AL B Lo SRR o AP B TE o ook Rl BB, Ne e
drying doh&ng:ﬂaltieadd lswlusleqlaaetmt ngoqngmntonfocﬁ It}hmcbdbmcleamng pEnaintngetinBcgoat ed
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a proces¥biohm Y4t "eé‘%aémﬂd’&‘?céést%n P¢h réfB’r%& f SAUCHNRHINRGE P ocess as
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processes of maki ng them can enploy indicator particles conprising a

mat er i dhvengibeetse dncfludﬂmatﬂmcegsr oipaldogs ifstimigdishtop wimmbriosprisetka phagimg mrasess

niq@rau% N nreg%tlve nmetal s, noble netals, precious netals, gold, gold
113ys, BIFVREIDG M num i ri di um platlnun1 net al - coat ed pi gnents,

core-shell particles, nmetal nanoshells, zinc, selenium carbon bl ack,

sul fur, ferric oxide, kaolinite, nDntnDrlllonlte talc, halloysite, calcite
(cal ci Lﬁf?‘?:zﬁ rltlfbﬁ%@@)accqiém@ 9 the ipyention @nd ewcbiﬁﬁ&@femalﬂag thes) eam %%nlgbﬁ@w)or

rut ile t czil&l c%mrﬁ(iifs% dlq%atgglﬂbsgfel %eg afI(rQ% Hl@ &(ﬁ[ﬁ Mls&é% gtg;%lg#ﬁtg Cihk Céél"?s(,:

oxi de) romu I ne s

anor ph(niﬁleﬁhlld uo@acthedhchlethabid ineals, f)ﬂeumns tretal G bkl g@mfallugasr isidher, alurmnum
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of the foregoing materials conprising a coating of one nmateri upon t he
ot her auadaonmneh wiogsniof (caleijunt mbmatmmm@nos‘lumharﬁooategmutﬂg titemtiem dadxgde, Any

SU|tabIe rtion of icator particles can.be provided.in the freeze
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propor tdr?s@alﬁﬁe §ined, GAafohoRakilic£ 1§ aratdd i, fluorite (calcium fluoride), hydroxyapatite,
20  white and colored polystyrene beads, both white and colored plastic and synthetic polymeric
particles, both white and colored hollow, plastic and synthetic polymeric particles, combinations
of any two or more of the foregoing materials comprising a coating of one material upon the

other and mixtures of any two or more of the foregoing materials.

25  Any suitable proportion of indicator particles can be provided in the freeze indicator dispersion.
For example the indicator dispersion can comprise a proportion of indicator particles in the
range of from about 0.0001 to about 10 percent by weight based upon the weight of the indicator

dispersion. In some cases, higher proportions of indicator particles can be employed if desired.

30 Ina further aspect of the present invention described herein various organic particulate materials

can be employed as indicator solids in freeze indicator dispersions.

Some suitable organic indicator particle materials employed in the freeze indicator dispersions

19
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20  obscurable background for example a white or light—colored, reflective, background or a

background bearing a pattern, an image or a graphic, a check mark or words or other desired

appearance.

Suitable organic indicator materials include certain waxes, some polymeric material and

25  particulate materials employed in latexes as well as other organic materials as will be apparent to
a person of ordinary skill in the art. Some examples of suitable organic particulate materials
include natural and synthetic rubbers, synthetic polymers such as styrene, vinyl and vinylidene
polymers and copolymers, and waxes. The term "latex" is used herein to include dispersions of
solid organic particles in aqueous or other liquid media which have an opaque appearance.

30  Some useful latexes have a milky appearance. Some latexes useful in the practice of the

invention can include a surface-active agent or surfactant to stabilize the dispersion.

The invention can employ latex indicator dispersions which are either initially translucent and
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T RS LA e I el e, WS, having 2 TELLLR ROLAY 102

materials in freeze indicators according to the invention include wax materials selected from the

20  group consisting of paraffin wax, microcrystalline wax, carnauba wax, beeswax, Chinese wax,
shellac wax, spermaceti, tallow, palm wax, soy wax, lanolin, wool grease, waxy polymers, waxy
copolymers a polyolefin, polyethylene, polypropylene, an ethylene-vinyl acetate copolymer, an
ethylene-acrylic acid copolymer and mixtures of any two or more of the foregoing waxy
materials.

25
Waxes having a melting point in a suitable range, for example in the range of from about 40 °C
to about 80 °C, or in another suitable range, for example from about 0 °C to about 100 °C can be
employed as the organic indicator material if desired. Desirably, the wax is solid in the frozen
state of the liquid medium or at room and ambient temperatures as well as in the frozen state of

30  the medium. Alternatively, or additionally, suitable waxes can have a softness indicated by
penetration data characteristics. For example, indicator particles formed of organic material can
have a softness of at least about 20 dmm or at least about 30 dmm. Materials with other

appropriate softnesses, for example a softness of at least about 10 dmm, or with appropriate
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to about 80 OC, or in another suitable range, for exanple fromabout 0 OC
to about 100 OC can be enployed as the organic indicator material if
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20
Relatively simple, well defined and commonly available organic particulate materials, such for
example as the waxes and certain of the hydrophobic polymers described herein, can be useful
for mass producing freeze indicators according to the invention. Such waxes and polymers can
facilitate quality control, consistency and economy of the product.
25
The softener for the wax indicator material can comprise a wax softener selected from the group
consisting of an ethylene-vinyl acetate copolymer, an ethylene-acrylic acid copolymer, a
microcrystalline wax, polyethylene, cholesterol, short-chain alkanes, paraffinic oil, naphthenic
oil, aromatic oil, glycerol, mineral oil, a fatty acid, a fatty-acid derivative, a fatty alcohol, a fatty
30  acid ester, a hydrogenated and partially hydrogenated fatty acid, a hydrophilic softener and a

hydrophilic long-chain hydrocarbon comprising at least one ester group.

Freeze indicators according to the invention can comprise a proportion of the softener of from
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chloride copolymers and mixtures ot two or more of the foregoin po ymeric materials. se ected
from the group consisting of rubbery polymers, styrene-butadiene latex, natural rubber latex,

20  rubbery polyurethane, and rubbery acrylic polymers.

The term "rubbery" is used herein to include materials resembling natural rubber, resilient

materials and elastomeric materials.

25  If desired, the organic indicator material can have a glass transition temperature below about 20
°C or below the liquid medium frozen state melting point. Alternatively, the organic indicator
material can have a glass transition temperature above about 20 °C. If desired, the organic

material softener can comprise a plasticizer.
30  The organic indicator material can also comprise a mixture of crystalline and non-crystalline

materials, for example a suitable wax and a suitable rubbery polymer such as are described

herein.
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i ndi cattepediipppehe weight qitie indagpterspesiot di spersion that is initially
transparent and whi ch becones opaque after being frozen can enpl oy organic
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less than about 300 nm, for example, an average particle size in the range of from about 10 nm

20  to about 100 nm or of from about 20 nm to about 50 nm.

On the other hand, an indicator dispersion that is initially opaque and exhibits transparency after
being frozen can employ organic indicator particles having an average particle size of greater
than about 400 nm, for example an average particle size of greater than about 600 nm.

25

Dispersion Stabilization. For many commercial purposes, it would be useful to have a freeze

indicator employing a coagulatable dispersion which shows good stability at room and other
ambient temperatures that freeze-sensitive products are likely to encounter, including
temperatures just above freezing, and which can nevertheless coagulate quickly and reliably,

30 with loss of dispersion stability, when it is exposed to a freezing temperature. These
requirements tend to oppose each other. Some conventional dispersion and emulsion stabilizers

may be overly effective and may interfere with coagulation of the dispersion at freezing.
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suitable proportion.
20
If desired, the temperature-sensitive stabilizer can comprise a surfactant and the surfactant type
and concentration can be selected to provide desired stability characteristics. For example the
surfactant, and surfactant concentration, can be chosen to provide sufficient stabilization to
prevent the freeze indicator dispersion, or emulsion, from breaking down prematurely at room
25  temperature or more elevated temperatures which could undesirably limit the shelf life of a
freeze indicator. The surfactant, and surfactant concentration, can also, or alternatively, be
selected to avoid providing excess stabilization of the dispersion or emulsion, which could
enable the dispersion or emulsion to survive one or more freeze/thaw cycles, resulting in a freeze
indicator that may fail to indicate a past exposure to a freezing event.
30
The surfactant can be employed in a concentration calculated to provide less than monolayer
coverage of the surfaces of the indicator particles. The term "monolayer" is used herein to refer

to a layer which is approximately one molecule thick. As can be understood by a person of
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freeze indicator. The surfactant, and surfactant concentration, can also,

or alternatively, be selected to avoid providing excess stabilization of
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di sper Fr&ides monolayer coverage. The determined quantity can then be reduced by a suitable figure,
20  for example by from about 1 percent to about 50 percent. This reduced quantity can then be
employed to provide less than monolayer coverage of the solid particles with surfactant. Useful

proportions of surfactant can be in the range of from about 0.01 percent to about 1 percent by

weight of the indicator dispersion.

