TI TLE PACKAG NG | NCLUDI NG PHASE CHANGE MATERI ALS BACKGROUND [ 0001]
The present disclosure generally relates to food products and storage. Mre
speci fi cavbypitrieo7pr esent di scl osure rel ates to packagi rgTiuseéinmdessgs phase
change materi al s. [0002] During transportation, large quantities of
tenperature sensitive products such as food products are generally stored
on pallets located in storage units such as the trailer of a sem truck.
The food products may be w apped in |BTs@Epport material to keep themon the
pal |l ets. Neverthel ess, the support material does not usually provide
adequat e i nsul atp QUK ADING IR AIAMINGIHSSE CAKS O MATERTAILSNT t enper at ur e
of the storage unit. The tenperature of the storage unit can significantly
fluctuate due to the higher tenperatures during the day and the | ower
tenperatures at night or as a result of differing tenperatures of various

| ocations during transport and daldgdRbiND As a result, the food products
are exposed to the fluctuating tenperatures of the storage unit, which can
|l ead to a de [

transport anduad T e B g B A RO ot

rel at es speciﬁaailyaglqueﬁnddmlmuagelea%ter}iabkagmgfmvhudglg@hesemhamgﬁmatpﬁalse change

materi als an ds of usi acka storage assemblies. In a
Conerar enbodM eSS e bt polfion TalR SERRLES, S0 et PR P ER L ng
one or I@ER ad %H@l%r@&iﬁ’dt@aﬁ%agehbﬁ[ly sEfF&d 8n %@Héis h&uteagn%f&ager ulRr &chhagg change
materials. The phase change material can be stored within the tenperature

barri er tralgepfa semi truc[kl)oﬁhlq faod rapdusitoemdy e ntrapnaden|aasppporit meiterdé so seepecond
phase c tor ratur barr.ier

ot her Bdaa B RE1<E UREERI MY hOF AR B R LU AR R walD o0
| ayer haMiulgion, @08 dodadauas aikgenii &hbidht temperaturé 00fR]stdrilgecaumiemirdi ment ,
the packaging includes a layer including at |east one of a reflective

mat er i altC@pgragwe phehgl Yepayuthcar pignific Ea@wgidﬁg te &t higherugmperaties i | ayer
film ha"du?ﬁﬁ%ﬂ %fd YK t&%}oaﬁ{uﬁl nag nﬁ e gl h‘f&ﬁ%% Ing ¢ %&fﬁr | ayer

including a ting nmater i'nner tenperatu ier 1ayer
i ncl udi nﬂstaheug)h)asmmhmﬂgg traabrt ahdd distribution. As a result, the food products are
exposed to the fluctuating temperatures of the storage unit, which can lead to a decrease in

quality of the food products during storage, transport and distribution.

SUMMARY

[0003] The present disclosure relates to packaging and storage assemblies having
one or more phase change materials and methods of using the packaging and storage
assemblies. In a general embodiment, the present disclosure provides a packaging
including one or more temperature barrier layers each having one or more phase change
materials. The phase change material can be stored within the temperature barrier layer.

[0004] In an embodiment, the layer includes a second phase change material stored
within the temperature barrier layer. In another embodiment, the packaging can include a
second temperature barrier layer having a second phase change material.

[0005] In an embodiment, the packaging includes a layer including at least one of
a reflective material and an insulating material. The packaging can include a multilayer

film having an outer layer including a reflective material, a middle layer including an



[ 0006] In an enbodi ment, the phase change material includes sodiumsulfate
decahydrate. Alternatively, the phase change material can include a m xture
of wat er woaouanyi7ag anmounts of propyl ene gl ycol and/ or pcalustamoesshdri de.
The concentration of the phase change materials in the tenperature barrier

| ayers can be varied to obtain a desired nelting point for specific

t enper atiH§igatG@NAateki@N%ind an inner tdnPRPetlire! ParABOIHEF iRIRPS MRNphast MBaRfeSeENt

di scl osure provi des a packaged product including a tenperature sensitive
product magterial. packagi ng i ncl uding at | east one tenperature barrier |ayer
havi ng a pha nge. materi al . surroundi ng the tenpergtuyre sensiti

pr oduct . TheﬁgwgggnclhﬁalOﬂ%R%ﬁﬁae @gﬁeﬁggn(%Pg’rﬁﬁfﬂaﬂgshg)llﬁp%géghre
barrier deaygidratd haltbeapesat e phaenbbidov@ateriQdiatingdade enitufootvaeosidct . The
food product can be a nutritional conmposition, [0008] In an

enbodi meftyiBg apeunts o agiedensr tuer] tandios e alsien shlorige nelthe raoasentigtipny @6 dhea
second e eri 1.t Al e rigp.layer.

A tor nat s o Bk R B e Lo b B B B ™ Py
havi ng andeagpdinpfoaspedifiargpcranirecoaditionshe packagi ng can include a | ayer

i ncluding at | t one of a reflective material and ap insulating material.
For exanpl e, _[{’ﬁ@ &a@paaf&%gnh%ﬁmﬁ%_rhfd%esgnhﬁffmlwruaﬁfglfOVf(fe_ﬁ PPREKASAY PRVt er
paver | NAlHgh00, AefBLlafiE | XA Sirblor mdTaddh&abMCid i dh NGadNone

insulating material, and an 1 nner tenperatur rirer layer i1ncluding the
phase chamgeratmat bpirgl .layer having § @00Q] changamaétiarabuvdng tho démpamstpret he

P PSR DR 055 PR DR R TR s BBLIE e BAORBE 2,
i ncl udi ngyat Theashp@aard QENELAbrIIACRAR TR fobdPRIduBAVIRITfoBd PRRRSt &dhange

mat eri al surrounding the tenperature sensitive product and the support. The
t enper atamudrigenss cermpesifigmoduct can be a food product. The food product can

be a nutriti gnpositi,on. . The support is allet or a sl.ip sheet.
[5070) 1 an LR GRTBAFSH Fins SE ePRERY plskufe I vl BeBieflafES

mat er i ala deSorsd pHa8E cvrigh infhtérite stoeddpRIthih Uk € tddcFdt@ adielaycAl hekrmativalgl y, the
packagi ng can i1 ncludes a second phase change material stored within the
sane t erfpemackpging ¥y insludeay seconfhenpsratygi grictaliven 88Vipac srsend rdatond

t enper at l.ef i erd g

packag, ran ek, (U FlodK Bt eRant B REBs R M A8 T, et
nate{iaFnaaﬂda?gFmsﬂhﬂgh@gnmnﬁﬁiHahfxEﬁpbgﬁmFmggghqhﬁmg?Fha?pmgﬂﬁm?minc:ude
a mul ti er .filmhaving an oyter er. including a reflective material, a
mi ddl e If%bLa‘il% PRAYEY '4heT el e irstis mteriahng rEAdie AT ipepoEAtr e
barrier ihﬁﬂ@cfng’ Ralewdl, rhadtdhein%@%ﬁe%ﬂ&%ﬁﬁéﬁuyeﬂ includin t}[eoﬁl%a]s]: chBngeet

anot her enbodinent, the present disclosure provides a storage assenbly

i ncl udi ngateridt orage unit, a tenperature sensitive product |ocated wthin

t he storage ' and ackagi including at least one tenperature

par i er | oy erl N g SRS gk, B itarht 53 Ruet P AT B wal
of the Siswn%]? inthiding AR@ppatREleApdFaurs %B@it‘idevllﬁro@ﬁ&Cf)é@ﬂtioﬁ@eﬂo@ﬁleasufp?@ﬁ,
product. The food pnoduq? can be a nutritional conposition. The storage
unit carfnder packpging ancludiag raf dpastaeiy tenfperadyte rbargeirlayer dwimingi srehasgrehange
conbi nat j qn . - I [ aen ent
i scl oouP Bt 3G ERicine e roPdhhe Mot RORIeE fho AEAPRIET ahe RS
st or age senditivd gusducascanobe & daak préduadsi T fo6d greducexaasebsd 4 autrhdnal

el enents) and a packagi ng .including at | east one tenperature barrier |ayer
havi ng £opwasiEiophaheampattds # Arllctpha skipphsst-at ure sensitive product can be a
food product. L tiongl L o1

10013] I an ' SA08JPABTRERAHER R D ind S e P ARPORNEL ARty er
can be stwreeadvithin kHientetiperatiroberrat dayer bakitareativiehy ¢hie padkegihgyen iodwmdealaso

i nclude a second phase chan material stored within the sane te rature
barrier & Phisph ARk ST cped el éheas%%%é‘ﬁﬁl_’ecr%tﬁf?eg%%flm keI | ayer
havi ng g,,se600d cANARE RDRRYE ROA t@hperdilR PARKAHYRE heRlg | NSMAE Falyer
including at” l'east one of a reflective material and an insulating material.
For exarghhege mheriplacklagbavhagag cemoiclhdle alaped includipgrat fi¢asnotvacd atpflanticut er

| ayer including.a reflective terial, a m,ddle | ayer i.ncluydin

| neul at i CTil e s algfipe et il o GvaPlse B aRsen RS p A TR ¢ ne
phase change materi al . [0014] In still another enbodi nment, the
present disclosure provides a noving storage assenbly including, a
transporter, a storage unit and attached to the transporter, a tenperature
sensitive product |ocated within the storage unit, and a packagi ng
including at | east one tenperature barrier |ayer having a phase change
material attached to at |east one wall of the storage unit. The tenperature

