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TEMPERATURE- CONTROLLED SHI PPI NG CONTAI NERS | NCORPORATI NG SCORPTI ON COOLI NG
DEVI CES WAOK@RAUND OF THE I NVENTION 5 1. Field of the | nremttisonisibe
present invention is directed to inproved sorption cooling devices and

met hods for using sorption cooling devices. In particular, the present

I nvention is directed to sorption cooling devices that are particularly
adapted to nmaintain a reduced tenperature within an encl osed container for
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2. Description of Related Art

15 The shipment of products that must have their temperature maintained
within a specific range below ambient is one of the fastest growing market
segments in the modern shipping industry. This growth is driven by a number
of factors including widespread concerns about safety in the cold food
distribution chain, increasing numbers of pharmaceutical and life sciences

20 products which must have their temperature maintained within certain limits,
the rapid growth in high-value specialty chemicals such as those used in the
semiconductor industry, the increasing number of sophisticated medical tests
which require the shipment of patient specimens to an external laboratory, the
increased number of clinical trials associated with new pharmaceutical

25 discovery and the increased delivery of products directly to the customer as a

result of Internet ordering.

This field is generally referred to as controlled temperature packaging

(CTP). CTP can be segmented by the target temperature range, namely:
frozen (below 0°C); 2° to 8°C; and less than ambient (e.g., less than 30°C). In

30 addition, CTP may be segmented by container size, namely: greater than

pallet; one cubic foot to pallet; and less than one cubic foot. Containers



WO 02/ 099345 PCT/ US02/18103 having a size greater than pallet are
typically cooled by nechanical refrigeration and the shipnent tines are
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many pharmaceutical products such as vaccines and antibodies must be

maintained within a range of 2°C to 8°C.

20 The existing "ice/EPS cooling system is unsatisfactory for various
| reasons including: increased environmental concerns associated with the
disposal of large quantities of EPS and gel packs; the high cost of shipping;

and the required freezers at the shipping source to maintain the frozen packs.

The high cost of shipping is directly related to the high volume associated with

25 the EPS and the high volume and mass associated with the gel packs. For a
one cubic foot box with a 60 hour lifetime at 2°C to 8°C, over 90 percent of the
volume is consumed by EPS and gel packs. Some reduction in volume and
shipping costs may be obtained by using vacuum insulation panels (VIPs), but

the high cost of VIPs has precluded significant market penetration.

30 An example of the foregoing system is illustrated in U.S. Patent No.
5,924,302 by Derifield issued on July 20, 1999. This patent illustrates a

shipping container that includes a plurality of cavities adapted to receive a
2



2 WD 02/ 099345 PCT/ US02/ 18103 cool ant (e.g., gel packs) that surround a
cavity adapted to receive an itemto be shipped. Electrically cooled
shi ppi ng woreapeses s are illustrated in U S. Patent NunbePCE/US9Z218108 by
Sal yer et al., issued on February 27, 2001. This patent 5 discloses a
portable refrigerator unit and storage container enploying vacuum
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impairing its utility either for a single-use basis or for a shipping container.

A sorption cooler is illustrated in U.S. Patent 5,048,301 by Sabin et al.

This patent discloses a sorption cooling unit where the cooling liquid is

20 maintained in the evaporator prior to the sorption process. A disadvantage of
this device is that too much energy is consumed by having to cool the cooling
liquid in the evaporator upon activation of the sorption unit. Space is also
wasted in that the evaporator will require a relatively large volume to enable

an efficient evaporation process because both the liquid and evaporation

25 volume are located in the same general space. Furthermore, space
limitations restrict the amount of cooling liquid that may be maintained in the

evaporator.

Thus, there is a need for a temperature-controlled container, such as a
shipping container, having a lightweight cooling device that does not occupy a
30 large volume. It would also be advantageous if the temperature of the

container was controllable over a range of temperatures. It would also be

3



3 WO 02/ 099345 PCT/ US02/ 18103 advantageous if the cooling device had the
ability to miintain the reduced tenperature for an extended period of
time. It wouwkadshso be advantageous if the cooling devi cecaaisoziidies used
cost effectively on a single-use basis. SUMVARY OF THE | NVENTI ON 5 The
present invention is directed to sorption cooling devices and
tenperature-controll ed containers incorporating sorption cooling devices,

particul arly tenperature- trol l.ed shi pping.cont.ainers_for the
transportation ad ?ntgg%%%sr g?‘ﬁ? ecogh?%i V\?gqbardgﬁﬁc&'m[l}ﬁe'%g?}%? it%% r%%‘iﬁefjng

devi ces accor ditergpératurbdoparesgehdeédpendd ontirpe.otiveeuld Aorhenadvantagedualift ages
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on the second df kéwipdtafird QBgditvdNsroasstsst in the flow of Iiquid fromsecond
flexi ble 20 pouch to the liquid conduit. Increases in tenperature increase
the vapor pressureThkisBiglioht®ofihd 8évicdLadddlEnd UGB préddit @liniidie pRARIeng t he
flowrate of the liquid and the cooling rate. According to another
enbodi ment ,10a SWAPEhHaeirgRs Qs LBPIAN cpplivg; druiresHAtIZeh &) HieRriehdds ber |
and evapor at or ,ARoNfRP o RS 89BYRIMent Sa MorRRhetodlith Wesiicd RiaaprongtRr and
absorber to direct vdpor fromthe evaporator to thée absorber and a
reservoi r adaptSeEPlycarPapiHy thalfis irgenansivel oqiiaages ) iNeeambighbiapperatuthe
reservorr 1 ncl 4iRsadharil thehtd! £9aioPhddsiin, of Arehifie RBUEN disBbsaPaAind t hi n
the rigid housing encl osing a high vapor pressure substance, a second
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first flexikle t ; | toa L dqul o Al g
conduit f or1%pr g@?@?&na&ft&qﬂfég&é%%g&? {q%h)g%i%a%%%é%%ﬂggggﬁlgglp Iﬂe%m%e
adjacent to the first flexible pouch and a liquid conduit for providing liquid

communication between the second pouch and an evaporator. The high
vapor pressure substance causes the first flexible pouch to exert pressure on
the second flexible pouch and assist in the flow of liquid from second flexible
20 pouch to the liquid conduit. Increases in temperature increase the vapor
pressure within the first flexible pouch, thereby increasing the flow rate of the

liquid and the cooling rate.

According to another embodiment, a sorption cooling device is

provided that includes absorber, and evaporator, a vapor passageway

25 disposed between the evaporator and absorber to direct vapor from the
evaporator to the absorber and a reservoir adapted to supply refrigerant liquid

to the evaporator. The reservoir includes a rigid housing, a first flexible pouch
disposed within the rigid housing and enclosing a high vapor pressure
substance, a second flexible pouch disposed within the rigid housing and

30 adjacent to the first flexible pouch that encloses a refrigerant liquid and a

liguid conduit for providing liquid communication between the second flexible

4



4 WD 02/099345 PCT/ US02/ 18103 pouch and the evaporator. The high vapor
pressure substance causes the first flexible pouch to exert pressure on

t he secomdofikeisit e pouch to assist in the flow of refri gerarso2/kgigui d from
the second flexible pouch to the liquid conduit. 5 According to another
enbodi nent of the present invention, a sorption cooling device is provided
i ncl udi ng an evaporator, an absorber adapted to absorb vapor fromthe
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to initiatescooli ngAsbbidihg fecanciegosttbodiment 6f thenBricBédti ingeritiof, aarptitgh over

an extended period of tinme. 15 According to yet another enhodi nent of the
P esent | nvent IBAMEAACHEE o @M MHED i o V8o BHT oA CUSPIHRG 248REEkld s
provi ded. The @Edib Wipor FRMh it eUgdbra®r,i 416t §eSerddir a¥aMer ab Wonirt aahsor ber .
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suppl y rate andeH98@Ebhauigoptsesand sseryqiuadpntad i soMigie seCekreliagiantat or
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supply rate. Thi's enables the sorption cooling device to rapidly cool
during an i1Ai t ifisst liguislgéove rate ramidnmaans tes sLPRlYineVigridafiomxthe sgeend frsered of
time. Accordin ' : r Ly elt tion
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cooling, 25 alisdadier thatapieedecandabguid flovapate. f dhedist resemnireoapouicktyr , at
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cooling device includes an evaporator and absorber. A first portion of liquid is -
provided to the evaporator and a first liquid supply rate and a second portion
of liquid is provided to the evaporator at a second liquid supply rate that is
20 lower than the first liquid supply rate. This enables the sorption cooling device
to rapidly cool during an initial stage and maintain cooling over an extended -

period of time.

According to another embodiment of the present invention, a sorption

cooling device is provided that includes an evaporator for providing cooling,

25 absorber adapted to absorb vapor formed in the evaporator, at least first
reservoir adapted to contain a refrigerant liquid and supply the refrigerant
liquid to the evaporator, a refrigerant liquid disposed in the first reservoir and a

flow restriction device disposed between the refrigerant liquid and the
evaporator to restrict flow of refrigerant liquid to the evaporator. By restricting

30 the flow of liquid to the evaporator, the cooling provided by the sorption

cooling device can be extended over a long period of time.



5 WD 02/099345 PCT/ US02/ 18103 According to anot her enbodi nent of the
present invention, a sorption cooling device is provided that includes an
evapor at owofeenpadvi di ng cool i ng, absorber adapted to ab®emlusezpsan3 f or med
in the evaporator, a liquid reservoir adapted to contain a refrigerant
liquid and supply the liquid to the evaporator 5 and a freezing point
suppression agent within the evaporator that is adapted to |ower the
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According to one'e nent erature con roI I"'ed cont ai ner
provi ded t hat iembbodeg tle bmﬂlmgrcapablhtalaﬁﬂ”re swptiorocoolingviemigea bott om vvaI | in
at least a first sidewall defining a cavity adapted to

According to another embodiment of the present invention, a sorption

cooling device is provided including an evaporator having a cooling surface,

an absorber adapted to absorb vapor formed in the evaporator and a vapor

20 passageway disposed between the evaporator and absorber. The absorber
" includes a desiccant and a thermally conductive material disposed within the
desiccant, wherein the thermally conductive material has a higher thermal
conductivity than the desiccant. The higher thermal conductivity material
enhances the ability of the absorber to transfer heat away from the

25 evaporator, thereby enhancing the cooling ability of the sorption cooling

device.

The present invention is also directed to temperature-controlled
containers incorporating sorption cooling devices, such as temperature-
controlled shipping containers. According to one embodiment, a temperature

30 controlled container is provided that includes a bottom container portion
having a bottom wall in at least a first sidewall defining a cavity adapted to

contain a product therein. A top container portion includes a top surface and
6



contain a product therein. A top container portion includes a top surface
and 6 WD 02/099345 PCT/ US02/ 18103 a bottom surface and is adapted to
conbi ne vWwDh2@993@t t om cont ai ner portion to define a prodectu/usayigiy3 the
top container portion formng the top wall of the container. A sorption
cooling device is disposed in the top portion wherein the cooling surface
of the evaporator is adapted to provide cooling to the product 5 cavity.
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hi gh vapor pressure substance causes the fi rst | exi bl e pouc to exert
pressure on t@aﬁ@@otﬁj abﬁ@rk)l wRRorpiored tio theseaporater,fa omPer passadey@yant

liquidto the 'dsﬂi&? htthezéos%?t‘}é?rghd‘gevgB? 64 £ TOIHIF Haapfe

terrper ature cont con al her I'S provi I'ncludes a cont gl ner
headi ng at | easupplysetligerdint liauid to tye vaporaiotwbanamaalvgpdrepneasurg vethirathet y

ggagbgd L0 (goNnt ald} & BhLise %Ct%e Eﬁf B0 of tré‘fﬁ gerafit ﬁ(&ﬂ&% ?r?c%éél}glnq%%b\ér%e vi ng
porator, an absor a vapor ssa eway di sposed be
evapor at or and anhécadeser beranvttmtetetmndwtuﬁ) eVIaep)O'eaerwolrlrdumb.ﬂ:Bae@ I'Igld
ther mal Commn'h%%gfngp a‘?‘rstqlem%ﬁa ;():guvchtc}l spose |’}f1iir9I the rigid housing and enclosing
high vapor pressure substance within the first flexible pouch and a second
flexible pouch disposed within the rigid housing adjacent to the first flexible
20 pouch and enclosing a refrigerant liquid. A liquid conduit is provided for liquid
communication between second flexible pouch and the evaporator. The high
vapor pressure substance causes the first flexible pouch to exert pressure on
the second flexible pouch to assist the flow of refrigerant liquid to the liquid

conduit.

25 According to another embodiment, a temperature controlled container
is provided that includes a container heading at least a sidewall and top and
bottom walls defining a cavity adapted to contain a product therein, the
sorption cooling device having an evaporator, an absorber and a vapor
passageway disposed between the evaporator and the absorber wherein the

30 evaporator is disposed in thermal communication with the cavity to provide
cooling to the cavity and a liquid reservoir adapted to provide liquid to the

evaporator upon activation of the sorption cooling device.

7



cooling to the cavity and a liquid reservoir adapted to provide liquid to
the evaporator upon activation of the sorption cooling device. 7 WD

02/ 099345wBb@2/¥8@2/ 18103 Accordi ng to anot her enbodi nent PCa/US02/18103
tenperature-control |l ed shipping container is provided that includes an
insert having top, bottomand sidewalls defining a cavity within the
insert and a sorption cooling unit incorporated in the insert wherein the
sorption cooling uni cIu eva ar,at or. SItIO t to the
cavity to' provi de cBsrriia 5 ndes SRRBRAT, AaPMsilFg RriPlgH SBhelses
the insert. Acwonthing i$ prca/ittetdhaat mrfhdds aanhsedf havieg fope pettdmi andesidiévedlls a
tenperature confrolled sh contalner i s provided that .includes a
contai ner havi METANTI LG VANHBILNT MSaH The S6EP 155 At POy Na
cavity 10 that thé irrdapiiesteindthe @akmion cdoli®dHiE indtRis&imevadosatbPpdgiiioreeo! i ng
device is ncorporated in the tengerature controlled Shﬁﬁf g% cont ai ner

that includ@ & Jqqeahfchthee%%’r'WéPrp Ve QQQWQ%V'Wn R k8p R#ERIRI i on
with the cavitncRseptvingstcooling to the cavity, an absorber which is
thermally isolated fromthe cavity and neans for supplying liquid fromthe

reservoir to the evapesairy tolénumén éﬁbeﬁr‘iérQ”onthbh‘?)réiﬁﬁtcﬁweﬂhﬁ] prpesent
i nvention al so provi des a net hod for transport| ng a pI’O uct that reqw res

cool i ng. The ndemearatye| gaakoliede shingg goniainen g prexidegr Haicinclidesi @ a
product cavi tyc@ﬁgdlﬁma% t 1688%adve AREHIROAAP Boitlth higlls dRAAFL Ity
evi er eby

sorption coolin ce 1n thermal communication wt e cavl
t he sorpti df cdb@tl lﬁgadﬁmctéo icontaim pt pi@duet Hewint ha somtionycegioa deyinei isat i on

of the device, ;achb¥aldg tﬁgqﬁrﬂ% J%%OFIR’B“%J‘QN@@MP%PL érr}hét'[ @E@deg(%o' i ng

of the cavity, transporting t ct contarn e cavi roma
first |ocati on liguidseeservdir| @oa@vapnrainrdlrr thepwah gomhreuinmatidio orithf thencavity foavi ty.

25 BRI EF DESCRI P . r
cross- sect i onal® %Y'é%\lvcgﬁmyiggww'w €04l bgﬁ'&’e}%&?‘cé th%{tﬁé@% ik aﬁ‘g ol 1% an
enbodi nent of tdamt;praedenéammﬁc&rﬁunmrymg:hgwda‘rorhIthstreadzr&elrao tbapdvadendatmi ew of

a sorption ool i ng §V| ce L ccordance with an enbodi nent of the present
i nvention. 1§ UPGH activation of the GEVice.

The present invention also provides a method for transporting a
product that requires cooling. The method includes the steps of placing the
product within a product cavity defined by at least top and bottom walls,
placing a sorption cooling device in thermal communication with the cavity

20 whereby the sorption cooling device is adapted to cool the cavity upon
activation of the device, activating the sorption cooling device to initiate
cooling of the cavity, transporting the product contained in the cavity from a

first location to second location and removing the product from the cavity.

25 BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1 and 2 illustrate a cross-sectional view of a sorption cooling

device in accordance with an embodiment of the present invention.

Fig. 3 illustrates an exploded view of a sorption cooling device in

accordance with an embodiment of the present invention.



WO 02/ 099345 PCT/ US02/18103 Figs. 4a-4c illustrate various cross-sectional
views of liquid reservoir systens for a sorption cooling device in

accor dancwowebwzah enbodi nent of the present invention. Pcg/usbrigibaistrates
t he vapor pressure of water as a function of 5 tenperature. Figs. 6 and 7
illustrate cross-sectional views of a liquid reservoir systemfor a
sorption cooling device in accordance with an enbodi nent of the present

invention. Fig. 8 ilLlustrate erspective view of a liquid reservoir
system for a 10 soFist: drko DS aRlRhs dFfeskietlpielevh i Hiul BREE R ron
of the present systewsnior @sorpiigh cSolingl dsiideainescdohgancarwigi aaremsodiv@aint bfoad
and liquid feed rate as. a jfunction of anbient tenperature. Fig. 10

illustrates a Mf PeSENLGEeNMtOfui d delivery systemthat is useful in a 15
sorption cooling deyice inI atg%ctord nce with an enbaodi m?nt of the present
invention. Fig. 11 fi9 ult YpERIeS FEoNAPYs e o rOld 8@ e e @85h 8t TUNCIBLePlul i n
a sorption 5coQkmpé&rafi@ei ce in accordance with an enbodi nent of the present
invention. Fig. 12 illustrates a flow restriction device that is useful in

a sorption 20 cooli ngdea/iema 7 Nill@&tee derBsS sedtionaPicd ofli TBiglidofedehir
present invention. 1g. 13 illustrates a gers ective view of a va?or
passageway el erf¥piem 105 zsarRtionscaoling devige #hacRardaNce¥ih Ry erbepiment of the
accordance W t hyradpr@iledtisent of the present invention. Fig. 14
illustrates a perspective view of a vapor passageway elenent 25 that is

useful in a sorptiogig@|ILoeatds ﬁ@rs%@ct%c\ﬂé\ﬂ%?caelid{ﬂi& hesdv@rBpSbERY a Of
the present invention. Fig. 15 illustrates the absorption cgfpamty of two

di fferent dBsi comiion cealing davicey e patorfance: wifh rih eabgdirenthel fhecB@sent
invention. 9 WQ24899345 PCT/US02/18103 Fig. 16 illustrates a
cross-sectional view of an absorber including a desiccant and a high

thermal conductivit ¥idTej @i sRhte8GREMVEHBHoR th RBat load and liquid feed rate as a

function of ambient temperature.

Fig. 10 illustrates a multi-stage liquid delivery system that is useful in a
15  sorption cooling device in accordance with an embodiment of the present
invention.

Fig. 11 illustrates a flow restriction device that is useful in a sorption

cooling device in accordance with an embodiment of the present invention.

Fig. 12 illustrates a flow restriction device that is useful in a sorption

20 cooling device in accordance with an embodiment of the present invention.

Fig. 13 illustrates a perspective view of a vapor passageway element
that is useful in a sorption cooling device in accordance with an embodiment

of the present invention.

Fig. 14 illustrates a perspective view of a vapor passageway element
25 that is useful in a sorption cooling device in accordance with an embodiment
of the present invention.

Fig. 15 illustrates the absorption capacity of two different desiccants

that are useful in accordance with the present invention.



enbodi mrent of the present invention. Fig. 17 illustrates a cross-sectional
vi ew of an absorber including a 5 desiccant and a high thermal

conduct i woy2/ea3es i al according to an enbodi nent of the pCa#gsar/181nyenti on.
Fig. 18 illustrates the absorption capacity of a desiccant as a function
of vapor pressure at three different tenperatures. Fig. 19 illustrates a
cross-sectional view of a nultiple- stage sorption 10 cooling device

according to an enb ese 0 i i tes a
cross-sectional vi e9 Itug{ﬁ%% a 8’ TS5 H’@%ﬁ V%i‘,v @h?'g&gﬁ%%{)ﬁ'iéé‘#ﬁ@%ﬁ n
accordance V\ntmeamcemﬂ)cmhdmthlgh theemat esmnductivityy enatedal. decgrdirl to an
illustrates a crgss:secti naI view of a tenperature-controlled 15 shipping
container in a %Hg'ét%lﬁp%?ﬁeawﬁﬁﬁﬁ}?gnt of the present invention. Fig.
22 illustrates a pe Lve, vi ew of a te erat.ure-control | ed

contai ner in accor dﬁ’?@e WHRITALES FSTRFSHETHON! VRN 9fr L f““orbeﬁ\féi 4'%23 20
Fig. 23 il Bst rasksant mfdsmecmghethermm Otor/iLeNitt ipatedab| ddegrdiley i e dm
accordance with ab enmbodi qent of { resent invention. Fig. 24 illustrates
a cross-secti orfdl ‘W'Eﬁpto‘?f he P@ﬁﬁ@ Vet cont rol I ed  shi ppi ng cont ai ner i n
accordance with an t the present inyention  uti in

cool i ng devi ces. Fg 91% ' ‘E“)‘Q e]t?%g}er a?%gpt&%%?%aﬁé PedgRicERN ?Sé‘ f%nctlon

t enper at ur e- corgmgbd,,qg}esgjpé@ptmge gmRetatt fshpérat@és.or dance Wi th an enbodi nent

of the present invention. Fig. 26 illustrates a perspective view of a
t enper at ur e- cont r ol Ipggl 195hlU§@ét@§ & efsaiseetiondl s @F dARRMIpM-blaga sopptisedi ment
of the present invention 30 utilizing nultiple coolin evices. 10 WO

02/ 099345 PET/ 1990519 8a\ier aggqiding jo an efhodipRiy o4 thepres IPVRIIONew of a
sorption cooling deV| ce in accordance with an enbodi ment of the present
i nvention di sposed i#f-220 dYsiralgsi & SrossrigsHeng iewit&fi 4 dpmperature-controlled

shipping container in accordance with an embodiment of the present

invention.

Fig. 21 illustrates a cross-sectional view of a temperature-controlled
15  shipping container in accordance with an embodiment of the present
invention.

Fig. 22 illustrates a perspective view of a temperature-controlled
shipping container in accordance with an embodiment of the present

invention.

20 Fig. 23 illustrates a perspective view of a sorption cooling device in

accordance with an embodiment of the present invention.

Fig. 24 illustrates a cross-sectional view of a temperature-controlled
shipping container in accordance with an embodiment of the present invention

utilizing multiple cooling devices.

25 Fig. 25 illustrates a perspective view of a temperature-controlled
shipping container in accordance with an embodiment of the present

invention.

Fig. 26 illustrates a perspective view of a temperature-controlled
shipping container in accordance with an embodiment of the present invention

30 utilizing multiple cooling devices.
10



Fig. 28 illustrates the tenperature of the desiccant and internal cavity 5
of a tenperature-controlled shipping container as a function of tinme in
accor dancwowep3an enbodi nent of the present invention. FPgT/UR02/181b3ist r at es
the tenperature of the desiccant and internal cavity of a
tenperature-control |l ed shipping container as a function of tine in
accordance with an enbodi nent of the present invention. 10 Fig. 30

illustrates the telmgg{iaﬁjm%s@ tegc%ﬁg%%ﬁé \%n'\tne%ngfub o%tfb%l ?gqehy] é’ewc%f

t enper ature-control | Shi ppi 1'on” o
accordance wt racaurdanbe)dmrtreran efnttolqumtesferthe |p|nea®m1tnnvent|5ngdlsﬁdsedl fruzt r at es

the tenperature ﬁ E des. ccantt and internal cavity of a
t enper at ur e- corf?t'y qucg S’ER‘?’BEFRBQ&F@& ai ner as a function of ti rre in 15

sccordance (1 a0 sabogh 5kt oG BATAE o Bl 20y Sy e e o

t enper at ur escondfr 8l ﬂe@ﬂbeﬁﬁélhmabmmﬂéﬂtﬁilmhg agordaiheineisi anfupiction ngf time in
accordance with an errbod nt of é {) eiéent i nvention. Fig. 33 illustrates
the tenperatur @Cﬁ?rdtaﬁgew %‘cedﬂl?o mENt ?ﬁéﬁseEE'\'?'V?')‘/t'onZO of a

t enper at ure-control | ed ction

hj
accordance with an c?é M%faqg? fﬂeh alnﬂ)‘?egé@ﬁ OF H‘Fﬁ'?ﬁ?nt eng. mtgg{\ail F?YJQ’t rat es

t he tenperat ur efoh [éﬁg;éﬂ@t@:t&@@ﬂﬁolléﬂdshlﬁﬁlﬁg n@dnt4in¥t ¢ aofundtion of time in
t enper at ure-control | ing container as a function of tinme in

accordance wit @C&ﬁfdé\'?ﬁ%m'tﬁﬁﬂe’B‘POQ"F?G”b‘PféE%Rfeﬁeﬁt/'é‘ﬁf’m!ﬂﬁ‘ 25 Fig. 35
illustrates the tenperature of the desiccant and internal cav
ﬁgi\ql Ir,;aw’cy

t enper at ur é9ont r ol IFi IhillPplaigs dhiemprirtusg of the desiceant and it

accordance W thyapn REMRAMIRLERfolltACsHIBHAE NEoritaiMENHsOB- fdﬂcaon 3§ timbUpfrates
the tenperature of the desiccant and internal cavity of

t enper at ur e- corﬁchiqaé‘éewfﬂ“p?m%b%mat Pfdhe peesgnt inMeRtiadn of time in 30
accordance with an enbodi nent of the present invention. 11 WO 02/099345
PCT/ US02/ 18103  Fi g FigB1 illustsatesitiss tetmfeer@@ﬁ%@f Hhaufesiegant mad detenat saYityand

I nternal cavityyoh t%rﬁ;féi‘&l%Fé‘EthF‘dll@@”éﬁlﬁﬂ)uh&dc&ﬂél%# 43 ‘éoﬂlréhé‘ﬁ”ofaﬁmé in

function of tinme In accordance wth an ehbodi nent of the present
i nvention. 18 g. acserdanpaswtlmaane@nbmm@eh@‘ethapm@nbmvemrues| ccant and

internal cavity _ _
Fig. 32 illustrates the temperature of the desiccant and internal cavity

of a temperature-controlled shipping container as a function of time in

accordance with an embodiment of the present invention.

Fig. 33 illustrates the temperature of the desiccant and internal cavity
20 of a temperature-controlled shipping container as a function of time in

accordance with an embodiment of the present invention.

Fig. 34 illustrates the temperature of the desiccant and internal cavity
of a temperature-controlled shipping container as a function of time in

accordance with an embodiment of the present invention.

25 Fig. 35 illustrates the temperature of the desiccant and internal cavity
of a temperature-controlled shipping container as a function of time in

accordance with an embodiment of the present invention.

Fig. 36 illustrates the temperature of the desiccant and internal cavity
of a temperature-controlled shipping container as a function of time in

30 accordance with an embodiment of the present invention.
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5 of a tenperature-controlled shipping container as a function of tine in
accordance with an enbodi nent of the present invention. ' Fig. 39

i1l ustratwe iego3ssenperature of the desiccant and internal PCaWisVy18108 a
tenperature-control |l ed shipping container as a function of tine in
accordance with an enbodi nent of the present invention. 10 Fig. 40
illustrates the tenperature of the desiccant and internal cavity of a

tenper at ur e- contr ol kg ﬁhll@éﬁa@&s Frmfe pﬁé%tu?eso@th%%dcaﬂt ghd ‘idt@ﬁ‘\a| Bavity

accordance wi th an erfbodi nent of esent invention. Fig. 41 Iustrat es
t he tenperat ur®fof tterr@emign‘ecwwp"%oshmm rantairgn 8§ aofungtion of time in

temper at ur e- SOLERlERLk S BN LAREA I Yo BRsBnlHOGIAN of time In 15

accordance with an e rese rnvention. Fig. 42 illustrates

the tenperature of FE;S R GLANM tl‘%nfénid%trﬁﬁféabf ﬁ?"&és‘iccaﬁf afld mt%rgal cavity

t enper at ure-contr ol Shi ppl ng container as a tunction of
accor dance &it ofaa tenipethtmentordfolied eshippiag: montaivemesoa. fupctpn 48 time uist r at es

the tenperatureﬁcg rld%nge glﬁﬁla?l %od’ﬁﬂgnf&ttﬁé Pelseﬁfﬂﬂlé jon20 Of a

t enper at ur e- con I ppi ng cont ai ner unction of tine in

accordance w th an ﬁ%%gelﬂ&ﬂatg{ tﬁeh% e?g‘tﬁFg e&%él&%n gh@ intéfhal LAVt rates

the tenperature of Si ccan i nterna cavi
t enper at ur e- cordfr @l feetpesditupEpcorgrotiet stippEng amrwanhemcaSl anftmt:tlcbn rof iime in

d h nmbodi 25 Fi 45
?ffﬁét?ins““tE@cﬁﬁw%epimﬁénﬁm%w@maa&fiﬁeﬁ%es'sﬁ%ﬁv%r‘a@?wna cavity of a
t t troll | in.. .
accor dance i th an Effbdl HERENE: SRNIERRRERWAT of GLR ARt Bhg WWdiel Pt ot s
the tenperat ur efohd fehepetigtiescanitolladdstipging neédntainsr tag aofunation of time in

t enper at ure-contr ol ed s in nt a as a function of time in 30
accor dance wi t FRCEA" h@ﬁ‘ter@?" 'Hsn{p‘ﬁé%ﬂfes?ﬁ IBMERUOR: 12 WO 02/ 099345

PCT/ US02/ 18103 Fi g. 47 |JI stra the te ur e . of he desi ccant.. and
internal cavity of &% e%@?%tf%?%g%m@r?té‘? 8&&&9%“@8 €097 Japrgl cavity
function of tirg bntenwgtueae@ﬁromea hstippiegbehitairet =ef at fumchores#ntime in
invention. Fig. 48 jllustrates t te ature of the desiccant and
internal caw tﬁccgrd@m%“@fer%‘e’%fa'??fﬁ@ ﬂ%ﬂﬁ%pre@&nglﬁv [Fg container as a

function of time in . . ,
Fig. 42 illustrates the temperature of the desiccant and internal cavity

of a temperature-controlled shipping container as a function of time in

accordance with an embodiment of the present invention.