25  While the invention is not limited by this or any other theory it is contemplated that a particle
size distribution curve for an indicator dispersion employing approximately monolayer coverage
of surfactant will generally be a smooth curve with a single peak, and may be close to Gaussian
in shape. In contrast, a particle distribution curve for an indicator dispersion with inadequate
surfactant will display a more irregular particle distribution curve, for example a curve having

30  multiple peaks.

In one embodiment of the invention, the temperature-sensitive stabilizer can comprise a

nonpolar surfactant and, if desired polar surfactants can be excluded from the dispersion so that
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VWhile the invention is not limted by this or any other theory it is
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sur f actfaregsinglratiomanuretanpl oyed in the practice of the invention include
nonpol ar surfactants selected fromthe group consisting of fatty acid

et hoxyl at es,

Some examples of zwitterionic surfactants that can be employed in the practice of the invention
20  include zwitterionic surfactants selected from the group consisting of lauryl amido propyl
dimethyl betaine, dodecyl betaine, dodecyl dimethylamine oxide, cocamidopropyl betaine, coco

amphoglycinate and mixtures of two or more of the foregoing zwitterionic surfactants.

Some examples of nonpolar surfactants that can be employed in the practice of the invention
25  include nonpolar surfactants selected from the group consisting of fatty acid ethoxylates,

sorbitan esters, sorbitan ester derivatives, sorbitan monolaurate, copolymers of poly(ethylene

oxide) and poly(propylene oxide), fatty alcohols, cetyl alcohol, oleyl alcohol and mixtures of

two or more of the foregoing nonpolar surfactants.

30  Many factors can affect the reliability and responsiveness of a freeze indicator. One such factor
is the pH of the liquid medium which can affect stabilizer or surfactant behavior and
coagulation. Accordingly, the present invention can utilize pH considerations to provide

temperature-sensitive stabilizers, and freeze indicators comprising the temperature-sensitive
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sorbitan esters, sorbitan ester derivatives, sorbitan nonol aurate,

copol yners of poly(ethylene oxide) and pol y(propyl ene oxide), fatty
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coagul ation. Accordingly, the present invention can utilize pH
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Where the freeze indicator dispersion employs a cationic surfactant, the specified pH range can

20  be below about pH 7 and the indicator dispersion can have a pH of greater than about 8.

In another aspect, the invention provides a freeze indicator wherein the indicator dispersion
comprises a low-temperature destabilizer, as a component of the temperature-sensitive stabilizer,
to promote freeze-related coagulation without causing premature coagulation at temperatures

25  above the liquid medium frozen state melting point or a desired response temperature, should

that be different from the melting point.

The low-temperature destabilizer usefully can be present in any suitable proportion, for example,
a proportion by weight to the proportion of temperature-sensitive stabilizer of from about 0.2 to

30 1 to about 1 to 1.3.

The low-temperature destabilizer can comprise any suitable material which can be employed in

an inventive freeze indicator to promote or enhance coagulation of the freeze indicator
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a proportion by weight to the proportion of tenperature- sensitive
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cationically charged polyneric flocculant and m xtures of the foregoing. In
a freeze indicator according to the invention which enploys indicator

parti clSesnecompiplasiafgseful low-temperature destabilizers include high molecular weight

polyacrylamides, high molecular weight polyvinyl alcohols, high molecular weight polyvinyl
pyrrolidones, high molecular weight polyacrylic acids or a mixture of two or more of the

20  foregoing polymers.

In a freeze indicator according to the invention which employs indicator particles comprising a
wax material and which has an indicator dispersion comprising an anionic surfactant and a low-
temperature destabilizer, some examples of materials the low-temperature destabilizer can

25  comprise include a cationic polymer, a cationically modified hydroxyethyl cellulose
polyquaternium-4, a low molecular weight cationically charged polymeric flocculant and

mixtures of the foregoing.

In a freeze indicator according to the invention which employs indicator particles comprising a
30  wax material and which has an indicator dispersion comprising a cationic surfactant and a low-

temperature destabilizer, the low-temperature destabilizer some examples of materials the low-

temperature destabilizer can comprise include an anionic polymer, a polyacrylic acid, a

polymethacrylic acid and a mixture of two or more of the foregoing low-temperature
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20  from about -10 °C to about 5 °C.

Desirable consistency can comprise a satisfactory visual response from at least about 90% of
freeze indicator units in a batch or sample. Higher consistencies, for example 99% or 99.9% can
also be useful.

25
Freeze indicators according to the invention can be employed to indicate the actual historical
exposure, or an event associated with potential exposure, of a host product to a freezing

temperature.

30  The invention includes useful embodiments which are small, low-cost freeze indicators that can
be mass produced and provide a consistent response from one indicator to the next. Such small
freeze indicators according to the invention may have rather small indicator volumes measurable

in, for example microliters or tens of microliters. For example, the indicator volume occupied

30



The invention includes useful enbodinents which are small, | ow cost freeze
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. _For exanpl mbodi ments of the | n provide
sl P G s iep B SPF £8 B SRl AP O LB A SHOBRES or
at t achnemperb@rés Mhydler mange of host products, and which can reliably signal
freeze exposure. Enbodinents of the invention can also provide freeze
i ndi cateereseadivith theweessg poist of xpareulpudaigasi ¢ nucl eati ng agents which
avoi d conpl exity, expense and other drawbacks nmay be associated with use of
bi ol ogi cal s or m croorgani sns as nucl eating agents, if desired and yet can
cont r ol Asepeeamdbistogd fomb o desotisticf vifeisiembedichains cfafeelzel iddirsraceorpingvi de
freeze indicators providing a visual signal with enhanced visual intensity,
a How riathe igyertigngan pesids \asgupPpensfits #108 exBpia: FRAIMeRa OWRP ARV PHBY Fife a
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invention can also provide freeze indicators having low cost, efficient inorganic nucleating
agents
20  which avoid complexity, expense and other drawbacks may be associated with use of biologicals
or microorganisms as nucleating agents, if desired and yet can control supercooling.
Embodiments of the invention can furthermore provide freeze indicators providing a visual
signal with enhanced visual intensity, a low rate of false positives or of false negatives, and
which provide a reliable and reproducible signal of past freeze exposure.
25
The invention includes a freeze-sensitive host product, for example a vaccine, a medication or a
foodstuff, comprising a freeze indicator or process according to the invention. The freeze
indicator can be associated with the host product to indicate possible exposure of the host
product to a temperature at or near the liquid medium frozen state melting point. For example,
30  the freeze indicator can be attached to the host product by an adhesive-coated substrate which
supports the freeze indicator. Such a construction and other constructions of freeze indicator,
including flexible freeze indicators, and means for association with, or attachment of freeze

indicators to host products, as well as a variety of host products, are all described in the Taylor
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i ndi cator can be associated wth the host product to indicate possible
exposure of the host product to a tenperature at or near the |iquid nedium
frozen stwbeormlitizng poi nt. For exanple, the freeze i ndipcatuseocoasibe
attached to the host product by an adhesive-coated substrate which supports
the freeze indicator. Such a construction and other constructions of freeze
i ndi catabel. ppset m@ﬂlﬁ@twrnlseﬁu@ @ONBH Bt 08S | Mg geneNts andamethagsens templexeddhat i on
Wi th, ¢/ ators to host products, as well as a
variet rgﬁ&L%%ngg% %%ﬁgﬁgf& ﬂJ%escribed in the Tayloret al. patent
publications. Such constructlons arrangenments and net hods can be enpl oyed
in practicing the present invention, if desired. Disclosures Incorporated .