L - Y —— r



[ 0015] In an enbodi ment of the noving storage assenbly, the phase change
material can be stored within the tenperature barrier |ayer. The |ayer can
al so i nclwoeon/1166ond phase change material stored w t [rCH/USh@ 1625683
tenperature barrier |layer. The packaging can include a second tenperature
barrier layer having a second phase change material. The packagi ng can

i ncl ude fAn] B%8Rg laRCJudd Bgerafnclu@ASt a TR cAe Mdi@fdl ef hiid@e ﬂ&&&rih@lhdﬁ?%ﬁn
insulating material. For exanple, the packaging can include a nultilayer
fil m havhswating watcasl, |aagdesn inmer traipegatarer edrrietc tayoe inpideng #ic, phaseichange | ayer
i ncl udi nrgat?rlmali nsul ating material, and an inner tenperature barrier |ayer

i ncl udi ng he phase change material . [0016] In an alternative

enbodi nent, tibe1Qriasgnt anditise! @8bEEmPHit) thél gfeRnP At RYuMRY prottded i Reprage

mul tilayer film having an outer layer including a reflective material, a
mi ddl e 188ebly deeludina e sragsswiited HINReEREIC sAnsitiye fprpdyct tlacased stithie thear ri er
| ayer i | hg: i e e rial ture
bar i er ey Itcyidd RecBURRCnchaRac R Fioh? temBduft BASRF G P RRHE C
anot her phatxoclianmgaimatdriad apachsénd atlcast @suval pf thei stiesgaumac Kagitermgpdratateudi ng a

mul tilayer .film havin n outer layer including a reflectjve material, a
mi ddl e 1SGP¥HYS REPUT 1 nabe it ANy Chra 559 ?P?g%%‘_{%ﬁ GeAnBF & SHPEICAEur e
barrier dayitibRC Im@lswa%e fidif 8dn 9@an%ﬂ&bEf‘éﬂ?_eﬁ?&r?ﬁb@zler,ada%oaco?@ﬁﬂé}%rpahase
change materi al . [0018] In an alternative enbodi nment, the present

di scl oswoebpratwh desca. shrink wap filmincluding at | east one tenperature

barrier |ayer i.n se change terial, ;The shrink wap filmis

oanst ruct o HABEH Rl RS BRRE R Bechefiny dbBRstt PPN RertbelsSsi 11 ve
pr Od_UCt selfifvd Pasiacc rnge Jmmi®r haskor_ﬁgenubi@ (§lcarfd ow 4 Abek, trb@dsﬁ&%@fa@éam €
barrier layer. The tenperature barrier |layer can also conprise a second

phase changwdriaties ¢flamestshinsoa prakagingtinduding et leagy angrtermperors barripelagpir i nk
wrap fil i d+t enperatu rrier .| risi a
cecond SRS, R apRGRR TR Bh YRR s Foas B PR BB o

di scl osurte fpod@ptodast can etmaditihape@i@sitiong a tenperature sensitive product
fromfluctuati nﬂﬂt enperatures during storage or transport. The nethod

conpri ses pl d80RY 18 anesmhadanentof dbs storags esygdhe Phasg ghapsagrisgal #1 udi ng
the te r : R ' t i.aly.

10020] T Shd RATRLRL e BHC g, TR RO SRR S Al g of
pr ot ect ichgnge tratgpal atowrde withins thei saenepteaghaciturt riamidr lagéruaTha gatlewgpeyr edour es
during staorage or transport.. The t hod .conpri se | acj ng a tenperature
sensiti @855‘%@&3@@@%%3%%@ SenbY'HE dre P.%S? e J8ECr an@é"
nateri alpabl@ag‘%?%@% & aflafdeinkl@fNht HaSCoRSYF & reflective h@2hl ah8 &0

al ternative enbodi nent, the present disclosure provides a nethod of

pr ot ect iingplatingemplerialt ure exemplet theepgskagiog carf medel o lidayendilmermpmgatnur es

SRR T T T A T
i n enbodindRAtisncd terhft@atBfeameidr 18)c8 elcDfdifiEthe phase change material.
[0014] In still another embodiment, the present disclosure provides a moving
storage assembly including, a transporter, a storage unit and attached to the transporter, a
temperature sensitive product located within the storage unit, and a packaging including at
least one temperature barrier layer having a phase change material attached to at least one
wall of the storage unit. The temperature sensitive product can be a food product. The
food product can be a nutritional composition. The storage unit can be a trailer,
refrigerator, freezer, cargo container or a combination thereof. The transporter can be a
car, truck, semi-truck, airplane, helicopter, boat, train or ship.
[0015] In an embodiment of the moving storage assembly, the phase change

material can be stored within the temperature barrier layer. The layer can also include a
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[0022] In yet another enbodi ment, the present disclosure provides a nethod
of protecting a tenperature sensitive product fromfluctuating tenperatures
during stwoage/us076r ansport. The met hod conpri ses pl aci RgTAISR@mpeseat ur e
sensitive product in a noving storage assenbly utilizing the phase change
material in enbodiments of the present disclosure. [0023] In an

enbodi megtendt PlRasPr DEREY nfdtctal QRHMEE wRIAY itteSarfe MBARRERS bARHTARE  The
distribution or transporting costs of a tenperature sensitive product. The

met hod dudkrdirgeapingbidag woenhisamaraiure bagingileyey dhapingdusscond phasgabkegsi ng,
cont ai ner_.assenhl st or age .assenb r ving .stor a I ti.lizing
The. phagte Biangae ar SRR RERECRel e B RSk PRACS: PRI ibtAL T

transpordndng iRelatieppetaialr eFdeniapley @hd packigingf ca@ninohde laomattiger tiimanot her
| ocation. 0024] . An advant age of the present disclosure is to provide

an i mpr SWEEEFACRE AT istudinot dePty Paspes amidde SyRsincluingaoatieaeg r om
bei ng aq}{ﬁ&ﬁﬁ!{ i¥|ndaa{nf iﬁﬁéreig'ng?ra OPSHAL lﬂg& Jlél’d&ﬁlg ?ﬁg’ e{ﬁ{aﬁe change ma 591{3?5] Anot her

advant age o e presen sclosure 1s to pro n 1 nproved storage
assenbl y for [pObd]datanndtetranpe cabudienchenbe pregentpliethsatesprorons beiacigagadver sel y
af fected tenperature_fluctuations during, storage, .. 0026] . Yet

anot her ! g &graulé}ﬁayehé{%ﬁé@ea@n&ugee A 6%1%9?’%@%%“& @%@9@@

oVl ng %ﬁerré}ﬁéluéi%g ea’ﬁbilnk’ulﬁt%g RlaRLRELd Atkt LEAPGRALLbETRE NS 'iﬁéﬁd@ﬁ?‘é%%ts_ from
bei ng adversely arfected by tenperature fluctuations during distribution.

[ 0027] Addsd clomgt niataialy &sl ancboadvempages: barecdbyer inghdirnpges e¢aopd aphdsoni | | be

apparent .fromthe followi ng Detail ed Description and the figures. BRI EF
DESCRI PTERECRAHHRE: FI GURES [0028] FIG 1 shows a partial view of a

packagi ng havioop7|anphasEerC BABEENTERL, eihicaprekéht 2Bis€I6RRET providedfa thaskpipsent
di scl osure. [0029] FIG 2 shows a partial view of a packagi ng having
two phasaclodiaggenwiiitayer Hirg hpving an eniss didyer ticlusfing i ecilpcisematagial @ moiidce.

L9999 Ran B B L BRE PP PR AP ETRARRLY” S
the presastphdsselapgeifterial and a second phase change material.

[0018] In an alternative embodiment, the present disclosure provides a shrink wrap
film including at least one temperature barrier layer having a phase change material. The
shrink wrap film is constructed and arranged to conform to a surface of a temperature
sensitive product. The phase change material can be stored within the temperature barrier
layer. The temperature barrier layer can also comprise a second phase change material
stored within the layer. Alternatively, the shrink wrap film can include a second
temperature barrier layer comprising a second phase change material.

[0019] In an embodiment, the present disclosure provides a method of protecting a
temperature sensitive product from fluctuating temperatures during storage or transport.
The method comprises placing a temperature sensitive product in a packaging including
the temperature sensitive layer having the phase change material.

[0020] In another embodiment, the present disclosure provides a method of
protecting a temperature sensitive product from fluctuating temperatures during storage or
transport. The method comprises placing a temperature sensitive product in a container
assembly utilizing the phase change material in embodiments of the present disclosure.

[0021] In an alternative embodiment, the present disclosure provides a method of

protecting a temperature sensitive product from fluctuating temperatures during storage or



[0031] FIG 4 shows a partial view of a packaging having a tenperature
barrier layer including a plurality of phase change materials in an

enbodi nerwoab11ther7pr esent di scl osure. [ 0032] FI G pbBT4isowd/0286part i a
view of a storage unit wall including a packaging having a phase change
material in an enbodi nent of the present disclosure. [0033] FIG 6

shows a tRakpdrel TheanetBbd @ompAERISasinb ta Walderdune! dflifee Brdddckagh Rebridvi ng
two phase change materials in an enbodi nrent of the present disclosure.

[ 0034] RisGmbty gHbxisg éhegmaﬁei ehlangg mateoip! i emtmdag@ltmf eweﬂstntudrmlqsdieng a
packagi ng hay, hav] ri
enbodi nent of[h@%zé hplr%esen&ﬁ%l %(slglreg{ e pr&selﬁo@é@ &ﬁf?%r &e% %wthrogp

i |1 ustr girotagtimy PreafpRidtad saiwltﬁ\lrquo@lmt fitond Al0GGatig tsthptabires @hﬁfg@t&b@m@e
materials at high tenperatures in an enbodi nent of the present disclosure.
[0036] Rraospat.j Ihy mptapdh cpmprisas RlEGing AalCPPERENE SENTHEYS PIRguEonn MoxHYe of

o csont AR eGRRNY SulAnEy KB coftly FRALPUY Kol pfhy PEIRDGFEDh: ©f 11

pr ef er r efisabasiutd. ng poi nt range of suitable phase change naterials at | ow

tenperatures | ot her enpodi nent of the present disclos 0038]
FIG 11 is al 33%33[1 0} 40 RPAUMFHy the Presqnd (ielpsHi Pﬁﬂﬁ@ieﬁa.rﬁ?tﬂpiﬁéée%%. tabl e

phase chang il %‘f't?a{n%% {00 BArd téﬂﬁ%ﬁﬁ}é @er%ﬁn%”’gﬁﬁlh&?n_tﬂ%f idiodPr esent
di scl osure. DETAI LED PTI ON 0039] The present disclosure

rel at es cooppiackplgemg @ fohpeditng sensitive predust phaska@n@ecqmaatimrim@nldm,d

storage ssenbl i ncl udi.n hase erials. The ckagi ng can
hol ude B0 ABRY PEAEHAP sletimhporaph A Eral She i Fhg e Bar St o
phase cfb@muﬁa{t%f e HréRat diSAGsURE a8 @-ndPdriiOhe GémpEARELS RhnbikiOc pRIURLL | Ve
products from being exposed to fluctuatlng tenperatures during storage. The

t enper atfinre oselpshtionie appthgulorcatiatan be food products such as, for exanple,
nutritional gﬁ AQSAIE hc?vr&%taﬁc PE gl%ﬁ;%st%# (ﬂ? lgsu 18 to n im ?4V%g, %ka 1n

consuner. Kagin hase cha rerita re
qual ity fof pxb&cﬁ@@dtenrp@mﬂmfe fsafsumnwmctsarf@brﬁnseihg a@@uéeaﬁ oaiffeowinﬁiy ance
(e.g., probiotic V|ab|I|ty) [ 0040] The tenperature barrier |ayers of

t he pacH@@Pﬁ@“F% fla¢efinsent s of the present disclosure work by having the
phase change [ﬁﬁifﬂ rAﬁ"dtﬁeraQﬁIQﬁth@ SrQhe %‘I’%s%ﬁﬂ 88closure is to provide an improved

storage assembly for protecting temperature sensitive products from being adversely
affected by temperature fluctuations during storage.