Fig. 43 illustrates the temperature of the desiccant and internal cavity
20 of a temperature-controlled shipping container as a function of time in

accordance with an embodiment of the present invention.

Fig. 44 illustrates the temperature of the desiccant and internal cavity
of a temperature-controlled shipping container as a function of time in

accordance with an embodiment of the present invention.

25 Fig. 45 illustrates the temperature of the desiccant and internal cavity
of a temperature-controlled shipping container as a function of time in

accordance with an embodiment of the present invention.

Fig. 46 illustrates the temperature of the desiccant and internal cavity
of a temperature-controlled shipping container as a function of time in

30 accordance with an embodiment of the present invention.
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accordance wth an enbodi nent of the present invention. Fig. 49 illustrates
the tenperature of the desiccant and internal cavity of a

t enper at uwe-cos3ndl | ed shi ppi ng contai ner as a function ofPCTiuse2/18103
accordance wth an enbodi nent of the present invention. 10 DESCRI PTI ON OF
THE | NVENTI ON The present invention is generally directed to sorption
cooling devices and, in a particularly preferred enbodinent, is directed
to tenperature- congyol,lt i i i Q. ] i on
ool i g devi ces ¢ hat 18" PR HBtompsati el Bl deuictaf 8y TREAAFEORY °F
mai nt ai ned at af redeopdraturenqmtratied eshiffundh coteirémas sa aiuactiar taf cimar iny

e sensi 1] ve EGEaANanRHn ED bl EPRREN I RBn e "sbr pt i on cool i ng

Cransported can be- Fitaded iy it PPibsrfrC80MR, A¥ccabl Bad BRFRALEAS ¢ ne
shi gpi ng CFBLaiomw terfiperatinepgint@lied ndHipphey  conteiber ias & hieincliar rof ofima in
tradi ti onal box

acylindrical t hi ppi.ng, -envel i rtual |
ot her o m t haEoPaaate th FB e G R PR BRUR AR oo ot  on cool i ng

devices of the present ,jnvention,enable a wde range of container si.zes to
be 25 used from ver b fugtiztes theygmperduid. ob e ieesRpt A eyl gy

pﬁl | et | si ze (@fgah ,tetr@femmre-d&ﬁ}oue@immm% )coQTmersgspai functisrolof ngme e ce is
then placed in thermal comunication with the prodyct cavity to provide
cool I hg Lo t he EIGENCR IR ANREPHITARGPILHEPEESETE DVeioRne devi ce can be
activated prior to placenent near the product cavity or at sone tinme after
pl acenent . 800l i ng can 30 continue in a well-controlled manner to naintain
the desired tenperature (e.g Qut . .8C) for an extended
time period of up to about < AN103 120 hours or

= SA u_' ';,
, h as f t 24 to ahout 72 hours, ble the . goods t
e o et aes TR tredht iNeRBoE el Srede B s Rt ol detcass

excess of a desntedn n@XpdrienIa prsfeirdd eemBbdnfent drmanéetbd ofee iethperaiupé- a
sorption cooli gg device is well known. 5 The boili nt? rPOi r]_t of a liquid can
be | owered by cRAYRI&SGCANRINBISIESQIPRradpe eney more sorption cooling devices that

15 enable the internal cavity of the container to be maintained at a reduced

temperature. Such containers are particularly useful as shipping containers
for the transport of a variety of goods that are sensitive to ambient

temperature conditions.

When the sorption cooling device is incorporated into a shipping

20 container, the goods to be transported can be placed within a product cavity
that is defined by the shipping container. The shipping container can be in the

form of a traditional box, a cylindrical tube, a shipping envelope or virtually

any other form that is useful for transporting goods. The sorption cooling
devices of the present invention enable a wide range of container sizes to be

25 used from very small (e.g., down to several cubic inches) up to pallet size
(e.g., to over 100 cubic feet). The sorption cooling device is then placed in
thermal communication with the product cavity to provide cooling to the goods
contained within the cavity. . The device can be activated prior to placement

near the product cavity or at some time after placement. Cooling can

30 continue in a well-controlled manner to maintain the desired temperature
(e.g., not greater than about 8°C) for an extended time period of up to about
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l'iquid, such as by placing the liquid in a vacuum A liquid, for exanple
water, that is under a substantially reduced pressure will boil and absorb
heat fromvotod®Isus roundi ng environnment. This absorpti on offChamp2/csient es t he
desired cooling affect. To prevent the devel opnent of high vapor pressure
over the 10 boiling liquid, which would stop the boiling of the liquid, the
vapor that is generated nust be continuously renoved and the reanaI of

the vapor nust 1286110‘!199‘8rm]otr£'0éﬂcht efr&rﬁtéq%%'t'%'tB%g% PAhALAC @' dnapltiR an

absorptive materia ds a desi ccan ESor
vapor and per nmigoothéo kiriyeiad theindesimation witboutl heing ambjectbd do tﬁm@pra‘wes for om

U's “Patent N o655 9B Tpduf BRGHARR. T e oPpor at ea herein by
reference [n 1LS enuhrSttaoel RO BIAAIANLERLIAR IEMALLIBL d Bebkhbiged Tor

the tenperature- co cont FoacCor € present
i nvention c&n ﬁ'a]\eebcalmgvmnhtemfw lifuidt oo bgllmfxaéredrbs' reﬂan@m@trreepkesmrptdventheool i ng

devices are rel.ativel do not o e, vol ,
enti e ot otidtigepish, S muntne e e BOn &%, R, foreRbfiBie’Ratél”
cross- segt | Ona|thaftlh|§\unﬁé;gr%lbétaﬁhalgfrfeﬂbbém preseatd Wil steivarkEabdtab heat ﬂbmf erred
i n accordance th an enbodi nent of t ese ention, an

11 st rat o5 an e8SHEBHGH08 RIVBPIPRR: < dbis BBSTOIRY ChBGREEa® el Poiis
appreci ated thabol aﬁ@éts"F@bré%H?ﬂ}%' mndﬁmémebf\rﬁgn QaiSor Pre SQUID QNENEHR
|Ilustrated in the gures are not drawn to_sca The sorption cooling

devi ce 100 1Pncibgiliag 'M'Cbb‘yB'PBé@’Oli@ZSt%rﬁ*ﬂ%ltﬁ’i"ﬁg %fnthﬁbwcﬂ)t ﬁWevaﬁ%ttB?ti B such

as desi ccant 1lgnanpde@ iy BBUoRtiNiousRPrehitied! diel ﬂ»\e%mavgmlthagap%t@pe
120. A vapor passageway 104 is di sposed between the evaporator 108 and

absorber 102 t depiaig Withardflae indeaHelnncel wside @irneldivis; pe aBgoiplivg sraderial, 108

and absorber 1 ative
i eri sl 129 diesh eS8 HaRGiank AERAE A 1 obBabUAE Yafor AELIRIH el 2
plurality of arb@ucouﬂw bdiling Bnd agsorbing hewé fiom the emérahaent.eAn example of

027099345 RET/ USOgh, t}@%@éonngg&e%rcb% gégérb‘éﬁﬁr‘?ru ﬁoﬁé‘iﬂﬂf ﬁé‘t 280 Z@%\Sg%‘jé%e

per neabl e rrenbrane Pieen tRe ava ora

vapor passagewashidOi.ingorporatpd Iubreeﬁa/rm{nrendelm ltscmttleatw ng a refrigerant
liquid 116 is connected to the evaporator 108 by a liquid conduit 112. A
flow restriction 12&hearoipdion cooling device that is utilized for the temperature-

controlled shipping container according o the present invention can have a
variety of configurations. Preferred sorption cooling devices are relatively
20 lightweight and do not occupy a large volume, leading to high cooling
densities. Figs. 1 and 2 illustrate a cross-sectional view of one such sorption
cooling device that is preferred in accordance with an embodiment of the
present invention and Fig. 3 illustrates an exploded view of the same cooling
device. It will be appreciated that the physical dimensions of the various
25 components illustrated in the Figures are not drawn to scale. The sorption
cooling device 100 includes an absorber 102 containing an absorptive
material such as desiccant 118 and an evaporator 108 that includes a cooling
surface 120. A vapor passageway 104 is disposed between the evaporator
108 and absorber 102 to provide vapor communication between the
30 evaporator 108 and absorber 102. The vapor passageway 104 includes a
thermally insulative material 122 disposed between the evaporator 108 and
absorber 102 and a plurality of apertures 114 through the thermally insulative
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5 di sposed between the liquid 116 and the evaporator 108, such as in the
liquid conduit 112. Referring to Fig. 2, upon activation of the device
100, at |wealk/ogepdbrtion of the refrigerant liquid 116 exiPCI/USORE81D3 qui d
reservoir 110 and passes to the evaporator 108 by neans of the liquid
conduit 112. As the liquid 116 enters 10 the evaporator 108, it wl|
evaporate due to reduced pressure thereby causing the evaporator to take

in heat from i tn?atérlrglrﬂp%h?gg%oﬁﬁnﬁ iBRO! hhgatqudé‘ géfiabikl Akmbk: ffe Vl%%ﬁ%r ane

formed in the evaporat asses it ou vapor pernea
106, through t ldispaped tbatve@emnm av&pqratoauaaran@dthen\tawortplaesmw'btm 10A. The

vapor is absor b 1 ber €
causi ng heat t%@g %ég%ﬂ/?ﬁg?‘?@ %ﬁ'q%r? 'ﬁ%u}e?n%e?%gt@ Sﬂﬁ 'gt%oilg gf’%E:trlé t:ﬂ)é b
t he evapor at or et@gorafdne10d éaymal liquid noudait | 142. med effavalredtfi@ionr d2dcemn blee

absorber 109, rvppetPoMsP e T R T Beien S eRalcl, Rt & eGP

sorption cooI | RGnd@O1tlRVi ce 100 is enclosed in an airtight enclosure (not
illustrated) at a reduced internal pressure and preferably is maintained
under a substanti al Refgrtingto Figb2eupar activation bfythetdw:qerﬂmsut Rasl & bbnlohhe

encl osure surro i ng .t he ol.i devi or at or

absorber) is p[og?réq 5%[' rﬁBfP%H” gltg'gre)f'tﬁatﬁed'glﬂ@t resgtyo%’g 5'1% p@ﬁﬁqs) Wﬁre
preferably not «gagsratsr 10836y AlRAHSE oﬂhdﬂkﬁrd (:6nd'uut 1)12)A85h@|n LiEVIAS dmee
preferably not greater than about 4 nbar tOe:QQ As I scussed in nore

detai | bel 38, t*PReeY?RﬂJ?‘G’rFQ%e'F Wi ‘?VaPQf?t%gHelB%r CRE QF‘?ﬁ?Hreaﬂ‘er YifiayRiEe

pressure than the ews;wafu#% ke tn'i“heéplfrBH A sﬁﬂ@hhdlg?éj%‘e"th“@coa' g S@fddeai n
t he reduced pressure and to provi de an adequate shelf fe for the device,

the sorption cdd0i ndhaeApree femed i Heryapeplpr I8 passes threyghzthe pRIMeabl e
casi ng materi al eﬁH&ébléSméme%{r%' Mégﬂ (;;g@hytﬁéta% grésmuwaﬁa ey%a%crbreaqmbeakage

of gases into the devi ce. one e sorption coo devi ce
100 i s di sposedhé¢ rabsoheii 102 gi the tvapenig |apser@edebv ﬁh@siasmcanbymnd the 15 WO

02/ 099345 R / t f
the pl asti cg;rr ;éﬁg?@%gi@? théggl%ﬁééd%%g?%é&gt%éae@gg\?\% cfﬁll %\ﬁ?@gg?trggga%ﬁl{%ﬁc?so
evacuated to atlnmdlaketd ipbystharavapbrateptodit iThe, thetreallyi igeildtivee swteril 12210 i s

activated to r %&?C%% thgearlni)l%{i 8‘ heat that is transferred back to the evaporator 108

from the absorber 102.

In order for the liquid to boil in the evaporator 108, the sorption cooling

20 device 100 is enclosed in an airtight enclosure (not illustrated) at a reduced
internal pressure and preferably is maintained under a substantial vacuum.
More particularly, the pressure within the enclosure surrounding the cooling
device (i.e., the evaporator and absorber) is preferably not greater than about

20 mbar (15 torr), more preferably not greater than about 10 mbar (7.5 torr)

25 and even more preferably not greater than about 4 mbar (3 torr). As is
discussed in more detail below, the liquid reservoir 110 can be maintained at

a higher pressure than the remainder of the sorption cooling device. To
maintain the reduced pressure and to provide an adequate shelf life for the
device, the sorption cooling device 100 is preferably enclosed in an

30 impermeable casing material such as a metallized polyester film to prevent
the leakage of gases into the device. In one embodiment, the sorption cooling

device 100 is disposed in a semi-rigid, thermally-formed plastic tray and a
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116 to the evaporator 108. The liquid reservoir can have a higher pressure
5 than the renmai nder of the cooling device to feed the liquid to the
evapor at owoe@993kdr exanple, the liquid reservoir 110 canPo@/Ssoyisms e
pol ymeric pouch exposed to anbient pressure that is punctured to rel ease
the liquid 116. Alternatively, a valving nmechanismcan be used to expose
the liquid 116 to reduced pressure in the evaporator 108. In either case,

the liquidis expamsd dh fsoaéﬁé?eﬁ@mgrtah%rf; gﬁ{éo;sl??tmf&v dtoa

substantial drop I1n pressure causin ow to t%e evapor at or
108 and vapori zzeollﬁg\@ewmmamﬁ@amwhtchm ewugtﬂqdpum@dum pieseure. i n
accordance with the. present invention require that the product be cool ed
for an extended per Irodperation,i the liguidctesag/oirrthd is adivateddore®ase dhe liquid

provide a suff '1qb‘?8tth@%93§5rafbfr 1t0'8”BTHBSI|%l9& r&&?v&l: PQHGHEV&% ﬁlgﬁ&hpr‘e@ure

destination. To provide a te cool
must eit her 5be tlan megt(enmlmarldfyh@toolsfgd@meim fdedctbedquhrﬂotthaldmpma@ent |n

e e B o 198, bt S NP 5845 bl f il AR °
Wi t |h03t baf separeap@sderdescerawwlesr)t prtabsuretﬂhat Wbundumni toreclofsd |tlﬂauhqu|uu1s16 Ee 20
CcOool e efore tnhe V]I Ce rovi de extern Fur t r t here
is a practicaFl"A 'f’elyoat‘ﬁ' V'&Tﬂlﬁ‘?ﬂaWle ‘i""ﬁhSﬁ atto ROBR g E‘F‘H& ﬁﬁ ©he
evaporator. |t red&eﬂ&ﬁé@é@@hrﬁtﬁe@vabbﬁﬁ@r‘mﬁi P diler CSS ARG liQUiE 0 dxmﬁseao t he

present invention to nmaintain the li in a renote |ocation
reservoi r 190) t@ribe gp\@reraiar d0gnand |is cq]‘UPE?bb’oe’Eﬂf@egv@p@r gelstantial ﬁ’egnWrol | ed

fashion and enghdRuidgaiMPineABueias floldo tHSedtPorser 108 Bh@Vhsisizeool i ng for
an extended period of tinme. The liquid feed rate fromthe liquid reservoir

to the evaporator wrhk t&ﬁper@hﬁ@%htr@ll’é@' sm&pnﬁ@@omwnﬁaéﬂoﬁa@k@wm et ween
the total pressure in the reservoir he wat er vapor pressure plus

the residual aiPfesgnéiygpion eaqyire feat tb‘F BE%’LH’PEW goelad f@’v%b%*tﬁ‘ﬁ‘?ﬁd periag of wat er
vapor pressur e iigle 5116 8¥RA #iR0r #P1 écﬁﬁ&%awrewae% éd?ﬁc.érﬁsan%mh oftife

pressure after evacuation). To initiate a faster liquid feed rate when the
sorption cdél i g thearedugtdo freacht ity destingtien, T provisiel adagwatie cedling yet gal

pressure can bq:(,@gg,r({aoaaﬁ,ﬁg fhard st BRRIMR &- Iarﬁ@[%ea%?tg\slge?rr@ﬁ'( ng%g gwd

PCT/ US02/ 18103 Initial pressure it v0| r usi ng can
be from about 4nltlaﬂyamre§3ntt iorthg evapatadont o7 edditibzal ligsiRbmust PP agugdploether abl vy

I's not greater eR/QS&ator over a period of time. If all of the liquid is stored in the evaporator

(e.g., without a sebarate reservoir), then the entire volume of liquid must be
20 cooled before the device can provide external cooling. Furthermore, there is
a practical limit to the amount of liquid that can be stored in the evaporator. It
is preferable for these and other reasons according to the present invention to
maintain the liquid in a remote location (e.g., reservoir 110) and distribute the
liquid to the evaporator in a controlled fashion and enable the sorption cooling

25 device to provide cooling for an extended period of time.

The liquid feed rate from the liquid reservoir to the evaporator will be
proportional to the pressure difference between the total pressure in the
reservoir (i.e., the water vapor pressure plus the residual air pressure) and the
pressure in the evaporator (i.e., water vapor pressure at the evaporator

30 temperature and the residual air pressure after evacuation). To initiate a
faster liquid feed rate when the sorption cooling device is first activated, a

small amount of residual pressure can be incorporated in the reservoir. For
16



about 700 nbar (525 torr). Wen residual pressure is used, the total
pressure in the reservoir will rapidly decrease as the liquid flows from
t he reserwoi/09B4%5 t he evaporator, decreasing the feed rateTarsd2/14163 eby
decreasing the cooling rate. This residual pressure is useful to initially
bring the contents of a product cavity down to the desired tenperature in
a short period of tine. It will be appreciated that the liquid reservoir

oo pan e | o ApR ind i d8inAAS, REEoh B LA b drdi B nder

of the sorption’co
provi ded from tit@rr(@demr)y wi abcnnGOanbare(SQﬁapm) andnprefe&blmdm’td;remjet thaone
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the top of the rates amhieresitidal pﬂe@s@@%h@é’f&lt@hhlﬂaw sy the @bARINESGS sRproduct
substantially fl at to\@rbsurface for the cooli ng devi ce s is illustrated in

Figs. 1 and 2ca¥y dowpkihgdesiredienargratieds @ Fort Reriedi@idiB@r ati on of t he
device into a contai ner havin at exterpal surfa In so stances
it is not desired oft W8 k&gopie g@tq‘{ﬁletéh? ligHK YesgTvod %EO caphs E’g’a

i mredi ately or \irfua@{ aH)C BBSifioh |if dreldtidh Moo the! eerhgmd@ﬁ/@pqn@twrpnomcbg rict
liquid fl ow between the evaporator 108 and |iquid reservoir 110, | ow

restrictioflOdeweviees a8 longsas Juigi capayrigation isoiravided{rem theeresIVoiel Oo@
i ncor por at ed b%éf%egpér @r 11o8Yi Acbi@ng®s, ohBeen‘i%%iPrﬁéﬁtt & the JH8serd mvdh@gR di ng

to one enbodi nent o present invention, th uid reservoir is
construct ed sudle resgrvaimis srepqwetﬁ ff@@dhﬁaﬁtvép@fﬁéﬂﬁ w@@éhemallytlesqlwé/e

evaporator var 'n‘?a?eﬂéit Pﬁitahgathéé’ tHe]nn(allﬁ&F}Q?ér%l 01N RNGISSod Y BBJ%C ns g{e\“ ce

t enperature. he coo gra the sorption coo
also varies i rabsewponez; For @mn@esthemqwue"emwemlopenperobansvsed aAtacemtdu ng

tot .hi s 30 agangitﬁ’gagbsorbgﬁdf %}&W?madnegmc?q tl’\ét fgbr]‘agud lrésgr\/o|rgf[1r ol s

housi ng and vapor ~ pressure Wit he ri hou5| ng drives an
the liquid feeandathe topheih théeabwsipervdiR Bs esqbemuaﬂw pdariEre roreatimgdiat | ons,

e B T SRR T B TR L ¥ 1
and 2. This configuration can simplify the incorporation of the device into a
container having a flat external surface. In some instances it is not desired or

20 required that all the liquid be supplied immediately or in an uncontrolled
fashion to the evaporator. To restrict liquid flow between the evaporator 108
and liquid reservoir 110, a flow restriction device 124, as is discussed in more
detail below, may be incorporated between the liquid 116 and the evaporator
108.

25 According to one embodiment of the present invention, the liquid
reservoir is constructed such that the liquid feed rate from the reservoir to the
evaporator varies automatically in response to changes in the ambient
temperature. As a result, the cooling rate of the sorption cooling device also
varies in response to changes in the ambient temperature. According to this

30 embodiment, the refrigerant liquid is contained in a rigid housing and vapor
pressure within the rigid housing drives and controls the liquid feed rate.

When the reservoir is exposed to ambient conditions, small changes in the

17



a significant change in the liquid feed rate and therefore a change in the
cooling rate. As used herein, the termanbient refers to the conditions
(e.qg., tWeomemsesature or pressure) surroundi ng the cool iPag/usevisies or
surrounding 5 the container into which the cooling device is incorporated.
According to this enbodinent, a vapor pressure within a rigid housing and
i solated fromthe anbient pressure conditions is used as a driving force

bortion of tng e BREBRERled BT hEPher BERRHAS n Do BorBlasey R o
envi ronment so al6ighffisénit tieangepior ther kgusdifeedviratei and ftresrefoge @ bisargienin umel I
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interior ﬁ%f"?r(‘)t?'n@f QW f?S'Jb?ﬁagl qgocfeVﬁ I3 NGMAatedhe | i quid can be

cont ai ned directly hln the, ri ousing suc to nove
about the internal ?ldﬁ}’go{z’ mf?egﬂg%@ma aAgaﬁoﬁé’r%Wf%mth'nt%Hﬁ'éj%

i ncreases, the gnanBebRIdUFEM Ghe HRthisMIREYRUIrE cuhdjshomsnérmea@adjrm@ fokPOr
pressure over the liquid will increase, thereby causi n%' the hydrostatic

head pressure der Wﬁé'qluidqlﬂscpﬁp@sﬁﬁinéq ambient @Q‘PQSPE)‘-’W Brefaraniy, @& er"‘é% 8POKPN

exanpl e of thi Sof%@%&ewIsa&wrmansomﬁmhr&uorpmﬁﬁmé ambv@ﬂténomonﬂ&ﬂ do qui d
supply reservoir 400a includes a I‘I%u housing 402a with a refrlgerant
Nh

|i quid 404d0di $pafs&e WepAr rprewelrmu tb\@srlalg hoosing Awill geg |and dajbavith
connects the iz} gt 6ﬁ§%\{ﬁé rarfiig rhfufl!] Ci= qwh& ARARA o bicdLIg Igac! udes

a flowrestriction eV| ce 410a. e re rigerant 404a has a 25 vapor
pressure that dhemallygselstadr somithe enaporaiol.i doi I@ret/@ntl anbiesh oeesskee frogui d

flow rate out ShddifikSREILo) fod g redbSoP HENGRG s ARG PHAS Y Lfaiptain

associated with a ¢ enperature o can be quite
si gnificant. Fdhe @xeaspraedlfféreyceﬁbetweemﬁter iategior ahd extegiogof the beusing. vBpor

pressure a o) i t
PromF g, 85" el lnf R e R AT BR e n nolrdaih #8000,
with an incr easels ineé dammns\@t abcmhthetndrtem%rmgatpbf 0@ housird) CAsTiherahbiest | f
the rigid housu{n'g1 texpose tF: lfICt uat Onsf‘th he 18 02/ 0993d4?n
PCT/ USD2/ 18103 temperature mcreases e temperature of the resérvolr will incréase and the
vapor pressure over the liquid will increase, thereby causing the hydrostatic

head pressure of the liquid to increase.

20 Figure 4a illustrates an example of this embodiment according to the
present invention. The liquid supply reservoir 400a includes a rigid housing
402a with a refrigerant liquid 404a disposed within the rigid housing 402a. An
outlet 406a connects the liquid reservoir 400a to a liquid conduit 408a which
includes a flow restriction device 410a. The refrigerant liquid 404a has a

25  vapor pressure that exerts pressure 412a on the liquid to influence the liquid

flow rate out of the reservoir 400a.

The change in vapor pressure associated with a change in the
temperature of the reservoir can be quite significant. For example, Fig. 5
illustrates the change in water vapor pressure as a function of temperature up

30 to about 30°C. As is evident from Fig. 5, the water vapor pressure changes
significantly (about 800%) with an increase in temperature in the range of 0°C

to 30°C. Therefore, if the rigid housing is exposed to fluctuations in the
18



anbi ent tenperature, the vapor pressure will increase and the feed rate of
the liquid will increase, thereby increasing the cooling rate. However, in
a design wook/oges4t hat illustrated by Fig. 4a, it is possipcausohsgiozertain
orientations of the reservoir will cause the liquid to beconme 5 separated
fromthe liquid conduit, tenporarily suspending the flow of liquid. To
overcone this limtation, the liquid can be contained within a w cking

mat eri al di sposed.| i t hat i i foth j auide. b n
contact wth taﬁ'g)'%rﬂtt%'ﬂﬁ e%?lﬁéstrégc\'??\c}'ép%gg&%g’h@ﬁjlczér)é%taﬁ’gnﬁ]g?e%dr%% gfsfgﬁ voi r.
| n anot her  entiquit veihincrdase, thecpbydnereasingties cedfingmate. f 1 exi bl e, 1iquid

i nperneabl e pouch to 10 maintain liquid conmunication with the liquid
condui t. Referring tHowever, idh, desigresinhdasrévat illustratdduisy Fiat dd, iMlie pessibla
l'iquid inperneahl

e pouch. 414b encl pses the.refrigerant liguid 404b. The
oot dual vapotidl: B SPIoNS S (RoreseRe Pl oD din ol Bitthel <
prefﬁralbl y ad fsbpaiafd Efrpeutie ltqmiceaaﬂ?mt, &émpmamyrs@lrplea%iugahemomoﬂ |iqs1m:aﬂ1 tted
to the liqui 5 contained withipt pouch. It w e eci at ed t hat
he. resi dual  vaSoPveT5PBBtIS ITHENR DRERLIGIcEN Hos SR Esh WaRS A EKEE by a
subst ance t hat mgteriglididpiseatin thaRotidiey teht Mhafaiat sdrhélef theftid instsiag@s a
subst ance having a hi gher vapor pressure than the refrigerant liquid. Fig.

4c illustrates VR Geoedietdiesregive ainthg ofieniatiy rhiha regeTvaise I Andgiosed
wi thin the rigigthdRiabMItOREid RLoRRandEl 4 88%iBIRL liuidiheriRisid Soahser bed
into the wicking material 41bc and as a result maintains contact wth the
| iquid out N8t 4uEatajr ljasigheemmuaicgtion with the liquid sendidf. of the reservoir 400c.
Exanpl es of a wicking material useful for this purpose include fibrous
woven and nonwoven Refasfinglte BgcHbagnt ambedimentds iilbysiigtathwhersin 3 tiavid (e. g.
cel lul ose), pol kil 3 i g :

synt hetic sponé‘ﬁg.&rn?%abgﬂhgag?i? ?a?? ggblg%%%g}en%ﬁé&%glﬁgdpg?‘ﬂ%r Z@Sﬁ?ﬂdg ! a
separ at e, hi gh vapeppiespures&l2iraciaponrtbe lingidposghtdd 4 Whicht inerefeeably at e of

the liquid to Ffl@ﬁbleog&'ﬁwt fo Ieﬂal&lgitﬁee\{jég)‘api??@é%hre %o bkl & snﬁ{t%it@'tﬁef RQah
containing a high vapor pressure substance I's |ocated adjacent to'a second
fl exi bl e pdéch cootairednimitgin3theapdudpui dt. willsbe fappradinted tthatetinperestduak vaparr ease,
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i ncreased pr esdliffezenirtham ¢hesefrigetamtdigain 404b, such as a substance having a higher
vapor pressure than the refrigerant liquid. Fig. 4c illustrates an embodiment
wherein a wicking material 416¢c is disposed within the rigid housing 402c.
20 The refrigerant liquid 404c¢ is absorbed into the wicking material 416¢c and as
a result maintains contact with the liquid outlet 406¢c irrespective of the
orientation of the reservoir 400c. Examples of a wicking material useful for
this purpose include fibrous woven and nonwoven materials such as those
comprising natural fibers (e.g. cellulose), polymers, glass (e.g. silica), natural

25 sponges and synthetic sponges.

In one preferred embodiment, the vapor pressure of a separate, high
vapor pressure substance is used to drive the feed rate of the liquid to the
outlet. In this embodiment, a first flexible pouch containing a high vapor
pressure substance is located adjacent to a second flexible pouch containing

30 aliquid. As the ambient temperature increase, the vapor pressure within the
first pouch will also increase thereby causing the first pouch to expand. As

the first pouch expands, it exerts increased pressure on the second pouch
19



WO 02/ 099345 PCT/ US02/ 18103 thereby increasing the pressure of the liquid
over the liquid outlet. Figures 6 and 7 illustrate cross-sectional views
of a |iquwo opphy reservoir in accordance with this enbadirmsat/1803t he
invention and Fig. 8 illustrates a perspective view of this liquid supply
reservoir. Specifically, Fig. 6 illustrates 5 a cross-section of the
reservoir prior to activation of the device and Fig. 7 illustrates a

Ccross-section . O L. | ed. | i : r.ekn evi ce
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than a directi qusfhteshatcross-saehon antthélrbyerlomaludtrattdl BEERNG, WHerdin6@4. Upon
activation, the Ijquid 608 flows to the Iiﬂuid out | et 61?