The entRisdosuresinsaiporateds Theamtizarisdowisoigach apdevsiy Ushpaisat ast PHENI i cat i on,
eac n 0
bl Cal e A B B U R B e oRRE B idBEmand of a1y
r ef er ermaeldunpublikiest ;mpma: appleatioothai 5 spmﬁctaylynaﬁemnpeﬂ mtted spgcifieftenénbaeby
herein, inits ety. The fore OJn detail ed description is to be read
in | gHicyporaied ﬂe% ? Reieo ! 1 15U He precedi ng background and i nventi on
summary descriptions wherein partial or conplete information regarding the
best node of practicing the invention, or regardi ng nodifications,
alter naThe\,fe@gomgtsiis@ﬂadi desehipddmisrio e ofadtindightmfent iimeombipatainswith heguecelmgt h
or ,sug be a t to.one ski n th rt.. Should there
apdar HekgRin i hyiadd AR Hech@udttRgRetn 5hal B S8R roRP Rt 1t t en
des Cri pksR8inglthd K&t mdMEDt pradidifly thliigveaR6E, dr r&AifR mdAHidalieny 8RGBatives or
mat eri al incorporated by reference from anot her document, the meani ng as
used hewefuhembodimeatidé tha igvetienandy. alscheowy Frath orsHELasEedeas Wil keappareet ©

conposi { [n[ %Eﬁleﬁ‘ﬁ%@%ﬁc "SRG Rste *Agfrféa?gj bd é‘o%%# 'b@&v theclggB{lf%%{)pgtePrH%g L

conponen processes escri Kavin
conpr i shiig wpeei ddscripicdcashe Biveptson intthik Spdb(iﬂhiaaﬁm) had ehe uts;lf@tmelmmﬁsl tions of
the present invention can also consist essentially of, or consist of, the

r ec1|5t ed"VRYBITE MY SCICERAC {REY anoHier IS dle BraRiRg aw@gléﬁfeuil mBkpdsHocan
also ¢ Z%t essentially of, or consist of, the recited processing steps.
It shodld bé understood that the order of steps or order for performng
certain actlons is immterial so long as the invention remains operable.

Mor eov re ste or actions be.conduct ed simyl t aneousl I n
nddi L1 ohirosghoulthe BRLFioRE RFhsRt ¢ P o redesct s Mawie: SeBane d bo.

comprising specific components, or where processes are described as having, including, or

20  comprising specific process steps, it is contemplated that compositions of the present invention
can also consist essentially of, or consist of, the recited components, and that the processes of
the present invention can also consist essentially of, or consist of, the recited processing steps. It
should be understood that the order of steps or order for performing certain actions is immaterial
so long as the invention remains operable. Moreover, two or more steps or actions may be

25  conducted simultaneously. In addition, all proportions recited herein are to be understood to be
proportions by weight, based upon the weight of the relevant composition, unless the context

indicates otherwise.

The embodiments of the invention described herein are illustrative and it is to be understood
30  that many and various modifications will be apparent to those of ordinary skill in the relevant

art, or may become apparent as the art develops, in the light of the foregoing description. Such

modifications are contemplated as being within the spirit and scope of the invention or

inventions disclosed in this specification.
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proportions by weight, based upon the weight of the rel evant conposition,
unl ess the context indicates otherw se. The enbodi nents of the invention
descri bedwbenm/nsmoe illustrative and it is to be under stwaddcdoas218®ny and
various nodifications will be apparent to those of ordinary skill in the
relevant art, or may becone apparent as the art develops, in the |ight of
t he foﬁ@g@m%g description. Such nodifications are contenplated as being

Wi t hin the 0 r.in | ased in
this opse FrosiidefloshaRhe i b DURRLBR netinb B BINNIBREAURS, G57C.1 o
di sper shéivatbadisprgsian comptisiag: appear ance, the indicator dlsper5|on

conprising: (a)._.a liquid medium having a neItH%% oint determned fromthe
frozen stat bt ligyd andaml aaﬁﬁ%lamﬁltnzgoyomtrﬁﬁteé@e P theclrezen gtasgoedrtee iawid t he
l'i qyi d i{dm and (c) a particulate inorganic nucleating agent to inhibit

supercooling’ of the liquid nediumbelow the liquid nediumfrozen state
mel ting poinb)HMthmmamthﬂdhmdmaahnmeﬂqmﬂemxﬁmn hels a different visual

appearance after th qui d .medi.um freezes.fromthe i |t| ara ce, the
G FTor ont Vit LAPerp el e Bu e g re I B Bt o AL SOREPETT | n

the frazeiy %q{qt%lcplfnecthhﬁl b QAHisthidRditiBpoldpe 1 ndi cator particles are
coagul ated and the coagul ated indica or particles provide the different

vi sual vppeartkmiodicetoa dapcr@mn:besla drferérdtvisuhleapppaiancet ater died prpidinedivfrur t her
o r urf ace coat he i.norgani ¢c,nucl.eati ng, a
I s R s S S e i S R
rredl um dpsioAsiHeRhEeiANG the Brobeitste DB tHedkRiCMABdILAY tHeARWiEAtSLParficiSfhile OF sal ts
sel ected fromthe group consisting of the chlorides, fluorides, brom des,

i odi desoagilaied ped theseagulted indicaisr pagislasraroyide thelifioentavishshRPATANEE hi um and
magnesi | E}aéﬂ,ﬁﬁéﬂ’ lﬁsthgi th%‘{\ﬁ’dflgatt%ﬂm£p%rs?£n fbGel A 'eé‘Qn ?o% tS?}l{ffa\%% ﬁa‘?ﬂﬁ%h%ﬁs the

resi due I onl C coa ani ¢ nuc eat In aqueous

soIutloﬁmgﬁmamydemﬁgagembre of the fore90|ng sal ts. 3 A freeze indicator

ac%%rding to claim1 characterised in that the inorganic nucl eating agent
2. A freeze indicator according to claim 1 characterised in that the liquid medium is aqueous
and the ionic surface coating comprises a salt or salts selected from the group consisting of the
chlorides, fluorides, bromides, iodides, nitrates and sulfates of sodium, potassium, ammonium,
lithium and magnesium, mixtures of two or more of the foregoing salts, or comprises the residue

20  of ionic coating of the inorganic nucleating agent with an aqueous solution of any one or more

of the foregoing salts.

3. A freeze indicator according to claim 1 characterised in that the inorganic nucleating agent
is selected from the group consisting of silver iodide, silver bromide, copper iodide, miersite,
25  mica, bentonite, hectorite, fluorophlogopite and mixtures of two or more of the foregoing

inorganic nucleating agents.

4. A freeze indicator according to claim 1 characterized by comprising a proportion of

inorganic nucleating agent of at least about 0.1 percent by weight or of from about 1 to about 2
30  percent by weight, both ranges of proportions of inorganic nucleating agent being based upon

the weight of the indicator dispersion.

5. A freeze indicator according to claim 1 characterised in that the indicator particles comprise
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is selected fromthe group consisting of silver iodide, silver brom de,
copper iodide, mersite, mca, bentonite, hectorite, fluorophl ogopite and
m xt ur es wb 2bmwm1er3onore of the foregoi ng i norgani c nucl eatriusgocagsnss. 4. A
freeze indicator according to claim 1l characterized by conprising a
proportion of inorganic nucleating agent of at |east about 0.1 percent by
wei ght admat@flalf&ebmegtfmm the grenpagssisting plepiemgnts ppk egnaits, nHBRIALS r gHeRssivef
proportj i ani.G. i ei b t he .ght of
Phe i ndn ooyt BEGHEPisSiolkficaR}. o0, 26oRS ke BaR R IR RE piR LG

char actra¢this@dtddrpigmarits,tdoee-sHetl paaicdés, patal helBhelBOARPE,| ssRAIUIR carboalbl&k| ect ed
fromthe group consisting of pignents, ink f)i gnents, mnerals, unreactive
net al s,5" Bblf@nﬁ@mmlfa%pgéi%%mﬁﬁllaw, tadehglloypie radgitedgalciugy qaglqnate) uni num

iridiu i - nj oy 4 . .
nan§s heﬁoﬂc&#ﬁé{cﬁ}é,{ﬁ%e e%a&%%égg%g% b| atélaﬁe)’ggtﬁlg tﬁ?ﬂﬁk%rd ??%&éc’) P%gl:te ani it e,
nont nmorhyldlaxide) gzinditel (einc lvaldepyrdidnepmoadidd, berite ¢ bdrainu sul&ae)paysihBine sdohom t e
(cal ci um car bonat e,. nagnesj.um_car.bonate), .rutj titanium dioxide, gibpsite
(al uni mr%éﬁ1ca&xdr§f¥eilf% fleorife C%ﬁ“%‘é??@t“l?bﬁﬁ@&ﬁ&%%"ezw}ﬁ@rﬁn 50%@) i um
sul f at %901ys@ﬁ¥1§$ BHabil, BB tSWhitCahd RNRER B%@@c sid éyﬁﬁreti@}ﬂgl"yﬁ{e‘ﬁg pﬁftic!e%,abotﬁ hWigei te
(calciumTluoride), hydroxyapatite, white and col oréd polystyrene beads,