[0026] Yet another advantage of the present disclosure is to provide an improved
moving storage assembly for protecting temperature sensitive products from being
adversely affected by temperature fluctuations during distribution.

[0027] Additional features and advantages are described herein, and will be

apparent from the following Detailed Description and the figures.

BRIEF DESCRIPTION OF THE FIGURES

[0028] FIG. 1 shows a partial view of a packaging having a phase change material
in an embodiment of the present disclosure.

[0029] FIG. 2 shows a partial view of a packaging having two phase change
materials in an embodiment of the present disclosure.

[0030] FIG. 3 shows a partial view of a packaging having two temperature barrier

layers each including a phase change material in an embodiment of the present disclosure.
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energy during changing tenperatures surroundi ng the package. For exanpl e,
the energy absorbed or emtted in a phase transition of the phase change
mat eri al we 2o0avired76y very hi gh conpared to energy neede@CrarS2eigopssaat ur e
rise (sensible heat). Therefore, a small anount of properly-chosen phase
change materials could be used to protect a |large mass of the tenperature
sensi tive prqgest) F1IGoM Rtk Spatial vibeneres ?awagmgvnang@- a temperathROBHieANY
sui t abl e phase change materials as understood by the skilled artisan can be

used i n leyre inednpiaea phigalivarofinhesd epage mfteridle ipas kagfiodimem wrbodiresshtt s of

t he pre§ﬁpﬁoﬁﬂgclosure. Such suitabl e phase change materials can be
det er ni nedr according to "Phase Change Materials: Science and Applications”

(2009 - | SBN:[00F8-FAG387shB48 A3p4Hial Vibiadf d Stotage anpowal et hiieieh pablaging
reference. . [ 0042] An exanple of a suitable phase change material for
any enbddvigritRhags chapgc pratesiahin a4 cehodinend of shequencnidiselpfusg.e decahydr at e.
Thi s chem cal hr.o, : e ' i : oW th air
tenperatures[ggﬁﬁggghPﬁ%gggﬁﬁgggaiggg, thgg%ﬁgﬁ?ggfgygﬁpgm%QEEQQ%‘1 sorb
ener gy fhaeingttive phige, chihgismptedbledt amgmbddimicangfehapresent dsnkistiicve product . At

night, with gi eratures drappi.ng below 32 C, the.chemcal will give
the heat bacﬁlﬂwlr { cﬁyé?aw m& VlT%é)ftaeﬁﬁfflgSt“ﬁFteWQEHBC?”t e d PREHRSHTS
tenper atﬁé‘izﬁlgt‘[%)ool‘ﬁ%érg' Qadl RAKES a‘rgg&ge%haﬁg/eeﬁla%ﬁﬁﬁﬁldﬁggm&dihﬁnpémfé present

enbodi ments,” the phase change terial can include a mxture of water and

varyi ng dsobesutes of propyl ene glycol and/or cal ci um chlori de. [ 0043]

Th trati f the ph terials within. the t

par 1 er T ayerOBTIHE: SeienBrng LETROHE o efind Rgtb e e Ehngrole’”

t enper atghag &ﬁa%gﬁiatehats at ABhRaGKaIuRG iRBf chiBEdihRAPET At BiBem@iRldsiee product
0

i s exposed to. r exanpl e, generally speaking, a higher concentration of
t he phase chdA86IHGedi &la @iaph iHpsteshing Gr prefqpeduneltiog noky rpagkalybyittblnd

t enper at ur {tive produc te | & i.on_ i | ure

w thour 1HRe ERRChalFe B LRNE by PE B e R B} G Bhange 1 n
tenperature. [003H HI&. hodausgaph Jheakitiie apfaredmeivgr@yint(fahgofsgtabat er

t enper at ure change) can be absorbed by a higher concentration of the phase
change RiREs CBMECWMRERTRIS Ak QW nisBPSiaties HarFiogier | gykadiment of tho@aesenias used
herein, thg,&efm"“nutritional conposition” includes, but is not limted to,
conplete nutritional conpositions, partial or inconplete nutritional

conposi ti ons,[0038] KIGsdase aogragoiiblistratity & pexferfrédc meltingi fditnahge ofipombid ons. A
conplete nutritional cgngosition §i.eh thosgﬂﬁhich ntain all the

essent | ANAHETPBESIAICHAED 2 AP PR AYLG™ dnfP HROQERENR the BIsPent d5Glosw Cof
nutrition for the patient. Patients can receive 100% of their nutritional
requi rements fromsuch conplete nutritional conposition. A partial or

i nconpl ete nutritional conposition does not contain all the essential macro

and mcro nutrients and canngip1og g$edE88 R EOIN source of nutrition for
the patient. Partial or inconplete nutritional conmpositions can be used as

a nutritionaljogsPHRMERiSt disclosurel QP43 to%a‘éke?g%gg Enidit®BHE b Hbre G | C
nutritional conposition is a conposition that delivers nutrients or

phar macebtigaahmtants eah sheage esmpbbese imtudizg thalphasgt eliango madtereadspobict i on.

Di sease or, condition %Becific nutritiopal co ?sitionﬁ are those designed
to aid WFKENEGFTLCYIE PRE; BMOS JERPEETY 3%‘[%? 9y Lt PV NIEIONIPHS € on
to decr gaag PRHLORRI&IAY ehat RESGEIRBES to ?&&Qttbﬂiﬁé&ﬁﬁl@e AHsTtiveSRbAURY frblest | e
Nutrition for people with di abetes or hyperglycem a, and NovasourceO

Pul nonarbgingoPepasgd N stuctuakiog rtemperatutesr dumiies stopagei edhs taMperapiie momatixe

di sease tho egui.ri entilator s rg . .. 4 I era
erbod: neitpAURoR o RO TEh 8 B sSHBREL hugiows spilP B ReREh hg -

i ncl udi nBec GBSt andB-benPer at ¢orsurldar. I IMBE Jadlise inthlvd fig pNBc Whan®y €
phase change materials 14. Phase change material 14 can be stored wthin

t enper atigterida can gnsygy@rality of dhas fepgh Piaduey tor congymer ard Gpsue pegplgetket or
passage p . 1ef. layer 12. Packaging 2 can be used to
partialf%kgﬁﬁggﬁ%g%ﬁ%@?pgﬂﬁégﬁﬁh'any suitabl e tenperature sensitive product
20 such as a [Do4] Treotugierature barri¢rOR4ets dPatbk gogickapi®: darnbdbdmdnncblide a

| ayer i ncl udi reflective material and/or a | ayer including an .

i nsul at i%@seﬁhgg*ﬁé‘i“? Herks g VB fhecphage caa%gsaa}a%la% RAROFR & g | ayer

film210 having an outer layer 16 including a reflective material, a mddle

| ayer 18 including an insuiating material, and inner tenperature barrier

| ayer 12 including phase change material 14. It should be appreciated that

packagi ng 2 can have the reflective material, insulating material and phase
change material in any suitable order in nmultilayer film 10.



[0048] In an enbodi ment shown in FIG 2, the present disclosure provides a
packagi ng 30 including one or nore tenperature barrier |ayers 34 having at
| east twowphasiel16dtange material s 36 and 38. Phase changeCwaiSerilaks486 and
38 can each be stored within in pockets of tenperature barrier |ayer 34 as
shown by FIG 2. Packaging 30 can be used to partially or conpletely
surrounckp@#py din gaéhhﬁglhg 'f@?ﬁﬁe@&tﬁfe@ sﬁﬁ*ﬂ@ﬂcﬁﬁg/ theFaQRLt FR bfPlcasheenkasd
product . Packagi ng 30 can also include a |ayer incl uding a
refl ect Mbéorhad er ﬁ@utteainm/ @ph%seltwémon od [t Phige sohangesmpterinhly neamely akry As
shown b ckaai ng_ 30 ;i It|Ia ¢l f| vi.n n outer
| ayer 4%1 ¥he m%?ilre&)?oael?eg %e (%\(}efnﬁa e§at‘llrer%l rhsedla %ay}er heﬂ%h?eng I S%l&%ng an

i nsul at idﬁg)ulﬂiabﬁpto@lal;ly-@ﬂ@keh phesc ¢RApEemtdial dald bcusddatysqfrotaét i hegdithagy phase
change materials 36 and 38. It should be appreciated that packagi ng 30 can
have t heofitls tfeaperaguace ﬁﬁxszéweallrodmhﬁemaéeirﬁgelﬁalttémpﬁlat%éwwaése change materi al
in any suita di ment
shown in FIG qhg“ﬂtgﬁ{)g}%{b LQI:I éﬁdbg%f% © g{%}el%l% %ng elrss Jog%plhef%glt er detail.
Tenper ataan ébchadediiartht ayreperdtard hadrigd és/epock &teSpafbﬁagngl 14 &nmibodinughitn gf Hease

change mater | 36 and 38 s red inside each et 46 and, 48,
r espect iRF&IYt di 3)&?498115& Pefhswe %@Q g@ﬂﬂa H%?é?’flai d4termRsdRGePRLinR Y | er

llayer 36-phgyw @&n%@%é%énﬂprs%léﬁ'a@%ﬁd ggﬂ&ﬁmﬁw hb@' SSBN: 97Y-007%-fz79m)) e Of
the pockets. [0 I'n an enbodi ment vvo or nore phase changé

mat er i alwhlahslmmp@tatedgetdmeby raferches. sane pocket . [0052] In an

enbodi nent, t r. nore h e cha e mate ials aced in individ
conpart nent s @@441&%638 ic?uﬂlta %h@?&eﬁ Pest8e 8r|1a1 dﬂb WE)P lé/ls change
mat eri altge E&@etﬁ@h@[ds@féﬁ@Godhﬂmadﬂlltﬁietc%‘cﬁl@ldlrﬁ@ TR AEm&Ql Boas tRdfubBhaphage random
pattern. e materials can serve different purposes, for exanple, one can