_ _ , at ) eas
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vapor pressure ggehsd _606 can advantageously have a hi gher vapor
pressure than that of the liquid 608 at near anbient tenperatures (e.g.,

about 30C). As suchwhéﬁiqhhtbes@ﬁ&y%%e&airtm%mwseai fivat ¢@%BR POUNM leo2t he

vapor pressure of the high vapor pressure substance 606 thereby causing

the first pPBuclkoB@ningaduguyrRPor REessHEe silsiance R @ seson@ Lgx¥hlgsPauch \God
cause the seco ﬂii'r‘fé‘ - r iqefstigbign Juli t he
l'iquid 608 fr o%g?%e segg%ﬁp%gﬁgﬁ]§%@§&%ﬁ ?igc?ﬁr%ngconddﬁayd' %Eggeuridé@%fepé;i bl e
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mat eri al s, includi - I : nes,
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advantageously have a higher vapor pressure than that of the liquid 608 at
near ambient temperatures (e.g., about 30°C). As such, as the ambient

20 temperature increases so will the vapor pressure of the high vapor pressure
substance 606 thereby causing the first pouch 602 to expand. As the first
pouch 602 expands it will cause the second pouch 604 to contract thereby
assisting the flow of the liquid 608 from the second pouch to the liquid conduit
612. The flexible pouches can be made from any number of flexible, liquid

25 impermeable materials, including low-cost, heat-sealed films such as
polypropylenes, polyesters, nylons or other plastics. A flow restriction device
616, may be incorporated in the liquid conduit 612 to restrict the liquid flow

rate to an appropriate level.

Preferably, the pressure in the second pouch 604 immediately prior to
30 activation of the device is greater than the pressure within the rigid housing
614. This will prevent the pressure within the rigid housing 614 from exerting

itself on the second pouch upon activation, which would thereby cause the

20



20 WD 02/ 099345 PCT/US02/18103 liquid to exit the liquid conduit at an

I ncreased rate. For exanple, the pressure within the second pouch

I mredi at evp opdpBusto activating the device can be from apemtusspismar (37.5
torr) to about 300 nbar (225 torr) and the pressure within the rigid
housing is preferably not greater than about 700 5 nbar (525 torr), such as
not greater than about 100 mbar (75 torr) and not greater than about 10
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nbar (75 torr), and nore preferabl I s at | east about 500 nmbar (375 torr)
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higher than the pressure within the rigid housing.
According to the present invention, the rigid housing is sufficiently rigid
20 and gas impermeable such that the ambient pressure exerted on the housing
is not substantially transferred to the liquid in the second pouch. For example,
the rigid housing can be fabricated from a metal or a plastic such aé
polyethylene, polypropylene, polyvinyl chloride, or similar materials.
Furthermore, to ensure that changes in the ambient temperature rapidly
25 change the temperature and the vapor pressure within the rigid housing, the
rigid housing is at least partially in thermal communication with ambient
temperature and preferably has a thermal conductivity of at least about 0.2
W/m-K. The reservoir should also be thermally isolated from the cooling
surface of the evaporator so that the evaporator does not influence the
30 temperature of the high vapor pressure substance. One of the walls of the
rigid housing adjacent to the first pouch can also be constructed of a higher

thermal conductivity material to increase the internal temperature of the first
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thermal conductivity material to increase the internal tenperature of the
first 21 WO 02/099345 PCT/ US02/ 18103 pouch nore rapidly. Accordingly, an
i ncrease WO 0i0g93asrbi ent tenperature will cause the high waparSopr&assur e
substance to increase in tenperature, increasing the vapor pressure and
increasing the flowrate of the liquid to the 1liquid conduit. 5 The high
vapor pressure substance can be any suitable liquid or gas phase materi al
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hi gh vapor pre&ARLIBERAED d%‘?PrBBarl“é Jkanes B P NGsISORYARR t her e

i's substantiald-pyerigné @pd Rhekdife. SWRERRAREP RPor Preddife RRHPOUALS isDBh as
operation of the 25 device. The sorption cooli ng?dew ce in accordance with

the present i nVERIQCEHANS. cﬁﬁr?lﬁeutP%rqS?dusé;Wﬂro?q{ R ROBIRAUAFS - EFn csideed
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pr esent |nvent|on a nodel been devel oped that shows the change in

wat er feed 1Pat &REON (Edn&Up@ﬂt@ﬁ“@mﬂ%ﬁtWBm'ﬁgﬁﬁ)é?%)ﬁ areerigh of fymegpEPni t to
the change in hegh,dioadichOks arEONALASE, WREDN 114, FREON 21, FREON 11,

FREON 114B2, FREON 113 and FREON 112. Other useful fluorocarbons
liquids include HCFC-134a, HCFC-141b and HCFC-245fa. In one preferred
embodiment, the high vapor pressure substance comprises a material that is
20 substantially nonflammable, enabling the device to be utilized in shipping
containers without restrictions on the mode of transportation. Such high vapor
pressure substances include water. The first flexible pouch containing the
high vapor pressure substance can be readily recycled after use since there is
substantially no loss of the substance out of the pouch during operation of the

25 device.

The sorption cooling device in accordance with the present invention is
particularly useful in temperature-controlled shipping containers. To further
illustrate this embodiment of ‘the present invention, a model has been
developed that shows the change in water feed rate as a function of ambient

30 temperature and compares it to the change in heat load for a container with

an internal temperature of 5°C.
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an internal tenperature of 5C. 22 WD 02/099345 PCT/ US02/ 18103 The heat
| oad for a container depends on the surface area of the container, the
t enper at uwe odiop43eF ence between the interior and exterior @CTiuse2/1810ht ai ner,
and the overall heat transfer coefficient (U(err)),which depends on the
internal and external heat transfer constants as well as the thickness and
5 thermal conductivity of the container insulation. The total heat | oad
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Qool (W = 694vahkrdag bo dgrdsed 80 m n/ hr (2) The nmagnitude of mis
directly proportional to the pressure drop between the |iquid reservoir

and the evaporator. Figpand= U} gmrﬁ%n)@sgm%)%wmejﬂaﬁbg@mp Qheat f(oy a
container internal cavity tenperature of 5C that has been nornalized to a

value of 1 at 20C. Abpg givih édrtainér, AefhdbAerd Bikedlahd ese peal load is akreslyf or
the variable feed rate enbodi nent of th resent invention ang’| for a liquid

feed system t h&ORRSENASe ey igTpRerqiure diffes between amiient andenigieselur s,

whi ch termqpat aviat §6 rhhitsin Afe irternal tdhipdratues 2% EdrBtar? vafued HfdTMaldr
change in feed rate with increased anbient tenperature around the

cont ai ner is ofieed rale Arebhe yficient he pPYdean Eguivalpdhtaroeunt | ef eerling

residual air pqga%gtgmbp both the water feed reservoir and evaporator is
zero, the cooling rate’is proportional to the vapor pressure difference

bet ween anbi ent t enpRE Ut 6 FMritMorCAIRREAL HoolEERENA Hictat 2BYC. ?ﬁtﬁ;’e}?;ggcan

the residual air pressure In the reservoir, the tenperatdre depe
be changed si grihd maasflbw.ra®0nAdvivridienpressecas m dneretiipadolikgatefs: t he present
i nvention, the flow of

15 Qcool (W) = 694 W-hr/g m (g/min) 60 min/hr (2)

The magnitude of m is directly proportional to the pressure drop between the

liquid reservoir and the evaporator.

Figure 9 illustrates the variation in Qpeat for a container internal cavity
temperature of 5°C that has been normalized to a value of 1 at 20°C. Also

20 illustrated are normalized cooling rates for the variable feed rate embodiment
of the present invention and for a liquid feed system that does not change with
temperature until freezing occurs, which terminates water flow. As is
illustrated by Fig. 9, a dramatic change in feed rate with increased ambient
temperature around the container is obtained accordihg to the present

25 invention. If the residual air pressure in both the water feed reservoir and
evaporator is zero, the cooling rate is proportional to the vapor pressure
difference between ambient temperature and the evaporator temperature. By
changing the residual air pressure in the reservoir, the témperature

dependence can be changed significantly.

30 According to another embodiment of the present invention, the flow of

liquid can also be controlled using a multi-stage liquid delivery system. In this
23



liquid can al so be controlled using a nulti-stage liquid delivery system
In this 23 WD 02/099345 PCT/ US02/ 18103 enbodi nent, two or nore sources of
| i qui d cawolee/ogwsus vat ed sinul taneously or can be activat @edTasparadely to
provide liquid to the evaporator. This enbodi ment of the present invention
is useful for supplying liquids at different flow rates, supplying Iiquids
at different tinmes and suppl ying liquids of differing 5 chem cal
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this enbod nt— o resen Ivention i S|
reservoir 1000 incocpardtes latofa siaglelunijuhat qaorEhadiVoRddiyspsiogld actuaor 30 rigid
housi ng 1004. The first liquid pouch 1002 includes a first refrigerant

in the case of separate reservoirs, a starter reservoir can include a

volume of liquid that is contained within a liquid impermeable pouch. This
pouch can be ruptured either by direct mechanical pressure or by indirect or
20 assisted mechanical pressure by means of a mechanical lever or sharpened
actuator which is either affixed to the outside of the pouch or integrated within
the pouch. This pouch can be located either directly on the evaporator
surface or can be located remotely wherein a liquid conduit directs the flow of
liquid to the evaporator. If the pouch is located remotely, the liquid conduit
25 may include a liquid impermeable material that encapsulates the entire liquid
pouch and an actuator and is adapted to puncture the pouch and deliver liquid

to the evaporator.

One example of this embodiment of the present invention is illustrated

in Fig. 10. A reservoir 1000 includes a first liquid pouch 1002 disposed in a

30 rigid housing 1004. The first liquid pouch 1002 includes a first refrigerant
liguid 1006. An actuator 1008 is adapted to puncture the first liquid pouch

1002 and release the first refrigerant liquid 1006. The first refrigerant liquid
24



[ [ the first liquid pouch
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(1. Dupont deighamy oo roff ltd“ﬁ%é%%ﬁr%@ri;@é@\lregﬂce#m rate, apREDNT 14 B2,
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-134a, HCFC
HOFC Refrigerant liquids for use in accordance with the present invention

should have a high vapor pressure at ambient temperature so that a reduction
20  of pressure will produce a high vapor production rate. For most applications,
the liquid should also have 3 high heat of vaporization per unit mass or
volume, should be non-toxic and nonflammable and should have relatively low
cost. Suitable liquids include ammonia, various alcohols such as methyl
alcohol or ethyl alcohol, ketones (e.g., acetone) or aldehydes (e.g.,
25 acetaldehyde). Other useful liquids can include chlorofluorocarbons (CFC) or
hydrochlorofluorocarbons (HCFC) such as FREON (E.I. Dupont de Nemours,
Wilmington, DE), a series of fluorocarbon products such as FREON C318,
FREON 114, FREON 21, FREON 11, FREON 114B2, FREON 113 and

FREON 112. Other useful fluorocarbons liquids include HCFC-134a, HCFC-
30  141b and HCFC-245fa.

Preferably, the liquid includes water (i.e., is an aqueous-based liquid)

and in one embodiment the liquid consists essentially of water. Water is
25



30 141 b and HCFC- 245fa. Preferably, the liquid includes water (i.e., is an
aqueous-based liquid) and in one enbodinent the |iquid consists

essent i alwg oefovssat er. Water is 25 WO 02/099345 PCT/ US02/ P8IT0%02/18103

advant ageous due to its high heat of vaporization, |ow cost and | ow
toxicity. However, it may be desirable to include m nor amounts of other
conponents in the liquid in order to control the evaporative properties of

the liquid. For . i h e ving a
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cause a suppr ediglignmay Regib 5rre@§§w'@'ramﬁ/@\'@matqn qlfiia GeRafesyi§ in many
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freezing point st S agents according to the present invention
i nclude salts so%ﬂﬁ%rf%ﬁcﬁpq chlorides, -bromdes, -nitrates, -sulfates 25

and -acetateo.  EXATRY gl B UEpIRUGHLA 1o b IR HEREaSRlied
Fed (err), 18( I‘fl(a@rérsuppl(eessio)w ageaBwith trmi(du(obtorlpwanﬂherﬁee!zmgemmthérse‘oanyQl her

useful [1 et 1 Dol Al HRRLSHRALb BHRMS subdISLUSR rPUSRHN oSy BBbR O 25

liquid that is proportional to the quantity added, it is desirable to use only the
amount needed to adequately suppress freezing of the liquid. Other high-
vapor pressure solvents may be used to depress the freezing point, but these
20 may interfere with the vapor flow from the evaporator to the absorber by -
producing higher relative pressures between the evaporator and the absorber.

Therefore, these should be used in moderation.

Preferred freezing point suppression agents according to the present

invention include salts such as metal-chlorides, -bromides, -nitrates, -sulfates

25 and -acetates. Examples of preferred metal salts include those selected from

the group consisting of NaCl, CaCl,, BaCl,, MgCl,, FeCls, Mg(NOs),, NaBr,

ZnClo> and mixtures thereof. Other useful freezing point suppression agents

include organic solvents such as EtOH, MeOH, IPA, ethylene glycol,
propylene glycol and glycerol.

30 In cases where the liquid is fed to the evaporator over a long period of

time, mixing these freezing point suppression agents with the bulk liquid can

26



propyl ene glycol and glycerol. 30 In cases where the liquid is fed to.the
evaporator over a long period of tinme, mxing these freezing point
suppressiwo agents with the bulk liquid can 26 WO 02/ 0992¢3/URCY141802/ 18103
cause an accunul ati on of these conmpounds in the evaporator. As the |liquid
evaporates, the conpound will remain in the evaporator while additional
anounts of the conpound are introduced with the in-flowing liquid. In order
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probl em cansal mmesupmerysmnzagbrhyn@dderiltrbanea!gt@nﬂwet @vatdmtst afrb@gh Ipré}w d
only, as is discussed ard, Re start

"ncl ude a quantTeLopalgT R8PYE avaPoratisy i S85 WeVoRheh nawcaierast g &

Cadl 2, or an ohganhe SipRRHOG it GHICMbawitht gl et Oliry aigd coﬂréctﬂﬁfépbﬂnbngtoto One
enbodl ment of the present I nvention, the flowrate of 2 the refrigerant

Tiquid (6. g . VRHUS)TaaZd NHES CUGRATAISY Y FOb SXMEPISy A UFRG Matarial dishasr y

control led to regye alv8p éﬂ&%roﬁ%rcaééeocﬁélbbv?g;aha&@ |Mbrégfﬂ§te'80wnﬁ'é)€oﬁt9&ie'd”9
devi ce. For applications such as te rature-controll ed shipp

cont ai ners,10 r @maunf&fya Fr@ﬂﬁlﬁg(ﬂqlmg&m@ﬁ‘s'qf‘s agenfui TBig, Preblem Iﬁ’éngﬁﬁﬂ PRy nust
continue for | %Hm%ged)ew J% thi O?ftt)etﬁfe:étn%ﬁégg@?ﬁi Bﬁlé4§s‘i)srﬂlggu§€%ﬁr s. In

order to provide an exten erio coo rdin e present
i nvention, a c@hovel |ladhis fegard the hartentliguids camiinaludenadjuantity (eng, elVatporat or

to maintain a %b‘égﬂﬁg)'vﬁv‘fglof’y %ﬁ?tf%g{;ﬁ‘%ﬁgﬁ L & bg&% tot @g%h%dco

proper contr ol ant I qul servolr mould

i medi at el y f | cuch asetieyleneaglpeaht of upon rel ease 25 from the reservoir.
According to the present invention, a liquid flowrestriction can be used
to restrictldthe i qAbdorhir@V\torC&teeembocﬁmeabtpfrtbprnraswt irrestion, Re¢ dowiratg ofow t o

O 1 amcc TR Tl L T S RAbY g
carefully controlled to regulate the overall cooling rate of the sorption cooling
device. For applications such as temperature-controlled shipping containers,
reIativéIy low cooling power is required, but the cooling must continue for long

20 periods of time, often in excess of 48 or 72 hours. In order to provide an
extended period of cooling according to the present invention, a controlled
liquid flow rate is maintained into the evaporator to maintain a steady level of
cooling over a long time period. Absent proper control, substantially all of the
liquid in the reservoir would immediately flow to the evaporator upon release

25 from the reservoir. According to the present invention, a liquid flow restriction

can be used to restrict the liquid flow rate to an appropriate level.

Referring now to Figure 11, a cross-sectional view of a flow restriction
device that is useful in accordance with the present invention is illustrated.
Supply reservoir 1102 includes a supply liquid 1104 and a liquid outlet 1106.

30 The liquid outlet 1106 is connected to a liquid conduit 1108 that includes a
flow restriction device 1110 adapted to restrict the flow of the supply liquid

1104 exiting the reservoir. The flow restriction device 1110 can be any type of
27



Supply reservoir 1102 includes a supply liquid 1104 and a |liquid outlet
1106. 30 The liquid outlet 1106 is connected to a liquid conduit 1108 that
i ncl udes WO okloges4s estricti on device 1110 adapted to restripca/usam1§ibdw of
the supply liquid 1104 exiting the reservoir. The flow restriction device
1110 can be any type of 27 WD 02/099345 PCT/ US02/ 18103 partial barrier
that permts liquid to flowto the evaporator but causes the flow rate of
the liquid to BErtfa?%?ri%F'tha@b%rrHﬁ@ dru.d d ﬂ&‘(/vrtgi*‘eﬁé b%ﬁ&&to%ﬁh@eﬂjée?, the® Agwal
one or nore |ength capi I'l'ary tubin Pre sel ected dianeter into the
i quid conduit @Q(ﬂﬁ thehh@u@rﬁo Qe\Kﬂ‘S’M@fd t%nq& @iﬁ@fé' flows restrclian methpddsvia Realugh
the 5 capillar u I L ssure
and the esti mép égﬁ coofg}%nlg{r%t %ﬂ?#“% : nd;foig\l@%géc%P %%@?Telr g’ﬁ?%gbl ng
having a 1 cm IId]langdmdarhd1a8dn aimehe?rwaa@ li¢gf0f¢a)th62tmt[bdn‘f® dloworqyighaiear e

listed in Tabl T, I e Feed
Rate Cooling RY é‘"a'(y tﬁ% -{ﬁ?;ﬁﬁa ‘J‘%Xa%t@ YR8 4L g & WL Wi e "S0F
100 106 66.8 1@swmaied ca)alld@mteﬁoomaimk sarhplesha dapdlary tubingamalinde icoul | ng
rate can be ntroII hr ou | ec of the iJ.l bi ng.
The captl Lary. R AL EArAvErariagim 3P I Tl B A SRl i 1o
about 1000 pm di arrpt er Anot her rreans for restricting the flowrate is to

i ncrease the viscosity of 15é Igmiul%ﬁn Be acconpl i shed by the

addi ti on of geH-Hng—agents—such Sand—starches—tot he
| i quid. Anot hgr meanBiamster | ow r Pstrv\@tﬁrtﬁﬂ?eletho use th@oﬁlnsdiﬁ*#ty of the
liquid to redyce the fluB rate as it pad8¥8t hr oughl one or Wbre
restrictions ijn order tyg maintain the pr@p@r flow rlate. Forgqexanple, |the
| iquid can be {fereedtoFtlowthrough—one—or—rore—st

pores. The flgw rate i 40t hereby ¢ontroll ed”by one or nore ofl-7the |iquild

viscosity, thg dianmetergand | ength of thq3qpertures and thegpressure drop

bet ween bot h sides—of the devicel Accordi-ngl y—a—p ug
100 106 66.8
10 As is evident from Table 1, the flow rate and the cooling rate can be

controlled through proper selection of the capillary tubing. The capillary
tubing can have a range of from about 1 ym diameter up to about 1000 ym
diameter.

Another means for restricting the flow rate is to increase the viscosity of

15  the liquid. This can be accomplished by the addition of gelling agents such as

silicas, polymers and starches to the liquid. Another means for flow restriction

is to use the viscosity of the liquid to feduce the flow rate as it passes through

one or more restrictions in order to maintain the proper flow rate. For

example, the liquid can be forced to flow through one or more small apertures

20 or pores. The flow rate is thereby controlled by one or more of the liquid

viscosity, the diameter and length of the apertures and the pressure drop

between both sides of the device. Accordingly, a porous membrane or plug

having a pre-selected pore volume and pore size can be incorporated into the

liquid conduit. The selected pore characteristics such as pore size will

25 depend upon the plug length, the driving pressure, the
hydrophocity/hydrophilicity characteristics, and the like.
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having a pre-sel ected pore volune and pore size can be incorporated into
the liquid conduit. The sel ected pore characteristics such as pore size
will 25 owpandoupdbn the plug | ength, the driving pressurepPCThEs02/18103

hydr ophoci ty/ hydrophilicity characteristics, and the |like. 28 WD 02/ 099345
PCT/ US02/ 18103 Alternatively, a porous nenbrane can be incorporated into
the liquid pouch. Upon actuation, the liquid will then flow through the

porous menbrane 'nAﬁ%&%ﬁ\é&lga%ﬂ)‘éoﬁseﬁeﬁbqgﬁéj cBRLb%hrngm%ﬁa%& ‘?nt8'tﬁ§ nﬂﬂ%

t hi ckness of the rovi e de
fl ow rate basegoupanUpohlaetuatioh, the ligaitievill tresn flaw theoughr thd pbmustrhembrane

application. According to_.ope nt, .t he nenmbrane h an _av e pore
si ze of from alfoft g@r 8% ﬂ}e "ﬁgguf’o‘g%' Wi‘e ﬁ?r%x%?ﬁ)la@d ﬁ"?’%‘.eés ﬁb%% ment

of the present nhémBantaQﬁmllie sélédtog ta pt(ﬂdjel melaeg;redaquﬂmlevw retwbabenmpdm 1200

includes a Liq |d | errre put er 1202. . The |nter|cc)jr of the

casing 1202 |n 59 p‘@?%dgatlt? ﬁ%‘%ﬁe 5'@438%‘}989@11 AGEPrdNGato tq{l?

l'iquid 1206 W%trnmmﬁeﬁthtwlgmbnﬂi@me R&4TH al6ra ga%réefz@r(ﬂ fioli abarg (I¢'63pﬁ1a5| ng
1202. The I|qU|d pouch 1200 can be activated to release |iquid

e urieg t heta sBHE2A 368 A0 SRR RS SmhoskTed. ! (e presedbinventemis
actuator havi ngyatahy i?uePi%d 19NATH G %wd'ddﬂl%ﬁ r@‘o@@hclueéé‘ ahfﬁuﬂi ﬁﬁ&?%ab@ ween

the casing 1202 and the nenbrane such t hat he shar pened end
punctures the c4#8measing21202; ho'[he pitaderu of ﬁ@et%ln%%2dﬁélui%@ POfOY& | | be

h h
cobl ng. 1 10k SherhBRnERRARELEAY Slchonaf i QRP PO Bt Ut R/ (e
i nwardly to pumcembraneh20dalseing exitingtie ¢asing 1202g Thadiquideprnchrf2002@an
Anot her et hod feoéctﬁl%ﬁtd g&peérlggse ﬁtﬁ:éﬂ 'bg:#Lﬂ\cmrm@ {r@t (?as'lrﬂ; tI%OZEP fr?% gn.ﬁ?\ngrdo r

several extrenely sm res'in I nterror | sposed
within an ext alinectiorpo&oh ekamplegaarachuatdrehaving amrpemedtehnel (ﬁbbﬂlustrated)qw d

fromthe interigr cht t.h 0 S, d|n

the interior pocﬁgtpeo‘gg %et‘gs?%ﬁ%oc%%gpyqzs%@ﬂﬁeo@ﬁ&%% exarr%%g R

anot her netibod the émarpaheﬁ Zmdopuatinessiitbe caimmg ptRo2t evithoat ImebmnngI !sheof

appropriate S|zead | en I ntQ ece. nat.e |aI ch as sti,c that

i s then seal ed THT f%“ﬁég@‘ﬂch”\)mﬁ' 31‘? BBBWF%?% hate {h pﬂ)ra%Fag %

met hod is to i nfigposed anaha exriveof ihetdagingl doitils case, the sharpened end of the
actuator would point inwardly to puncture the casing without puncturing the

membrane.

20 Another method for controlling the liquid flow rate is to create one or
several extremely small apertures in an interior pouch that is disposed within
an exterior pouch having an outlet to restrict the flow of liquid from the interior
pouch to the evaporator. Such apertures can be formed in the interior pouch
by using a laser or particle beam, for example. Still another method is to mold

25 or otherwise incorporate small channels of appropriate size and length into a
piece of material such as plastic that is then sealed into the pouch which
contains the liquid. Yet another method is to incorporate a valve in the liquid

passageway between the evaporator and liquid reservoir.

Referring back to Figs. 1-3, refrigerant liquid 116 that is not
30 immediately vaporized can collect in the interstices of a wicking material
disposed in the evaporator 108. The wicking material is configured to draw

and maintain a desired amount of liquid for vaporization. Thus, the wicking
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passageway between the evaporator and liquid reservoir. Referring back to
Figs. 1-3, refrigerant liquid 116 that is not 30 inmediately vaporized can
col | ect iwotobmodsmt erstices of a wicking material di spose@cCirusoiies103
evaporator 108. The wicking material is configured to draw and maintain a
desired amount of liquid for vaporization. Thus, the wicking 29 WO

02/ 099345 PCT/ US02/ 18103 nmaterial should have a pore size that is

sufficiently |arge. .t capill a cli QR & r t haukdaipy o the
or es.  Furt her M apORf Hsvedt Bote, Ao iy deifiaie Siper bl 2 |
vapori zed | i quagionhatdrawdoe tiquid eimio Preepares edFurther Kieyidkingematerial shailldide
hydrophilic materials sych as m croporaou | aptd uch as
pol yet hyl ene afd °88+'%?§&9I33}?8?B 88Y|Vlﬂp8ggeﬁé@h§{‘ g?re?:gﬁg&?se?i sghéef&@%%er)
and ot her hydr armgi Matsialy ingiusle RitdpHilltembtegialsdsuah am siglopsusitaeigls, t he

liquid renmoves heat fromits surroundi ngs via a coqgling f.ac t hat
is equal toPt h@orPHFQJﬁS?'ﬁééluCBfas R’/%{}S%BV'?H i %?'Vﬁrﬂeﬁ?ﬁ‘%[u‘f%'w"ﬁé R?moﬁ]ﬁ?(g%e

appreci at ed t had gt hesueqslpefitarflsthacieydt@sopt materialsel ude fins or a simlar
structure to increase surface area and enhance the cooling efficiency of

the device. The vap@fithznré lighiduohdshstinseas@ge! theoliugid témovesitrat fass itgeway
104 to be absorbed in the absorber 102. AB tE)Pgélonal vapﬁsg rrtre%l%ke
menbrane 106 S@FOWKlINESoVRGRFOPING PR 1R0hPL s FEMRINCg ISt ﬁ?ﬂft 4
absorber 102. 1A, 5canmh of i liquid.t XA veARSsrebiiateRBl ten@idlingsarfaes 4z al s
i ncl ude various " porous filns such as TYVEK pol yethylene filns

.
duPont deNéProucen inchidsofing POA SINHarHtigiLR to fpgreasepiriaeR 3rep r?é‘d(éﬁﬁ‘a[‘.cecaor e

and Associ at es, e%‘fﬁ%iéﬁic%): oP¥HY Qfid. i ¢ dense pol yurethane films and
porous hydrophobic p Iyuret%ane films such as those supplied by Porvair

(Porvair plc., Norf A |hosdEks tHfRBgRRRONA, Wway here a
hydr ophilic coati ngﬁs]%(’\:/ﬁg&gséas%%%ﬁatﬂ&ﬁm (%MH-.COg any) . ﬁg}roﬁééér?gg%egsé hat the
sorption cool i tgybeebserbedpethet absorar W2s hn ggch\gpwqrwrrapaqlﬁ membrang g
important to c r fadil i ing€ r | {04.he

| i qui d evapor a?gé ‘?“lé‘oi’%fﬂr%ﬂﬁgéya, ?(% ﬁg&%@\?ihggh\?\nﬁﬂ]%ggﬁmigt fgég%i_ fﬁiSétUrbleS_ to cool
over an exti&ndé&napeidsoof aifitabienyyap@npemegablg mesiranse Matgfialy écugeevasious

E\écrapor ation is ptoPonef?lei Shett BE f\"\?é\kogoly\/é’mﬂéné hiRYQR. § NEuMEROTeNARSGEEVRY -
Corporation, Wilmington, DE), GORETEX films (W. L. Gore and Associates,
Newark, DE), hydrophilic dense pblyurethane films and porous hydrophobic
polyurethane films such as those supplied by Porvair (Porvair pic., Norfolk,
20 United Kingdom). The membrane can also have a hydrophilic coating such
as SCOTCHGUARD (3M Company).