bot h whindeokomef lndlooy, pthspd axt symthetid pelymenistpagichesl garebinatiquarcf pey tveg olbodie

whi.te and col ored hol l.ow, plastic and synthetic. pol ri articles,

cortbs nat o &S DTS spRpBihe §SMe P E G Re bt sheP Bt ERi g o

coat i NGinQfrwo R iR 6f thakord@siRg hAkrRINAH viHdeiRl] optieh a5y, ee Bl afoVBispérsidRr € of

the foregoing materials and wherein, optional lﬁlf’ t he indi cator dispersion
o

conpr i SETPEISET DREPPIOR obindicairattislespaithe iengasofi from feowt AP 1 ¢¢ apeusiDabout
0.0001 te?eeﬁpg%xﬂg?t Ba%%&‘ﬁpén Y 05%19%% (R gc%QatH{’ﬁ’l@%e{rQSn.""e' ght of the indicator
. ing to al

di sperspl on. reeze 1 ndica accor m1l, 2, 3, 4 o0or 5
characterised in that the indicator particles conprise a material selected
fromthe group.consisting of an organic material, an organic material being
a doft Qe frepzgindigmion 46&%%@%&1% K 2 odehorsy ehasacierised i that the ingieptah or gani ¢
mat er i i 1= j | 4 Qi I f | ting point
and tha N o e R et B g B e o PR Bl e ot

di sper sirgamiomaferiehbahoutofbsdlal @ blouliqued nedivce b zdmystate nghinggroimfanfilmom about

20 to about. 30 percent by wei ght ot h, ranges,. of proportions. of i ndicator
ot L ot s PELETRE nov TE M e e R g R et it g e

indicator particles comprise a proportion of the indicator dispersion of from about 5 to about 60
20  percent by weight or of from about 20 to about 30 percent by weight, both ranges of proportions

of indicator particles being based upon the weight of the indicator dispersion.

7. A freeze indicator according to claim 6 characterised in that the indicator particles comprise
a wax, the wax optionally having a melting point in the range of from about 40 °C to about 80

25 °C.

8. A freeze indicator according to claim 7 characterised in that the wax particles comprise a

wax softener to soften the wax at the liquid medium frozen state melting point, the wax softener

optionally being present in the wax particles in a proportion of from about 5 to about 50 percent
30 by weight or of from about 20 to about 30 percent by weight, both ranges of proportions of

softener being based upon the combined weights of the softener and of the organic material.

9. A freeze indicator according to claim 1, 2, 3, 4 or 5 characterised in that the indicator
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7. A freeze indicator according to claim6 characterised in that the

i ndi cator particles conprise a wax, the wax optionally having a nelting

poi nt i n wbeoreangsoof from about 40 OC to about 80 0C. @cCTASRES®EHE30

i ndi cator according to claim7 characterised in that the wax particles
conprise a wax softener to soften the wax at the |liquid nediumfrozen state
mel t i ngheiiHcomprsesfaselsolid onasewpttlishanteiialiseleaigd proas Bteroyp qonsistiasof

ticl ' ' : 5 t 50 i ght
e R T S A e
of sof teengic fodymgs bas esholyandts tribbed g Abiikagdyeirg Ahd c@folyhas sabbeper and of

the organic material. 9. A freeze indicator according to claiml, 2, 3, 4
or 5 cHSMEPPIERY rPhberhyinyt MEidineR A unsis PRy afY RSN Y B, HPRGYt sol id or

a sam -Gal | dy(Rlisld & & iy Q0hbEc ORI CBPSY HELMibBE T Ubbery
pol ;s/'rrersz}? sét;t;)/r ene-but adi ene atee);, grllr?at/g“r:]%1 r ugbegé}'at es>’<, r ulB/bery

pol yur etilndtvéyeneidrberypuiyt stytene cppdl ymerssrudbely oipdidgnectdoridaibelrohlaonider i | e

pol yners and copol yners, rubber ol.ychl oroprene, rubbery vinyl pyridine
pol yrrer??g]ﬁ’m?ﬁge el é{W%%{tﬁ’Bl%%qrgPlr ﬁ\ﬁgﬁ@g?mgtpﬁfyé‘%@cﬂﬁ%tﬁ%?l%ne copol yners,
rubbery styrene/acrylic acid copolyners, rubbery vinyltoluene/tertiarybutyl

styrene copol ymers, rubbery vinylidene chloride/vinyl chloride copolyners
and mi xitOuregreede indioator aggordengfo diien 9 chargoleniged it thak fhiegndigater matesial He3.a A

freeze indicat.or accordin o c¢laim9-characteri.sed in.that the indicator
i+ Ry O REER Sl PRLA & & BPESHES [irdpidiiBoat Syt Bl Che
l'i qui d gondiodmhd & SmeNtraisRion Wlpdrhfige ARvBhbO: 2026 aAd GbApHisdsaaplsdticien

t enper at ure above about 20 OC and conprises a plasticizer. 11. A freeze

i ndi cator according to claiml, 2, 3, 4 or 5 characterised in that the

i ndi catqr ,di £ S C [ . t ur. I, £ N erein
the t orerarare AR RRE by B o Rk e St Bt HTC S O
di sper sligrrsaén éipeeat tingserateveeniitiee sthisjuie wivgkin thef te@pennst sdngitivel ti ng

poi nt and perm ts coagul ati on of the indicator dispersion at the liquid
medPum e e s Rt RGP Hdicatos disersionel &mprdteigt sbovscBo e ifig t o
cl ai m Inedtum3rozén Qﬂ’ateSméitiﬁéI g&g‘t\’&lﬁf aff)e?f'ﬁjts 'cElaéu'l.'a"*?i'v'ontoﬁ3 fhe! iH?i'c%f QirS}r)é}FﬁH Gf fkon
conprises a | owt enper at u est Il zer 0 pronote freeze-rel at ed
coagul diquohmwdliihofiibzeoatsd mgltpgegoattur e coagul ati on at tenperatures above the
| i quid nediumfrozen state nelting point.

12. A freeze indicator according to claim 1, 2, 3, 4 or 51 characterised in that the indicator

20  dispersion comprises a low-temperature destabilizer to promote freeze-related coagulation
without causing premature coagulation at temperatures above the liquid medium frozen state

melting point.

13. A freeze indicator according to claim 1, 2, 3, 4 or 5 characterised in that the liquid medium
25  is aqueous and optionally consists essentially of water or of deuterium oxide or of a mixture of

water and deuterium oxide.

14. A freeze indicator comprising an indicator dispersion having an initial appearance, the
indicator dispersion comprising:
30 (a) a liquid medium having a melting point determined from the frozen state of the liquid
medium;
(b) indicator particles comprising an organic material, the indicator particles being

dispersed in the liquid medium; and, optionally,
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13. A freeze indicator according to claiml1, 2, 3, 4 or 5 characterised in
that the liquid nmediumis aqueous and optionally consists essentially of
wat er or wO 20sutiersoum oxi de or of a m xture of water angctast@viosamsoxi de.
14. A freeze indicator conprising an indicator dispersion having an initial
appear ance, the indicator dispersion conprising: (a) a liquid nedium having
a nel ti ng pdifht paEcdpRingelgatinoIgenhie inkiby snpaseenliag of theHuuid madigmmkedowitie ( b)

i ndi cat . i ISl . OF L.c material, the indicator particles
bei ng dﬁégggééﬁféﬁﬁ?ﬁg%ﬁ{%ﬁFggg%ggﬁﬁggg%@FLoptionalIy,(c) a particul ate
nucl eati ng agienéintiotHelfhozbh ktateehe€ B@lid Agedafm tHedndicftor partrelds ancbedhaved he
nmelting point of the frozen state of the liquid nedium_ wherein in the

f r ozen 1BWPaftedP thejadicatqudigpsraign ashiffeant ik aRnsArapes e ths indiad apRRagNCat ed