hel p pr cheege @tg?aﬁ Hst Hm@ézthmgawuﬂe aif h@mmrht@resmpmoaph@gemthaphéot°éfmti@r ature
fromri Sclhrellgncai)o oullciJ elt Jo%)Sﬁlrg t%gb tﬁE ér'oteclaﬁée’;héa F‘élltp#ep le
e se , an

phase change mat er a can eac ase ‘at er ent
t enper atsghgsvd pro&dl@WAtt Iﬂ@hp oig &8 Songeraiiret erpeingtictay 8hadge oherhieel pitloduct .
Any two phase change materials can be in any ratio, for exanple, 1:1,1:2,
1:3, 1:&veth hqatdoacli by, reyergstaliizing. 1They tempsgptusicr SeRYENC iNKORIY (AR EHIF ( r ows,

col ums Hﬁ(ﬂf o ﬁke@v@&!ﬂc{’ﬂ Omt%ﬁt% 5@ (I &eﬁﬁ%ﬁﬁn&ﬁ@%@ﬁﬁe%ﬁ

pockets t prot ect eat o e sun on tdp of the pr duct
and one rhitatialvdahlingudd ectixagadhsmtet laa@panyglg/mmmmm of pepsicde gbfcot wed/qr oduct
[ 0054] In an eH@ 8| ment shown in FIG 4, the present disclosure provides a
packagi fl 8 CAOMA%i ng a first tenperature barrier |layer 64 and a second

tenperat ure hgp43|ernd @éﬁ%ént%onf bf $le pRITL IS ﬁaﬁ%ﬁﬁfs'&fth&%@&e&é%r@tﬁ% second
tenperature barrier |ayer 66 each have separate phase change materials 70

and 72, hagspdeydrvad]the pﬁxti@gmgcmn‘gey capending en H@ dapnec7of tcatpet?éurst@aw Wit hin

first t atur barr i 4 and .second tenperat barrier |layer 66,
Fespect 1 UE T CagAnd fror e ite RN GRy C Ao e s B T8 SSPERE 1y o
conpl et edee@Hy rsgeuk@lg[arayh Hért @ddlcenthfioR S fathY TfhaSe Bisdnit \eatBiAAMET al@Fy $HCh as a
food product. 0055] Packagi ng 60 can also include a |l ayer including

a ref | eceposireraf éhq pickagiag sind domagrafure seisifterryodust ith gugratteh Jueraetian @ . As
shown b ycellrzlbgatuf'e Wgﬁgﬁﬁg{en@m%graluﬁgls‘éﬁis?t?ve product being affected by the change in

temperature. This is because a greater amount of energy (from a greater temperature
change) can be absorbed by a higher concentration of the phase change materials within
the temperature barrier layer.

[0044] As used herein, the term ‘“nutritional composition” includes, but is not
limited to, complete nutritional compositions, partial or incomplete nutritional
compositions, and disease or condition specific nutritional compositions. A complete
nutritional composition (i.c. those which contain all the essential macro and micro

nutrients) can be used as a sole source of nutrition for the patient. Patients can receive
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multilayer film 62 having an outer |ayer 74 including a reflective
material, a mddle layer 76 including an insulating material, internediate
| ayer 64 wochuditsyophase change material 70 and i nner t ecpasatnoeseharri er

| ayer 66 including phase change material 72. It should be appreciated that
packagi ng 60 can have the reflective material, insulating material and
phase chiaogg ofmaicr h@htlbﬁhl%éfulﬁéﬁhén@@fr@moméﬁrcohﬁaléfél InbutritRET cdrhpdBithd. A
[0056] In an alternative enbodiment, the present disclosure provides a
cont ai namnrtid s psioynpleie lnutmtwgalapogruwp@lpn dogs tl@tnfwélt?altl al shesessential wacyr suct
positi Onrglcci:roo nut'}lgt?ts %Ht? ROt Hg rlllge(fa aspa§: Ifg gourllrgenofn I(i;ut%J 9 I0 ngora%fl pg‘[?%tt Bl al or

t enperature Bar'rie ayer (% surrounding the

t enper atlucfcﬁnlseﬂa&mtritibﬁaamqu;winoam dant Hfteus‘éd RPA htn;ntﬂih@l shpﬁlﬁﬁll’eﬁﬁs ure sensitive
product can be a food product. The food product can be a nutritional
conposi ti on. [0045] A[digasy orrﬁ@ndgmipépetmfécaﬁutﬁéwaalp%mmsﬂ@ﬂ i§]9 OEPRSEIONON

whi ch Ontﬁato eh{{;gfs IIIRLGIE‘[EB]%I‘ £C%EH s ﬁﬁ@%hﬁ 'b% gfé?et dr ! ﬁrtﬁl %ﬁgﬂlofnglr
storage or ranspor applng e tenperature ensi't ve product and the
pal | et cmnqalosqtlos hmﬁeasmort chmdpmks@gclﬁg nutrh@nalntompesitions anerthasseaifsgntﬂ 0 can be
exposed to var tenperatures i,ronments when noved o

tr ansporatl‘gd”&ﬁ oo eugh ﬁﬁ@@ﬁ?@g&ﬁﬁ\ﬁ&w A A tien de ﬁigﬁeﬁ%m oduct .
The pal | flerQike %Afbaloi*@ %fabét%u&@%ews%ldemp&fé mthﬁo@forgasﬁb Gath dhgaket "
designed to go through a tenperature phase transition around a rel evant

t enper ataur by;(eeglgce,mld; shd i Monasance® rrbldn@nanye}old by NGSEIGON&]fltlbn fpetthaseot her
enbodlnen% i ew o wal | of a storage

ni e ¢ AR S it et YoRa B GralietiuBenbi o neluding. o

storage unit [#046] 18 atRAVAT @hbEEMSRNholvn Ve FRG OO UEd prbdit UReRERE é)&“é\klﬁésrh
storage unit 100 having a wall 112, and a packagln 102 including at |east

one t enpeckaging? Behyding oneaarénoriwnmw@aaﬂgﬂms thhaides g @rmere phes
ttach d I 2 of ck dt
oy e B AR Bl O G OO G Rt

can al Sdaj'dii01|2ui£besh®ﬁfna]§i5d FlGonalicH asyezﬁthihlélf poeiedt ld)dip@@agé of easpereoe: Brrier
reflectlve mat erial and _an insulating naterial erature sensitive

product 1849 an P3ekagingdacayr beiyesd tormrtlra&&soorp?%m} Ye 8T daanyy syifablconal
COmPOSt {4k Bferahfe S HIBBHITENS0 o12h 3 A% 4lbiuctO0, can be a trailer,

refrigerat reezer, cargo container or a conbination thereof that can be
readi |y nmoved0047]|tRaakamog £ esh also 1nc1udk&06ﬁ):]r iduditg b refirotvdhmnteeirbadi/orant

shown in FIG 6 show n arti al a wa torage.u t he
present laye apeuding %5@}1@8@% sl E@@ Hq}rci’uﬁ?‘%@gl 215% S@nit 120
havi ng %M‘ﬁla!yellﬁgm 18 hh%ﬂ@%h%%r@aﬁ?@%'1ﬁd1ﬁ(cﬁn§5qgﬂ!&hv€-%94térfh@aatﬁﬁid\m IaE}bI”
storage unit "120, and a packagi ng including at | east one tenpefature

barrier lI8apeludingantiasilatpgandtemals atpihas@r tcrhawg@lren’aarem layer1i26inglnding phesond
h h erj al hed t 0. F t
s cRaASe MRlEh| 3 1880l e b e DSl af v BubrelBfiyt "

stored whitbiidl, Ingylefind BARSTAPAM Fhal@ERdn@t ndaddial in any suilaBREGkicHaGkagiaper 122
can be attached to and line all of the walls of storage unit 120. Packagi ng

122 can fdmsW.i ncl ude an additional layer 134 including at |east one of a

oroduct 130 dan: GaBBaiat P TCED. e L ERE R RPIARL 5

conposi tpaokagind) 3arindudiagionendr, msicofcageratiite tbaki2f lagdis e laavﬁﬂg’:laﬂ Elast two
refrigerator, freezer, cargo container or a caqonbinatiaon there

[0062] IMhagchange prdrialies e asbel- mBhase Shangs mﬁeml@%ﬁnér%&vﬁaﬁgeaah b@.s&or% vi ew
of a waldgh iR éél&'isa&ete ?bﬁatur& *B%ri%? ﬁ‘aé)%ﬂm di sEdwsY %Iqré’v ?n YPLAge

assenbly |ncIu Ing a storage unit aving a wa erature
sensi ti e yweddupirtidbp ot ocraplettiywsurtiund sing rsageblel intpetB e sans:ltme padkagiong 152
|nclud|n a first tepperature barrier layer 154 and a second tenperature
barrlerfﬂé@%§a%§@lﬁWﬂgﬁhed to wall 162 of storage unit 150. First
tenperature Bgpd9)&rackaies 3¢ osh ARG iRREAda} S Mucﬁﬁg‘ﬁ%ﬂ%ﬁ% BfatdrAY 84d/d06_have
a first phase change material 170 and a second phase change material 172,

r espect iavkygr, 1nstudn@danmshhahn§a@|tﬁr1aéye’rs shown by F{C@o%aaacmgo meclud3 acan

al so i nc| |onal er din t .| eas e of efl ective
et or i i EN ARt e barRRan o Dkr 2 s A S B AR DR L Pl [0
be a food product. The food product can be a nutritional conposition. In an
enbodi nent, storage unit 150 can be a%railer, refrigerator, freezer, cargo
contai ner or a conbination thereof