To ensure that the sorption cooling device operates for a suitable
period of time, it is important to control the rate of evaporation in the
evaporator. If the liquid evaporates too quickly, the device will lose its ability

25 to cool over an extended period of time. One way of controlling the rate of
evaporation is to restrict the flow of vapor through the vapor passageway. For

‘ example, the vapor passageway could be provided with microchannels
adapted to restrict the flow of vapor through the vapor passageway. Further,

a vapor-permeable membrane having a specified pore size or permeability, as

30 s discussed above, can be provided in the vapor passageway.
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exanpl e, the vapor passageway could be provided with m crochannels adapted
to restrict the flow of vapor through the vapor passageway. Further, a
vapor - perwoablogsnenbr ane having a specified pore size or permsabisiniy, as
30 is discussed above, can be provided in the vapor passageway. 30 WO

02/ 099345 PCT/ US02/ 18103 I n one enbodi nent of the present invention, the
vapor passageway includes a thermally insulating material which is either

porous or has aper{bRs dnibdtflehiof e PRIsBAH ﬁlﬂvehﬁbralth@\Mabap%sédgéWavom
t he evaporator to t he absorber whil e reduci ng the heat flux fromthe

absorber back tflydes g eipeHut ipeulating aleiamieiis | ST uPReks whli d1#st he
sorption cooli %%eﬁeﬁésq&méoﬁmaﬁ@ k&ith) 36 MR a&mu@wfr&ﬂ hﬁ@e@‘aﬁodr%r f ok

efficiency of t hermal i nsulation due to the Knudsen effect. That is,
there is a red@dsedar i whilthdpduging cthadbeati fiux yremathe abspeainkack e thean

free path of a 93S,hirea4Rl vduay cor%%rsednatef]w émﬁtepé?frﬁ“ﬁ?{ &ﬁ)hﬂ& delife

i nsul ation. The thermally insulating nmateria preferably has™a tﬁermal
resi stance at d paeckagade advariborausly shbandges ther highoéffigiency ehsthe atheumnal2. 8

Knm2/ W nore pr KpP | \, ably
at | east about rg; ugtféﬁé%e\a/l\t% tbgm deR géltt her t|¥Yt§@%ﬂ|§uqeﬂatdum?&?m%‘éfrﬁéall

pr ef er abl y has cansguaglieity tthatnsqoors whamethefmaan Ifieges pathbofud g i3/ e@ral tator one
at nosphere of pre

15 Tnoulating WERDR TBNdaY PRI =T Rb Do por et L Tosy el aRuAg B
the absorher Wemlﬂh&)@ﬂﬁﬂmanresim&mmt%r%stwe of apaoutat mdaxo(lsltwrbyﬁ %thgf R
Vapor pacsagevdsast rpul LIS BPON. moRcuslhiz et lneth SboHel Frrnd AR T on

and correspondsnére gréRrapat R8s 58688 Klra?ﬂ/ WFiRgthet,-théQn&imallg médlamfgr at ed
in Figs. 13 and 14. The vapor passageway 1300 is fabr |cg§?ed fromjhermal |y
i nsul ative mat &nqtgrialpsefergiiyhap r?cYaLRﬂ)éé"a%%‘Prf rlgof £h Pt H@“ B @ugh

the thernally Idﬁél&tmbgmrm BFdsalirel 30¢e tolthR HgEinsUEEYe ¥a104 of HeOMbARallyhe

means by whi ch vapor from an evaporator can pass through to an absorber.
The aperturl®s iniptingnmpterieb detiting rihe EPehorREAGEAYN G SYARAAtS angh e al by

any common t echpigigy | ﬁ'b’éj'd%ogéd |1rll 'd&e%roﬁ%ﬂ&h'saﬁara&i&:t}n@l%}b%e RGN ng

with an array o eat nai | l'ustratéd 1 n t'he evapor at or
i ncl udes a | i quiagsagevey, tQAﬂW@ﬁh@@ vaportransfer distances.

An example of a vapor passageway that is useful in accordance with

the present invention and corresponds to the vapor passageway 104 (Figs. 1-

20 3)isillustrated in Figs. 13 and 14. The vapor passageway 1300 is fabricated
from thermally insulative material 1302 that includes apertures 1304
extending through the thermally insulative material 1302. The apertures 1304
provide the means by which vapor from an evaporator can pass through to an
absorber. The apertures 1304 can be formed in the thermally insulative

25 material by any common technique including drilling or punching, such as by

punching with an array of heated nails.

As is illustrated in Fig. 3, the evaporator includes a liquid inlet, which is
the point where the liquid exits the liquid conduit and enters the evaporator. It
has been found that the region adjacent to the liquid inlet is susceptible to

30 freezing thereby preventing further liquid flow between the evaporator and
liquid reservoir. This is particularly true if the liquid inlet is located too close to

any apertures 1304 in the thermélly insulating material 1302. This is because
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the point where the liquid exits the liquid conduit and enters the
evaporator. It has been found that the region adjacent to the liquid inlet
i S suscepwDbe913es 30 freezing thereby preventing' further PCrgisozi1§ibow

bet ween the evaporator and liquid reservoir. This is particularly true if
the liquid inlet is located too close to any apertures 1304 in the
thermally insulating material 1302. This is because 31 WO 02/099345

PCT/ US02/ 18103 114 g Aites 1408 %rd 374 rehs!tiewfiRA e Raitaedy hdif pusnay @t

liquid passes t e absorber and are thus nore likely to experl ence a
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h id d 0 b
her mal 1y i sol deeaTROHEr Ratomas: Rerreapharan b angibhe elighood o or
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Thi's is to1promet ety RyRIEN oM thehtoliag @Urfade, Bsudhr REWita hyevRKom om
the liquid inlet 1306. Thus, the concentration of apertures 1304 in the

thermally i nsulWavED @laestider a1 a SBaRr inssiptiNg Malerialni f or m across the surface
of the vapor passage is also i ortan} that no apertures 1304 are

pl aced i medi atel y Eﬂ?fé@&lﬁ the eencenirgiory andias: Sizeof raRestiredh Jvl4 BnBener

exanpl e of an %ﬁ@%ug}ﬁﬁéulgﬁvé Rt FhcrEAsTAHE Ry dls‘-ianc%ofrbH that K@ Ghieh
Figure 14. In this eihbodi nent, the vapor passagewa i ncl udes,

apertures 1404 1|3ﬁ§d'ﬂ<|‘zf@@%ﬁsedTh'ﬁ ig fRepromatentie mqvwené?f t!ﬁe VRRORIN 2dirgétien vapor
fllow channg ]az\k%g/ RN i (!]Lﬂ& lrﬁé@ld’lﬁﬁsd“ﬁ{usa?r%r Ewc%ﬁtréﬁ@‘ﬂoffﬂferfu?@s 1504 pose of

directing the or at ed t owar ds apertures 140 his enabl es
the vapor to exhe thaﬁ@aéwmuraéwemaiemaé 1802 ineedmot Pe amifoiny @Fwes ke sWiéaces

efficiency of td??h&‘(/%@ﬁ{ @59%98%#/'”6& 9% AL 48, dﬁ?cﬁfeﬂ&:%bckﬁﬂ g being

connected to the aper a direction perpendi ar or parallel to
t he placed immediately adjacent to the liquid inlet, as noted above.

Another example of an embodiment of the vapor passageway is

20 illustrated in Figure 14. In this embodiment, the vapor passageway 1400
includes, apertures 1404 incorporated in the thermally insulative material and
vapor flow channels 1408 connecting individual apertures 1404 for the
purpose of directing the evaporated liquid towards the apertures 1404. This
enables the vapor to exit the evaporator more efficiently and increases the

25 efficiency of the evaporator. While the channels 1408 are depicted as being
connected to the apertures 1404 in a direction perpendicular or parallel to the
edges of the vapor passageway 1400, it will be appreciated that the channels

1408 may be connected to the apertures 1404 in any direction so long as the
channels promote the movement of vapor to the apertures 1404. Moreover,

30 the channels 1408 may be any depth or shape just so long as their depth and

shape promote the movement of the vapor. As with the previous
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edges of the vapor passageway 1400, it will be appreciated that the
channels 1408 may be connected to the apertures 1404 in any direction so

| ong as twe ozopmmhel s pronote the novenent of vapor to thecagsorwies 1404.
Mor eover, 30 the channels 1408 nay be any depth or shape just so |long as
their depth and shape pronote the novenent of the vapor. As with the

previ ous 32 WD 02/ 099345 PCT/ US02/ 18103 enbodi nent, the channels 1408 are

preferably not ted i d| ate acent t.o el |nI et rmal |y
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pol ystyrenes, or other foans as well porous insulation including fiberglass
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on the propertiGR) tofenhhece thenmmpbt gistribstibat i ve material used in the device.
It has been found that a thickness of between about 0.5 cmand 5.0 25 cmis
preferred, 1Such as frherrhuahmﬂs df .the aapdxrq)e&sﬂg@maw\m@swarh imgpartamh famtorahat such

as an extruded, O&u%rﬁcgs? prope alfstﬁgrs%rnp 101;1 co0 n‘(g aébice. | i}lﬁ;l’é \|7é‘poe} %'sggé)elvs?ay
is too thick it will unnecessarily add to the cost, size and weight of the device.
However, if the vapor passageway is too thin, it will not serve the function of
preventing thermal communication between the absorber and the evaporator.

20 Therefore, it is preferred that the thickness of the vapor passageway be
sufficient to substantially prevent thermal communication between the
evaporator and absorber. The thickness of the vapor passageway will
depend on the properties of the thermally insulative material used in the
device. It has been found that a thickness of between about 0.5 cm and 5.0

25 cm is preferred, such as from about 2.5 cm to 5.0 cm when using a material
such as an extruded open-celled polystyrene foam (e.g., INSTILL available

from Dow Chemical Company, Midland, MI).

The diameter of the apertures in the thermally insulative material is

another important factor for the sorption cooling device. Apertures that are

30 too small will not allow the vapor to exit the evaporator at a sufficient rate.
Apertures that are too big will increase the thermal communication between

the absorber and evaporator thereby decreasing the thermal efficiency of the
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contai ned, for exanple, in a vapor, 25 perne Ierloouchh The mechani sm by
whi ch the absorptiv ther @eaas 19 yesiric vapor flow through the vapor passageway

may be used, such as a bimetallic strip that is responsive to temperature
changes. It will be appreciated that other means for restricting vapor flow

20 through the vapor passageway can be utilized.

The absorber includes an absorptive material that is adapted to absorb
and retain vapor from the refrigerant liquid. That is, the absorptive material
must be capable of absorbing and/or adsorbing the vapor that is formed from
the liquid. The absorptive material can be contained, for example, in a vapor

25 permeable pouch. The mechanism by which the absorptive material functions
can be a combination of adsorption and absorption and as used herein, the
terms absorb, absorptive, absorption and the like refer to the retention of
liquid, regardless of the actual mechanism by which the liquid is retained. The
absorptive material is preferably of such a nature and quantity as to absorb all

30 of the vaporized liquid.

When the refrigerant liquid includes water, the absorptive material can

include a desiccant. To enhance absorption rates, the desiccant can be
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I nvention i.s a surf ce.nodjfje or Qus mat er The porous material can be
a nmateri aI1g QE'E?Wﬁig batgﬁéfwﬁlvgrpegqqntbgml et erably, the porous
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silica gel, glycerlne, magnesium perchlorate, calcium suifate, calcium oxide,
activated carbon, calcium chloride, alumina gel, calcium hydride, phosphoric
anhydride, phosphoric acid, potassium hydroxide, sodium sulfate and.

20 bentonite clay.

A particularly preferred desiccant in accordance with the present

invention is a surface modified porous material. The porous material can be a
material such as activated carbon or silica. Preferably, the porous material

has a pore volume of at least about 0.8 cc)g and average pore size of from

25 about 1 nm to about 100 nm. The surface modification can include
impregnating the porous material with one or more absorbents such as a
metal salt selected from the group consisting of calcium chloride, lithium
chloride, lithium bromide, magnesium chloride, calcium nitrate, potassium
fluoride and the like. Preferably, the metal salt is an environmentally benign

30 salt, such as calcium chloride (CaCly). The porous support material is
preferably loaded with from about 20 to about 80 weight percent of the metal

salt and more preferably from about 40 to about 60 weight percent of the
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It can be seen that this desiccant has substantially higher water
absorption ability as compared to the silica gel. The use of desiccant
compositions having such high absorption capabilities enables the sorption

20 cooling device to provide high cooling densities, thereby reducing the cost of
shipping associated with the container as compared to gel packs and similarly

cooled containers.

The absorber can also include a monolith or a structure for the

provision of vapor pathways among the desiccant particles. 'For example,

25 larger inert particles having a size that is at least 5 times to 10 times the size
of the desiccant particles can be dispersed among the desiccant to provide

such vapor pathways. Grid-like structures can also be disposed in the
absorber to provide vapor pathways, such as metal screen, glass fiber mesh,
(e.g., MANNIGLAS, from Lydall, Inc., Manchester, CT) or a plastic grid. The

30 provision of vapor pathways in the absorber can increase the absorption rate

of the desiccant.
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Ilustrates a GLoRes $9Hhhoart coRlEe 2B UnT5 had bedl iéli B, between about
95 vol.% to 65 vol.% of the absorber (desiccant plus high thermal conductivity
material) should be occupied by the desiccant and between about 5 vol.% to

20 35 vol.% of the absorber volume should be occupied by the high thermal
conductivity material. One preferred volumetric ratio of desiccant to high

thermal conductivity material is from about 100:1 to about 10:1.

Figure 16 illustrates a cross-section of one embodiment of an absorber

that is useful in accordance with the present invention. The absorber 1600

25 contains a desiccant 1602 and a high thermal conductivity particulate material
1604, sealed in a vapor permeable bag 1606. Vapor entering the absorber

1600 through the vapor permeable bag 1606 will be absorbed by the
desiccant 1602 thereby generating heat. The generated heat will be passed

via thermal conduction to the particulate material 1604 which, in turn,

30 transfers the heat to the exterior of the absorber 1600 thereby increasing the

thermal efficiency of the absorber.
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It will also be appreciated that the absorber can be provided with heat
20 dissipating fins or similar structure on the top surface of the absorber to

enhance the dissipation of heat from the absorber.

According to one embodiment of the present invention, a multiple stage

sorption cooling device is provided to provide enhanced cooling capacity. A

muliiple stage sorption cooling device is particularly useful when used in a

25 container that must be maintained at very low temperatures, such as not
greater than 0°C.

When liquid water is evaporated, there is an equilibrium vapor pressure
of the water that is a function of the temperature of the water. For different
applications of a shipping container, different liquid temperatures are needed

30 to maintain the desired temperature within the container. For example, water

temperatures of less than 10°C are desired for the 2°C to 8°C container and
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in Fig. 19. A fslk’tbglf)a e\%g%@ﬁ‘“gt or fQO%\n)I S%praﬁégdtatréoq;y)s%gvi“g%r%goﬁelngﬁ%thr ough
a cool i ng d6rf @yeporatorvequis thapsediohapvitp@Rdpthey selmnd: Beappagior coolsathiei r st
absorber 1904 td%@f:cc?ﬁtn%:gad%taisd%@;ls&&g‘t%' Wﬁﬁ rtljﬂae f{rktr setvaﬁgl%%rpefm;ss?oﬁle
generates heat due to the

temperature difference between the first evaporator and the hottest desiccant

bed is effectively doubled.

A schematic illustration of a multiple stage sorption cooling device in

20 accordance with the present invention is illustrated in Fig. 19. A first
evaporator 1900 is utilized to provide cooling through a cooling surface. A
vapor passageway 1902 provides the vapor to a first absorber 1904 that
includes a desiccant. As the first absorber 1904 generates heat due to the
absorption of vapor, a second cooling device including a evaporator 1906 is

25 activated to cool the desiccant in the first absorber 1904. This enables the
first absorber 1904 to capture more vapor from the first evaporator 1900. A
second vapor passageway 1908 connects the second evaporator 1906 to a

second absorber 1910.

To illustrate the increased efficiency of a multiple-stage cooling device,
30 consider that 1 kg of water provides approximately 630 W-hr of cooling. If the

desiccant absorbs 1 kg of water per kg of desiccant and has a heat of
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absorption of vapor, a second cooling device including a evaporator 1906 is
25 activated to cool the desiccant in the first absorber 1904. This enabl es
the firswoabsowsher 1904 to capture nore vapor fromthe fiPCItUSeY#103 at or
1900. A second vapor passageway 1908 connects the second evaporator 1906
to a second absorber 1910. To illustrate the increased efficiency of a

mul tipl e-stage cooling device, 30 consider that 1 kg of water provides

approxi mat el y CQQ{580. i ] S \at er
e kg of desi aaseipuon dharia tonder e hBS ol i3, FESRRY viags ReBisl”
adsor pti on t hatooler {20 ddsigries foedd Vo bf vegingiveatd provide ciatigy éorB3aumurs,
sorption cooler at.is,designed for 1 l\J n ul Vi cool i ng
for 63 hours, %que\'/%\ 6&(gzargpgw8H%i %‘?ﬂoi?vﬁeié‘e%cﬁgwr 8?%%%} 1%0% g\@%gagte_ For
a two-stage cgobl};er wiiht frnelg memleﬁmdﬁacitycagamnryngmt twiuerthegem}peta;umee tEe
tenperature_5 difference betvwee e hot, and co]d sides, a.total o .2

of et or - anfl 2 SHtergicenpeeen (e e A At dLich P! drike RE YAt adui 0"
need to reject kgébideliccarit virad be ToyifiredadhdibhepbrRi MoutdTRédd toveleeassdiw t he
mass of liquid and desiccant can provide greatly jncreased cooling
capacity and wof ("egé yblfsy @ @Pcemgblm%mﬂl n§RASE INotle: Biaser &t ifwd and g. |

bel ow 0C) for exkrpg@taperbads lgﬁgatly_ll@crééé& cd&ianbEa@@ AW DeaisRflibrat t he
extension of the two-stage cooler “illustrated in |%. 19 to three or nore
@r

stages is straingipebingrery lowttampseriureserds Relaywd G ier expidrd perigsaef
gener at ed r @, ven amount of cooling decreases and the nass and vol une
of both refrigerant and adsorbent 15 increases. The present invention is

also directed to tNR WL BePAacRibdltha 1 Rhdditiont ¢f hBONARYEEE Ldier 2

shi ppi ng container to forma tenperature-controlled shipping contailner.
The foregoi ng distatest inohigi NPUetthegeeer owre stagesrisfsitaighiforwardi gWibthf eacht he
sorption cooli exlLce, .al Lol Fper . Pr esent
i nvention are r%ggglél{?rg?’etggt %,g?g,?%?g E}ﬁaepp%ﬁ%{v%%n{é&(?e?y}?‘p rlngp]szBﬁ FQQ{ at es
vari ous exanpl eecrfaseengrer dhaimeasso@nd ovéleaiesbi ppimgeftigataat rends adsaroentdi ng
to the present .j ntion. It wll be appreciated that, although the

present i njgnt i"b)cﬁgg oS

tescribed with reference to these exenplary
The present invention is also directed to the incorporation of a sorption
cooling device into a shipping container to form a temperature-controlled
shipping container. The foregoing description illusirates certain preferred
designs for the sorption cooling device, although the shipping containers of
20 the present invention are not limited thereto. The following description
illustrates various examples of temperature-controlled shipping containers
according to the present invention. It will be appreciated that, although the
present invention is described with reference to these exemplary
embodiments, the present invention is not limited to these particular

25 embodiments.

Generally, the cooled shipping containers according to the present
invention include a product cavity and a sorption cooling device, wherein the
evaporator of the sorption cooling device is adapted to cool the product cavity.
Preferably, the heat generated in the absorber is dissipated outside of the

30 product cavity to maximize the cooling time available.
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enbodi nents, the present invention is not limted to these particular 25
enbodi nents. Generally, the cool ed shipping containers according to the
present Wwowef993eh i ncl ude a product cavity and a sorpti orCrasb2/igjoslevi ce,
wherein the evaporator of the sorption cooling device is adapted to cool
the product cavity. Preferably, the heat generated in the absorber is
di ssi pated outside of the 30 product cavity to nmaxim ze the cooling tine

avai | able. 40 VO 020099345 RCT) USAELI Ao KR RS o SAGPS KAppERS! "0

devi ce i ncorporated n acc ance W
present invent ioontalrsemhlam:brcha‘neel wnth Elegpre’s@nt |nQ(Iehhmug§1|llubiratsd rintfégl 28. a
eci ated that %teher

substantially r tan ar.- shaped _box
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3885 ai Inler s and a‘.é)lpﬁadlatlﬁ@ théﬁhﬁhéle:mﬁambuk:enf@gmétroaislm albomu 0glized Guchiazer
illustrated i i nc sorpt.i on cool |n

subst ant | al Py @¥niicel oafParE i die it o s dom RSIRIIG Son YA, SBiPPITg

surface 2020 Qontdiere2odrinishatetD8 Fig. i20 irfeRides! aC%FEIMSh Cavolif) devida t he

product cavity 2030, The product 2032 is di %posed the cavity 2030

that is 10 def |§H’8§taﬁ§}altyh%9 9%?5’"b86t"‘f‘@nﬁe§ﬂ%fﬁ§? @snd1and &f ThR GoRlng 5‘1‘"&%@

insert 2034. |mnpeag &rlﬂfaeé\fa%@raﬁﬁpﬂdﬁmﬁn tHdial BéMhﬂInﬁ%tMﬁ'Wﬁw #f bradoe: t he
product cavity preferably have a thernal resistance of at |east about 1

K2/ W and nor e capite2888p| Jheprodust 203805t dispased/ withipdhe vaavity i203; that se
appreci at et h%ﬂﬁé’&*ﬁy thL 95, ybdéi%?r?'aﬁ&'s_ch‘e wali %6f HﬁXné!Rétw%%Q&FQé?é‘.r Yo fzor all

appl i cations of the 9] esent | nve_nt 1 on. desired, the insulati v_e
i nsert 2034 carpréfenptiaeadodiment, dke einsalated: omallsi wefinipg36e srotucts cavity

corrugated car Cbgé’fg%l)p%%e MeheARSOF ?Jtarf«%zgﬁ MALE D SRNE }frtn%/ Qﬂ?tm?r%

liquid is absor e dispose conmuni cation w
exterior of thqoreﬁetatﬂy]at IeasmmuhérKBﬁBN slﬂmlhevtehat whidze apreciatedi thai spunhed to

e oaL e N0 R e ARLEH DB g R U ERAE A o hRERNE
2036. |f tHhé& abswnien. 2022 is di sposed within the external container 2036,
venting neans such as slots or perforations can be provided in the external
cont ai ner 2036 to adfsdssirady thédnslilathiepatserdn2@84 lceatbe Bladekein, an texternal
preferred that container 2036, such as a corrugated cardboard box. The absorber 2022,
which generates heat as liquid is absorbed, can be disposed in thermal
communication with the exterior of the external container 2036 such that heat
20 s dissipated to the external environment. Alternatively, the absorber could be
located outside of the insulative insert 2034 and within the external container
2036. If the absorber 2022 is disposed within the external container 2036,
venting means such as slots or perforations can be provided in the external
container 2036 to assist in the dissipation of heat. Further, it is preferred that
25 the absorber 2022 is not in direct contact with the top of the external container
2036, as this would restrict heat dissipation from the absorber. The external
container can be provided with only two top flaps (as opposed to four flaps) on
the side adjacent to the absorber to decrease the thickness and enhance heat
dissipation. In any event, it is preferred that the heat generated at the
30 absorber 2022 is thermally isolated from the product cavity 2030 so that the

product cavity 2030 is able to maintain a sufficiently cool temperature for a
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The ext erwalo2/oewnt ai ner can be provided with only two topPCiraps2/{sa83 opposed

t hi ckness and enhance heat
the heat generated at the 30 absorber

Dot o Y R el e O, R P SO P o8 B B 2

| engtrovidéd withia.th€peotoet savity t@érlﬂmncpraubulaﬂomnﬁthé%ﬁled&ﬂr.aI so be
provided within the product cavity to enhance circulation of the cool ed

product cavity

suf fici ent

air.

activated cooli n

t her mochromic % Y%ggféélg{gi%%o\})

di ssi pati on.

erat

the side adjacent to the absorber to decrease the
In any event, it
2022 is thermally isol ated fromthe

Is preferred that

A mechani sm car alesbahismpcay iatbedbé @rovided & éndicatehte theeuser aat thee
| . Fr exanple, a.strip of .
R ap8fonat” Sior EXATRIS 9 BT evmior at o

wher eby t he 5i nknichedgesinaw mrspmsaadr@sm@rwmmr@rtm@rmﬁatbewﬁé@bgehe frikr t her,

arigid plate
pl ate) can be

ad b

ass
{heassie s Bt

pe[r%turﬁ &

car dboard
8%’?@9 a

nmet al

EufReh G eens | ag

of the cooling (egeVhaChbdiglkese pRistielUthiiBosiee dHiptdied SdH ﬁié'télgplﬁté')t@drﬂ% 10

The preferred material
appl i cation of HROSER;iqyEr e @Bﬁ?rgphé‘? prayesh ageidenigl PE'P%{%'”%O

for the

i nsul at ed

walls wil|

depend u

on the
feaueodingt he

product s bei ng gehicanesora Rl dhfifg 80bi RS shiitiy @FRaIhgr, assoct ated with the

product .
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mat eri al
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has a ther nal

t gl t han
avail abl e

conductivity of not greater than about 0.05 W/m-k, such as not greater than

about 0.04 W/m-k.

Table 2 summarizes the properties of four available

materials: corrugated cardboard; expanded polystyrene (EPS); polyurethane;

and vacuum insulated panels (VIPs).

Table 2 Examples of Insulative Materials

Thermal Relative
Material Conductivity | Recyclability | Formability Cost
(W/m-K)
Corrugated - ,
Cardboard 0.05 High Yes Low
EPS 0.035 Moderate Yes Low
Polyurethane 0.025 Difficult Yes Medium
VIPs <0.006 Varies No Very High

For example, the insulated container and/or insert 2034 can include

EPS as the sidewall material where the product 2032 is a relatively low-value

commodity that is sensitive to increased costs. EPS has the advantage that it

has a low-cost and is easily formed into a variety of shapes. However, to

ensure sufficient insulation, a relatively thick amount of EPS is typically used.

Further, there are environmental concerns with respect to the use of EPS.
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Pol yurethane 0.025 Difficult Yes Medium VIPs <0.006 Varies No Very H gh 20
For exanple, the insulated container and/or insert 2034 can include EPS as
t he si devabloze43es i al where the product 2032 is a rel ati velcy/usomasial ue
commodity that is sensitive to increased costs. EPS has the advantage that
it has a lowcost and is easily fornmed into a variety of shapes. However,
to ensure sufficient insulation, a relatively thick amunt of EPS is

typically used. 25 t.her, there re e n t pect
Lo the use of EPS. VIS s oBus Bt tus T GRRIKIBS Y dursarcy
t her mal conductni irner aedtidnsethe OfDEexanpbe EfPS.| Hoedvemn iiPs ha\mr asretamveiys
than, for exa

ver rel at vel h cost and
woul d typi cal | %@@de%ﬂltémc@]Lﬂ 6% U@Sﬁﬁﬁ'&llh{q %alg%.é’ﬁ ?ﬁ’?a?%‘cgﬁt i cal s
and nedi cal spgﬁgmut@mé Bndfddidappechhbes. | nsul ative nmaterials can be
used i ncl udi ng expanded polyethyl ene, expanded pol ypropyl ene, fiberboard

and non-corsugat ed |nC@ddﬂtHﬁﬁrod1erG&@|éuvblraatenalstdamtbe/asémtrfcruda@emdauso be
used wherein a gas_ | nperneabl e po%i;h IS an i nert
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gas filled i nsphabbye. rr@ta@,rﬂue!ﬁn@ﬂ@nvbomee&@w b@d alsjb lbé%-seﬂ’aﬁ'fﬁamémﬁa & 475
by Weder, U.S. Patent 250 467@% Weder and U. S. Patent 272,85
\id

Phar o, each of lmwﬁrfrwaaleeoqw‘eo% &y an iparegas E&Prpé'fjért@fﬂ’@" insulatign @Hf’l rety.
It will be appgcf %{ge‘?ﬂhé'ﬂ) dZL%PmExBﬁ'Ip'I&“éf QicH éﬁ’sp‘ﬁﬂedm{s%ldtﬁé%ﬁbﬁéis are

materi als can utili S cou e utilized in the

d. F
thin 15 af@asdescrided ibabg® Reteat \Oﬁr34ﬂ1 ‘E%ba{twelﬁiér,o\dp%slf’@’@nélf;epe@ 467 §y 21
[
Llustrates a @aRs=HA%0 s Por £27 0858 By Bl A GliMeh Atk ﬁeegﬁré&%a

insert in accordance w an e e present o sent

i nventi on. Theheriubutafdrensaiirpits enfiretynt ai ner i nsert 2100 includes vacuum
I nsul ation panels 2102 and 2104 on the opposite sides of the insert,

t her eby maxi mi zi ng kheillvbé uapprediated m@awmbinatmsmfo@morcmet yingulated The

bot t om i nsul at ?f{at&iﬁgcérﬁ Ls%brgé @tﬂ%@& Fof 8%1’131 g’ﬂfsgo élﬁétt}fﬁlfefbem H8gnihoP

I nsul ator 2108 o] rom ~exp nd ystyrene an I'ncludes a
sorption cobl i agpasedsfithe catddatea wittaRERSaatrthe appdsitee sidesmbig. #&luilestidteshan t-he
product cavi tycrzols%zsectlonal view of an irisulated shipping container insert in accordance
with an embodiment of the present of the present invention. The insulated
shipping container insert 2100 includes vacuum insulation panels 2102 and
2104 on the opposite sides of the insert, thereby maximizing the volume of
20 space in the product cavity 2112. The bottom insulator 2106 is fabricated
from expanded polystyrene. The top insulator 2108 is also fabricated from
expanded polystyrene and includes a sorption cooling device 2110 to

maintain a reduced temperature within the product cavity 2112.