i mar ti Ay . . e . om
e S R S R i s L A
bei ng iindieater dispreon hathec tenpsed aisnftédeato sdfenithdindahar pditsppeasihotighidr t her
conprises.a softener to . soften the indicator particles at the liquid nedium
frozenIE?HW@fﬁEF?ﬁﬁﬁIB%PH%P“TB. A freeze indicator according to claim 14
characterised in that the organic indicator material conprises a wax
material selected fromthe group consisting of a paraffin wax, a

m cr ocrips Aalrdeizaendieakor aceerdmgisa claén 14 isharacterisedin tlaateghevanganisheditaier material
spermaceti,. tall ow pal X oy .wax, |anolin ol grease, a waxy

ol erc O, ER BBy Lo e BT SER PR CoiiBe sF EAETBERS 1 opy! ene, an

et hyl engrevdciydtal B at, @atRRSd Wik bee SihxSTRMeSNE2AGhY dcGy RS bskr@aaa, yamek, and

m xtures of any two or nore of the foregoing wax materials and wherein the
wax, | fPaERaGYeQY wiax, danobint we@rgreasptd wirgl P}y REls 2 avaxe copolgmpoiamolyoefithe range

of fro 0 . 18. r j.ndi c ' to
claim ?f%l%“f:&f g&?@%ﬁﬂ%ﬁg%ﬁ 5’?%5[1%% \Im%])gi icat %rC%ﬁré]S'Ieﬂrelp’a 6?8? egngﬁ%?ﬁgcgdﬁpﬂ?i ses a
wax sofdopolgmes einéciirthrédsradnny eo gr oope efahs fatddige whx anteiabydndnererdinyile

acet ate copol yner, an ethylene-acrylic acid copolynmer, a m.crocrystalline
wax? potetlifpiRieeed asRorlsiesr rtionalhphes acRgling apieaede ryge of fiop) oyt #0 °C
napht hgpi,g,figo.ccaromatic oil, glycerol, mneral oil,

16. A freeze indicator according to claim 14 characterised in that the indicator material
softener comprises a wax softener selected from the group consisting of an ethylene-vinyl

20  acetate copolymer, an ethylene-acrylic acid copolymer, a microcrystalline wax, polyethylene,
cholesterol, short-chain alkanes, paraffinic oil, naphthenic oil, aromatic oil, glycerol, mineral oil,
a fatty acid, a fatty-acid derivative, a fatty alcohol, a fatty acid ester, a hydrogenated fatty acid, a
partially hydrogenated fatty acid, a hydrophilic softener and a hydrophilic long-chain

hydrocarbon comprising at least one ester group.

25
17. A freeze indicator according to claim 14 characterised in that the indicator particles
comprise liquid droplets immiscible with the liquid medium, the liquid medium comprises an
aqueous medium and the aqueous medium optionally consists essentially of water or of
deuterium oxide or of a mixture of water and deuterium oxide.

30

18. A freeze indicator according to claim 17 characterised in that the liquid droplets comprise
an oligomer, a low molecular weight polymer, or a short-chain hydrocarbon and wherein,

optionally, the oligomer, the low molecular weight polymer, or the short-chain hydrocarbon has
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a fatty acid, a fatty-acid derivative, a fatty alcohol, a fatty acid ester,
a hydrogenated fatty acid, a partially hydrogenated fatty acid, a

hydr ophi Iwo 28mfidierser and a hydrophilic | ong-chai n hydr oearhsnowosyse si ng at
| east one ester group. 17. A freeze indicator according to claim 14
characterised in that the indicator particles conprise |iquid droplets

i mmi scidnelegilahweight ofj notmererdan abgutt2RB dpktepisi d medi um conpri ses an aqueous
medi um and t he aqueous nedi um optionally consists essentially of water or
of deuterium oxide or of a m xture of water and deuterium oxide. 18. A

freeze iondi &@‘z@ﬁncﬂ@mradi:cngmtgao elaa'n 4 Lhacdvtérisetdan ithatché argtaﬂlatmdla&oﬂ Iinﬁ]t!dhdl
droplets conprise an olig | ow nmol ecul ar wei ght poly

s hor t - CRAPSEAIBERHOR aéﬁ@lm& wptgrialstecadrany thetgai@umqng@%g of lfuﬁée%w
gcul d’l\@s% reRRbYIEEN BEe tggggﬁi‘g{bﬁoeﬁ'a{%&”ru'ﬂx%fyg;%gé P&Ha&éaﬁﬁabé‘@ra% Ccor di ng

WEI ght Yot re than a out tons ze indica

to clai pnlﬁﬁers hag a@p'oéymaedubbery nétiletfodyroergand copatyineatobbarpipelychlorapoengs i ses
a soft solid or m -solid erial sel cted %J%gmthe%r?rou%) consi sting of
r ubber y‘“ﬁ YWE‘rY%PY% 0 BEMS (T ENSTYTER%RO YIF?SIESU ey $Hi digne rubbery

pol yur lhaRfherd, Hh%%f}b’stﬁ%ﬁé’/hérghcpﬁ’éﬂ @@ﬁo‘l qu 2BBAY VIR SluchRRELY bty | fft&lleﬁe

pol yners and copol yrners oroprene rubbery vinyl pyridine
pol ynmereopolynishe rybbstyyviayledepo Iclylweldslvmrybdﬂemje sipphamet bud mditelee ot bypodymeres,

<ty Peoner PRSPl iRy RO IR emit PR ik R BB By ror

and m &Eﬁéﬁblﬁﬁdl&ﬁ@lawk AR6R1 fibbéhatek ORBBEY PRSI NART Arfd ﬂﬁ@b&@laailyﬁcsel ect ed
fromthe group consisting of rubbery polyners, styrene-butadi ene |atex,

nat ur alPolib®yér | at ex, rubbery pol yurethane, and rubbery acrylic polyrrers.
20. A freeze indicator according to claim19 characterised in that the
indicator material has a glass transition tenperature bel ow about 20 0OC or
bel ow t2te A trigetiedndiestotimochbrdizerm Siiat mrhétﬂgsﬂbiﬂﬂlaoﬂlehﬂdhcaogha&ﬁal has a
tranS| tion tegper ature above about 20 O d wherein the organic nmateri al

soflPeneas iRpyi g empeptagriozahout 24 CAr P‘?le@zﬂ@e ligye enedgpm ér@émmtﬁgwtlf@lgm aim
19 charaeh&fhsed faE's &A}ghl Peaské}qt'g?@m&e Bﬁé&t'z@bgsantimran ﬁf%f&rgﬁﬁémg eridf

| east out 20 d out 30 dmm 2 freeze i ndi cat or
accor dlsnﬁemﬁncohmnms]aﬂplaslﬁlzeﬁﬁ or 19 characterised in that the |liquid

21. A freeze indicator according to claim 19 characterised in that the indicator particles have a

20 softness of at least about 20 dmm or at least about 30 dmm.

22. A freeze indicator according to claim 14, 15, 16 or 19 characterised in that the liquid
medium is aqueous and optionally consists essentially of water or of deuterium oxide or of a
mixture of water and deuterium oxide.

25
23. A freeze indicator according claim 14, 15, 16 or 19 characterised by comprising an ionic

surface coating on the nucleating agent.