[0064] In still another enbodi ment, the present disclosure provides a
novi ng storage assenbly including, a transporter, a storage unit and

att ached wo 20hiel1607ansporter, a tenperature sensitive pr@duais2éionateesl w t hi n
the storage unit, and a packagi ng including at | east one tenperature
barrier layer having a phase change material attached to at |east one wall
of the sf10ha@8ingnhtinsulMR BRIl drdriBnSaBhpératife PAREMG] crCRNnBRdMfphag
product. The food product can be a nutritional conposition. The storage
uni t carrhpegcameicaialsed6 ap@BRi glérshowd bef grpegaaated chat pockagineadhepn deve the

conbi natign._ thereof, The tran rier n a car, .truck, sem-truck,

i r ol ande MR REES R, RTabE PRERR! Sl GRR RueiRienh aly afFPbaEnge
unit. multilaye£0@D32.1 n an enbodi nent of the noving storage assenbly, the
phase change material can be stored within the tenperature barrier |ayer.
The t enper at UPBSYJpanggmbogdinaent shawa i §1G nd) tgpecratuse Samigr Hyss 4 éh

mat eri al; bt R I i nal

torper at st el Helhobhifys Bhler LIGESPRENTRL PSR B8 HORRIREGRAG
packagi npacgematechiedé aad Bayered inside dadhgpoaketlddast] 48nespdctiacly e Aingqlorticm

material and an.insul at] mat eri al . For ex | e, the packagin an include

a multi |0£¢e930??81% ﬁ%{x/ﬁnﬁ@ggéﬁwwq by 1?¥F6%gﬂlaﬁﬁlg£nreé)ﬂ“éq{? PO REEs o, a

m ddl e |, ayefialt Beddytind@r Abrk B bLig, mterial, and an inner |ayer including
i al

t he phase change terial. [0066] In an alternative enbodi nent, the
present di scl[08%k]dnpnewibddsnentstwoi erkmewcaihasd ¢hangnolatedialsgpramik@hbogctbere

t enper at.ure barrier |ayer having a phase change material. The shrink wap
filn1i318gﬁ§?F§éF@%ﬁand arranged to conformto a surface of a tenperature
sensi tive prqgost].InTAE cRbogignaNGE oMBE@E | fas€ @RadR ShRHEE Mot flhsedt he
tenperature barrier |ayer. The tenperature barrier |ayer can also conprise
a secondn@ivekiel eorapytmenis ¢pingl mixing excwist hiThesehpockety erf, twal pleimvae iphasoy, t he
shri nk fil n_in sec ure rrier..| C rising
2 second e MBRfgebngs e REANILRRAL PO’ G, (Rl oo B cfR0 g ana
ar r angecattem. aThé RAGt@ials ean( Serge diféenthmirpaics, efdr ekardplt, oid cat hélpdirslcti buti on
center). For exanple, the shrink wap filmcan produced on rolls that can

be convesrdstirsezingwhilidha athenralbpeyc tbcisaperréire Sipgersing o highsi ti ve
products or t 0, el (o] 0] 1

enbodi nent, Itqﬁgéjtﬂelrﬁrpaglr %@@E&f trﬂlﬁger Q{ea%gﬁfpzeaﬁha}sﬁcc 3%% Iglgt%lhﬁléiqg%?c or %ef t he
phase orustd,aash thanpinglphageat affférbe tpipaetucdsan glowtt @rogaéssiohlvd témygkiratateor  can

be a cokgé OrﬂgﬁSI n,_ cha ge of the Eenperature barrier layer, This allows a
user to CaREG Heht BFRSUFGL AT WO RBSE BN SeRA aRaly ca BY HpYURID: 16F ¥alFer
qui ckly @and .eass| ¥4 15, 1:6, 1.70P88].9! 018 étﬁirﬁ%f@é’@j@%pﬁdtﬂ%ﬁméws}&%rﬂ?sckag' ng
havi ng tenperature barrier |ayer can be used to insulate atrailer (e.g.

i n wal | gandon,raid purposcfitli ragtern i alphase ahhrege) matthel ipawichefs mlapt valli prgtect
tenperature barrier. |ayer can use inside th I.Ls of a carton (e.qg.,

F oubabl B Ro R S SR eGP TRaDRAs aff abafal Sib drfra e Bk Do o
t he formial onemsabd ef thebasdget s" to cover/wap pallets or as hanging
curtains/separators in storage unit or trailer. [0069] In an

enbodi nent, tlABSYrlasenem@pdisicas shewpripvil§est athaetrbssat disclpaist pionidsy 2a

const ant f 1t t

conpr  sdub IR B hfufoay HERERBLALEC MR MAE OF B E"sec i (R

speci f i edrii@npes 86 UFgst tangerature barricf ROAN4 dhdsecdnalzb@pphasebatianggemst eri al

will maintain tenperature of the warnmed or heated tenperature sensitive
product @¢erhave msparpts bpse ndgagsraricridh e Oorndrgle roerEEbor Hivae edange

t emper atHEAENRl ' PEPRUSkR.AL SR AREdeAR:ARLBRRES 108 B4 oyBALBlg) and

wr apped I n the packagi ng having the tenperature sensiti S
al | ows ttheptretpebatiar kyér @mrespectoeht, es slofwimply FES. 4. oPackagihg btAean bt ased

tenperature sensitive products and equilibrate the tenperature throughout
the wr agPEAHIE Gk EPEPSELY HETOUA ANy UL CBIPSRTME s B dicha® it s can
achi eve hhepRA0R, tenperature during storage and distribution. [0071]

I n anot her enbodi nent, the present disclosure provides a nethod of
mai nt ai ni ng d00%Y Hagkaginehperrmtlsr mcbidea leyarpediading e reftastive materigf adliot . The

nmet hod coppri ses cooling or. freezing the tenpe ure sensitiye product to a
opeci {1 cayenpordirut Muling BERGLTY b FonbaParr o Sufbitie B el '
packagi ng conprising at | east one tenperature barrier |ayer conprising a
phase change naterial, time for tenperfature fromcenter of pallet and outer
to get closer/equilibrate. [0072] A suitable phase change materi al
will maintain tenperature of the cooled or frozen tenperature sensitive
product over time. In an enbodi nent, one or nore cooled or frozen
tenperature sensitive products are placed on a support (e.g., palate) and

- e o - o "



[0073] In an enbodi ment, the present disclosure provides a nethod of

reduci ng distribution or transporting costs of a tenperature sensitive
product. wWbeonetibhed conpri ses placing a tenperature sen®CTiUsR0IpHOREIUEt i n a
packagi ng, container assenbly, storage assenbly or noving storage assenbly
utilizing the phase change material in enbodinents of the present

di scl osunh@ltila8Hfitnk 8NHRCH !aﬁ%u%éﬂ@aﬁﬁﬂ@ﬁ@ﬁdiﬁ%a&@ﬂb%‘ti% Yt Rl0dueiddid Rprone

| ocation to another |ocation. [0074] Advant ages of using the”
packagi N, inelvAmgiandnsubgimgrmityrial snprageéiateslexarisityindnding phayy drogagetcrslsenbl y
havi ng t%ean}aqg S té:mhgerllrgt% en@atrr%ri l?les 6i6q lhlf(&il% ! Eds%ccggn Ceorﬁ}ltgri%%i qV§ %up bGUSi ng
fewer reefers (e.g." re¥r|gera €d Cont ai nePsTrertiger ated vehi tloes during
the trangpakiatdigthaf phdiagingngecat tive gengfltitue MaRALC insuldmgraadsdagiost s
can be achieved by |ess fuel usage for a reefer during the transporting of
t he t enpesg chepgsBateriol pany suighie ordeninyyetifayer Bim 6Fhe r educed costs can be
achi eved by i.ng ; : : A t he
ranspor ti ng 10rSURE FukeRtEmmRRng, AL ey fpfolRE pEUSE MRS, Lo
havi ng tssmperatulelisgasuppore aptcoghactisc anwbitivef frodudt positianetbek teesupportsi tti ng
out) can he protected fromfreezing - the packagin avi ng the phase change
mat e i a|an$rae§¥§<§glagf1%9lg BB Ghdrapt @&Fntea}pﬁ@aurg%ﬁé&r}?s%rmaVlng[%e%f PAREY educed
costs Cafy@iASuRBuARRL BBl FWSnsh REREE Al by ARNGpbA S TRE A SuRecom ng
unusabl e during the transporting of the tenperature sensitive product. For
exanpl e,schhieva empdicataanebs endodad peodueoduthe foeh rreduct amspbe teeduttiionaly hot
days and col d. .ni ght w thout adversely inpacting the products (protects

agai nst PRSP ures that might cause the product to freeze at night/nelt
during day). [00%7]PERKaPPOE, cabOBY RipalEt GSSIRITRhdet oft PhRELMRS&ERBLY offltE MOVI Ng
storage assenbly keep product tenperature change mninmal to avoid danmagi ng
t he prode@perature sengith@7 plodRetjeissplbtas prckiagisngerntgispgrta Benpearaing eharri er
| ayer i tive. i t.s r fo ifferent,re ns. The
rever st B EPELRG MR T Ibe S PRE oF P STE a e b AL wE RATR G i

| ayer) anfner isseabl@ cafibdYexpbsddefol eatingetcmpyi@turénof e a@iviwhmsh@eviasid a
tenperature barrier |ayer having the phase change material in the m ddle.
The absdPtaded traagonted yatheyt adrcishaingeatinbthydenprare wnaibye PEustdi Bis on.

The shi 3%.115%9 sglﬁatsihgé? (Bf’%%é) fach Do Opnargh GA0a R A8 &E%g?ﬁrl%r %(g{zﬂlrﬁgéh( e.q..

radi ati otect a tenperature sensitive product .
duri ng coltdmperatireit phiass easwits)n drbendabes orcpivianin tbrayentucan(cfgcaeligribwamd wi t h
the reflective layer facing inward. To protect a tenperature sensitive
product FMBHGEDi ng to hot (e.g., during warmor summer seasons), the

reflective | qygs8)9anyct aRGhOUENBEHmbhi nmmemamprsom&nn% AYShtidl agEN Briawar d.
A passive insulation |ayer can al so be placed between The tenperature

barri er walef aastdraghemnibdwr prebam disclasefd povides a stomge EXFEILESNcluding 4 0077]

By way of exanpl nd not limtation, the f Wi exanpl es are.

1t r atarges OR IgP 68 Semsbiy netw & piatfe! I B PERE UGS Bt Wt ages
used hertpivihgad &alyl 19eh@tht pdt@sS: s02eRichuidat at1Bat \Whe Gemperddi Bardier layer
[0078] One chem cal that is a suitable phase change material is sodium

sul f at e [@échawjes &t phasprchanggheaterial )6t attaghed e rvals 193] of gloeset writ [Rase

transit I}%gk%ﬁl%?’ ?& ca%eca?tgﬁfequ\g aﬂg AL alil gPﬁle Wa]-lg%f Stﬁ?atg@%hﬁﬁbét I cs of

A aubert” are as
[0059] Packaging 102 can also include an additional layer 114 including at least

one of a reflective material and an insulating material. Temperature sensitive product 110
can be a food product. The food product can be a nutritional composition. In an
embodiment, storage unit 100 can be a trailer, refrigerator, freezer, cargo container or a
combination thereof that can be readily moved or transported.