According to one embodiment of the present invention, the sorption

25 cooling device is disposable. That is, the sorption cooling device can be
adapted to be used and then thrown away. Alternatively, the sorption cooling
device can be partially or wholly recyclable. In order to recycle the sorption
cooling device, the desiccant in the absorber must be regenerated or
replaced. Regeneration of the desiccant entails removing liquid from the

30 desiccant by either heating the desiccant, subjecting the desiccant to a
vacuum or both. Further, additional refrigerant liquid must be provided to the

sorption cooling device for subsequent use.
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Accordi ng to one enbodi ment of the present invention, the sorption 25
cooling device is disposable. That is, the sorption cooling device can be
adapt ed twolme/ogesesl and t hen thrown away. Alternatively, tRETAmOPIS100
cooling device can be partially or wholly recyclable. In order to recycle
the sorption cooling device, the desiccant in the absorber nust be
regenerated or replaced. Regeneration of the desiccant entails rennving

[quid Trom the 30§68l GeRaby PP kB ERId g ke PahEGRR e SBlcEslY 1O

t he desiccant to a vacuum or eran i qui d
must be provi déomnt the Hevices or ity mgenenahng\ghejdesncearitan-sstubslémrue(Wane,ethMB WO
02/ 099345 PCT/ USP2/ 18103 The dgesiccant ca be re ener at d eith by.

renovi ng the dEOTIESHPIT 608 Wﬁéﬁdﬁ?l?@ vané% ergltainH% %r \ﬁ@%ﬁedglﬁnt

in-situ. For exzmErgiedtdrel t@ﬂemecamr|9tremove@(dnldngagéeenm éanudeeinr agwr ned

to the manu acturer ere- mant | ed and t he desi ccant noved
and regener at eGOPIBI9 RYECES, é\'&ﬁﬂ"@t"’@g’oﬁh$ab% Fleern é%ﬁ?%’ﬂﬂ%‘f%@lrﬁmwﬁ@e
absorber can bejctesbfrds@ption dRAREabITRIs piee@evcm‘ld tthénh $er ritirnad dedi ;e. This
pi ece woul d then be returned and the desiccant renoved and regenerated as

descri bed abov&esiReEnEaRved andsregenatated As descrihedpplew i Redefraledi ccant

packs which Ca@e?i%cm%ﬁgﬁé’n bar{wgd%aﬁ%@wgs%oem ﬁédk@gmfﬂ&%&r?ﬁe ﬁéeﬁégeel ng to
yet a further enbodi ment, 0 absorber can be pack age such as 1n a

rigid contai nelandaql@pe@antwwtmg&veqe@t etrcording tq yeha ﬁ@b@dmmethﬁn t he

absor ber a pl t t S r eiht um
Al so, an |2§egﬁg§6@ggt%ﬁg%§n %aégggdcgugg %ér (r)]\r}l ﬂ@ tetﬁhtgygpa sor a\ef%\%hereby

t he heating uniregerwnated insiti bytapening a valye ire thet absaieercrigd pleaing thereglineu. 15

g 2211 UStERLEheY i ﬂﬂa?%h%ve?ﬂ&%oo q}mOfAIécbeaanFe%‘?é]théaﬂ?{g'ﬁhlt%B%Jld

wherein the cool'1ng capa devi’ce 1s~enh I zi ng
two absor ber s beSpevided osith §he éb@rb@mmerbbssttmeaheatmg ghit spi rhg antwa@driter 2200

whi ch |ncludes or 0 n vi ce including an evaporator 2202 and
absorbers 2204 eﬁgéheaﬁggg% H?'Bgfs 2204 and 2206 are connected to 20
t he evaporgtor 2202 r e T ris
pl aced vm't %’n a cavrﬁ// éc?amaﬁ’tergt%g an%@?ﬂzé&g Hﬁegg?q]fq@ﬁgs%ﬁgg% sog]r bers
2204 and 2206 a\rrmr@hanedomimgtdapaelxy efrthalcopling dexicenis enhanced by utilizing two
absorbers. Specifically, Fig. 22 illustrates a shipping container 2200 which
includes a sorption cooling device including an evaporator 2202 and
absorbers 2204 and 2206. The absorbers 2204 and 2206 are connected to

20 the evaporator 2202 by vapor passageways 2208 and 2210.

The evaporator is'placed within a cavity defined by an insulated insert

2212. The absorbers 2204 and 2206 are placed on the external portion of the

insulated insert 2212. The entire insert can optionally be placed in an external

container 2214 for shipment, such as a corrugated cardboard box. As is

25 discussed above, the external box can be provided with venting means to
assist in the dissipation of heat from the absorbers 2204 and 2206.

Fig. 23 illustrates yet another embodiment of a sorption cooling device
and shipping container according to the present invention. The sorption
cooling device 2300 is a flat design useful for cooling small packages having a

30 high aspect ratio. The liquid reservoir 2310 provides water through a liquid
conduit 2316 to an evaporator 2308. 'The water vapor then passes through

vapor passageway 2304 to the absorber 2302. The entire assembly can be
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I nsul ated insert 2212. The entire insert can optionally be placed in an
external container 2214 for shipnment, such as a corrugated cardboard box.
As i s 25 wbDcwssetl above, the external box can be provi de@cmitsa2/veEand i ng
means to assist in the dissipation of heat fromthe absorbers 2204 and
2206. Fig. 23 illustrates yet another enbodi nent of a sorption cooling
device and shipping container according to the present invention. The
sorption cooli [ '

packages havi ngsggIe oh g%ﬁggrggﬂedce?mga%eaﬂm angs%,s elrtge”égee(ra Oclﬁy%é%mpml des
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placed into a YRRy 2% ﬁ“%é‘?er@@ﬂfﬁ isplated (1o BPERrRET 2304, Uehtas: With e
evapor at or  230§iedoftiRgliaRIN (hot AQdtAlt€d). f rom absor ber 2302, such as with a
pi ece of insulation (not illustrated).” Fig. 24 illustrates a

t enper at ure-control |F§9 zahllma'f& é"fé?ﬁp?éraﬁﬁ‘re-%&%lka%uppir% éo’“htéhé? 2490 thet t he
container illustrat in Fig 0, wherein two sorption cooli ng devi ces
eR

2402 and 2404 ds sinpitar|tp tbeg CPBtai"}ﬂEr“éJéérétqdh'@ Figt 80, wheneimbyva s@raBien wooling

Mil tipl e cool i ng,QR¥i£A5H SAQ ARl iifieddt galsg |T1b'|re5§§rthé’%t'é?%ﬁ@hrfgh@apacng
tenperature wthin the product cavity or can used to I'ncrease the
time over whi ciMultplel¢oming seviges @ﬁb\hed@tthzsd to Hertherodrareassaifiet (pmperaiuisool i ng
devices can be v Vit SRy ARFWAINe boARCHERRSe tRE i EMRRT it | 1
the cavity or t ces can be activated sequent y 10 I'ncrease
cooling tine. IaogllngwanIuajsmvwledstoethpmfeq!mttqavﬂy viTbe avoliygdevines lsan be
enbodi nent ,@f t n Lot I N9,,CO n 500

I ncl udes a §ot t%ﬁ%’atgénﬁgﬁuhgﬁ&\ﬁ%r@t | one%gégt %ttgﬁg?’ Et& ig' t(?%v?%\ﬁt&' ??'J(’:Ithl%s
adapt ed to contdmvitea c20 byerazxﬂua:ttedweqmm:aﬂhm maxda’sge.thél’txmlmgmm ner includes a
top portion 2504 that conbines with the bottom portion 2502 and forns the
top wall of the confi.i@érillustrates a perspective view of yet another embodiment of the

present invention wherein the shipping container 2500 includes a bottom
container portion 2502 that defines a cavity and is adapted to contain a
20 product within the cavity. The container includes a top portion 2504 that
combines with the bottom portion 2502 and forms the top wall of the container
2500. The top portion can be freely removable from the bottom portion 2502
or can be hinged on the bottom portion 2502. A sorption cooling device 2506
is disposed in the top portion 2504 and is adapted to provide cooling to the
25 interior of the container. 2500 Preferably, the sorption cooling device 2506 is
disposed such that the absorber portion is substantially planar with the top
surface of the top portion 2504. The sorption cooling device 2506 can be
provided to the user separate from the container wherein the cooling device is

inserted into the container just prior to use.

30 A similar embodiment is illustrated in Fig. 26. In this embodiment, the
top portion 2604 includes a plurality of perforated cut-outs, e.g., cut-outs 2608

and 2610. The cut-outs are adapted to receive and support a sorption cooling
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2500. The top portion can be freely renovable fromthe bottom portion 2502
or can be hinged on the bottom portion 2502. A sorption cooling device 2506
i s di sposwo w943k top portion 2504 and i s adapted to prowcaaSopedinng to
the 25 interior of the container. 2500 Preferably, the sorption cooling
device 2506 is disposed such that the absorber portion is substantially
planar with the top surface of the top portion 2504. The sorption cooling
devi ce 2506 ca vi_de from.t i ne

wherein the cogile?'%’ g‘réw cg ‘9301‘1 89 nsg'f'ct%%démc%egﬁg ﬁéequoiﬁt g.?len{ebi P %ﬁ 6r}| {QF to
use. 30 A sim lcantagrenodm lﬂ'esmvaysany humbeabiacbohng fegice fe.gl, rfrdmnnstoefr)madl ment ,
the top portion 2604 includes ura f rforate out .e.g.,
cut -outs 2608 %Qnﬁf?%‘gﬁ%geﬁﬂ%(ﬁ%fm h sangf:'gx%?g iﬂogagtdgn}agg O{/i\h g'@ﬁbort a
sorption cool i Rgthodd WO @ALBYO3dsts PGssbénbtad 1&&1‘&3 cotleamere, havind alffecantl i ng
devi ces 2612 and 614 in the top portion f t. he, contai . I,n thi Y,
any nunber E)f &oaH QW@t‘Qi’@vlge%se( é’ag Simply ¢4 Cl”"'i‘tS Qe 088[]{‘ B@”’?@Pea&deﬁéeg%a
dependi ng on t g AlithbEl fadodiing e&litdtdasterdngly.f or the container, without the
added costs associated with containers having different 5 conf | gurations. A

user can sinply cal gy, Welllﬂét%twghlélﬂb&ﬁmﬁﬂoﬁmé prelset invémtonnwhibein af
cool i ng devi ces accordi B%l . Fig. 27 illustrates an epbodi nent of the

present invent iflghanghdexdple ¢polipg éi@V@ﬁdS dispesed i 8 sylingiigalialipeiagiconifingSosed

in a cylindri C%Vmp'm egntﬁ%hélsrwéwauhawhegcdan %OfbbﬂHQU§e§'aﬂ%o|rberThe
cool ing device 1 ncludes an absor ber fport| on that is di sposed to
&

face the edPer iportions ZT%t%riﬁéilweérfé Ae t%@ﬁiﬁ’@ﬁﬁféhﬁcﬁqnitwrzm an; .
| f f t h
a cooling sur %Q@Qsor%h@é bitiofl f?pogg d%?%d%ﬁﬁ%;‘%uﬁ&ce) |§%T5?b§% d BAjakbAteof the

container to cool"a pro uct ere e appreci ated
t hat the sor pt it cergel pnglon@f‘thﬁe@or&@ogmuqmlaaroctuntedlpp@e;eélriherenvent| on can
al so be disposed in other containers, such as in flat 15 mailing

envel opes. For exanpivl a§05mrfmnr©¢\a@ddh¢tﬁ©e gerpiior cealingtsievifles geserdingioan

envel ope that iy, g%%ehﬁﬂv L ichdvaid bsmﬁ;oeémrﬁomspéaﬁtémsrso sQast i Crhﬂ_éle

product can then to a consune e consuner c¢an purchase the
product and5t amalhﬂgeerp!edmnast Foo esainple; hsotpivpeoaling deviencarobé digposediisl ope.

20 Table 3 111 yxt L Alefhet (het 5 8h4MEd RE" ol PG Fhte I8MBEVE BroRRY | Ade

devi ce.
product can then be shipped to a consumer or the consumer can purchase

the product and take the product home in the temperature controlled

envelope.

20 Table 3 illustrates the cooling performance of a sorption cooling device.

in accordance with the present invention as compared to the prior art.

Table 3 Cooling Options

: Nominal Energy/Mass
Coolln_g Temperature gy EnergyNoIgme
Mechanism (°C) (W- hr/kg) (kKW-hr/m~)
Ice/Gel Packs* 0 92 92
Dry Ice* -78 208 175
Liquid Nitrogen® -196 55 44
Phase Change Variable |  30-70 30-60
Materials
Sorption Cooling -20 to +20 180 — 315 145 - 250
* - Prior Art
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I n accordance with the present invention as conpared to the prior art.
Table 3 Coolin Options Cooling Nom nal Energy/ Mass EnergyNolunme C
Mechani srwOenpea3as ure (Whr/kg) (kWar/ms ) lcel Gel PacketcTse21483 Dry
lce* -78 208 175 Liquid Nitrogen* -196 55 44 Phase Change Variable 30 -
70 30-60 Materials* Sorption Cooling -20 to +20 180 - 315 145 - 250 * -
Prior Art 46 WD 02/099345 PCT/ US02/ 18103 For optimal cooling performance

while nmaintaining r I redu fyo]oll
costs, 1 dest rabl o Foh P FRER e ool R e R K BRoR O
ener gy/ vol une) dne te kolgmeadorpasisiced eshiplwing icesis| lisisteshialdd that Thelemeryy

al t hough ice/ge cks have a relatively |o e densit

val ues are rel é{e.”%{ yalpngenﬁg@ﬂgllagfgpgf%le&qy&oqﬁrﬁégb%%g h?/%}] %ﬁégg%ﬂgt Hdés Y

i ce/ gel packs iri]§i|nuemﬁﬂeaed Tablec®,0dltHohgh $dei/ g ipagks bavaamelatively kewicest, the qui d
nitrogen and phase change terials al so have ve | ow ener ensities.
Al t hough drg_’ ig?é‘eF%st%l"S%Vdﬁ s %f‘%@t'v EWQM y'ﬁwed?{p¥e?,caela(%e m@fﬁ%ép‘gé'?@ ©
hazar dous and ig thiceRfel EERAL adjuiretiad ebdlahe Elippiagrcohtameght . 10 Absorption
cooling in accordance with the present invention provides a useful range

gf c_o?I i ngl, frolm_ - EQ(EIRe?A@Set?ﬁQd Rifdgdana ;ﬂj&h &mggymdtgﬁafstadso hig@ vener gy
ensity values listed for the sorption cooler are based upgon.a .desiccant
absor pti on capdeWVanersy arnsitissgilthousl dpt 'CF(S‘aE(ﬁ?)h'ﬂB?rgT’ﬂer%BE'éﬂy' dydce B ¢ ot al

mass or vol une basedr@hdRedsusarRf ishbeah bechane it desdickaght. The 15
actual value will depend on the desiccant capacity and the packagi ng

configuratimn. Pref eiablitiontdd8liffmSactorizgike GIASthE YpréserdinveRasn prifids al 00
Whr/ kg, nore preferably at |east about 180 Wir/kg. Further, the vol une

energy density Ysefyrangset caalipa: rep -RYWr 182% ¢ 3tk asym biobresrey fensiv- | east
The energy density values listed for the sorption cooler are based upon a
desiccant absorption capacity of 50 weight percent to 200 weight percent and
a total mass or volume based on the sum of the liquid and the desiccant. The
15 actual value will depend on the desiccant capacity and the packaging
configuration. Preferably, the mass energy density ié at least about 100
W-ehr/kg, more preferably at least about 180 Wehr/kg. Further, the volume
energy density is at least about 80 KWshr/m® and more preferably is at least
about 150 kWehr/m®. In some instances, it may be desirable to cool the
20 cooling device, e.g., in a refrigerator before utilization to provide increased

cooling capacity.

The temperature controlled shipping containers in accordance with the
present invention can be utilized to transport a number of products while
maintaining the temperature of the products below or within a specified

25 temperature range. Products that can advantageously be transported in
accordance with the present invention include, but are not limited to heat-
sensitive products such as: pharmaceuticals such as protein-based
pharmaceuticals, vaccines and insulin; food and beverage products such as
confectionary products; floral products; biological samples such as blood,

30 tissue, organs, eggs and semen; semiconductor chemicals; paints;

electronics; photographic film; adhesives; and cosmetics.
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about 150 kWhr/nB. In sone instances, it may be desirable to cool the 20
cooling device, e.g., in arefrigerator before utilization to provide

i ncr easedwoOmob93my capacity. The tenperature control |l ed skCpaisayigsiont ai ners
in accordance with the present invention can be utilized to transport a
nunber of products while nmaintaining the tenperature of the products bel ow
or within a specified 25 tenperature range. Products that can

advant ageously be t S a it esen n n

el ude. bt are-not T AT B resifERAE BB Loblidit 3 ind CHRSEhe

phar maceut i cal snventibn &an pnajbtaima bedueed teimpersigrewithiatie product oamiy &ordan

insulin; food and bevera duct such a onf.ecti ucts floral
products; bi ol (%Fe@gpds ?{&d 5{2 03@1 r]t gl? BPO%E\%\? ye&%% ba?nd
senen; seni conduaih@ineshating oah;seratwe rmf sipt g&iamrtthamuabeut YO faraat dgxst @abdbul m

adhesi ves; and, ,cosnetics 02/ 99345 P S02/ 18103 The

t enper at ur egcor%r'?)chrﬁ’dngfﬁ B'ﬁf%\é)bl&ﬁji @%gugé Hﬁ@rsp?'éég}‘ﬁn m%ﬁqug'ﬁbyan

mai ntai n a redugadagteapalt a2 mneurd. t IBHpIIRNG dohedtes @RV bk Yfabacated toemeended
period of tine. In one enbodi nent mai nt ai ned at

he roduct cavi can_ be
a tenperature irtualy agy €909 ?"Hﬁﬁ”%kﬂflﬁ oG Qrtimg of \éé/lé‘i ?%%BBE'FSS’riQ”Q%ur s,
nore preferabl y ficekea§t about 48 hours and even nore preferably at |east
about 72 hours. Shipping containers can be fabricated to neet wvirtually
any cooling demand for a period of tirgpxafPues 0 100 hours or |longer, if
necessary. EXAMPLES 10 Shi ppi ng Cont ai ners Prototype

t enper at ur gpcorgHiPbirRPCSRiadrdg contai ners according to the invention were
fabricated. WiiTe the tenperature-controlled shipping containers of the

present invention apgotdfipeCefpetiRii@dcdnroléd sRpbingCédtiaiR¥rsSacterding W the
different size sorption cooling devices were tested. "Size A" had 15

di nensi ons of 7nveptign wefe 5fab(”f?t§dn’m Yhile3 then f@@%erﬁwe‘ﬁﬂﬁtm@ﬂzéhlﬁ’p'%d
di mensi ons of Jonkikers bf helsre éﬁtaavém“bﬁ k& RolBBnsicRredtd be FXRiCHY BY 528

cooling devices include layers of different materials stacked on”each
ot her. These | dyer difigrant gige geaspliom&@oling glayigest werg ttegled. “Size A" had

15 dimensions of 77 x 8” x 1.5” (178 mm x 203 mm x 38 mm) and “Size B” had

dimensions of 5” x 6” x 1.25” (127 mm x 152 mm x 32 mm).

The sorption cooling deVices include layers of different materials
stacked on each other. These layers will be described in order from the
exterior face of the cooling device (i.e., the absorber) to the interior face (i.e.,

20 the cooling surface of the evaporator)that faces the internal cavity of the

container.
A. Absorber

To form the absorber, a dessicant is contained by a porous bag sealed

by an ACCU-SEAL 50 (Accu-Seal Corporation, San Diego, CA). The porous

25 Dbag is constructed of a spun bonded polyethylene material (ReeMay, Old
Hickory, TN). The finished desiccant bag dimensions are about 7” x 8” (178

mm x 203 mm) for a Size A cooler and 5” x 6” (127 mm x 152 mm) for a Size

B cooler, as measured from the inside of one seal to the inside of the opposite

seal. The dessicant is uniformly distributed within the bag when the bag is

30 laying flat. Size A utilized 80 grams of dessicant while Size B utilized 25
grams of desiccant. The desiccant was a surface modified desiccant
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exterior face of the cooling device (i.e., the absorber) to the interior
face (i.e., 20 the cooling surface of the evaporator)that faces the

i nternal wawziy93es the container. A Absorber To formthecahsor/ban; a
dessicant is contained by a porous bag sealed by an ACCU SEAL 50

(Accu- Seal Corporation, San Diego, CA). The porous 25 bag is constructed
of a spun bonded pol yethyl ene material (ReeMay, A d H ckory, TN). The

2 S 2o A cool ofolnaEof MIEATLBRNEN o 2Bierded &n Hn dchidied TRIhSdboBH) 1"
measur ed from frhe flrisidssabtioneTe dabridate ttine deniscald, mfhlmmecl’dxpmiessalia’waseal
The dessi cant |forn1 i stribut dvmthlnthe en t hag-s 30

| aying flat. diSS*OXeHH" e ¥eg rgoér&da?@v t'edd:gg%ci C4AT Q&ﬂ?%o @Fzsre&ﬁﬁ%ﬁt |T:h| Fzed 25
grans of desi cealition TWas dexsed; C atingas aompoénm:eiemxdiam ef adivatedapotrboA8 WO

02/ 099345 PCT/ US02/ 18 03 Si. g hi um chl oride (LiCl) dispersed
on an activ edf“e%gﬁa B‘bg(pi”t /thﬁgmlc"i s ratio. To fabricate the

desi t, lithi id t d dried

act i vat ed car bon wa. astatly oruBRe JeERel dRperBarSeinavas ar i e

| eavi it t of act d . t th 50
AR icci e g A e R S

The vapor passwpa\@ye 2) eitshea $O12B14 @im)asiok bl@s@e@eWS'EILLWQh udmﬂetdm;m cell
separate | ayers: i

t hi ck e of | NSTI
open-cell pol mv?wéme l'?‘h"lt%ﬁ‘q Vaﬁ@@?lfé‘g%‘eﬁ?‘f’o%%\ﬁ? @tﬁ%’é‘ﬁyw”)
Mdland, Mqp 1Qaﬁa\mé%@|b@ﬂvéé¢iwmayé%fmm@isngﬁbmvéﬂ f.bargm woven

fi berglass available fromLydall, Inc. Manchester For a Size

cool er, the fi ray@"ammmﬁ%l | lageMagpipsiore QT&BT'I:Q’LaI%E?%rA &P@'eﬁdf‘etftﬁs’[a si ze

of 7" x 8" (17 (o] Y I i ut to
a size of 5" X%ANN](%%@%%% @ﬂ%bhgsﬁ% gleil éﬁét{tgﬁdér\/ﬁﬂ?eﬂ%% ?l??/ 8"

(3.2 mm) drill romnix 208 men)argl the S?COOQEWeﬁﬁf MANNGEANS Sisecwlt teasizeed 5o t he
squar e inoh (atpRl2 AT aoammt e NSPILE, SRR Nifi o PEOH2 RRARIPR. 1)
t hree i nsullét i mySpkd¥ed2amamcyt!S2ommy area eeoferad ik thg' middlg ot IMSEILIIm).
The INSTILL pi Gfé:ﬁar,i \ﬁitﬁl%i Acllg%e}qusi{wo@at}t{u%"? holes per square inch (about 1 hole per

square centimeter). For a Size B cooler, all three insulating pieces are cut to

a size of 5” x 6” (127 mm x 152 mm). The INSTILL piece is drilled with a 1/8”

(3.2 mm) drill bit over the entire 5 x 6” area so that it has a hole density of

20 about 7 holes per square inch (about 1 hole per square centimeter).
C. Evaporator |

A composite material consisting of an expanded tetrafluoroethylene

(ETFE) fluorocarbon polymer (TEFLON, E.Il. duPont deNemours and
Company, Wilmington DE) laminated onto a spun bonded polyethylene

25 material was obtained from Tetratex, Feasterville, PA. The composite
material had an average pore size of 1 um and was in the form of a bag. For a

Size A cooling device, the width of the bag is 8" (203 mm) and the length is at

least 16” (406 mm). For a Size B cooling device, the width of the bag is 5”

(127 mm) and the length is 6” (152 mm). The bag is sealed using an ACCU-

30 SEAL 50 with the interior of the bag containing the wicking material. The
wicking material is a KIMWIPE EX-L (Kimberly-Clark Corporation, Roswell,
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(3.2 mm drill bit over the entire 5" x 6" area so that it has a hole
density of 20 about 7 holes per square inch (about 1 hole per square
centi nmet ewp.o2@93Evapor at or A conposite material consistingcafusamsspanded
tetrafl uoroethyl ene (ETFE) fluorocarbon polynmer (TEFLON, E.l1. duPont
deNermours and Conpany, WInmngton DE) | am nated onto a spun bonded

pol yet hyl ene 25 material was obtained from Tetratex, Feasterville, PA The

conposite rmaterjal ' f [ h f
2 bag. For o GMpepRSRsEY HARATEH Rink 0B ol Mofh W3 el S 50T T ©
and the | engt h dirseragiond efhfite g#er (t¥0Ge Y XFSr(1d8 Snmex BO3 onin) My alSidecd, t he

e b S R A S 1,
terial. T Nel’q [ | Kl PE EX-L I mberly-d ark

BT T AR e, Sl O (e B,

et 11O 9B BUAERL E Rl o (OO 8R

(127 mm x 152 m9erfair tapeBita thdceldui ofethe Wickildg avatdtizs.e Fooa ISiZ8yAtdenics, fher a
Size B device, the water.reservoir system ch udeq a_snmal | .vvatfer reservoir
taped to the Cg\fﬂt%rrreg?rvpﬁgy%ee'klpﬁlgdﬂ%@ma&hs_aﬁ%’rw eE[EPEVRIN]R & TITEt PQU

wat er reservoi lan@¥slaRiB Watt vsirevar if Blbiges k8EdrRl poRihe ITHe8 avilv bé Hebdribadf | r st
pouch and a | ar ter reservoir in a |arger second pouch. These will be

e
descri bed sepa?Pg?'@lt Y- 10 1. Large Water Reservoir and Pouch a. Water

Reservoir The water reservoir b was, fabyjicated froma plastic nateri al
cut and séfied in ﬂhé—%ﬂ%ﬁ%ﬂtﬁf %gs‘?"é@ira’rfd%°ﬂ‘é@i ng a size of 4" x 3" (102
mmx 76 mm). The plastic i sﬁ&agﬁ_lc%est er- pol yet hyl ene nmateri al avail abl e

fromRol | print 15 Packagfng &Ser'Yli son, IL. The plastic bag is
sealed on all four ﬁ_'%]des W th |] '
Wi

graduat ed syringe R vﬁerl@ssggb'galgﬁ\%%%fag%pgeaglgﬁn Iagcﬁ?ﬁﬁarkg%gg@% .a%ﬂ
corner of the RkadledsSnMEshapecst aektinglehavassh eizetdirongh (PoEmst g6aHm).he.

plastic and thel'h%a%la{s%cfilsl lae?)ol‘;/meétgr-;t)glget\lf\\elteﬁé Inra?erﬁatl haevailable from Rollprint

15 Packaging Products, Addison, IL. The plastic bag is sealed on all four sides

with little or no air in the sealed bag. A graduated syringe with an 18 gauge

needle is used to fill the bag. A corner of the bag is punctured with the needle

through one side of the plastic and the bag is filled with the water from the

syringe. The Size A bag is filled with 40 milliliters of water. The plunger of the

20 emptied syringe, with the needle still in the bag, is slowly pulled to extract any

trapped air in the bag. With the needle still in the bag, the puncture in the bag

is placed on the ACCU-SEAL 50 so that the machine seals the bag closed.

The needle is not removed from the bag until the machine is in the process of

sealing the bag so that no water leaks out of the puncture. Once the full bag

25 s sealed, it is very flexibleand the bag must be resealed repeatedly to form a

progressively smaller bag until the full bag cannot be sealed to a smaller size.

Any excess edges formed from the sealing are trimmed with a 2" (6.4 mm)

edge remaining and these edges are taped flat to the tightened bag. A 1" x

%" (25.4 mm x 19.1 mm) puncturing device (described below) is taped to one

30 face of the full reservoir ensuring that the tape does not cover the point of the

puncturing device. This device is described more fully below.
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syringe. The Size A bag is filled with 40 mlliliters of water. The plunger
of the 20 enptied syringe, with the needle still in the bag, is slowy

pul | ed t owexkigsts any trapped air in the bag. Wth the neealwsozisibd in the
bag, the puncture in the bag is placed on the ACCU- SEAL 50 so that the
machi ne seals the bag closed. The needle is not renoved fromthe bag until
the machine is in the process of sealing the bag so that no water |eaks

out of the puncture . 25 is sealed, it is very flexibleand
t he bag nust be resgé%ga?yég'acf'%mpﬁ%rf orma progressively smaller bag

until the full bag - L : ges
formed fromthe seaﬁﬁﬁgg??g\%té:‘rﬁ%n’rgéﬁowﬁfa% %ﬂ%ﬁéﬁ \(\/Eﬁlﬁ%%ﬁ%lggéﬁgiﬁ%foﬁ ng
and t hese edgehasing 4 apedxfll atb fitter athene enght €he diltdragas sutlfform a l1argér pfet®e. 4 mm
X 19.1 mm) puncturi devij. ce escribed | ow).. 1S tap n f-ace of
Che ful It eoer pbit Ohelt PG mier el ihREeh Sassidioh, hEoule Brl ihe B8 he
pu ?ct uring GeyitmguTé“ri golma\t;lhaisadim?emr ?]fbﬁd(‘rr']mr mrri)udactrmr‘,]é)me)\kyasé@nﬂ\ﬂwo

02/ 099345 PCT/ US02/ 18 Lar ge_Po with Filt T r er
reservoir was EGHP %néggvﬂ"ﬁ‘pﬁsﬁ%é' Ieraﬂeg@?e{r"Yaénﬁqﬁ'%er Wﬁé@@kﬁchgﬂ%l- 10m x 1
cmfilter at orpedidb oflthg nhitbivgloinias tafriahg@ar okt JRe IBIRORatePfesardirl pm
filter material (M cron, Separations Inc., Wstboro, MA). The 5 triangul ar

, )
pouch has di meNéSoRlgced iryine pauehngardae fiaset nko Geaade sRaANMSID 1© EgmWager (152

) sides. The glgnh 48E pimstupEREsbrvbit o aRe Al PfdstieOcdrBtWas @88d Shaleisof t he
narrow poi nt of the triangular pouch. The |l arge water reservoir was placed

in the poudf nérpraXieatehsé’. (208 fgﬁéé@ engixnri el degle tharghpnpglsetne gargywashe
co o . . _ .
puncture rese?\bg%geg 3&#@ énlll bethe Br@laSbb&d GRESH B FiltsS eﬁné bléd ¢

approxi mat el y _ enqg_th_. To create the channels, the cord was
doubl ed and ondeashesdhe réesereair and is iplcaoiaet witlddie peiat ¢fi the Guncturieg devibe-ed

cord reaches tﬁ?‘r‘?allﬂ/?ﬁf‘e[] réjféf%, P@”%eim?gird&n?pﬁ’é}%&ﬁ&y ggélin%tr\rNng’le{hij%CQtSERE 50

puncturing devi ce. ge ‘pouch”was c y sealing with
t he ACCU- SEAL &E@rossdhedsse.he base. 15 2. Starter Water Reservoir and Pouch
a. Starter Water Reservoir The starter bag was constructed of the sane

pl astic matléri al an@. iStader WatemRéservoirsanddPouch t he | arge reservoir

descri bed above. However, the initial
a. Starter Water Reservoir

The starter bag was constructed of the same plastic material and in an
identical manner as the large reservoir described above. However, the initial
dimensions of the plastic bag are 172" x 2" (38 mm x 51 mm). This starter bag

20 contains 5 milliliters of a solution containing 10 wt.% NaCl and 90 wt.% water.
As described earlier, the bag was sealed so that it is tight. A puncturing

device was attached to one face of the reservoir with tape.
b. Starter Water Reservoir Pouch

The starter water reservoir pouch was constructed of the same plastic

25 material as the reservoirs and pouches described above. However, the shape
of the starter pouch is roughly T-shaped. The upper bar of the T-shape is
approximately 2” (51 mm) in width and 4” (102 mm) in length while the leg of

the T-shape is approximately 1/2” (13 mm) in width and 8” (203 mm) in length.