24. A freeze indicator according to claim 14, 15, 16 or 19 characterised in that the nucleating
30  agentis selected from the group consisting of silver iodide, silver bromide, copper iodide,

miersite, mica, bentonite, hectorite, fluorophlogopite, a nucleating protein, a nucleating

microorganism, Pseudomonas syringae microorganisms, Pseudomonas syringae nucleating

proteins, ice nucleating particles and mixtures of two or more of the foregoing nucleating agents.
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medi umis aqueous and optionally consists essentially of water or of
deuterium oxide or of a mxture of water and deuterium oxide. 23. A freeze
i ndi cat orwecoenvidisT3g cl ai m 14, 15, 16 or 19 charact eri se@chyseaopsiise ng an
ionic surface coating on the nucleating agent. 24. A freeze indicator
according to claim 14, 15, 16 or 19 characterised in that the nucleating
agent is selected fromthe group consisting of silver iodide, silver

brom d Of%)e%{: dd?&'to‘% AT % Eﬁumth?s 1%%?t19%£facté}?s‘éh% thefithe indicator

fl uorop I ogopi f at en ein, nuc ng m croorgani sm

Pseudo rmm551@y¢qugaes m@ﬂimatg@meﬁﬁﬁve Rslsiligkoriasn S tem@a turel sdreRive Ng
proteins, ice nucleating particles and m xtures of two or nore of the

f or egoi SRpiliAsE [dhifsifgagelinnsofzhe indicaias dypension 4 MTeRCHRES AR Tghe BatHai m 14,
15, 516 rﬂ 1111% fftﬂ@ﬁ @t%{e%élﬁﬁ% Pi)ﬂt 5 erﬁlﬂg cbe{gtil aq:i%h%rf t}fétI 1ﬁ@i%5t%f 91@%5 91'39 ra’t ﬁl@s a

tenperature-sensitive stabilizer erein eterrperature sensitive

st abi | ilgp@id madiubi frezeosaagumalttingrpoott. t he i ndi cat or di spersion at tenperatures
above the liquid mediumfrozen state nelting point and permts coagul ation
of the indicator dispersion at the liquid nmediumfrozen state nelting

poi nt. 6. Aﬁ*eéie%&@atbf‘&lﬂc%ﬁﬁﬁ toAHR B Ahrh@efis@l M hat ﬁﬂ%%&l@a&@ﬁ dl%%@'slbﬂi‘ t hat
the indicator dispersion conprises a |lowtenperature destabilizer to

pr onot eofnpeiseses fosl- @neﬁratmaglmtablhmr tvptcmanie frceu@snebg:dmoegdtamrewdb@g@h@mmg)n at
te eratures abov zen state 27. A

e T Eut SRRk T hgP g R I FHER Y ek s BEPk pefilhy
corrprl sing a proportion of indicator particles of fromabout 5 to about 60
percent by weight or of fromabout 10 to about 20 percent by wejght, both
ranges f Apiresgeindienty aseorringite slagn 18aty.ilél0sd 9 sbarasterised by sopmprishie anei ght  of

the i ”gdtr&gcéo 9%&1?&5?0‘ B @I&g of RURY b%hpgtoa’c%b%% n‘BérBé}R b we1%19' g%ﬁ {r&% Aggnt of

at |lea out per cent

by wei gltitto abmﬁtmr}ﬁr@ﬁsbpﬁveighqmoma@ga B fpra poot @R rif (ihd%m:chqattidll@; egetaséei ng
based upon the wei gfht of . the jndicator dispersion. 28. A freeze indicator

acdgr ditpgn ks weightwithe bisgtar SisRgrsionng SOMPisE SProRpufiemeigrucirating agens ot
from ahg Ea&u&@ 18;%9%&“?;0 ?Sln&ff%in%bmtto%o&fz err%@(t: gf h%%ohp aﬂ Qs 20

per cent y wei ght es of proportions o art|c bei ng
based upoportibies cvﬁenqgamohud:lhamgmgemté;temg lhiseepsi the\ waipht obirhp nnd¢atgr a

pr oportdisci)rérscl)gn'l ce nucl eating

20  28. A freeze indicator according to claim 14 comprising a proportion of indicator
particles of from about 5 to about 60 percent by weight or of from about 10 to about 20
percent by weight, both ranges of proportions of indicator particles being based upon
the weight of the indicator dispersion and comprising a proportion of ice nucleating
protein of at least about 0.01 percent by weight or of from about 0.05 to about 1 percent

25 Dby weight, both ranges of proportions of ice nucleating protein being based upon the

weight of the indicator dispersion.

29. A freeze indicator according to claim 14, 15, 16 or 19 characterised by comprising a
proportion of the indicator particle softener of from about 5 to about 50 percent by weight or of
30  from about 20 to about 30 percent by weight, both ranges of proportions of softener being based

upon the combined weights of the softener and the organic material.

30. A freeze indicator comprising an indicator dispersion, the indicator dispersion comprising:
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protein of at |east about 0.01 percent by weight or of fromabout 0.05 to
about 1 percent by weight, both ranges of proportions of ice nucleating
protei n bwongidmssd upon the wei ght of the indicator di gpenstaosAf% A
freeze indicator according to claim14, 15, 16 or 19 characterised by
conprising a proportion of the indicator particle softener of from about 5
to about 50 (pkt Hewd medivge hgtng o medfing pain c&%mnezlcfrqr@ theoenen 3@ tqefrtbe Hauidy
wei ght , Qﬁ&g,%ﬁpges of proportions of softener being based upon the

conbi ned wel ght's of the softener and the organic material. 30. A freeze

i ndi cat or caqbpindidatey panicle’dispatsed indihs pigtigimediuthhe i ndi cat or di spersi on
conprising:(a) a liquid nediumhaving a nelting point determned fromthe
f r ozen veheagia ibthetfpzen sigis of thebawidmedim ths)indigtpeparticlepatiercrasddedipah®esed in
the <l i aui . ' e ' ' A .

| ndr cat i alr B bR Pk e ACRRR, S0 SpRiariie shafiidhsEhth WHCAE

di f f er andicanddispareve figilel eompsieala tappeanansastivasabilieed, spdorallytilhat t he

i ndi cator di.spersion further conprises_a tenperature-sensitive stabjlizer
opt i ondl'PRPIH 81IIE %?’%S‘ﬁt?P’t“i Q)&l BrCeT Snayb o Persep Yp%?léétrﬂf tﬁ%mélfatﬂr dEPRiSIBent by
vei ght f (iR rdedisCRi Qe FHbTRRY fﬁ{lﬁ’t_ﬂtm% B&1 L BBE LA HANRdie RDSHLp Qo hAbI | 1 zer

i nhi biting coagul ati on of the indicator dispersion at tenperatures above

t he |i deinderiésiabofe tediqust medumgrezen gtaponalting pdinp endpartiittige cozgpldtmniobn of
the .indjcator dispersion. at..the |iguid nmediumfrozen.state nelting point;
o1 105" FhE R AR BE R RS b B FafR A bkl PEERT Se M that Ehe
tenperature- sensitive stabilizer conprises a nonpolar surfactant and

optionally no polar surfactant is present. 32. A freeze indicator according
to cl aidh 30esra ndicateriaseerding te klaim SA«hpeagtenisedin dhatdbe, einpevasuistsghiilivez er
conpri ses.. t | t u e OV| | ess than
ronol aygist SaBiteS A ool FRACER LB rROn AR AR ASRRR B
optionally, the surfactant is selected fromthe group consisting of

nonpol ar, anionic, cationic and zwitterioni¢ surfactants. 33. A freeze

i ndPcatBr AdEeeas Ndigtargoerding tagladh 2P shpracterdsgdiin thafthe temperdpseseatitiye-
sensiti . i J q ! ffl in a
peci 1 B R o e R o RS e

t he spewniéiagdoptte saufiges oBthe ildif ateepeticledincladptiionaly.ahelsurtpctant ol saleed Jrom

charactﬁrised in.that the ﬁurfactant.is.nogpolar, )
the group consisting of nonpolar, anionic, cationic and zwitterionic surfactants.

20 33. A freeze indicator according to claim 30 characterised in that the temperature-sensitive
stabilizer comprises a surfactant having enhanced efficacy in a specified pH range and wherein

the indicator dispersion has a pH outside the specified pH range.

34. A freeze indicator according to claim 33 characterised in that the surfactant is nonpolar,
25  the specified pH range is from about pH 6 to about pH 8 and the indicator dispersion has a pH of

less than about 5 or greater than about 9.

35. A freeze indicator according to claim 33 characterised in that the surfactant is anionic, the
specified pH range is above about pH 7 and the indicator dispersion has a pH of less than about

30 6.