[0060] In still another embodiment shown in FIG. 6 showing a partial view of a
wall of a storage unit, the present disclosure provides a storage assembly including a

storage unit 120 having a wall 132, a temperature sensitive product 130 located within
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Na2SO4. 10H20(c) <-* Na2SO4(c) + 10H20(1) Heat of nelting is 252 kJ/kg. For
reference, ice to water is 334 kJ/kg. 252 - Heat of nelting sodiumsulfate
decahydr awve 20kdikygy 4. 184 - Water heat capacity (kJ/ kgCpCce@S20mmpsshs of
water 1 kg of salt can buffer against 1C rise (kg) Conversions 2.205 |b/kg
0.0009486 BTU J 1.8F/ C BTU | b-F4.184 kJ/Kg-C Air heat cap. (BTUIb-F) Air

heat captorb¥eihi1£0, aRAPabaghly B2 incBAmg(dt RaGtlorfettbmperature barrier layer 124
having a first phase change material 126 and a second phase change material 128 attached
to wall 132 of storage unit 120. First phase change material 126 and second phase change
material 128 can be stored within layer temperature barrier 124.

[0061] Packaging 122 can be attached to and line all of the walls of storage unit
120. Packaging 122 can also include an additional layer 134 including at least one of a
reflective material and an insulating material. Temperature sensitive product 130 can be a
food product. The food product can be a nutritional composition. In an embodiment,
storage unit 120 can be a trailer, refrigerator, freezer, cargo container or a combination
thereof.

[0062] In an alternative embodiment shown in FIG. 7 showing a partial view of a
wall of a storage unit, the present disclosure provides a storage assembly including a
storage unit 150 having a wall 162, a temperature sensitive product 160 located within
storage unit 150, and a packaging 152 including a first temperature barrier layer 154 and a
second temperature barrier layer 156 attached to wall 162 of storage unit 150. First
temperature barrier layer 154 and second temperature barrier layer 156 have a first phase
change material 170 and a second phase change material 172, respectively, stored within
cach layer.

[0063] Packaging 152 can also include an additional layer 164 including at least
one of a reflective material and an insulating material. Temperature sensitive product 160
can be a food product. The food product can be a nutritional composition. In an
embodiment, storage unit 150 can be a trailer, refrigerator, freezer, cargo container or a
combination thereof.

[0064] In still another embodiment, the present disclosure provides a moving
storage assembly including, a transporter, a storage unit and attached to the transporter, a
temperature sensitive product located within the storage unit, and a packaging including at
least one temperature barrier layer having a phase change material attached to at least one
wall of the storage unit. The temperature sensitive product can be a food product. The
food product can be a nutritional composition. The storage unit can be a trailer,
refrigerator, freezer, cargo container or a combination thereof. The transporter can be a
car, truck, semi-truck, airplane, helicopter, boat, train or ship capable of moving the

storage unit.
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40-ft shipping container volunme (cu ft) Air mass (|l bs) Energy necessary to
heat air 5C (KJ) Anpunt of Na2SO4. 10H20(c) necessary to buffer against air
tenp ri sewQkagyr/11876duct / package buffering 1. 26Product/ paciageothsate4zapacity
(kJ/kgC) Depth into pallet in question (inches) Pallet width (in) Pallet
depth (in) Pallet height (in) Pallet weight (kg) Volune total (cu in)

Vol ure i nsi dgp063] ThMdn embodiment of the moving storage assembly, the phase change
material can be stored within the temperature barrier layer. The temperature barrier layer
can also include a second phase change material stored within the layer. The packaging
can include a second temperature barrier layer having a second phase change material.
The packaging can include a layer including at least one of a reflective material and an
insulating material. For example, the packaging can include a multilayer film having an
outer layer including a reflective material, a middle layer including an insulating material,
and an inner layer including the phase change material.

[0066] In an alternative embodiment, the present disclosure provides a shrink wrap
film including at least one temperature barrier layer having a phase change material. The
shrink wrap film is constructed and arranged to conform to a surface of a temperature
sensitive product. The phase change material can be stored within the temperature barrier
layer. The temperature barrier layer can also comprise a second phase change material
stored within the layer. Alternatively, the shrink wrap film can include a second
temperature barrier layer comprising a second phase change material. The shrink wrap
film can be constructed and arranged for a single use (e.g., can be mailed or cut off at a
distribution center). For example, the shrink wrap film can produced on rolls that can be
conveniently unwound and wrapped around the temperature sensitive products or pallets
containing the products.

[0067] In an embodiment, the temperature barrier layer can include an indicator of
the phase or transition change of the phase change material. The indicator can be a color
or design change of the temperature barrier layer. This allows a user to see the
temperature condition inside a storage unit or trailer quickly and easily.

[0068] In alternative embodiments, the packaging having temperature barrier layer
can be used to insulate a trailer (e.g., in walls of trailer or liner inside trailer). The
packaging having temperature barrier layer can be use inside the walls of a carton (e.g.,
reusable carton). The packaging having temperature barrier layer can be in the form of
reusable “blankets” to cover/wrap pallets or as hanging curtains/separators in storage unit
or trailer.

[0069] In an embodiment, the present disclosure provides a method of maintaining
a constant temperature of a temperature sensitive product. The method comprises

warming or heating the temperature sensitive product to a specified temperature, and
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% of weight in outer |ayer Mass of product in outside |ayer of pallet (kg)
Energy necessary to heat product/package 5C (kJ) Amount of Na2SO4. 10H20( c)
necessar ywoceohwifibes agai nst product/ package tenp rise (IPGY/USEHMBAGHES 2
[0079] To protect a product fromreaching a particular tenperature, a
packagi ng having a tenperature barrier |ayer should be created between the
i deal tenperature and the dangerous tenperature (e.g., tenperature at

whi ch the product will becone ruined). For a phase change material to be
effective as the barrier, the change or transition fromone formto another

form (e.g., jﬁg’hﬂo}s %ultab(riﬁjrlglg%se cﬁa?nu 'edmﬂé‘ﬁ%ﬁ 111 &gél\’\%? te peFa%% %Iﬂﬁ;e hat s

accept abl e ( ibon and ngerous

t enper atdirigcated tempefB@8ANenbitiCe p80cai@0\@&eranmépohh ahi ﬁﬁﬂ)ocﬁmbntatolne rorf @bre
sui tabl e tenperature barrier |layer designed a tenperature sensitive
pr oduct . WarmEd 8 hpriphiomneTaseie PRyt CayepuchE f1ic NHCSE @Bt SUAROT Enpepaltiah and

Y R A R R A e S g e

I ne of anbi ent tenperature
over a pampadmmiﬁsEMheahudaMQmﬂaher&hadhdou@gkmnmnﬁmbe&ﬁmh&1&h¢uﬂpmﬁbpr|ate
phase tran erature "PTT") exa t he

tenperatwﬁfbﬁs%? ﬂ}eetﬁ gipare dipighg ubﬁhé\YéfﬁPpethng %}% 1B ’i‘é‘ﬁé‘? %w&r oduct
from belsegsmgg%ggc@ ea@achre@p@f{@gaﬁfeqelﬁp&mr@&m&gtmg@mﬁ Adribuddiown by

dashed lin | owest dashed |ine 204 represents the average
t enper at ur e dﬂﬂ?ﬂdnsatmtlmyeembocﬁmntr |tbatpr@$f:,nt whiabdsuia pufdrméescasmeihsdwf C. The

t enperat ur.e barrier houl d i de a suffici.ent nt ..of a se
B N ) e A R S S G A Tl A
C and 3TcofaprictPatRERE oF frédifg ﬁl@@é&hﬁ@at@ré@h&hﬂ@plﬁﬁh&tm afspedfidd @ﬁlp‘éhl@lwe by
dashed I|ne 206) could work as the phase change material of the tenperature

barri er dndyplpcing thhitgmpssatare sensitive product in a packaging comprising at least one

temperature barrier layer comprising a phase change material. time for temperature from
center of pallet and outer to get closer/equilibrate.

[0072] A suitable phase change material will maintain temperature of the cooled or
frozen temperature sensitive product over time. In an embodiment, one or more cooled or
frozen temperature sensitive products are placed on a support (e.g., palate) and wrapped in
the packaging having the temperature sensitive product. This allows the temperature from
the center of pallet to reach the outer temperature sensitive products and equilibrate the
temperature throughout the wrapped products so that all of the temperature sensitive
products can achieve the same temperature during storage and distribution.

[0073] In an embodiment, the present disclosure provides a method of reducing
distribution or transporting costs of a temperature sensitive product. The method
comprises placing a temperature sensitive product in a packaging, container assembly,
storage assembly or moving storage assembly utilizing the phase change material in
embodiments of the present disclosure, and transporting the temperature sensitive product
from one location to another location.

[0074] Advantages of using the packaging, container assembly, storage assembly
or moving storage assembly having the phase change materials include reduced costs
achieved by using fewer reefers (e.g., refrigerated containers/refrigerated vehicles) during
the transporting of the temperature sensitive product. The reduced costs can be achieved

by less fuel usage for a reefer during the transporting of the temperature sensitive product
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EXAMPLE 3 [0082] FIG 9 shows the PTT to protect a tenperature
sensitive product fromfreezing. The tenperature barrier |layer wll protect
t he t enpeweat2origilie@asi ti ve product from bei ng exposed t oPamdsséinabdces | ower
tenperatures. The sinusoidal line 210 represents the fluctuation of amnbient
tenperature over a period of several days. [0083] In this exanple,

the temgrad MERr PARE &I ucéAYREs @RV BhRV&Y BN hott QidaBMal@tdHh&ns @Rshd tov e
product from being exposed to a tenperature bel ow approximately - 4 C shown

by dashedrdefatiqused urimp hehirggrpertigsiieitic [temperatize pansitio’s ameduct e they wekge

tenper atyig g, 1 iNGRLARE Ol leSLEA R LoMea i ShaIRk 1S e 4) GuC. The
tenper at ure barrier Payer  Shoul'd I ACIUdE @ sdt't Peitent unt a’ phase
change rmt piotaetednfrvinnfeditd andt tjaokaghasevife thic phidel ¢Hafge Pitdtial fhrtyeen 0 C
and - 4 C. A selection of 10% propyl ene glycol/90% wat er could work as the
phase cHefrje Pragduetqonfaiesd thefgine enper at ure barrier layer in this case.
EXAMPLE 4 [R08 i C r f i : i ng
the frozen di[g zsllbﬂ%i 1f)grcliua-t g(;s?‘{:g&%ra 1esglrenoep%ﬁ;1 uce'E1 @gﬁ% %@#&%ﬁﬁ%“;@%ﬁ%@' at -
30 C. Theodwss ercomingpumduiclt dahiogltic matspheinglof ohetdntporagat sedmitine prodtC. As

shown i FIG 10, the line 220 represents the fluctuation of anbi ent
t enper afﬁﬂreexe)% » theslempsErte Sg%%‘?eapmga% can Be transqoesf@ésﬁuﬂpa hof, Hgyse%ﬁjn'pl e

the temelAhiphe wRdbhi 8dveb@KeImSRaHs Qhé)gf‘o‘ﬂ‘ﬁ!?tfs (Eflﬁe&@ IP&RR UL BerfRRS! thiv e
product frombeing exposed to a tenperature above approxinmately - 22 C

shown bymight hade |thaerqidgt toThrecdecompsghttagihduring dey)226he ppokegimgt sortthiecraver age
conti nuous tenperature durin torage or distribution, whjch,in this case
Tt 30 RESerg” S fet e hath 3R sRite Susnnbt hETo prue! el dyE

t enper atdhb @ AIimel t5t06RAIRNALInGIthE ploétl on, which in this case is - 27 C