The starter pouch has a 1 mm hole punctured through one side of the plastic

30 about 4" (6.4 mm) from the bottom of the T-shape. A 14” (356 mm) long cord
was doubled and one end placed so that it surrounds the hole at the bottom of
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di mensions of the plastic bag are 1'/2" x 2" (38 mmx 51 mm). This starter
bag 20 contains 5 mlliliters of a solution containing 10 w.% NaCd and 90
wt . % wat ewo 028893descri bed earlier, the bag was seal ed so trlaatusoz/18183ti ght.
A puncturing device was attached to one face of the reservoir with tape.
b. Starter Water Reservoir Pouch The starter water reservoir pouch was
constructed of the sane plastic 25 material as the reservoirs and pouches

descri bed abov ve t he a th LS ou

T-shaped. The. MispROE, Thp PHaBY R seioneS ud sPIler e RAYGR b8 1L ek

w dth and 4" ( WA therpoinbof hegiunciuning eetibe. | eg of the T-shape is
approximately 1/2" (13 nmm in wdth and 8" (203 mm in length. The starter
pouch has a 1 nm ho8e puPahctueihgtDevicgh one side of the plastic 30 about
1/4" (6.4 mm) fromthe bottomof the T-shape. A 14" (356 mm long cord was
doubl ed and one endAmL&mmr@odevlmt|simamlfronuad)5034’ie(0186Irarratthitlhelumjnmwm of
51 WO 02/ 09§345 PCET/ S02/ 1810 the Qmuch The d gﬂ.}p%eache? he
starter res8rvSNFelant s SUf iR & SAdEP p@haqqr'%mglg %é

?gvggehm;& E_Unﬁﬁrﬂ{fdﬁ%@@tg@@vaﬁerﬂ'é@éﬁvurrlahg alfprmmatesy l‘mde%f’ r(mﬂ anrf 084"
. thic m num sheet I s_cut te

appr oxi mat el y pm)@yog/ the S(T?% ‘Matﬁfrﬁseﬂ?"l T'Fﬁrfo%to?lt agﬁirgg '%vﬁ?%lp 58 voi r
and appr oxi mat gfiyhtd/ Bentxtsc%/tﬂ at (vhén themaevide f& tap8d fothe Mesesvan, | theaddmit

reservoir. The point of e teardrop is sharp and is sllghtly bent so that
when the devi c®ressesipadne esep@in eservoir, the point presses into the
reservoir. 10 4. Attaching Water Reserv0|r System to Evaporator (Size A
onl'y) The dParter pBuch ABaghing: Water Resgrroif Rystem 1@ EYaroraiPe (Bi#scPur ed
init is centg on the wicking material. The starter pouch is attached
with a mninmumor tape. The filter end of the larger pouch is attached to

the 8" (203 15 mm ?hg%té?fertp%cms‘%‘{ta'&ﬁetﬂ@b%ét%e éﬁ@hﬁﬁh'd‘ﬁdl@bh&nétared(lﬂzt 7 mm
fromthe edge. Both the starter pouch and the larg pouch extend in the

sane directi on i®genterechensthgewiskige materipk \ﬁ”‘ék$tﬁ§errra@‘(‘§h if attaghed pithe Fes and
Ia;t ?ﬁgegovrrpglsﬂ ;'Hilﬁlmlﬂ'l‘n e ehd. MPidfitd- ot e RRGRAIUCR i98lachBato ek (dogs Tl at
15 mm) side of the wicking material approximately %2 (12.7 mm) from the edge.
Both the starter pouch and the larger pouch extend in the same direction over
the same edge of the wicking material. The pouches and attached wick are
placed inside the ETFE composite bag. The wick lies flat in the composite
ETFE bag and any wrinkles are removed. Once the pouches and the wicking

20 material are placed in the composite ETFE bag, the bag is sealed.
E. ASSEMBLY OF COOLING DEVICE
1. Size B Cooling Device

From bottom to top, the cooling device is fabricated by stacking the
MANNIGLASS on top of the desiccant bag, followed by the INSTILL layer and
25 the remaining layer of MANNIGLASS.

The composite ETFE bag is laid on top with the water reservoir facing
out. The stacked components are placed into a plastic bag made of the
polyester-polyethylene laminate material described above. This bag has a
sufficient size to contain the entire component stack. The bag is then

30 evacuated to a pressure of 1.73 torr (2.3 mbar).
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ETFE bag and any winkles are renoved. Once the pouches and the w cking 20
material are placed in the conposite ETFE bag, the bag is sealed. E
ASSEMBLY Wb 0@0@3UNG DEVICE 1. Size B Cool i ng Devi ce FrompPoatusornig103t op,
the cooling device is fabricated by stacking the MANNI GLASS on top of the
desi ccant bag, followed by the INSTILL |ayer and 25 the remaining | ayer of
MANNI GLASS. The conposite ETFE bag is laid on top with the water reservoir

facing out. The stacked ts are placed into a plastic bag made of
t he pol yester-pol ygt hyl §%§W%ﬁ39§%?§ri al described above. This bag has

30 ovacuated to s pf REIRLBOINE i LhimaIRREIE Rim gl g Ypalidusid "
PCT/ US02/ 18103 fird. Hexg a\ldyeolaf TJARNBNGLASSr isnitiobh dop tad thepdestdeantc bagi ng
Vo2 oo o8 O5THE B8Ry bl Sl AR B b
the remaini pg | ayer _of MANNI 5 The .conmmosi TEE. bag js laid.on top
of that it Rt he vl BP SPRSRUSE) BE AR S GULAR PLTPE WHR 1Bl RIS ETrE
bag i s arrangedacing taupwaddiyt Bad thesednaddsite BDFE isherrangdd oo topt 6f tral

i nside the corrpgsi%e ETF ){)a IS, din?iectl Qverﬁ}gne il;su?éegi tmgThe i
conposi te ETFE BHAU9R, 5P Eh%&ﬁ@nly'%r al dpgjde st ?I‘F@W%ﬂ?a&&cﬁl.baﬂo'#he
stacked conponeiirestipbeerith@afiidibh O The Rofffoske BETFEMRAELsHIUID &&end over one

pol yest er-pol yet hyl ene_ | am nate materi al descri bed above. This bag is of

sufficient sizend@fdmingigtiome stacked conponents. The bag is then
evacuated to a pressure of 1.73 torr (2.3 nbar). F. SH PPI NG CONTAI NERS 15
The contai A€rs wer e TO8nRckeck eRMPBINeRi® @B PHced N3 iasticbagraiase; af they aped

together to fongeatrpolydasyided RSt RiFterHN /csePdd bR Chhid PallCis st ed
is placed on the top of the container, thereby enclosing the shippin
cavity. 1. VI P sobisieit size to contain the stacked components. The bag is then evacuated

to a pressure of 1.73 torr (2.3 mbar).
F. SHIPPING CONTAINERS

15 The containers were constructed of pieces of an insulating material
taped together to form four sides and a bottom. The cooling device to be
tested is placed on the top of the container, thereby enclosing the shipping
cavity.

1. VIP Container

20 For illustrative purposes, a container was consfructed of 1" thick
vacuum insulation panels (VIPs), the dimensions of the five pieces were: two
pieces at 6" x 6" (152 mm x 152 mm), two pieces at 7" x 6" (178 mm x 152
mm), and one piece at 7" x 8" (178 mm x 203 mm). U.S. Patent No.
5,877,100 by Smith et al. provides details on how to assemble an individual

25 VIP and this patent is incorporated herein by reference in its entirety.

The four sides of the container consist of the two 6" x 6" and the two 7"
x 6" pieces with the 7" x 8" piece forming the bottom of the box. The pieces
are fitted together so that the four sides are perpendicular the bottom and the
sides do not hang .over the edges of the bottom. Tape is used to secure all

30 pieces to each other and to cover any joints between pieces. The inside
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20 For illustrative purposes, a container was constructed of 1" thick
vacuum i nsul ati on panels (VIPs), the dinensions of the five pieces were:
two pi ecwo 0aw9IBiIs x 6" (152 nmx 152 mm), two pieces at 7'PCA/IB02/(1FB mMm x
152 mm), and one piece at 7" x 8" (178 mmx 203 m. U.S. Patent No.
5,877,100 by Smith et al. provides details on how to assenbl e an individual
25 VIP and this patent is incorporated herein by reference in its entirety.

The four sides of. t onsi.st., of . t he, . X 6" t he 7"

X 6" pieces w £av yh% 99?9? Sgeg é‘“?’d?;r% Wédetﬁg E)Og{&t%ﬁt éﬁeeq ﬁ@p/drg fﬁéo

pi eces are fi o t52g0aier so that the four sides are perpendi cuI ar the
bottom and the sides do not hang .over the edges of the bottom Tape is
used to secure all 20 piErgTdmain@eh ot her and to cover any joints between
pi eces. The inside 53 WD 02/099345 PCT/US02/ 18103 cavity of the finished
container is 5" w debt xcoptaiherngonstictetbed ("1 2ickmERS 1E&Rpamdadk pb@@tyne)ne)z EPS

Cont ai ner contain . constr d of. 1" thick EP st ene 5
mat eri al WQE é’ﬁf"si ?Tssgngt?‘?ﬂe'lna? Sm{ﬁ‘ﬁ@?a@? ?ﬁg“é/i“g 88&1? Ee‘?"é BEpt ) t he
t;ll rrengl o?i7gf tjhﬁerifgm thé pne@és‘afé bgmmwtsw@ 5" % 68182 mn RM5R rﬂ:ﬁx tWEI) t wo
" x 6" mm X

(203 mm x 152 W%nwg%mg* 1?6’““?22@ 38 @%54%&‘8“ m@%%?‘i%g t he

container, all (588 mph 4982%m}) BRd W&gak%"tmmnsmsbaﬁm) hgefornasRpaamgdo 10
not cr unbl e. The EPS container is ubl e-wal |l ed on the sides and the

bottom The twihecontaingr, gl @Héttd%r@f %‘?a%@%@r@ daresk 3R thad the feapmedpes K8 box
and the i nqgr wak loniRABR! StrReOk Shé'or#té‘ﬁ;\eﬁ is Hoﬁblewleﬁh& ttH@ sldes afid fheeCes

fitted together. e outer wa box consist of the two 8" x 6" and

the two 9" X @'Ottpmec'é@a twe0" xr " fpiecasdaneotjeehedr todpan e tbﬁﬁomrﬁféhGWI S.
Tape is used t%nqi“zthé?rﬁt'é‘} 'éon?b%ccﬁsctté ‘t\ﬁ(‘?%egl bmsa{qﬁg dthg@go It72 xc@‘iﬁécgéw ego' nts

bet ween pi eces nS| cavit e fini | ong

X 6" deep (127 togatixerlThe on’teMNaJEszofrtm box oomsigfiofi theolwla §g 6't anel thettwe 9" x

reservoir(s) i Sw Gl u c nto

the top of t he%cgaﬁ‘?al n@?fi a?é}ﬂtt&@ﬁg@étﬁé 'qtunget%gﬁn%év\ylgtge i'S ;e)ﬁ%éce%go%t o the

open top ofl5t haecuretali mecesy\iotéadhl“cﬁheheamd:tramwe?myr;@nts between pieces. The
inside cavity of the finished box is 5” wide x 6” long x 6” deep (127 mm x 152

mm X 152 mm).

To begin cooling, the water reservoir(s) is punctured and the cooling

device is quickly placed onto the top of the containers. The Size A cooling

20 device is placed onto the open top of the container with the desiccant facing
outwardly. The Size B cooling device is pushed into the container cavity until

the desiccant is flush with the top of the sides of the container. For both
sizes, the cooling device is secured to the container so that all joints between

the cooling device and the container are covered with tape.

25 The performance of the cooling devices was tested by monitoring the
temperature as a function of time for the internal cavity of the container near
the evaporator, the external St.trface of the desiccant and the room. Prior to
every experiment, Omega Type K thermocouples (Omega Engineering,
Stamford, CT) were attached to the external surface of the desiccant and to

30 the inside of the container so that the temperature of the center of the internal

cavity within the container is measured. The third thermocouple recorded the
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outwardly. The Size B cooling device is pushed into the container cavity
until the desiccant is flush with the top of the sides of the container.
For bot h wei02#%934% he cool ing device is secured to the contairesn2/sx103 hat al |
joints between the cooling device and the container are covered with tape.
25 The performance of the cooling devices was tested by nonitoring the
tenperature as a function of tinme for the internal cavity of the container

near the evaporator,,the ernal, surfac the, des| and _the. room
Prior to ever?"{g" r}eﬁ%%etr,gfﬁ&e(agt%ﬁg@ l?rhg&rr‘r%ﬁlowgl ésegs%@r%%taqéﬁgi%%@gri ng,
Stanford, CT) vendudskdd. abaedneastieenernd eeratecomddoeerpBotdeeondsior Sird Band t o
30 the inside of the cantai n(«i t he ﬁen.t er of the

| r so %hat tehe tgﬁperature 0

internal cavi £9OHG APYiICEHBNE P RIPINMES IR Rire 4 C94fiR9: $7vIeeS REPIBISup! e
recorded \Mt1 _heh 5ﬁomm§éc§b‘ha§%fd?@mw_a@r%&@ﬂr(emégpmnﬁtmemmeeméntt he
roomin ich the experiment was. bei conduct ed. ta measurenments were
recorded every Copfiniedy gtl'p%rmtgrr?é%gxqg%p[ ﬁred%R'f?(’irées Sﬁﬁci‘-ﬂ?}?pgr ifut es
for Size A cooljehdaggokmefelyR@anni ng about 10 seconds before the water
reservoir(s) was punctured. Measurenent 5 continued until the internal box

temperature and t heggd8fipl€ #NCobRNE Device With BxténddtPCesiing Tahy equal .
Exanple 1 Cooling Device with Extended Cooling Tine Exanple 1 was a Size A

cool i ng device w t hE4QQpRr ffFasOh SIgs ACEihg RNEeAN‘h F00 Igrab & Yesiccudt er in
the slow feed water reservoir, This cooling device al so had two | ayers

_ 10 0 ha
of wicking mat énflad00 milfteiobwaliiedn hResIeWEPA gvaiel reser\Ris ekt eeoling a vip
contai ner agd GRGicE &I hd W6 I4yers' B Adkaey h{étéc‘_lriﬂ,- itngt%adldfmt?%h RO WSolirge

anbi ent tenperature, desiccant tenperature and internal base tenperature
as a function @evicemas tasteddnia Yirseoniainar and fhegrestlgs afenBusteaigrbingrigr 88.0f t he
cavity dropped,fi# r g not
ri se above 10CVJTJ%%?C]®? ggg%%éﬁom@%ggeﬁp%eﬂ%gg ltfge}g‘tg 0 éS?églrd t @thgl
Reservoir on PbateteraprraiuTesas Sifactoncfdimeng devi ces (Exanpl es 2A and 2B)
were assenbled so that they were identical to each other except that
Exanpl e 2A di d not Aave ilustraigddndrig.«28,|the)igraperetise whithe aandtymiapprdiron

utilized a 18t ah8lt ﬁ@’%efov%csut égetghd/‘ﬁlreetemperature did not rise above 10°C for at

least 48 hours.
Example 2 Effect of Starter Reservoir on Performance

Two Size A cooling devices (Examples 2A and 2B) were assembled so

that they were identical to each other except that Example 2A did not have a

20 starter liquid reservoir and Example 2B utilized a sfarter reservoir. Both were
tested in VIP containers. The results for Example 2A are illustrated in Fig. 29

and the results for Example 2B are illustrated in Fig. 30. It can be seen that

the internal cavity of Example 2B exhibited a rapid drop to less than 5°C,
whereas the internal cavity of Example 2A dropped to slightly less than 10°C,

25 demonstrating the effectiveness of utilizing a starter liquid reservoir.

Example 3 EPS Container vs. VIP Container

Two identical Size A cooling devices were assembled. One (Example

3A) was tested in an EPS container and the other (Example 3B) was tested in

55



tested in VIP containers. The results for Exanple 2A are illustrated in
Fig. 29 and the results for Exanple 2B are illustrated in Fig. 30. It can
be seen tweato2/0993e5i nternal cavity of Exanple 2B exhi bitedPaTrasp/ésids op to
| ess than 5C, whereas the internal cavity of Exanple 2A dropped to
slightly less than 10C, 25 denonstrating the effectiveness of utilizing a
starter liquid reservoir. Exanple 3 EPS Container vs. VIP Container Two

i dentical Size i evi I I3%d?
tested in an Elggvﬁcgén? Aatlgiﬁgg Zh%?%%\éﬁ(g@her Elgg 'S E)tr%v%gml %ﬁ%%@S WO
02/ 099345 PCT/ WseBisifed B8araplelIA arerilustated inThe. 329sul ts for Exanple 3B are

illustrated in Fig. 31 and the results for Exanple 3A are illustrated in
Fig. 32. As expecteds ekpedietd® thmt\/aanecvntgihel‘ géalded ree dedungdi intemnakicavifivi ty

tenperature over a | Qnger per.i i 0 e e 5

i nsul ation pr oSEW?r u fOY‘%ﬁ)reavfo%ggF é@é@% ilrrf% LQ td %9@33\%%[ aI

Cont ai ners Bwo inslgaicrcgropéitize oBtheodiPsng devi ces vvere assenbl ed, hovvever one
was tested in a VIP contai ner as descri bed above (Exanple 4A) with

di nensi ons of 5" x &xamnpeé 4 Efféctrof Riffdré@nt@ize Cditaimeys and t he ot her 10

cooling device was tested in smaller sized VIP container (Exanple 4B). The
smal l er VIP cont ai nfiwdaténtécatesize @1soolingl tevesp were assérdeled, Bowevargon(e25. 4

mm X 127 mm x 152 con t.ructed  using . VLP R 4" -
mythi ck. The rv&wt?r?eﬁom éx% Eoiaingl; &5 F'F?%ibggt aBovs QEJ‘%“&'% gg""ﬁhe
resu:jt S 1; or lYifneasibhe of B ax e;’ ixd B’ugtmatrmlm 5 Eingm >8352Tmm)czmt menmeh?vi ng
a reduce aspect rati o (Exanple 4B intain a reduc e e for a
| onger peri'® dioolipg ﬁ@v‘cmnﬁgéteﬁi 'm%r%ﬁéﬁ'ﬁe%%%smafa"ﬁ‘éggéwﬁ@ ‘{l@ouf
identical Size ghgiReMPGoARIHF Bad\HRHENAGHREoI"eidepXE” vﬁdemﬂ”%rﬁf(%mmm

cont ai ned 25 gr ams of 1/16" 13X Mol ecul ar Sieve (EM Sci

Dy
G bbst own, NJ) arid7ER¥RApPX &' 523 Mrah ABda WagyGRRsiracte )”?‘HQI@@’ecﬂ’aPﬂl 91:0@1)‘40& te
desi ccant as deg ﬁ{ Hgd above. The results for Exanple 5A are illustrated
in Fig. 35 and t g results for Exanple 5B are illustrated in Fig. 34.

The results for Example 4A are illustrated in Fig. 33 and the results for
15 Example 4B are illustrated in Fig. 34. The con’gainer having a reduced aspect
ratio (Example 4B) maintained a reduced temperature for a longer period of

time.
Example 5 Different Types of Desiccant

Two identical Size B cooling devices were assembled, but Example 5A

20 contained 25 grams of 1/16” 13X Molecular Sieve (EM Science Company,
Gibbstown, NJ) and Example 5B (same as Example 4B) included the
composite desiccant as described above. The results for Example 5A are
illustrated in Fig. 35 and the results for Example 5B are illustrated in Fig. 34.

The composite desiccant maintained a reduced temperature for a longer

25 period of time.

Example 6 Effect of Desiccant Type on Cooling Device

Performance

Two substantially identical temperature-controlled shipping containers
were assembled, but Example 6A contained a zeolite desiccant (Aldrich,

30 Molecular Sieve 13X) and Example 6B contained a composite desiccant as
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The conposite desiccant maintained a reduced tenperature for a |longer 25
period of time. Exanple 6 Effect of Desiccant Type on Cooling Device
Per f or marwe ozxww3gtibst anti al |y i dentical tenperature-contr@cragoyisippi ng
containers were assenbl ed, but Exanple 6A contained a zeolite desiccant
(Al drich, 30 Mdlecular Sieve 13X) and Exanple 6B contained a conposite
desiccant as 56 WO 02/ 099345 PCT/ US02/ 18103 descri bed above. The results

R e o L

E)Iesi ccant ]E)r ow3de(&xamptev$m)t \btle bothr desidcast mElesiats provided ragiengate moelimg|
ressure of Co Devices.5 In a further se | es, three :
substantial ly ﬁa"eﬁﬁve%ﬁ'te cﬁegmcaat pragl\q?(éggm&gﬁatt%éﬁeé%ﬁa , except that each
cool i ng devi ce was gvacu iff ter nanely 1.7
torr, 10 torn and 4 x?'&pe g)’?ryf'}ﬁ @gern EEF d"gé)\?ldéé%ém\%eﬁéﬁgssenbl ed d
substantlal y in ac ord e wth e | aced
i n subst ant %’al ly id eghF?)t ﬁ?"f&‘pion?@f‘?r{% Sgggt%hh&weg&ﬁnﬁgg X\@&%gp

il u;st r a';] edbi n deviges lﬁl&re( ésgemlﬁlea)excépgmaﬂéac(rﬂébdhog U)awaedvasl%vgcudlt@d tda
torr). The best over an extend |od f ti ned at
the | owest preéiéf{f"l"‘%rlgl InfEraALPTE S8 G NGIME B’ EQE t%&ﬂrﬁ%c& tar, 'RISI'\%
substanti al 'y icdeiig CtlvideeMRRIr@! bssenasied rgjtiseaimahy pipi RGcodahe Neitls thé5 wer e
assenbl ed, but the cooling device of Ex le 8A in %Io

pel lets of a déQPERAE: dessTIRHAN faNshWere P g%dcéﬂ b%wsmﬁa'&/@tf\?a SIII\THE%HQR BAX
1500) and EyanpbRtafers."The i aALMLSIEREY |rfTIa| e3 L), FEZU%%XB@Q W&%ﬁh' ets

of a desiccant forned from Li Cl on carbon st vaco 1500)
ground to a pafig-c4@ (40 Jerrpf TDEOb?ﬁhr?8J|§59verLﬁ‘ﬁ exieaded RAred ¢fr imegvere

illustrated in Jgifneddt th g,régghr&nd Fig. 42 (Exanple 8B). The best
results were obtained wth the desiccant having a |arger particle size.

Exanpl e 9 Increasi nF WB% ryingDéSietantrtidiecsiggbst antial Iy identi cal
tenperature-control [ ea shipping cont ainers were assenbl ed, but Exanple 9A

conpri sed an absor bg{yosiditshtMRRNIES temperature-controlled shipping containers
15  were assembled, but the cooling device of Example 8A included 5 x 10 mesh

pellets of a desiccant formed from LiCl on carbon (MeadWestvaco NUCHAR

BAX 1500) and Example 8B included a desiccant made from 10 x 25 mesh

pellets of a desiccant formed from LiCl on carbon (MeadWestvaco NUCHAR

WVA 1500) ground to a particle size of 150 ym to 850 ym. The results are

20 illustrated in FiQ. 41 (Example 8A) and Fig. 42 (Example 8B). The best results

were obtained with the desiccant having a larger particle size.
Example 9 Increasing Metal Salt in Desiccant

Two substantially identical temperature-controlled shipping containers

were assembled, but Example 9A comprised an absorber with a composite

25 desiccant including 60 vol.% LiCl and Example 9B comprised an absorber
with a composite desiccant including 50 vol.% LiCl. The containers were
tested and the results are illustrated in Fig. 43 (Example 9A) and Fig. 44
(Example 9B). It can be seen that the temperature-controlled shipping
container with the 60 vol.% LiCl desiccant (Example 9A) remained below

30 15°C for at least 50 hours, while the temperature-controlled shipping container
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25 desiccant including 60 vol.%Li Cl and Exanpl e 9B conpri sed an absorber
with a conposite desiccant including 50 vol.% LiCl. The containers were
test ed amwotohmossesults are illustrated in Fig. 43 (Exanpl ecA)Soamiori g. 44
(Exanmple 9B). It can be seen that the tenperature-controlled shipping
container with the 60 vol.% Li Cl desiccant (Exanple 9A) renmai ned bel ow 30
15C for at least 50 hours, while the tenperature-controlled shipping

container 57 Y0, 024099345 AT HPURLP Aol ERShoIE] B ATCuRPE ERAUT 42

hours. | ncreasinhg e afu I'Ncreased

shi ppi ng cont ainesasefxhedrgetify éfdte shippingfcoBleapdri t e t o Desi ccant Two
substantially identical tenperature-controlled shipping containers 5 were
assenbl ed, but Exanfkampdé16 dwiditicredf GnaptitotdoBesiecant 80% wei ght  desi ccant
and 20% wei ght Asbury G aphite (Asbury Carbons, Inc., Asbury, NJ) as a
thermal | y conduct i véwoesubsiamitialiyn dleBlicatyiempeGBuiressynirioliedt shippingbsmtdieerswi t h

the sanme desiccant, but raphite, e results are il ust i.n Fig.
45° ( Bxanpl o510 Asongles, BLPRR SR SO coRBHid aBEBehpel Mh AR diOND The
graphite in theesibsatband Rath welght@eburys@fapghiteo@isboy Cafbenshhe.,tAsbueyol i ng
devi ce w t hout t hermal | onductive material . a e Varyi.n

Thi ckness of Tﬁ@?rﬁ;ﬁ By eﬁé\?ﬁéﬁ"ﬁ' ugyeematgrial ﬁﬂdeB(Q%Let Ei?'?él g fisetl an

t enper at ur e- corbsebeedith e BaME detittantNBliSno\gadhitd.5 TAs sestiisedle illbsaade 11A
i ncl uded a vapor _pass kness (INSTILL) of 1"

hi . .. |
11B i ncl uded a'ﬂlﬁ'ﬁoﬁggg\’g '&tﬂéiagtaﬁﬁfl&é@s(a? T9A) B‘]gggoé}@énﬂd(?‘é'ggﬂ’?% eand

Exanpl e 1116 i fed Yeipmita iN@P@ébé&ééﬂﬂ&j’\@Mo%&i UBERR TR0l e then 1R cdolingd1
nm). The results are illustrated in FI? (Exanpl e 11A), Fig. 48

(Exanpl e 11 B) dgvige mitpoula thersahy, senductivg matedial.hest 20 results were
obtained with increased vapor passageway thickness. Wile various
enbodi nents of the present invention have been described in detail, is
apparent that nodifications and adaptations of those enbodinents wll

occur to those skil EXxample dfYagying Thigkness, ofi thermally lasylatisg Mategiahier st ood

that such nodifications and adaptations are within the spirit and 25 scope
of present inventi ofhreeg substantially temperature-controlled shipping containers were

15 assembled. Example 11A included a vapor passageway thickness (INSTILL)
of 1" (25.4 mm), Example 11B included a vapor passageway thickness
(INSTILL) of 1%%” (38.1 mm) and Example 11C included a vapor passageway
thickness (INSTILL) of 2" (51 mm). The results are illustrated in Fig. 47
(Example 11A), Fig. 48 (Example 11B) and Fig. 49 (Example 11C). The best

20 results were obtained with increased vapor passageway thickness.