36. A freeze indicator according to claim 33 characterised in that the surfactant is cationic, the

specified pH range is below about pH 7 and the indicator dispersion has a pH of greater than
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the specified pHrange is fromabout pH 6 to about pH 8 and the indicator

di spersion has a pH of |ess than about 5 or greater than about 9. 35. A
freeze i moeatoan4mecordi ng to claim 33 characterised i npchrats2ddemsaee f act ant
is anionic, the specified pH range is above about pH 7 and the indicator

di spersion has a pH of |ess than about 6. 36. A freeze indicator according
to claia®P83B.characterised in that the surfactant is cationic, the specified
pH range is bel ow about pH 7 and the indicator dispersion has a pH of
greater thanabout 8. 37. A freeze indicator according to claim30, 31, 32

or 33 dranafdeet irmkehtormctdidingttbelainG0CAL, G ofl 3S RRASIcOitised i that@Be Mmdicator
| ow-t enperature destabilizer to pronote freeze-rel ated coagul ati on w t hout
causi ngl{eETRR ¢ePTEssagy Ivaisreneratretdenighilizeife Psompiseethieclatederagulrtian um

frozen &iﬁ?&u‘?cﬂﬁléggﬂ&n%}e“éqagﬁggoﬂ Qt"i’éﬁlﬁ&@%é’s dbbfe ﬂl%sli‘qtﬁﬁiéﬁ{é&iﬁ& PRhond |y

t
bei ng present 1n proporti y wel ght conpared to proportion of
t enper aheltieg psian she lowetestpatuitire destatofizer optiv@bly bein®, Redeot th apopdtiob by to 1. 3.
38. Afreeze indicator according to claim37.char cterifed in t&gt Ehe
| owt erﬁﬁ%ﬁ%&ﬁ?@é’a{?éi&é‘mRYPE‘EPO’&Bﬁfﬁm%@éurﬁ'sg%ilﬁe Yapalizes of frgpt abgHEY-F° béf ng
sel ect elofif P9 e group consisting of inorganic salts, nonoval ent salts,
chl ori des, potassiumchloride, sodiumchloride, lithiumchloride,
mul tival ent salts, multivalent chlorides, calciumchloride, magnesium

chl.aridg, ,zinc chloride and al umn hloride.. .39 freeze indicator

s dBr oy AT Ee BRI ErdPinerta Ll TR a hatiut [FCREAEIET e

st abi | i &efabilise@nifrisaddlsdif ehel @WobBIRENBelioteeRHERIN theiowRédnsBEn@oL har ge
opposite to the charge of the tenperature sensitive stabilizer. 40. A

fr eeze ineigpeigsdis, avaeraemrgalio clodfen Bataghizn sblosde.sedivichlpiade, {iffgum

| owt ?'E%?Jr?a‘e“@‘ﬁltf%%&hﬁ&‘lés] rﬁ&l&ivﬁ%ﬁt c%lé}gi%*s‘, &Péi&ﬁghf%hdx‘ﬁh %s'gﬂldchjl%ic% %31:‘ oni ¢,
anionic, zwtterionic of an uncharged conpound or conpounds. . A'freeze

i ndi catdbtorkiecad divngnitn@ chlodiden 37 characterised in that the | owtenperature
dest abil i zer conprises a high nol ecul ar wei ght pol yacryl am de, a high

mollécul ar wei ght pol yvi nyl al cohol, a high nol ecul ar wei ght pol yvi nyl

pyrr ol ifdonerede Iﬂicﬁ&tﬂc@&ﬁin@"to VEiARY characterised in that the temperature-sensitive

stabilizer is polar and the low-temperature destabilizer carries a charge opposite to the charge of

the temperature sensitive stabilizer.

20 40. A freeze indicator according to claim 37 characterised in that the low-temperature
destabilizer has a high molecular weight and is a cationic, anionic, zwitterionic or an uncharged

compound or compounds.

41. A freeze indicator according to claim 37 characterised in that the low-temperature
25  destabilizer comprises a high molecular weight polyacrylamide, a high molecular weight
polyvinyl alcohol, a high molecular weight polyvinyl pyrrolidone, a high molecular weight

polyacrylic acid or a mixture of two or more of the foregoing compounds.

42. A freeze indicator according to claim 30, 31, 32, 33 or 37 characterised in that the

30  indicator particles comprise a wax material and the indicator dispersion comprises an anionic
surfactant and a low-temperature destabilizer and wherein the low-temperature destabilizer
optionally comprises a cationic polymer, a cationically modified hydroxyethyl cellulose

polyquaternium-4, or a low molecular weight cationically charged polymeric flocculant.
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pol yacrylic acid or a mxture of two or nore of the foregoing conpounds.
42. A freeze indicator according to claim30, 31, 32, 33 or 37

char act erweeadio/nst3hat the indicator particles conprise acwas0ebsrizal and
t he i ndi cator dispersion conprises an anionic surfactant and a

| ow-t enperature destabilizer and wherein the | owtenperature destabilizer
optionally conprises a cationic polyner, a cationically nodified

hydr oxygt hy. | ENi 2~ 0 t

cati ony Ea e R il PO B LR TR G B S AERLERK A MRLAY. o1 gi ng

to cl anmhaﬁtor ﬁelﬁclBs?corBﬁnSéra Wk Garriacierths Bdidatortdispersidneconipsisead edtiopas ti cl es
conprise a wax materi al and the indicator dispersion corrBrl ses a _cationic

sur f actS¥HectaMdng 3 lﬁwtﬁ@ﬁﬁé%% deseabiiizst.dbs lovz empetyiwre desiabiapaptiemly _
destabil| ?&swgpatn'aﬁl 1 a%olg[g g%h{ﬂgrtyﬂ@ 2821 %ly@iﬁ’étﬂmhc af%lc?ﬁjeay I?E{tﬁ(lle of 1! d

or a poly ré of  tWo o] or egoi ng

| ow t enpena@t of medeggmmglloweempeere desfabdeess. | nd| cat or according to claim
30, 31, 32, 33 or 37 characterised in that the indicator particles conprise
a wax material and the indicator dispersion conprises a zwitterionic

surfactani gode ﬁldl&%rta%émﬁf@ttb' tRiH88! aDi3hi 286y 37 ArhQRris&IMTRGhAT tee
destabi | i zer optionally conprising a cationic, anionic or zwtterionic

sur f actindicator patipliex camprissfa wasomateriplpang theé 1r1dh@.t0rrd|t8®gmqmg:0hmcse¢mmamme

d bili 5., Af di 32 ch d
obh ot RS A et et P fuh P B B B B e s el sREPEf e oF ©

sodi um ehfpafkle® caBBhid SAlioHRk 5 Haftefienic SRt BY h nfk@keof tH@Wribre beaee,
sodi um dodecyl sul fate, ammonium lauryl sulfate, sodium | auryl ether

sul f at doreggiedpvdeneepiuradessbdizstsher sul fate, sodi um dodecyl benzene

sul fonat e, sodi um nonyl phenol 2- nol e ethoxyl ate sul fonate,

bi s(2- et hyl hexyl) sodi um sul fosucci nate and m xtures of two or nore of the
f or egoi4sg AdfintcaailicitdifagcdraingSo cthbm 3A chapgi@iseddi thdtahe ationic difgetim icl ai m 32
characterised in that the cati on| c.surfactant is selected fromthe group

corlSi stPIRECOM OIS EFPUR ISR P SHHHIM PGP ChPYRISHEN SRR Kl SIM IR H hry |
banzal Kon ey e o B e AR Py S 2y YR e o
t he f orsedmimdpdeayli 30moi33 cshﬁrfsalfataIHosllurmaodeAy]‘ bepege suifdnaatsodivaccaryiphegolt
claim 3r§ol(f:: rf]:t oxylta&:rslu?f%nate r"bls(Ba thytlhexy V\s/iogiitu(r:"nr éu? o|s1(fcc§nl2|1rcf;c z?n%tn%&tturless of two or more

of the foregoing anionic surfactants.

20

46. A freeze indicator according to claim 32 characterised in that the cationic surfactant is

selected from the group consisting of dodecyl trimethyl ammonium chloride, hexadecyl

trimethyl ammonium bromide, cetylpyridinium chloride, polyethoxylated tallow amine,

benzalkonium chloride, benzethonium chloride and mixtures of two or more of the foregoing

25 cationic surfactants.

47. A freeze indicator according to claim 32 characterised in that the zwitterionic surfactant is
selected from the group consisting of lauryl amido propyl dimethyl betaine, dodecyl betaine,
dodecyl dimethylamine oxide, cocamidopropyl betaine, coco amphoglycinate and mixtures of

30  two or more of the foregoing zwitterionic surfactants.