[0086] The ten‘ger ature barrier |ayer should include a sufficient anount of
a phase chand@0HdtRavicesiblp appickiaping thewingi ¢ itompphase beataielayer- i altanatg - 27

C A Sele%oirg'i?tﬂen% cef}ltobe;@rgﬁl?c%ﬁlfﬁ:@ﬁt%%eé% f)elasqsn%.l %igggve%iblg l%oé{%kg%l%l]gﬁcaﬁ?&lgdemr k as

t he phase change nate erature barrier hi's Case

(see Tahhebigrptish miybafel gy, blask @tdagnialéah enc oide,NagHidynaitreflcGik Udyicdbn iRy wWor K
as the phase change material. Table 1. Transition Phase Tenperatures for

Aqueous ST Hdeas aiemppighye asiciayephavapiitheabase cheppemategipbing thy middle.

The absorption layer facing outward can be designed to absorb radiation. The shiny
reflective layer facing outward can be designed to reflect radiation. To protect a
temperature sensitive product from freezing (e.g., during cold or winter seasons), the
absorption layer can face outward with the reflective layer facing inward. To protect a
temperature sensitive product from getting to hot (e.g., during warm or summer seasons),
the reflective layer can face outward with the absorption layer facing inward. A passive
insulation layer can also be placed between the temperature barrier layer and the

absorption or reflective layer

EXAMPLES
[0077] By way of example and not limitation, the following examples are
illustrative of various embodiments of the present disclosure. Percentages used herein are

by weight unless specified otherwise.

EXAMPLE 1
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Tenperature (V) Propylene dycol (% weight) CaCl2 (%weight) 0 32 0 0 -3 26
10
WO 2011/116076 PCT/US2011/028643

[0078] One chemical that is a suitable phase change material is sodium sulfate
decahydrate, or Glauber’s salt. Glaubert’s salt goes thru phase transition at 32°C, which

seems about ideal. The characteristics of Glaubert’s salt are as follows:
Na,S04+10H,0(c) «> Na,S04(c) + 10H,O(1)

Heat of melting is 252 kJ/kg. For reference, ice to water is 334 kl/kg.
252 - Heat of melting sodium sulfate decahydrate (kJ/kg)

4.184 - Water heat capacity (kJ/kgC)

60 - weight of water 1 kg of salt can buffer against 1°C rise (kg)

Conversions
2.205 lb/kg
0.0009486  BTU/J
1.8  F/C
BTU/Ib-F 4.184 kJ/Kg-C
Air buffering
0.24 Air heat cap. (BTU/Ib-F)
1.004 Air heat cap. (kJ/kg-C)
0.0735 Density of air, 80°F (Ib/cu ft)
2,376 40-ft shipping container volume (cu ft)
174.6 Air mass (Ibs)
397.7 Energy necessary to heat air 5°C (KJ)
1.58 Amount of Na;SO4+10H,0(c) necessary to buffer against

air temp rise (kg)

Product/package buffering

1.26 Product/package heat capacity (kJ/kg°C)

6 Depth into pallet in question (inches)

48 Pallet width (in)

40 Pallet depth (in)

72 Pallet height (in)

900 Pallet weight (kg)

138,240 Volume total (cu in)

60,480 Volume inside (cu in)

56% % of weight in outer layer

506 Mass of product in outside layer of pallet (kg)
3,177 Energy necessary to heat product/package 5°C (kJ)
12.6 Amount of Na;SO4+10H,0(c) necessary to buffer against

product/package temp rise (kg)

EXAMPLE 2
[0079] To protect a product from reaching a particular temperature, a packaging

having a temperature barrier layer should be created between the ideal temperature and the
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5 -8 18 20 12 -14 7 30 17 -22 -8

WO 2011/116076 PCT/US2011/028643

dangerous temperature (e.g., temperature at which the product will become ruined). For a
phase change material to be effective as the barrier, the change or transition from one form
to another form (e.g., solid to liquid) should happen between a temperature that is
acceptable (and most common) in storage or distribution and the dangerous temperature.

[0080] FIG. 8 shows a hypothetical situation for suitable temperature barrier layer
designed a temperature sensitive product. The temperature barrier layer will protect the
temperature sensitive product from being exposed to undesirable higher temperatures.
The sinusoidal line 200 represents the fluctuation of ambient temperature over a period of
several days. The shaded region represents the appropriate phase transition temperature
(“PTT”).

[0081] In this example, the temperature barrier layer should prevent the
temperature sensitive product from being exposed to a temperature above approximately
37 °C shown by dashed line 202. The lowest dashed line 204 represents the average
temperature during storage or distribution, which in this case is 30 °C. The temperature
barrier layer should include a sufficient amount of a phase change material having a
transition phase (e.g., melting point) between 30 °C and 37 °C. Glaubert’s salt (having a
melting point of 32 °C as shown by dashed line 206) could work as the phase change

material of the temperature barrier layer in this case.

EXAMPLE 3

[0082] FIG. 9 shows the PTT to protect a temperature sensitive product from
freezing. The temperature barrier layer will protect the temperature sensitive product from
being exposed to undesirable lower temperatures. The sinusoidal line 210 represents the
fluctuation of ambient temperature over a period of several days.

[0083] In this example, the temperature barrier layer should prevent the
temperature sensitive product from being exposed to a temperature below approximately —
4 °C shown by dashed line 212. The higher dashed line 214 represents the average
temperature during storage or distribution, which in this case is 0 °C. The temperature
barrier layer should include a sufficient amount of a phase change material having a
transition phase (e.g., melting point) between 0 °C and — 4 °C. A selection of 10%
propylene glycol/90% water could work as the phase change material of the temperature

barrier layer in this case.
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40 22 -34 -29 50 28 EXAMPLE 5 [ 0087] Anot her application of the
phase change materials is to keep a tenperature sensitive product from both
extrene |wooandewxt reme hi ghs during storage. In this prapalSe@atbpssni two
tenperature barrier |layers each having a different phase change materi al
(or two phase change materials in the sane |ayer) can be used in the
packagi ng. Protection agai nst high tenperatures would offered by an
appropriately selected solid phase change materials (e.g., solid at ideal
distribution tenperature). ProtectiPeWM&§&i hst | ow tenperatures woul d be

oo, SO P L L U IETSE L PR S

liquid at id I bution tenpe may be particu
i f a prablace cas prodactroewbaaomptadlylkept & rpHr At UFlee e ncbem odudt skoydd oduct is

shipped [ 4 2eeore ONIERE. t ]sAnbBh TR, A TR ine YaoViehRscrty B
fluctuation of ambient temperature over a period of several days.

[0085] In this example, the temperature barrier layer should prevent the
temperature sensitive product from being exposed to a temperature above approximately —
22 °C shown by dashed line 222. The lowest dashed line 226 represents the average
continuous temperature during storage or distribution, which in this case is — 30 °C. The
middle dashed line 224 represents the overall average temperature during storage or
distribution, which in this case is — 27 °C.

[0086] The temperature barrier layer should include a sufficient amount of a phase
change material having a transition phase between — 22 °C and — 27 °C. A selection of 40
% propylene glycol solution or 22% CaCl, could work as the phase change material of the
temperature barrier layer in this case (see Table 1). Similarly, an ethanol/water or

NaCl/water solution may work as the phase change material.

Table 1: Transition Phase Temperatures for Aqueous Solutions of Propylene Glycol and

CaCp,
Propylene Glycol
Temperature (°C) | Temperature (°F) (% weight) CaCl, (% weight)
0 32 0 0
-3 26 10 5
-8 18 20 12
- 14 7 30 17
-22 -8 40 22
-34 -29 50 28
EXAMPLE 5

[0087] Another application of the phase change materials is to keep a temperature

sensitive product from both extreme lows and extreme highs during storage. In this

17



[0088] In the exanple shown in FIG 11, sinusoidal |line 300 represents the
tenperature fluctuation during storage or distribution. Downward sl oping

| ine 310 wepnasani’s t he average daily tenperature. PCT[U30@9 028308
tenperature barrier |layer should prevent the tenperature sensitive product
from bei ng exposed to a tenperature above approximately 37 C shown by

dashed |a;p@ﬁca3f33 tWiRnHRENAE Yalrite 1304 ée%lﬁﬂﬁ%ﬁfgtasdfffﬂé%n@]éﬁ&s%%aﬁ gleAhr €

during storage or distribution, which in this case is tenperature
barrier (payep elhrsel dange Ingderiads Sufthe clamst layapuean bf lsse@wasélechfmkg@mﬁat eri al

havi ng aPrB{e%osﬂ ta:gaolﬁstﬁp '{]ﬁ araty esnv%loﬁldncgffé%? %t )an? ?}%%V\%gnatglé sel &egi %711010 For

exanpl e, ase~c ang rial "havi woul d

wor k as Iﬁﬂam/\fhdﬁge aasdreds (d.g1esaPat ideal dlstrlbﬁﬂﬁﬂt]em'ﬂaﬁmﬁe)’; OFﬂ)técﬁlﬁﬁQrgaﬁlw e
barrier Iayer shoul d prevent the tenperature sensitive product from being

exposed 10y f@ntpérﬁﬁw&tw%d 19| 9Rkerash dtyon rppEIpyiated gsatecidoliguigyphpse Hbangs ne
312. Das[ﬂftgrleil Eegg %u E?ldeglvﬁgtrlgﬂﬁotp{)nﬁgﬁuﬂg rﬂﬂ?ngdgﬂe%) %?ws'éﬁﬁ it 5 C