While various embodiments of the present invention have been
described in detail, is apparent that modifications and adaptations of those
embodiments will occur to those skilled in the art. However, is to be expressly
understood that such modifications and adaptations are within the spirit and

25  scope of present invention.
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WO 02/ 099345 PCT/ USO02/ 18103 What Is Clained Is: 1. Aliquid supply
reservoir for use in a sorption cooling device, conprising: a) arigid
housi ng; Wolp/og93fs rst fl exi bl e pouch di sposed wi thin sai dpPcrgisd2/ms10si ng
and encl osing a high vapor pressure substance; c) a second fl exible pouch
di sposed within said rigid housing adjacent to said first flexible pouch
and enclosing a liquid; and 10 d) a liquid conduit for providing liquid
comuni cati on 5 i ai.d_second fl exi ble pouch and an evaporat or;
wherein said hi 'sure substance causes said first flexible

Phe. t1ow of |1 Gutd iy ontali Sl dCSabof malle oF 3 SHhkD] Sind BBlipy "

conduit. 2. A liqguid. supply reservoir as recited in daim1l, wherein said
hi gh vapor pr &QERIEYubst ance has a hi gher vapor pressure than the vapor
pressure of said liquid %t a ten:g rature of about 30C. 3. A liquid supply
reservoir as recited in & ai f? 19°095F8En t he vapor 20 pressure of said

hi gh vapor pressure subsppnce ifipgrfiRxihs plciididpeasd vabmiisaidbAd eyt W th
a tenperature change of fromabout 20C to about 55C. 4. A liquid supply
reservoir as rectied i n 2NAPRCIASINGALYEH YRROKIPECIFUESURBIFSE: pressur e

substance i s sel ected freyn t he SRR ﬂ@ﬁﬁies'fdd&ﬁhoﬁisﬁbw%_ﬁhin §éibarﬁ?§, and
fluorocarbons. 25 5. A liquid supply reservoir as recited in Claim1I,

wherein said high vapor hohsirg @diaceibia gaicefitst floxibie pPedch st eMEoND @
consi sting of ethanol, li‘ﬂicﬁ‘ad?ﬂ' , 1 sopropanol, n-butane, isobutane,

n- pent ane, n-hexane and uorocarbons. 6. A liquid supply reservoir as
recited in1@ aim 1, wherd) n si liguid ghond®it iapoprogidings Uiqeics utssmrawdeatian

substantially nonfl amabjg.aR U4 bl HasBieTolichENE shPddporator;
wherein said high vapor pressure substance causes said
first flexible pouch to exert pressure on saia second flexible
pouch thereby assisting the flow of liquid from said second

15 flexible pouch to said liquid conduit.

2. A liquid supply reservoir as recited in Claim 1, wherein said high
vapor pressure substance has a higher vapor pressure than the vapor
pressure of said liquid at a temperature of about 30°C.

3. A liquid supply reservoir as recited in Claim 1, wherein the vapor
20 pressure of said high vapor pressure substance increases by at least about

600 percent with a temperature change of from about 20°C to about 55°C.

4. A liquid supply reservoir as rectied in Claim 1, wherein said high
vapor pressure substance is selected from the group consisting of alcohols,

alkanes and fluorocarbons.

25 5. A liquid supply reservoir as recited in Claim 1, wherein said high
vapor pressure substance is selected from the group consisting of ethanol,
methanol, isopropanol, n-butane, isobutane, n-pentane, n-hexane and
fluorocarbons.

6. A liquid supply reservoir as recited in Claim 1, wherein said high

30 vapor pressure substance is substantially nonflammable.
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7. Aliquid supply reservoir as recited in Claim1, wherein said liquid
conprises water. 8. A liquid supply reservoir as recited in aim1l,
wher ei n swod2/0b93g0i d supply reservoir further conprises aPCTawoz/esdsiction
device. 5 9. Aliquid supply reservoir as recited in Claim1l1, wherein said
reservoir is disposed on an exterior surface of a sorption cooling device
such that a change in anbient tenperature results in a change in the vapor

ecorvor r s reci Lo i n G SOoMKaPRHROL e et mckabl VL K

second fl exi bl gquidwomprisegmaddrer than the pressure within said rigid
housing. 11. A liquid supply reservoir as recited in Caiml1, where the
pressure within sai 8. secaniduld expfiy eepenvoin dssrdaitedh iabOlatm 50 wibereint eaidbout

300 nbar. 15 12.. A Iigui d suF Il% reservoir_as re i.tted in.Caim1l, wherein
the pressure WAYiASHPR! irﬁs‘?rl"%'g" 8ﬁ§?'ﬁar'?ess%ﬁ?wé?%ﬂ?@n‘h¥5:ﬁ' about 700 nbar.
13. Aliquid supply.rese vloi r,as recited in C ai.tm lh erejn Ft]he. ressure
wi thin said®rigid hdusi né [auiih SHPRIY JEBEIVOY (R "S5 N1 98 o kr WNS'EIN R8I qui d
suppl y reser voirgsexsoif BCdisgsbeldrorChmierletior ¥dveicel of 4 berptidd cpolrgsdevizel suchai d

first flexible pouch is at |east about 100 nbar greater than the ressure
in saidrigid sPrigangs. InpagRiest | tsme ‘i"'ienﬁeséi'ggi'(:‘e? REEi 8 Fﬂ_&: Vgﬁoran

evaporat or for ppEavirdlbinehi@ ARhivagor PresdireaRbotahes. adapted to absorb vapor
fromsaid 25 evaporator; c) a vapor passageway di sposed between said

evaporator and sai dpabsarippid adpplyeksbRoft 4€abcRPAT dlaifMm1s avitbrénaper at or
to said absorber; and d%_a reservoir -adapted to supply a r;;ri erant. liquid
L3 @ﬁ?g

to said 300evarRisarewithinsaid seeqnd daxble Bayeh i gigates andhe & ithin
PCT/ US02/ 18103 g3jdridid hb@siflg.housi ng;

11. A liquid supply reservoir as recited in Claim 1, where the

pressure within said second flexible pouch is from about 50 mbar to about 300

mbar.

15 12. A liquid supply reservoir as recited in Claim 1, wherein the

pressure within said rigid housing is not greater than about 700 mbar.

13. A liquid supply reservoir as recited in Claim 1, wherein the

pressure within said rigid housing is not greater than about 100 mbar.

14. A liquid supply reservoir as recited in Claim 1, wherein the
20 pressure in said first flexible pouch is at least about 100 mbar greater than the

pressure in said rigid housing.
15. A sorption cooling device, comprising:

a) an evaporator for providing cooling;

b) an absorber adapted to absorb vapor from said
25 evaporator,

c) a vapor passageway disposed between said evaporator

and said absorber adapted to direct vapor from said evaporator

to said absorber; and

d) a reservoir adapted to supply a refrigerant liquid to said

30 evaporator, said reservoir comprising:

60



ii) a first flexible pouch disposed wthin said rigid housing and

encl osi ng a high vapor pressure substance; iii) a second flexible pouch

di sposed wintokioge3g®mi d ri gid 5 housi ng adj acent to said fir®CTfuSexidibe pouch
and enclosing a refrigerant liquid; and iv) a liquid conduit for providing
l'i quid communi cati on between said second flexible pouch and said
evaporator; wherein said high vapor pressure substance causes said 10
first flexible pouch to exert, pre . .sai d second fl exible pouch

t hereby assisting the fIOM/oﬂ)ref%ﬁ “fgﬁ?ﬂﬁgquid fromsaid second flexible
pouch to said |liquid conduit.ii)16. aAfisbrifexibde moichi digpekedi wihins saidcrigidd i n

Cl aim 15, wherein said high vapor pressure s I apor
pressure than the vapor 15 d}oélgg'gr do%ctbasﬁ}g é’g@b?)&g%ﬂt%g?&a%g&g[\c% '
tenperature of about 30C. 17.ii)A sarsddoad flegible poudedispesaaiswitieinidatrigid C ai m
15, wherein_the vapor pressyre of said hjgh. essur e sybst ance

i ncreases by about 600 percj?ﬂus\ﬁﬁtarﬁ%cepgh’gﬁ‘iﬁ%&ﬁe’ghgr@é’cﬁﬁnaFgﬁe’éﬁgut 20C
to gbogto ﬁSCh 18. A sorption gztyg{igeﬁgqtd@wd@enias regi ]'Eed in Caiml5, wherein
sai i gh vapor pressure substance is selected fromthe group .

consi sting of alcohols, alkdWes é’ﬁ!ﬂul'q ﬁ%‘?%‘&farf%BBF@’.‘d”i@m%gﬁg’ﬁ'ﬂ‘?@?ﬁt@ﬂoI i ng
device as recited in Cai m 15etWE6 S4if seabrtl fIéNil8 pyaBPand 54818 BVESoratpst ance
is selected fromthe group consisting of ethanol, nethanol, isopropanol,

n-but ane, isobutane, n-penta¥erpinFAIGRIGN VAPORREPSBUTFFURHAHIRCAUZBS Sald
sorption cqgling device fgy ?l@ﬁblbe;l%dd?\ faf f‘égf@rtlgres‘éﬂi%r Bh safdiscorti @Bxi¥BPOT

pressure substance is substantially nonflammable. 21. A sorption cooling
devi ce as recited i n O apeWchstheyghyr assistiogithe flour of trivigarant liquid frosbapidi ses

water. 30 22. A sorptiong ﬂhifI@Qib%eﬂéLfcﬂ ta?Fqu LieSbrait A ai m 15, wherein

said liquid conduit further conprises a flowrestriction device. 61 WO

02/ 099345 PCT/ US02/ 481035 Giorich S8Rl iceo8d Fahel 3P Ys! RRbichsky O ai m
’ high vapor pressure substance has a higher vapor pressure than the vapor

15  pressure of said refrigerant liquid at a temperature of about 30°C.

17. A sorption cooling device as recited in Claim 15, wherein the
vapor pressure of said high vapor pressure substance increases by about 600

percent with a temperature change of from about 20°C to about 55°C.

18. A sorption cooling device as recited in Claim 15, wherein said
20 high vapor pressure substance is selected from the group consisting of

alcohols, alkanes and fluorocarbons.

19. A sorption cooling device as recited in Claim 15, wherein said
high vapor pressure substance is selected from the group consisting of
ethanol, methanol, isopropanol, n-butane, isobutane, n-pentane, n-hexane

25 and fluorcarbons.

20. A sorption cooling device as recited in Claim 15, wherein said

high vapor pressure substance is substantially nonflammable.

21. A sorption cooling device as recited in Claim 15, wherein said

refrigerant liquid comprises water.

30 22. A sorption cooling device as recited in Claim 15, wherein said

liquid conduit further comprises a flow restriction device.
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reservoir is in thermal comunication with anbient tenperature such that a
change in anbient tenperature results in a change in vapor pressure of said
hi gh vapowopressus e substance. 5 24. A sorption cooling dedrasozssinecited
in Caim15, wherein the pressure within said second flexible pouch is
greater than the pressure wwthin said rigid housing. 25. A sorption
cooling device as recited in Claim1l5, where the pressure within said

second fl exi ble pou i Spf . Oz!%@r 0 A A
sorption cooling de\%?'ce éssro?‘serﬂcﬁg%ﬁhlnﬁ al rr?élge&l%ﬁgbe(ﬁ%ﬂ% ﬁé w&?@%&%@
wi t hin said rigeseriaiusés imgthegnalotorgmeaication With amiant EOpendlare s@ch that a

i thin said i r2pngt o FpRed SindeRukS s Th Sonalipe B oo IS Ko, .,

15 the pressur digmvamir gressgredsubsterioeg. 28. A tenperature-control |l ed

shi ppi ng container, incorporating a sorption cooling device as recited in
Claim15. 28. A sor p#éi onAcsoopliorg cdelingceevico aprresitatyin G)aimn1®waipereat tite
having a cooling surface: 20,b) an absorber adapte 0 apsorb vapor. .
Gener st ad i n saresoie BBingay Shelh GORAE RBheR SPeE Wt R g M o) &
vapor passagewagidliigippsasinget ween sai d evaporator and sai d absorber
adapted to direct vapor fromsaid evaporator to said absorber; 25 d) a
reservoir conprisingsa spbsdrptidn alobling idgvide el séditgd indafirad13,owhe@y eat

anbi ent pressure fromexerti ressur upon refrigerant |liquid contained
Wi thin said ri GrEeSERTRG:sald ceaenaienbif peddndam 2 Bl cuerde phelbtol; o

reservoir and sah4t. evaporator, wherein refrigerant liquid flows from said
reservoir to 30 said evaporator upon activation of said sorption cooling

device. 62 WD 02/099845 R(ErpiI?cdSHGSdeviéd aé re6itdd inoTI#iMol 5 nghsteid &R as
recited in Claim?29, wherein said rigid housing is in thernal comruni cation

with an ext er ndressye withinsaidstgig housing is not greater than about 700 mbar.

27. A sorption cooling device as recited in Claim 15, wherein the
pressure within said first flexible pouch is at least about 100 mbar greater than

15  the pressure in said rigid housing.

28. A temperature-controlled shipping container. incorporating a

sorption cooling device as recited in Claim 15.

29. A sorption cooling device, comprising:
a) an evaporator having a cooling surface;

20 - b) " an absorber adapted to absorb vapor generated in said
evaporator upon activation of said cooling device;

c) a vapor passageway disposed between said evaporator
and said absorber adapted to direct vapor from said evaporator
to said absorber;

25 , d) a reservoir comprising a substantially rigid housing
adapted to prevent ambient pressure from exerting pressure
upon refrigerant liquid contained within said rigid housing; and
e) a liquid conduit disposed between said reservoir and said
evaporator, wherein refrigerant liquid flows from said reservoir to

30 said evaporator upon activation of said sorption cooling device.
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cooling device and is thermally isolated fromsaid cooling surface. 31. A
sorption cooling device as recited in Caim?29, wherein said 5 evaporator
is at a pweIes4df not greater than about 20 nbar. 32. Aprsarysv2/esi10zool i ng
device as recited in Caim?29, wherein said evaporator is at a pressure of
not greater than about 10 nbar. 33. A sorption cooling device as recited in
Claim?29, wherein said rigid housing is at a pressure of not greater than

about 700 nbar. 10 . A SQLDE O 00l | devi ce reci i .al 9,

wherein said reser\glgi r /é‘os(r?r)ﬁﬁdsnegooﬁ}ﬁgnds& grgér/g(g Flaé i(%%fnlti ‘;2% ‘An@\?egr'r@r??]dcz)f

refrigerant |i gigiddhousibdiis irs dnetnral giochnumisatiog. with 25. ex{esat purface obshidng

device as recited.in,Cl.aim wher,ei.n  sai g resgrcvofmr conpri ses a flexible
f BN §

9, .
pouch di sposed C\R/P'fr?ﬁ qievé%ﬁ %ncﬁsgtpamp%lglé?%%te fom sg ¥ " said
fri t liquid. ,36. ti ; ' devi ited in Caim?29,
wheretn caid reser 331t AL iR Ak dB R b SSeur i i u
ri gi d housi Bg tevapsragdriis af a pressorvenotyreziterrthéin ageuted® mbagui d within said

rigid housing. 37. A sorption cooling device, conprising: 20 a) an
evaporat or for provdgdi ngAcsunptiongcodihgadevidesas besiteddapCiaiin 29, abemsit sarpor

fromsaid evaporator; .c), a first reservoir adapted to contain a first
refrigerant |i &dpagra{qi)ls ét§8fﬁ§ﬁHrer sf@?%‘%%fefég%g@a&ﬂ& ’Bgﬂ%ai n a second 25
refrigerant |iquid; _.e) ans for sypplying liquid fromsaid first reservoir
Lo sard evaporator 31 aRAATRION paRinG e pa bt ey kel SBEG! )i ng
l'iquid from sairdiciesmit ke arpressuré ef nGidjréatey &p@rsdoof 760 mbagecond | i qui d
flowrate, wherein the first 30 liquid flowrate is faster than said

second |iquod flow Bate. AGshryresdNg3dyideCdd isiea 1if 103im 28, whefdh Bhidon
cooling device as recited in Caim37, further conprisin

] aflow .
restriction deVPIESVeIl SPEREEES BI8REE Ok S SNEBgng mPYﬁJT'%Pta‘%defr@&f@té@HWor at or
for restrictingithiiesdib Pigidciousiigd second liquid to said evaporator.

35. A sorption cooling device as recited in Claim 29, wherein said
reservoir comprises a flexible pouch disposed within said rigid housing for

15  containing said refrigerant liquid.

36. A sorption cooling device as recited in Claim 29, wherein said
reservoir comprises a wicking material disposed within said rigid housing to

restrict the movement of refrigerant liquid within said rigid housing.
37. A sorption cooling device, comprising:

20 a) an evaporator for providing cooling;
b) an absorber adapted to absorb vapor from said
evaporator;
c) a first reservoir adapted to contain a first refrigerant liquid;
d) a second reservoir adapted to contain a second
25 refrigerant liquid;
e) means for supplying liquid from said first reservoir to said
evaporator at a first liquid flow rate; and
f) means for supplying liquid from said second reservoir to
said evaporator at a second liquid flow rate, wherein the first

30 liquid flow rate is faster than said second liquid flow rate.
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39. A sorption cooling device as recited in Caim37, wherein said 5 first
reservoir has a smaller volune capacity than said second reservoir. 40. A
sor pti on woakiopgg4slevi ce as recited in Caim 37, wherein saCd/Usdzw10e
further conprises actuation neans for releasing liquid fromat |east one
of said first and second reservoirs. 41. A sorption cooling device as
recited in Caim37, wherein said 10 device further conprises actuation

means for rel easing sbi qupd ghiy gphb8&§}ln§a'dgv10£ é§tre%l? isiﬁi glazﬁn%gg further

reservoirs. 42. A sorption ¢ as reci erein
said first |i comprisig aflowrrpsiscuomdne\tnmduspeseﬂi tbétweentsatdhﬁacosdiliquigamind

Laurd. 43 A SUPLLAR B8P DEASHER: B oF Shl bl F AT 3 cplissglan. 521 ¢

15 first liquid Cohprises a feezl SUppresst on agel

sorption cooling deygce @sg c{rﬁﬁzdnt &g l'n?; é%\%e”égkcn\gaeﬁeél%ht S yh%}/ea}rﬁ)%ra%l or

conprises a wicking Fat er'i a1 - and wherel  sard

i npr egnat ed 5w tfinstae$ereeir hagarmnaﬂtar smlpmeempaaty thgeshid s%:ond\reservow
tenperature-control | ed shipping container incorporating a 20 sorption
cooling device as rd0ited sarpidracoolBg. deice as mmlﬂeddnf(damm@ér atherajn said

t I d h t d
Soubrbor oo LutBhiFen s MReRas AT ARG A8 seBedih Tolf o8 R "
steps of provi dinedpfaald first anubsddond rederboicgi d to said evaporator at a first

liquid supply rate and providing a second portion of 25 liquid to said

evaporator at ‘a secand | Aqwrdtlcsup@d;m\gr@é\met aatredited| inv@laint BN whetrgin shid st
liquid sup hod a recite rein said first

47 A nme
port1 on_of 101 i (aipe, e paTEpTaRaA WA eanh P eRerad oK o bt Gat
02/ 099345 PCT/ We&t2nt&HitBsechnd réserodiind as recited in daim46, wherein said
first portion is supplied to said evaporator before said second portion is

supplied to said evaporAtsyrptich codlngeddvasé %ré&@dtlﬁcblbiﬁn Gr7aiwiefdin sefter ei n
said first port1 on. an 5 second portion_ are sug%)éald to said evapor at or

essential ly si MiFtigHERRS § compositionthhisglifirreptdh iSeCeNAfigHids, wher ei n

said first portion of
| ! P 43. A sorption cooling device as recited in Claim 37, wherein said

15  first liquid comprises a freezing point suppression agent.

44. A sorption cooling device as recited in Claim 37, wherein said
evaporator comprises a wicking material and wherein said wicking material is

impregnated with a freezing point suppression agent.

45. A temperature-controlled shipping container incorporating a
20 sorption cooling device as recited in Claim 37.

46. A method for operating a sorption cooling device having an
evaporator for providing cooling and an absorber for absorbing vapor formed
in the evaporator, comprising the steps of providing a first portion of liquid to
said evaporator at a first liquid supply rate and providing a second portion of

25 liquid to said evaporator at a second liquid supply rate that is lower than said

first liquid supply rate.

47. A method as recited in Claim 46, wherein said first portion of

liquid is smaller than said second portion of liquid.
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liquid has a different conposition than the conposition of said second
portion of liquid. 51. A nethod as recited in Caimb50, wherein said first
porti on oWwo 020993#giui d conpri ses a freezing point suppressipem/iagemin3 52. A
sorption cooling device, conprising: a) an evaporator for providing
cooling; b) an absorber adapted to absorb vapor formed in said evaporator;
15 ¢c) at least a first reservoir adapted to contain a refrigerant |liquid

and adapted to S.Uppgé SaAdrHéﬁ‘wfoEi'Qse La'lih ®ihith 48 %xf'h'efjem Sf\éﬂfﬂffé?gngﬁlond?s

refrigerant |iquid drispose rst reservoir;

restriction neanpplitidpmoseid &epoesor bafode rsafdr sgmminportlaﬁ) i$ isyppliecatal saidi d
evapor at or for e(/est kCtl ng the flow of said refrigerant liquid to said
evaporat or. 53. APe Sorgtl on cooling device as recited in Caimb52, vvherel n

said flowrestricti Sy rptjion
cool i ng device as régl tgga}p%[h(éﬁ r’e%@e \%ﬂ@fr)aél n-sail %Pé' %EH E’ét P@T'?’R dl on
nmeans conpr bseseeombpaortion m’smmmled o said eedpovatdniessardially sirmulmheomﬁr voir.

55. A sorption cooling device as recited in Caimb52, wherein said flow

restriction means cé0pri Aasemopoaisat&lteémbr(aalm Sabwlherﬁm ahbldy fimhpbd®nngf sai d
first reservoir, gﬁ}? a%( 345 PCI/ US02/.18103 58 A sordptl ondco lin
device as reci iy |\ B COMREr'aPh & GonRasHiap B £21d $R5PH (?8%5’“ ses

water. 57. A s@fpgiuien cooling device as recited in Caimb52, vvherel n said
flowrestriction neans conpri ses a porous nenbrane having an average pore

5 size of from abous10. OA meiHod @éamditea()n Crind 80, Whemimtsalnficod pbition efevi ce
as recited |n relin, sal |OWI’eStI’ICEIOn neans corrpnses at

| east a fir8 ?Qﬂ'idlqog?ﬂf's?ﬁﬁeﬁeﬁémgr@"g SUBPEIEPBA96F f r om about 1 pmto about

1
000 pm 52. A sorption cooling device, comprising:

a) an evaporator for providing cooling;
b) an absorber adapted to absorb vapor formed in said
evaporator;

15 c) at least a first reservoir adapted to contain a refrigerant
liquid and adapted to supply said refrigerant liquid to said
evaporator;

d)  refrigerant liquid disposed in said first reservoir; and
e) flow restriction means disposed between said refrigerant
20 liquid and said evaporator for restricting the flow of said

refrigerant liquid to said evaporator.

53. A sorption cooling device as recited in Claim 52, wherein said

flow restriction means comprises a porous membrane.

54. A sorption cooling device as recited in Claim 52, wherein said
25 flow restriction means comprises a porous membrane disposed within said

first reservoir.

55. A sorption cooling device as recited in Claim 52, wherein said
flow restriction means comprises a porous membrane substantially enclosing

said first reservoir.
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59. A sorption cooling device as recited in Caimb52, further 10
conprising a liquid conduit adapted to provide liquid fromsaid reservoir
to said woapoestdr. 60. A sorption cooling device as recipcadisonsibai m 52,
further conprising a liquid conduit adapted to provide liquid fromsaid
reservoir to said evaporator wherein said flowrestriction neans is

di sposed in said liquid 15 conduit. 61. A sorption cooling device as

recited in Caim60zzwWheje] i fla Stt | chil ' o] i
Capi 11 ary tube. 62 5% Sc T BN i eist A e In AT 55 HRfehf 3
wherein said feéfdgeraastiquid comprisessansteconpri ses a porous plug. 20 63. A

tenperature-controll ed shipping container incorporating a sorption cooling

device as recited i A7C ahmdi2ion6dooliAg stmvivei am rexited i indCldiev iS2ewhsraire saided i n
Claim52 whereign said ..flow restriction neans compri Ses. ellin ent
added to said TeweaTeton MeanE Spablites AePEisIng RER eI By LR g arerddk 9%
refrigerantsli gluechf fid 8boutd.GOuMitb @bogta?0 imng device as recited in Caim

64, wherein said gelling agent conprises silica, polynmers or starches. 66
WO 02/ 099345 PCT/ US88/ 18A0drptiam. cabdlingrdevicenas esdited gn diisint &2, ebemwin Shitg: a)

an evaporator for providing cooling;.b n, absor ber, adapt e 0 ,absorb vapor
Formed i n sai oo, Fstieipr theahs) calftrisat & I2sb, dret SEdube EdRthAn o
refrigerant |i gidrletenBefréHRibMt §phttoldbaut $0dmumai d evaporator; and d) a
freezing point suppression agent dispersed within said evaporator adapted

to lower the freezi Bg. poAnkotios atsblingf tewes aad retitstliid ogm 52] durther
refrigerant liquid is fed to said evaporator. 10 67. A sorptjon cooling
devi ce as rBci CEAPISING &liAigacondE @dantedhfq) Pravidss baud fHod srids(RSEr@¥sioon
agent conpri segapy Slpbraté8. A sorption cooling device as recited in daim
66, wherein said freezing point suppression agent conprises a salt

sel ected fromthe gBOUP A sorption cooling device as recited in Claim 52, further
comprising a liquid conduit adapted to provide liquid from said reservoir to
said evaporator wherein said flow restriction means is disposed in said liquid |
15  conduit.

61. A sorption cooling device as recited in Claim 60, wherein said

flow restriction means comprises a capillary tube.

62. A sorption cooling device as recited in Claim 60, wherein said

flow restriction means comprises a porous plug.

20 63. A temperature-controlled shipping container incorporating a

sorption cooling device as recited in Claim 52.

64. A sorption cooling device as recited in Claim 52 wherein said
flow restriction means comprises a gelling agent added to said refrigerant

liquid to increase the viscosity of said refrigerant liquid.

25 65. A sorption cooling device as recited in Claim 64, wherein said

gelling agent comprises silica, polymers or starches.
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consisting of NaC, CaCl 2, BaCl 2, MyC 2, Fed 3, My(NO03)2, NaBr, ZnCl 2 and
15 m xtures thereof. 69. A sorption cooling device as recited in C aim66,
wher ei n swDM2/0993@¢®zi ng poi Nt suppressi on agent conpri ses @A TArSYANE103
solvent. 70. A sorption cooling device as recited in Claim66, wherein said
evaporator conprises a wicking material and wherein said freezing point 20
suppressi on agent i s dispersed on said wicking material. 71. A sorption

cool i ng devi ce, WgéioSI R%o\;gpog;%r&f)gr\?/ﬁ(g%?%%ég]fpgrsmgr ovi ding cooling; b) an

absorber adapted to sorb Vaporator; and 25 c) a

vapor passageway adapt ed op aid evaporator to said
absorber, wherein said vabor a%{;)é('ééé)oYﬁBPforé OSrXp&r'r};igga“nat hermal |y insul ating

material having a thernb) rem stbaoder ddapted éasdbsabinwhapdr Sorte?l inNsald a
pressure of about 4 nbar. 67 WD 02/099345 PCT/ US02/18103 72. A sorption
cooling device as reci t BV m 71, wherein said thermally insulating

mat eri al coBprises open-¢gell 4 mqummbewbmlada%d fo sontaln anefrigeranidigdrvi ce
as recited in Claim71, vvhrel |i g r’r%%?llnulatlngnaterlal
YS?'S Atidgo $ald eyapgraler; gRd

conprises pol yuret hane oﬁ% cool i ng device as

recited in Claim71, wheggin éweazmgwrmaﬂubwésa@w@enmgngﬁsakséw@kmﬁ%mI ses
pol ystyrene open- ceII foam 75. A sorption cooling device as recited in

Claim 71, wherein said ®YRRORIPY WM@%I@W@@ t'??aftr%@%'%ﬂ Peiphph said eftgeranter i al

sel ected fromthe group | fAR®hehisaR r@frlgfe\’é?ﬁrllab@?@féﬂ”t@ RRY SMpopdtbi.ca. 10 76.
A sorption cooling device as recited in Caim71, wherein said vapor

passageway 1gonpri segzsai g ddistidRREding ! éé‘@ecﬂﬁh%'@bmﬁ‘%ﬁ' Mpefein %laldf ality
of apertures therethrough to provide vapor conmunication between said

evapor at or and fe&7ag ISH@PFGS$I¢“ agesbiqmprseseowli ng devi ce as recited in

Claim 76, wherein none 15 of said apertures are inmediately adjacent to
said liquid inlet. 68. A sorption cooling device as recited in Claim 66, wherein said

freezing point suppression agent comprises a salt selected from the group
consisting of NaCl, CaCl,, BaCl,, MgCl,, FeCl;, Mg(NO3),, NaBr, ZnCl, and
15  mixtures thereof.

69. A sorption cooling device as recited in Claim 66, wherein said

freezing point suppression agent comprises an organic solvent.