48. A freeze indicator according to claim 32 characterised in that the nonpolar surfactant is

selected from the group consisting of fatty acid ethoxylates, sorbitan esters, sorbitan ester
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selected fromthe group consisting of lauryl am do propyl dinethyl betaine,
dodecyl betai ne, dodecyl dinethylam ne oxi de, cocam dopropyl betaine, coco
anphogl yowoavm/asdom xt ures of two or nore of the foregecmgszedotosase oni c
surfactants. 48. A freeze indicator according to claim 32 characterised in
t hat the nonpol ar surfactant is selected fromthe group consisting of fatty
aci d etdeoixgives esprbigrpprodavras s epslymest ¢ Rody{cdigtear @aideyand RA%(Prapytaet an

oty aramnarey Mo EnRaeERor B AR A Bk RE S SR FRSROEIR L o

t he foregpolagsurtopatsar surfactants. 49. A freeze indicator according to
claim30, 31, 32, 33 or 37 characterised by conprising a particul ate
i norgani ¢ nucl eating agent to inhibit supercooling of the liquid nmedium

bel qw tfe ARl L ﬂﬂii&a%r%?é}ﬁintgh@ cfaﬁrﬂg@g% I :323 % of ?r’/t SfarhéaHsd Hfg%rgﬁ@iszﬁ% cere

conprising an 1onic surface“coatin e nucl eati ng agent".

i ndi catpartictto mdrgagid mictdadngra@ht tBihhibdZup&8oding3if thhbyad rediwe telby the

conpri si a proportion of indicator particles of from about t o about 60
per centm{)i?)ngv@ lﬁh{;fo%F frggen ?t?atﬁnogHt?ﬂ%qui‘b‘%F?)mgb%l‘i‘tCOE@%E%&@&WB?“‘%&%?H??“%ot h
ranges gf hPhORtn.Rsn0f indicator particles being based upon the weight of
the indicator dispersion and optionally conprising a proportion of

nucl eating agent, if present, of at |east about 0.1 percent by weight or of

fr about to.about 2 rcent. b i , oot h rranges .of . proporti.ons of

| ndPgante ATes SRt e fimedr sy Alee e n T SBRETErSia BhERRRGRES or

di sper gjrepbrtiSd of MdfchReparticed iof BHAT abEEP fokibdat @péiteér: By Highd br oBRomIBoor 37
characterised in that the indicator particles conprise a material selected

from t Hé tgrabeiy 20desiest bnyeght, podninges, of iprpopiiveh inglicatermartigles beingriged i ve
nmet al s, e I¥ reci I I I 1. num
"T1 i PO RS e BORGlsARpTRE ah BRb Gy Bl iop i BF il
nanoshelgkst, ifzrésent, shtdedsunbout arilg@ercent B leighubif efffrorh @bsiitd toxbel&,2 peacdnt by t e,
nmontnorillonjte, talc, halloysite, calcite (calcium.carbonate), dolomte
(cdPci unsighlr bhainges phpiReeitions ehinpepanicayclepting gent baingbarad 4pok haeveightivbsi t e

(aluniqyghgmghﬂ4%%g%kng!npite (zinc oxide), chromum oxide, barite (barium
sulfate), crystallfine silica, anorphous silica, hydrated silica, fluorite
(cal cium fluoride), hydroxyapatite, white and col ored pol ystyrene beads,
both whytg and o G ALhdRe'tS AN 30, 31, 32, 33 or 37 characterised in that the
indicator particles comprise a material selected from the group consisting of pigments, ink
20  pigments, minerals, unreactive metals, noble metals, precious metals, gold, gold alloys, silver,
aluminum, iridium, platinum, metal-coated pigments, core-shell particles, metal nanoshells,
zinc, selenium, carbon black, sulfur, ferric oxide, kaolinite, montmorillonite, talc, halloysite,
calcite (calcium carbonate), dolomite (calcium carbonate, magnesium carbonate), rutile titanium
dioxide, gibbsite (aluminum hydroxide), zincite (zinc oxide), chromium oxide, barite (barium
25  sulfate), crystalline silica, amorphous silica, hydrated silica, fluorite (calcium fluoride),
hydroxyapatite, white and colored polystyrene beads, both white and colored plastic and
synthetic polymeric particles, both white and colored hollow, plastic and synthetic polymeric
particles, combinations of two or more of the foregoing materials comprising a coating of one
material upon the other and mixtures of two or more of the foregoing materials.
30
52. A freeze indicator according to claim 30, 31, 32, 33 or 37 characterised in that the liquid
medium is aqueous and optionally consists essentially of water or of deuterium oxide or of a

mixture of water and deuterium oxide.
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synthetic polyneric particles, both white and col ored hollow, plastic and
synthetic polyneric particles, conbinations of two or nore of the foregoing
mat er i al swo@opvdi$i3ng a coating of one material upon thepotrhmseoo@nskigs xt ur es
of two or nore of the foregoing materials. 52. A freeze indicator according
to claim30, 31, 32, 33 or 37 characterised in that the liquid nediumis
aqueous and optionally consists essentially of water or of deuterium oxide
or O BTGl € 0 o Blng Ol AR YAALL IO 6 Ribind ol [0 GpbiPl LA

conpri si"hg an I ndi cat or |sp§r3|on avi ng an InitT & appeg ance, e

i ndi catindicstbs@iepeasion cemppsingi ng: (a) a liquid medium having a nmelting point
determ ned fromthe frozen state of the Iiquid nedium and (b) indicatar
particles di@prHaud meqdivmbayipgainstiedping defiavingd{ram e fieres stasy ofdhe Hevidi on
has sa djffigheMq vi sual appearance fromthe initial appearance when the
liquid nediumis in the frozen state, the different visual appearance being
i rreversi bl gbamdicapt ipenizlds ispheedimthe liguidheedivmzen state of the liquid

medi um the indi cator partijcles are coagul ated and the coagul ated indi cator
parti cl¥REHRNA 8 lcﬁfr?éng?rﬁ@Pé’ﬁf aa}fgf&%ﬂt Vﬁ%bﬁ%ﬁﬂ&‘é‘“’* FfP 4ha ‘B BRPRHN hat t he
i ndi catyfendhs RGHid inRidH i AQhe FOII dREShAJTFRIRE L ALM BpSeARE M iibabliblezer
to inhibit coagul ation at tenperatures above the freezing tenperature and a
| owt enpedaptioellyeshetinl inzky frozenptaserof defliquisizuediemathe dndiorgupaati¢lenarni t hout

P attaredues i G PRk AR onrARE B B o F A ap A Sibearilce & 11 028

t enper athdffct&asdl ihithSt the akiidatreispesidPtudthe Bdtinriies 4 @peefersahdiife
destabilizer carries a charge opposite to the charge of the tenperature

sensi t isibilizeals inhibitrcoaggation 4tterapesaturpdiabatothe dcegnaiamperavielamlaw- 2, 3, 4
h can ST PR ASELERIIAL R Ao RS SRR SRR PR ElnbRhieRe

exposure@agilatidieatha@spermuced ubbve Recxitgenper at ure at or near the |iquid nedium
frozen state nelting point of the freeze indicator. 56. A process for
pr ééari ng a freeze indicator according to claim1, characterised by the

PT OCESSs4C S&nﬂP‘%é'zé it QAL Sink N A 58 ¥hh Rt &%RAtn thith@RnARUEASFE W | on of

an ronic surtace
stabilizer is polar and the low-temperature destabilizer carries a charge opposite to the charge of

the temperature sensitive stabilizer.

20  55. A freeze indicator according to claim 1, 2, 3, 4 or 5 in combination with a freeze-sensitive
host product, the freeze indicator being associated with the host product to indicate possible
exposure of the host product to a temperature at or near the liquid medium frozen state melting

point of the freeze indicator.

25  56. A process for preparing a freeze indicator according to claim 1, characterised by the
process comprising coating the nucleating agent with an aqueous solution of an ionic surface
coating material to provide the ionic surface coating on the nucleating agent and incorporating
the ionically coated nucleating agent into the indicator dispersion, the process optionally
comprising steeping the nucleating agent in the aqueous solution for at least 30 minutes.

30
57. A process according to claim 56 characterised by comprising separating the ionically
coated nucleating agent from the aqueous solution prior to incorporation of the ionically coated

nucleating agent into the indicator dispersion, and optionally, drying the ionically coated
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coating material to provide the ionic surface coating on the nucleating
agent and incorporating the ionically coated nucleating agent into the

i ndi cat orw0i2spansizon, the process optionally conpri si ngpstraspicgsibe

nucl eati ng agent in the aqueous solution for at |east 30 mnutes. 57. A
process according to claimb56 characterised by conprising separating the
i oni calfiuglegbizg egenhbiPrdnéaigoatien thefipwpliveoateduaelgatinorgent vfe heilrdicater
incorpqﬁ%%hgﬁlof the ionically coated nucleating agent into the indicator
di spersion, and optionally, drying the ionically coatednucl eati ng agent
before incorporating the ionically coated nucleating agent into the

i ndi cat or di spersion.
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