As a resu tenperature rier ewa
suffici enlbrodumum acrfarrawpzhaslﬁab:lh aﬂgperamteewimlowhavuf gpradiat anshippanfrghase

(e.qg., EfZIn int) between - 4 C and 5 C [ 0091] As long as the
"dally é@ @@éﬂﬁ?@lG?prgm%%PﬁﬁéﬁV?ﬁ% upper phase change nateria

mel ting pointpg @m Thh@e! QWRIpIPRASEN GRapEs TRt §hiidad fdC880 QngE%n&I thd he
phase change naterlal seleéﬁlons shoul d be ‘adequat e. Accept abl e regli ons of

t he trarsinpéireturpHhsemtiborduwnigt stbiage mraéstrdmange Revemiasd sloprmeg dinadEld i n
FIG 1 sed herein about,"” is preferably understood to

ref er tdeﬁﬁﬁﬁgngﬁﬁagé?§ﬁ€'mg?mﬂﬁW%rals Mbreover, all numerical ranges

herei n shoul qob@]wﬁ@efeﬁip@fa@nteoodne&l uger ahbulil npr@%& thhemper@furd rsassiti@ns,
wi thin the range. [0093] It should be understood that various

changes R mn@ctrﬁf@m baing ¢aescd fo a thmppietse Abdve gppkénately ¥nbodionarhysdaglesser i bed
her ern 3&9 %Ba&a%ﬁéd th%e t{q(%' P?egétltg Gf? aver%lge te eratul%u ?JIJIQ[IIS: h%@) % gind

modi fi cati’ons can “be nade W epar ope of

t he prestatibstity), edfichit ther caands o7 f@omhedeﬂﬁpﬂaﬁlm B@‘nlef Saybﬂtlﬁiﬂlﬁﬁﬁlcﬁﬂl\éaal‘lt ages.
It is therefore intended that such changes and nodifications be covered by

t he appetéfident paionat of w@a%q@pgqe@veepmw&mmswpg yelting point)

between 27 °C and 37 °C. For example, a phase change material having a transition phase
at 32 °C would work as shown by dashed line 306.

[0090] The second temperature barrier layer should prevent the temperature
sensitive product from being exposed to a temperature below approximately — 4 °C shown
by dashed line 312. Dashed line 308 the lower end of the average daily temperature of 5
°C. As a result, the second temperature barrier layer should include a sufficient amount of
a phase change material having a transition phase (e.g., freezing point) between — 4 °C and
5°C.

[0091] As long as the “daily average temperature” falls between the upper phase
change material’s melting point and the lower phase change material’s freezing point, the
phase change material selections should be adequate. Acceptable regions of the transition
phases for suitable phase change materials are shaded in FIG. 11.

[0092] As used herein, "about," is preferably understood to refer to numbers in a
range of numerals. Moreover, all numerical ranges herein should be understood to include
all integer, whole or fractions, within the range.

[0093] It should be understood that various changes and modifications to the

presently preferred embodiments described herein will be apparent to those skilled in the
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The invention is clained as follows: 1. A packaging conprising a
tenperature barrier |ayer conprising at | east one phase change materi al
sai d phaswochanger7daterial is within at | east one conpaPCEarstoli2gche
tenperature barrier layer. 2. The packaging of Claim1, wherein the
tenperature barrier |layer conprises a second phase change material stored
within the S&FP&lAk dPRAbAiRhtdMRYAh KA witheut&lcpAGARdrddN AREspFRNGE
material. 3. The packaging of Claim1 further conprising a |ayer including
at | eastscepreoiohe groseit sabicrtvmatigitaadvalthogh dinsinishimgutsanicndedhadventages. 1is The
packaoi ng. ofo, OidMch ] LNST SQIRCISkngoRidoAsH: boshudiog, ! ashgdqo of a
reflective materral or ‘an fnsut ing mater ial o or conbi hatrons thereof 5.
The packagingg of Claim 1, wherein the phase change material conprises
propyl ene glycol, calciumchloride, sodiumsulfate decahydrate, or

conbi nati ons thereof 6. The packaging of Caim1l, wherein the phase change
mat eri al conprises sodium sul fate decahydrate. 7. The packaging of Caim1l,
wherein the tenperature barrier layer is a shrink wap film the shrink
wrap filmconstructed and arranged to conformto a surface of a tenperature
sensitive product. 8. The packaging of Claim1, further conprising at |east
one indicator for determ ning the phase or transition change of the phase
change material. 9. A packaged product conprising: a tenperature sensitive
product ;
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WD 2011/ 116076PCT/ US2011/ 028643 and t he packagi ng of any one of clains 1 to
8. 10. The packaged product of Claim9, wherein the tenperature sensitive
product cwopniigEaso7a food product. 11. The packaged prodect/uskoi@iozsens 10,
wherein the food product conprises a nutritional conposition. 12. A
cont ai ner assenbly conprising: a support; a tenperature sensitive product
positioned on the support; and the packaging of any one of clains 1 to 8.
13. The container assenbly of d ai ng2imMgherein the tenperature sensitive
product conprises a food product. 14. The contai ner assenbly of C aim 13,

wherei n the fORAnRMGIEHES cleidiEdrds $8Fovwk: NUt ri ti onal conposition. 15. The
contai ner assenbly of Claim 12, wherein the support conprises at |east one

of : a ppll ety pRk8dihP cSHEBIinDE tGARADRIIaANG 14,28 t6QPrisiABat 10ast bRE BRIRC 3RAREDI Y
conpri si ng;
i J material, said phase change material is within at least one compartment in the

temperature barrier layer.

2. The packaging of Claim 1, wherein the temperature barrier layer comprises a second
phase change material stored within the temperature barrier layer comprising a second

phase change material.

3. The packaging of Claim 1 further comprising a layer including at least one of a reflective

material and an insulating material.

4. The packaging of Claim 1 further comprising a layer including at least two of a reflective

material or an insulating material or combinations thereof.

5. The packaging of Claim 1, wherein the phase change material comprises propylene

glycol, calcium chloride, sodium sulfate decahydrate, or combinations thereof.

6. The packaging of Claim 1, wherein the phase change material comprises sodium sulfate
decahydrate.
7. The packaging of Claim 1, wherein the temperature barrier layer is a shrink wrap film,

the shrink wrap film constructed and arranged to conform to a surface of a temperature

sensitive product.

8. The packaging of Claim 1, further comprising at least one indicator for determining the

phase or transition change of the phase change material.

9. A packaged product comprising;:

a temperature sensitive product;
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a storage unit; a tenperature sensitive product |ocated within the storage
unit; and the packaging of any one of clains 1 to 8 attached to at

| east onew@abil/abobhe storage unit. 17. The storage asseablus2afi/osicas m 16,
wherein the tenperature sensitive product conprises a food product. 18. The
storage assenbly of Caim17, wherein the food product conprises a

nutritional conpasd tHeQackagd &hi/ohd 80 daRksIT 1432011/ 028643 19. The storage
assenbly of Claim 16, wherein the storage unit is selected fromthe group

consisting of trailer, refrigerator, freezer, cargo container and

conbi nat,i on hereof , 20 The. st of age assenhl Claim1 her .
conpr 1 4Png: Tt BFCSEs Pk AR AFPY, PRt R Rt B Eha I BrodLidiBlisen  ne
transporter foodlprodig. st orage assenbly of C aim 20, wherein the tenperature
sensitive product conprises a food product. 22. The storage assenbly of

Claim 21, wherein the food product conprises a nutritional conposition.
11.  The packaged product of Claim 10, wherein the food product comprises a nutritional

composition.

12. A container assembly comprising;:
a support;
a temperature sensitive product positioned on the support;

and the packaging of any one of claims 1 to 8.

13.  The container assembly of Claim 12, wherein the temperature sensitive product

comprises a food product.

14.  The container assembly of Claim 13, wherein the food product comprises a nutritional
composition.
15.  The container assembly of Claim 12, wherein the support comprises at least one of: a

pallet, a slip sheet or combinations thereof.

16. A storage assembly comprising;
a storage unit;
a temperature sensitive product located within the storage unit;
and the packaging of any one of claims 1 to 8 attached to at least one wall of the

storage unit.

17.  The storage assembly of Claim 16, wherein the temperature sensitive product comprises
a food product.

18.  The storage assembly of Claim 17, wherein the food product comprises a nutritional
composition.
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23. The storage assenbly of Caim 20, wherein the transporter is selected
fromthe group consisting of car, truck, sem-truck, airplane, helicopter
boat, trawvo2andisitep. 24. A nmethod of protecting a tenpecatuse@i1dessddti ve
product from fluctuating tenperatures during storage or transport, the

met hod conprising: placing a tenperature sensitive product in a packagi ng
as clainmed in any one of Clains 1 to 8, 12 and 16. 25. The nethod of Claim
24, wherein one or nore of the warned or heated tenperature sensitive

pr oductl§. ard hp istetaeg agsenzbly applaim 16wivberginrthe ploragappins seém@ledtﬂimntt@memat ure

sensitive pr (ojtgslils(fmg 0‘% rglly ?F%p g&atvomr t rete%egre e&? ¢ iéoatgalmq an%i com natlgﬁg th%){j Pf Aaim
24, further “conpr butron or transp ort I'ng "cosS Shof a
t enperature sensitive product

20.  The storage assembly of Claim 16, further comprising; a transporter; wherein the storage

assembly is attached to the transporter.

21.  The storage assembly of Claim 20, wherein the temperature sensitive product comprises
a food product.

22.  The storage assembly of Claim 21, wherein the food product comprises a nutritional
composition.

23.  The storage assembly of Claim 20, wherein the transporter is selected from the group

consisting of car, truck, semi-truck, airplane, helicopter, boat, train and ship.

24. A method of protecting a temperature sensitive product from fluctuating temperatures
during storage or transport, the method comprising: placing a temperature sensitive

product in a packaging as claimed in any one of Claims 1 to 8, 12 and 16.
25.  The method of Claim 24, wherein one or more of the warmed or heated temperature
sensitive products are placed on a support, wherein the support and the temperature

sensitive products are wrapped with the packaging.

26.  The method of Claim 24, further comprising reducing distribution or transporting costs

of a temperature sensitive product.
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