70. A sorption cooling device as recited in Claim 66, wherein said
evaporator comprises a wicking material and wherein said freezing point

20 suppression agent is dispersed on said wicking material.
71. A sorption cooling device, comprising:

a) an evaporator for providing cooling;
b) an absorber adapted to absorb vapor formed in said
evaporator; and

25 c) a vapor passageway adapted to permit vapor flow from
said evaporator to said absorber, wherein said vapor
passageway comprises a thermally insulating material having a
thermal resistance of at least about 2.8 K-m% W at a pressure of

about 4 mbar.
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78. A sorption cooling device as recited in Claim76, wherein the nunber
of said apertures in said thermally insulative material increases as the

di st ance wetoaoees4sai d |liquid inlet and said apertures i ncPeagss2/s103 no
apertures are |located inmmediately adjacent to said liquid inlet. 20 79. A
sorption cooling device as recited in Claim?76, wherein said apertures are
substantially cylindrical. 80. A sorption cooling device as recited in

Caim76, wherein sapd APRbHERCSoRNE REVRSt tddtelVin i G| Ghbreddalgher ei n
the dianmeter of said cylindrical apertures is fromabout 0.8 mmto about
6.4 nm 25 81. thergwllyinsstatios snatagel gevirtises sper-eel am matgrigl-m 76, wherein
said apertures are_substantially cylindrical and wherein_the ratio of the
length of said aperBureh 6PHANeCRYIND Havicears MAigdtia Claim Jai whaisin galdes i s

from about 50: %erh%ll?'ﬁ%iatiﬂg%atéﬁal\éQnQ)?ﬂsQ;?Bé@? e\ RRAL A O 82. A

sorption cooling device as recited in Clalm wherein said thermally
insulating gaterial 7has g é&ﬂ%gd@%dlﬁé'oﬁ%vﬁﬁcés Adcitdl ih &8I #9OWherbin KaR/ W at

a pressure of about 4 nbar. . A sorption cooling device as recited in
Clai m 71, wher éhermadly insulatingsnatarialcompsigeappiygtyranecaneatcetidaan. t her nal

resi stance of at |east about 6.5 Kn2/W 84. A sorption cooling device as
recited in O ai m 7179whefesonptian epoliag Asyicet aF reiegrin Sdainy 7| wharein said
evaporative sur Sy ji Qe ds b i i d on a
peri meter of sé‘iﬁg p|"22g?méeﬁ/ pﬁaﬁrﬁyg‘g{os rnggscga. rAf’(S&%gé%ehAéyé% gltoﬁoﬂiezgo I'ng
devi ce as reci tcodsistingdiHiberglass awcbperions séica. thernal Iy insul ative materi al
conprises a plurality of apertures and the concentration of said apertures
in said thdPnally i #6ul af\ispspticet eedlinh deyicesamsecitadiialGlgirmdi, whiefedr saidg6. A

sorption coolin [ eqi ' aj i . .
concentration o pgﬁéra % %ariegvaryngbs@ﬁgs%%gggap{@ﬁ\?%dl aliﬁlpg’ w‘}?eenraljrg]av;nﬁcra eases
Ss ot he di st ancpmm!itgmfgaqmu;dsqlmbrbthnmpgh to _rp:ljm\éa?]erapo??ommusmlaﬁnzr@ batweeol | ngl
evice as recit , rein sai thermally insulative materia
conprises a pl L?%(% %:\{%%q%g%%chaﬁggsghgr.t he
77. A sorption cooling device as recited in Claim 76, wherein none

15  of said apertures are immediately adjacent to said liquid inlet.

~ 78. A sorption cooling device as recited in Claim 76, wherein the
number of said apertures in said thermally insulative material increases as the
distance between said liquid inlet and said apertures increases and no

apertures are located immediately adjacent to said liquid inlet.

20 79. A sorption cooling device as recited in Claim 76, wherein said

apertures are substantially cylindrical.

80. A sorption cooling device as recited in Claim 76, wherein said
apertures are substantially cylindrical and wherein the diameter of said

cylindrical apertures is from about 0.8 mm to about 6.4 mm.

25 81. A sorption cooling device as recited in Claim 76, wherein said
apertures are substantially cylindrical and wherein the ratio of the length of
said apertures to the cylindrical diameter of said apertures is from about 50:1
to about 4:1.
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di anmeter of apertures in said thermally insulative material increases as
the 20 distance fromsaid liquid inlet increases. 88. A

t enper at we-cod3ndl | ed shi ppi ng contai ner incorporating aprpCcIarsp2/igin3 cool i ng
device as recited in Caim71. 89. A sorption cooling device, conprising:

a) an evaporator having a cooling surface; 25 b) an absorber adapted to
absorb vapor fornmed in said evaporator; and c) a vapor passageway di sposed

o5 & evapor ator Lo 851 ATOREE RS YenRe ABEE A Sk 7 T bPRE sy
wherei n sai d abissnady iosuiglings emtenal dizsoa phewmsal@isistaree andt teashebout Ky

conductive matesi al, di sposed thr ut, said absorptive material, wherein
said thermall y(?{rgr{gngt?\%esr?ﬁ[ee i%%%p%gébaé' hi gher thermal conductivity than

sai d absorptive matgki al 0 O Pl i ool i.ng . i S i .4 n
raim 8o, whersin s&Pd At §b°i'§é§&¥%@v%s Pacy8d i RAREE 73" phfeid S8
conductivitg ofthatndligdssulatimguinaterialVhak £ therab cxgidtamse obat icagt dboutce.5as
recited in Clairféng . Wherein said thermally conductive material conprises
a particulate Pefal . 10 92. A sorption cooling device as recited in

Claim 89, wherein sgid her mal | ondyctive materi.al . conprises a .
particul ate materi ag4sel cS(oé‘{’;HEl r%‘?ﬁ%ng V&Fo??pr%cgﬁgi'gtqlﬂ'aqngf]’ 858'@% F‘@',d
fibrous carbonevip@lor canpiRes dbpibnar eVvdporstie sudfadgiamdnfugtndr SoNpLsieg a
thereof. 93. A sorption cooli ng devi ce as frec;c'}ted in Caim89, wherein said
15 thermal |y cdAdddRIPYS disposed BN aRfHMFieRY soig PlgpaiRvarRgialive sHifaes. A
sorption cqQq@ling deyice as recited in Claim89, where{n said thermlly
conduct veq_ﬁﬁt erial \ébpnp is?o&tlog ?@"leqec‘,”clei # Bq%t\ggd'i‘ é#l?'éﬂ .919?3’he'7§"§5?‘8ti on
cool i ng devi ce tRgmifgi ingdiative FhateRhiBlomphssLia sharbfty bheiperliles anaduet i ve
material conprises a fibrous material selected fromthe . o
concentration of said apertures in said thermally insulative material is

substantially non-uniform.

86. A sorption cooling device as recited in Claim 85, wherein the
15  concentration of apertures in said thermally insulative material increases as

the distance from said liquid inlet increases.

87. A sorption cooling device as recited in Claim 71, wherein said
thermally insulative material comprises a plurality of apertures and the
diameter of apertures in said thermally insulative material increases as the

20 distance from said liquid inlet increases.

88. A ‘temperature-controlled shipping container incorporating a

sorption cooling device as recited in Claim 71.
89. A sorption cooling device, comprising:

a) an evaporator having a cooling surface;
25 b) an absorber adapted to absorb vapor formed in said
evaporator; and
) a vapor passageway disposed between said evaporator
and said
absorber adapted to direct vapor from said evaporator to said
30 absorber,
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20 group consisting of copper, |ow carbon steel, stainless steel, bronze,
brass, alum num alloys thereof and m xtures thereof. 96. A sorption

cool i ng dwoicceysssrecited in Claim89, wherein said absowrptrivse/nsabveri al
conprises a desiccant. 97. A sorption cooling device as recited in Claim
96, wherein said 25 desiccant conprises zeolites, barium oxide, activated
alumna, silica gel, glycerine, magnesi um perchlorate, calciumsulfate,

cal cium oxi de, activated ca um
hydri de, phosphoric anhydri dlzel\m%‘:ﬁgn gs%kﬁgylggcrﬁgt?6mg§so?§ég{gt%%f1ﬂﬁr oxgi%hg’

sodi um sul fate and bent @mdt @ tbe@gva"wgormco\m (el @W&@QOW@M@@ sgkl A
sorption cooling device a%%ofp‘ﬁ%trﬁéitehgl riahdth Wiid WREHBIY cﬁﬁ!i%ct%%gl%ﬁglt Is a

conposite desiccant conprising porous support nateri an sor bent
sel ected fromthe group ha@razshlgh&rrtgemmal@ahdmtmtmthamlrsaﬂbab$orpwetjnatemlhl oride,
l'i thi um brom de, magnesiumchloride, calciumnitrate, and potassium5
fluoride an@ mi xtur 88. t hArsegptidmpodiggatayiteoas tediteddn gelaiou$9s whptgin said

material. 99. I ' Ch r,ein
the vl ure. rat Y coBBuGEs, maRrERAES ABrharodrRliclilyierubdn s
absorber is fAgm-&out 100:1 to 10: 1. 100. A sorption cooling device,

conprising: 10 a) an evaporator having a cooling surface; b) an absorber

adapted to absorb vapor Acsonmitbni mcslia'gdievmeaepmr@m‘ted inaﬁdinmﬁgammamim said
passageway di sg@sed bet n salag evl%%o rator ﬁ fﬂ? (ile rber adapted to
di rect vapor frovHTEY gou %'3?5? prial LEMPEsesp Ransy %g}a erein said

absor ber ﬂﬁpﬁ ses des ccant and a her nal I% 8 tl v eri.al
i
o]

di sposed t ughout al d e o&g%cehng eé/}cg O >9 (V,VbﬁEﬁﬁ%tSﬂ?e
materi al has a théheigaondactvechaterity carhpides amtrtmb@entrneﬂteﬁwmel@mtdfmr ei n

the 20 volune rati o of desi.ccant to.thernmally con ive materi al
absorber s fr ot SERB: OGRS 0 osgrllie: Gerous chepod %*ﬁ%nﬁ%p%&ru%roemﬂﬂa ed
cont ai ner, conrRinde and mixtures thereof.

93. A sorption cooling device as recited in Claim 89, wherein said

15  thermally conductive material comprises a fibrous material.

94. A sorption co?ling device as recited in Claim 89, wherein said

thermally conductive material comprises a metallic fibrous material.

95. A sorption cooling device as recited in Claim 89, wherein said
thermally conductive material comprises a fibrous material selected from the
20 group consisting of copper, low-carbon steel, stainless steel, bronze, brass,

aluminum, alloys thereof and mixtures thereof.

96. A sorption cooling device as recited in Claim 89, wherein said

absorptive material comprises a desiccant.

97. A sorption cooling device as recited in Claim 96, wherein said

25 desiccant comprises zeolites, barium oxide, activated alumina, silica gel,
glycerine, magnesium perchlorate, calcium sulfate, calcium oxide, activated
carbon, calcium chloride, alumina gel, calcium hydride, phosphoric anhydride,

phosphoric acid, potassium hydroxide, sodium sulfate and bentonite clay.
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a) a bottom container portion conprising a bottomwall and at |east a
first sidewall defining a cavity adapted to contain a 25 product therein;
b) a top wonkadyses portion conprising a top surface and apchatshomisurface
and adapted to conbine with said bottom container portion to define a
product cavity, said top container portion formng a top wall for said
container; 30 c) at least a first sorption cooling device disposed in said

top portion and cCOQRIi ShNGBHbEN ; [ i ' S e ool VO
02/ 099345 PCT/ US02/ 18103 Fouptort o@‘?@?ﬁ‘ﬁg&i‘% ! ebited '@Z@é'”gr@gauwé‘%?eﬁﬁﬁfdi and

an absor ber f ordesigsgalribianepropgsite desioesnt ¢ampriting e papaisasupport yaRterial and

t enper at ure-contr i reci L. I ; hasal d
absorber is di %&o&éggg%ﬁ%{él%t%pgﬁﬁg‘gt é}iggjéﬁcebro QE 'éc'@qalﬁ%%llgém g“@ﬁé‘%rlg@?m
out si de of sai dhjmrideulithiupabranyide, 108gnesidre wplaride ucaciovmniiiratel eod potassiumer as

Lectted ST AR e ARG RSB oy LB by PP
contarner es 1ect Uedel 1 6 S ok SHpBAAE P AR 0BILIN °°° °

cont ai ner as r eolunsalratio 6 desiechfiflio thetrealdi corgiaictivedmiaterial dosdidiabeorbeoid i on

conpri ses at | east ecand, sgrption cooling device incorporated therein
and adapt ed to%@%ﬁggiti@%pf@dﬁg "cavity. 106. A tenperature-controlled

shi ppi ng cont ai ner Zﬁrgre i teol. i n Chai m .15 101,. wherein said sorption

cool i ng device is rétbvabl®®RIOHO4TUPBES COR"E"er portion. 107. A

t enper at ur ggcontrol | ed sh) ppi mempurabnﬁaviﬁgaroeaimga@r'fa@eg aim 101, wherein
said container is in the formof a substantially rectangul ar, box )
conprising four sidewall Q{ ZOarlt?é’?‘ori?efe?F%@FeéfG? ARSOMR r"é‘g%g"rg}ﬁdpﬁ] $gid
container as recited in gaidiatok®hd Wherein said container is in the form

of a cylindrical container having one contiguous sidewall. .
c) a vapor passageway disposed between said evaporator

and said absorber adapted to direct vapor from said evaporator
15 to said absorber,
wherein said absorber comprises a desiccant and a
thermally conductive material disposed throughout said
desiccant, wherein said thermally conductive material has a
thermal conductivity of at least about 1 W/m-K and wherein the
20 volume ratio of desiccant to thermally conductive material in said

absorber is from about 100:1 to about 10:1.
101. A temperature-controlled container, comprising:

a) a bottom container portion comprising a bottom wall and
at least a first sidewall defining a cavity adapted to contain a
25 product therein;
b) a top container portion comprising a top surface and a
bottom surface and adapted to combine with said bottom
container portion to define a product cavity, said top container
portion forming a top wall for said container;
30 c) at least a first sorption cooling device disposed in said top

portion and comprising an evaporator having a cooling surface
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109. A tenperature-controlled shipping container as recited in Caim 101,
wherein at least said first sidewall conprises a material having a thernal
25 conducwbDwit993e$§ not greater than about 0.05 Wmk. 110PCA/US02/18103
tenperature-control |l ed shipping container as recited in Claim 101, wherein
said first sorption cooling device is a nmultiple-stage sorption cooling
device. 72 WD 02/099345 PCT/ US02/ 18103 111. A tenperature-controlled

shi ppi ng contai ner, CO”Dfdr%JrB@din?)co@liﬁ@tB 8hiB ProGuTREVIS) BEd ah dHR8fder Jor
sidewal |l and top and bottomwalls defining a cavity that is adapted to
contain a product therePRSorBing\vaposiorpes BhsaidEVaRRIEPEVi ce, conprising: i)
an evaporat or havi nq a cooling surface in thermal conmuynication with said
cavity and adapted t'82co6 empgIatuEeeppipelled; sonigingh &gy FrgiteddipCaIM d0%bsor b

vapor formed inyhekBinSahid Q¥SRBEALS dispddell B HRAPatd AREATGHYadHS POSBM
bet ween said absorber and said evaporator for providing vapor

communi cat i &n AASRERSH outgide efissist peduel@vBki d  evaporator; 1& iv) a
reservoir adapted to supply a refrigerant liquid to said evaporator, and
v) a liquid conduit 108r ﬁri;vn@ﬁrﬁtyrﬁcqrmtrfdleéoﬁmtmnéata%necﬂsét Re &pimailg1,
reservoir and SpldlofVaRPLAGiber MIRKEI R JakioBB/dlMabelof sab IR ¢dMiner
comuni cation wth the exterior of said contal ner and a vapor pressure
within said req@riaii.r causes the flowrate of refrigerant liquid to said
evaporator to increase wth an increase in anbient tenperature. 112. A

t enper at ur e- cont r ol I'€4. shi fgimprjatoercantriledasontaivet e reritedainmClaimi 10hher ei n

said reservgjr yotelyss; i Woll j fid i 25
di sposed V\Ily]'([blhi N Sar: Sr%l?(g%og @(ﬂ€%€ﬂ@ﬁ§§g%n%%gg#%ogtsgmr@ék@bgnp(gré{g%esésure
105. A temperature-controlled container as recited in Claim 101,
wherein said bottom container portion comprises at least a second sorption

cooling device incorporated therein and adapted to cool said product cavity.

106. A temperature-controlled shipping container as recited in Claim
15 101, wherein said sorption cooling device is removable from said top

container portion.

107. A temperature-controlied shipping container as recited in Claim
101, wherein said container is in the form of a substantially rectangular box

comprising four sidewalls.

20 108. A temperature-controlied shipping container as recited in Claim
101, wherein said container is in the form of a cylindrical container having one

contiguous sidewall.

109. A temperature-controlled shipping container as recited in Claim
101, wherein at least said first sidewall comprises a material having a thermal

25  conductivity of not greater than about 0.05 W/m-k.

110. A temperature-controlled shipping container as recited in Claim
101, wherein said first sorption cooling device is a multiple-stage sorption

cooling device.
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substance therein and a second flexible pouch disposed within said rigid
housi ng adj acent to said first flexible pouch and enclosing a refrigerant
liquid twereeiog34smwherein said high vapor pressure substan®eTasoyesozai d
first flexible pouch to exert pressure on said second flexible pouch

t hereby assisting the 30 flow of refrigerant liquid fromsaid second

fl exi ble pouch to said liquid conduit. 73 WO 02/099345 PCT/ US02/ 18103

113. A tenperature- qont r AlibpgeshirBRoRGRRINSADHIRG caftainet idoRtbrisingC ai m 112,
wherein said high vapor pressure substance has a hi gher vapor pressure

than the vapor pressure gf sa @ohiaﬁwrcbonyéing%tt RIZBE hadi¥Ewall and 1tep | e

shi pping container as recited in Caim 112, wherein the vapor pressure
of said high vapor pressbetonupyalisadetining i rcayidedhaly isapdaptegdoty genrtath@e wit h
a tenperature change froggheuheflf= to about 55C. 115. A

t enper at ure-control | ed shipping container as recited in Claim 112, wherein
sai d hi gh vBpor pressurebksubsa aerolionr eeglingsisyice, eerppisitge 10 sel ected from

the group consisting of ethangl, ! laRGlatol RAREEEIng il Hfhermal

i sobut ane, n-pentane, n-hexan rocar bons:

t enperat ure-control | ed shi ppicognroonitatianewitta saidegavite gindradaiplidnio dabl saigher ei n
the pressure within said seco(%l,it ouch is greater than the pressure within
sai d evaporator imrediately pfiof’ to activation of said liquid 15 supply
apparatus. 117. A tenper at ur dijcontanohbsberhbgmptag to caisarnanpars formedt idd i n
Claim 112,10\/\,here the pr essure.%vi t hin said second pouch i mredi ately prior
to activation of said |iqui £ B}Sﬁ'%?r%ltﬁbarat us is fromabout 50 nbar to

about 300 nmbar. 20 118. A temper at Wapof Opassalge®ey s bisppsél) Géteah nesidas
recited in Claim 111, V\hereirbﬁs?id refrigerant |1 quid _conprises water.
119. A tenperature-controlled ?95% e i RAPORRIOF ofart REPVIHNGD ¥ARRT 111,

wherein said |iquid conduit fagmighicSfIRPr bevech! 0¥k eSdddofidronanearsaidf or
restricting the flowof liquid fromsaid reservoir to said evaporator. 25

120. A tenperature-control | eoeV§ﬁPf?6‘Prhg container as recited in Claim 111,
wherei n thespressure within sg d evBer8l UdapBiBEistbelYa Riffigdradtiquid to

said evaporator, and
V) a liquid conduit for providing liquid communication
between said reservoir and said evaporator;
wherein said reservoir is in thermal communication with the
20 exterior of said container and a vapor pressure within said reservoir
causes the flow rate of refrigerant liquid to said evaporator to increase
with an increase in ambient temperature.
112. A temperature-controlled shipping container as recited in Claim
111, wherein said reservoir comprises a rigid housing, a first flexible pouch
25 disposed within said rigid housing and enclosing a high vapor pressure
substance therein and a second flexible pouch disposed within said rigid
housing adjacent to said first flexible pouch and enclosing a refrigerant liquid
therein, wherein said high vapor pressure substance causes said first flexible
pouch to exert pressure on said second flexible pouch thereby assisting the

30 flow of refrigerant liquid from said second flexible pouch to said liquid conduit.
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activation of said liquid supply apparatus is not greater than about 20
nmbar. 121. A tenperature-controlled shipping container as recited in Claim
111, furtwerozomspsi sing an insert adapted to be inserted Porasezisios
container, 30 wherein said sorption cooling device is incorporated in said
insert. 74 WD 02/099345 PCT/ US02/ 18103 122. A tenperature-controlled

shi pping container as recited in Claim11ll, wherein said reservoir is

di sposed out si de of 1ggi d@Q@MbEbéﬂr%%rﬁlléchﬁ@bﬁ Ltfo%témé}tésotécﬁedwidwwg

container as recited In aim , erein said container is in the form

of a subst anti dlBywhereirasrjdiigh waper pessare substanegdiagtauigheompob prasgure
shi ppi ng cont aitﬁb‘?{the%ﬁpf br?s?&:e.d?)sa@ lmr&_ai ner having at |east a sidewall
s de

and top and bottom wa Ining a cavity that is adapted to contain a

product therein; b)qa Sgrgh Q%t%anﬂﬁllét?éﬁlggitn&gfeHgﬁégg%rg% AILtEY AR @ik, an

10 absorber and a vapor passageway spose evapor at or and
sai d absorbér Wiér avhereini theevagar pessunesof gaisipbighd vaport presawie swratamdecat i on

with said cavit rQyi ol i t [ oty L U4
Feservor r wher SlopefseR B85 SRR P 3 EpbBlErt o BRe onf abbBATIC, g 1
sai d evapor at orto apout 55CCi vati on of said sorption cooling device. 125. A
tenperature-controll ed shipping container as recited in Claim 124, wherein

at | east one of sai d150pA tbopemrerbniotikedvahippingngmnitairar as orcited dén &laim

cardboard. 20 . A tenperature-controll ed shi pping cont.ainer_as.recited
 Garm 124, WRerRS A ST yRE0PRessity SRRERET BPLR & alinimice
conpri ses d40 maelkcterl frloaviting group lensisting aidethbnol| tnyethéindglptisoprainet, h-han
about 0.05 WnK. 127, ﬁ\ enperat{ér e-cg@t rol |l ed_shi ggbn cont ai ner as

Fe X r BES,'

recited in O aiPHfanepipo Mpeqtanee I bExaprang flugrp bot t om and

si dewal | conpri ses expanded .pol ys ene. .. 128. A tenperatuyre-caontrolled

shi ppi ng cont ai ner AigT e’éﬁ?@@efqﬁur@%ﬂn&%hﬂ‘g3?"’&”&%“@'5@%%?&%@r'l'é%g?'n'bai d

top, bottom and1g| dgdwaéih tenprdss@e @ithin said second pouch is greater than the
pressure within said evaporator immediately prior to activation of said liquid

15 supply apparatus.

117. A temperature-controlled shipping container as recited in Claim
112, where the pressure: within said second pouch immediately prior to .
activation of said liquid supply apparatus is from about 50 mbar to about 300
mbar.

20 118. A temperature-controlled shipping container as recited in Claim

111, wherein said refrigerant liquid comprises water.

119. A temperature-controlled shipping container as recited in Claim
111, wherein said liquid conduit further comprises flow restriction means for

restricting the flow of liquid from said reservoir to said evaporator.

25 120. A temperature-controlled shipping container as recited in Claim
111, wherein the pressure within said evaporator immediately prior to

activation of said liquid supply apparatus is not greater than about 20 mbar.

121. A temperature-controlied shipping container as recited in Claim
111, further comprising an insert adapted to be inserted into said container,

30 wherein said sorption cooling device is incorporated in said insert.
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vacuum i nsul ati on panel. 75 WD 02/ 099345 PCT/ US02/ 18103 129. A
tenperature-controll ed shipping container as recited in Caim 124, wherein
sai d vapowopasssgeway conprises neans for controlling pagsagsovisivapor

t hrough sai d vapor passageway. 130. A tenperature-controlled shipping
container as recited in Claim 5 124, wherein said vapor passageway
conprises a thermally insulative material having apertures therethrough to

direct the flow of yaporafieRBERAE-coRYBRY ShiBpingTorditerddls RIREE in E¥im A
tenperature-control |l ed shipping container as reCited in Claim 124, wherein

sai d sorption dddl Whereliesaid sespavoinisisposed ertpidedeipaid gavly. at 10 | east
about 100 Whr/kg. 132. A tenperature-controlled shipping container as
recited in daim 1233. wAde@iparaidedconyoped shippivgl qoniricrhas eeciad im Glaimunme

energy density 4qf ﬁhgﬁhfﬁ%ﬁ& BRGHer R0inkiE RS dre] §L)bsta§%|§lrl]y %cgainr%ula{ §o>1<.24

t enper at ure-contro pping container as recite

wherein saig |iqui dég?_gpé:tgrﬁé]e%%[wp% deér-},i%@ﬁ%%%%ﬁ-&ggﬂsmg{ ed shi ppi ng

container as recite urt rirsing a vapor-perneabl e

menbr ane di sposed bet neen) sai d oo RURBPhAIAG afldsfAls gwaﬁ%rne%p aA%otl@E

tenperature-control |l ed shipping container"as recited 1n Clarm

wher ei n sai d absorber cowplls sieniagdestayigwnrinat iss@daptedeiopeentainr e- pdtieiol | ed
shi ppi ng cont ai ner as reﬁ]ie (th in Caim 124, wherein said absorber
conprises a desiccant capabl'e of absorbing at |east about 0.2 grans of

i qui d per gram of desickiant atsogptivapwmolipg eksiceecarfiprisiigpan ev@potzdor, 25 137.

A tenperat ypre-control | ed_shi ppj cQnt ai ner_as. .recit inCaim 12
wherein saHQ absor ber i sagﬁ%rﬁgﬂagﬁdp rY?%ﬂ I (}a%ﬁagﬁgégd&g%o%ﬁ 88tvéeren53§¥dace
defined by said top wal | evdparatom avad | seddh datsdotiesva iereihesaidy esbpdratost isa
portion of heat gener atg.d in ait(li‘ absor ber is issi.Rat eéj t o tpe exterior
of said container. isposed in thermal communication with said cavity 10 provide
cooling to said cavity; and
c) a liquid reservoir wherein liquid contained in said
15 reservoir can be provided to said evaporator upon activation of

said sorption cooling device.

- 125. A temperature-controlled shipping container as recited in Claim
124, wherein at least one of said top, bottom and sidewall comprises

corrugated cardboard.

20 126. A temperature-controlled shipping container as recited in Claim
124, wherein at least one of said fop, bottom and sidewall comprises a

material having an thermal conductivity of not greater than about 0.05 W/m-K.

127. A temperature-controlled shipping container as recited in Claim
124, wherein at least one of said top, bottom and sidewall comprises

25 expanded polystyrene.

128. A temperature-controlled shipping container as recited in Claim
124, wherein at least one of said top, bottom and sidewall comprises a

vacuum insulation panel.
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76 WO 02/ 099345 PCT/ US02/ 18103 138. A tenperature-controlled shipping
container as recited in Caim1124, wherein said container is in the form of
a subst anwpaklog93sect angul ar box having four sidewalls. 1P€T/1502/18103
tenperature-control |l ed shipping container, conprising: 5 a) an insert
conprising top, bottomand sidewalls defining a cavity within said insert
wherein at | east one of said top, bottom and sidewalls has a thernal

resi stance of at |eagh. aponpbrati@lcontibliéd sRipBRGRIGNRINEIOR [dtdted M Claim
incorporated in said insert wherein 10 said sorption cooling unit

conprises an evi@for WhSEIHGAY i \GREH PAFPEREAY FUNIIISeRi fMFaRS s dCRARiNg in a
manner to pr0V'¢$§s§§@bf%or%ﬁoﬁ%‘ﬁai&%béﬂpé&@ﬁbéw}her conprises an

absorber; and c) a Container s tantially encasing said insert. 140. A

tenperature-control lhgd. Sh @RipaeatGRIMdfEd %ﬁipb%@i doPihihér 44 Addited 1P Cleiy
wherein said insert conprises expanded pol ystyrene. 141. A _ .
t enper at ur eScorit24el Weeredhissid rpPebnRassageway Gosmrises antrermely ingdativeher ei n

sai d insert conpLigashAl; fth&dthrd ir8& Uh& oA oM front 43id A
t enper at ur e- cont roﬁ%‘edgért]é %g;éltrtl%rggoh% a?hﬁe@gwé‘%ﬁt edtﬂlon (():1 al mr rlogi %\rﬂner ein
sai d cont ai ner &vapértertosaschlfsotharcor r ugat ed cardboard. 20 143. A

tenperature-controll ed shipping container as recited in Caim 139, wherein

sai d sorption cool i 1§1ded teapesaiue-cantrollethshigpingesenitaiperods eacited dmSaimmbout
100 W hr/kg. : w'%e'%&ﬂps%r(i]c?tskif %-ﬁ%bﬁrg%}:sskcé%e% SO ”?Ené}ﬁf LSt ted
SSPpPT o CcoblTng 0

in Cdaim 139, éreln sal device has a ume “ener gy
density of 18t |@stlabast 1MbBLLr/KQO kW hr/ nB. 145. A tenperature-controlled
shi pping container as recited in Claim 139, wherein said absorber is at

| east partially di sg828edAckemperajuteecordnoiié¢cshipping catainémase recitathdén Etgimheat

g Al o ot MPRRIE Raid SorBlici? bBGGUeRee! M a Y8R Bherdl d%ﬂ%ﬂ/ bhgert:

77 WO 02/ 099345
least about 80 KW-hr/m®,

133. A temperature—controlled shipping container as recited in Claim

15 124, wherein said liquid comprises water.

134. A temperature-controlled shipping container as recited in Claim
124, further comprising a vapor-permeable membrane disposed between said

evaporator and said absorber.

135. A temperature-controlled shipping container as recited in Claim

20 124, wherein said absorber comprises a desiccant.

136. A temperature-controlled shipping container as recited in Claim
124, wherein said absorber comprises a desiccant capable of absorbing at
least about 0.2 grams of liquid per gram of desiccant at a vapor pressure of

about 10 mbar.

25 137. A temperature-controlled shipping container as recited in Claim
124, wherein said absorber is at least partially disposed on an outer surface
defined by said top wall, bottom wall and sidewalls whereby at least a portion
of heat generated in said absorber is dissipated to the exterior of said

container.

30
76



146. A tenperature-controlled shipping container as recited in C aim 139,
wherein said absorber is at |least partially disposed on an outer surface of
sai d i nsewD ozloer3eby heat generated in said absorber is di PErpsIB®IID t he
exterior of said insert and wherein said shipping container conprises
venting 5 neans for dissipating heat generated by said absorber. 147. A
tenperature-controll ed shipping container as recited in Caim 139, wherein
sai d container is in3gheafianperiure-conieienthipbihy oREimIBY RCItEPM Clak?hd. A
t enperature-control | ed shi ppi n? .cont ai ner, conpri si n‘g: a) a container

havi ng at | east!24. Whawikspid6a0taiaer igHR theferpner acuksfaniaberscangylarbaxavi t y
that is adaptegalifg¢QiHsiddatspr oduct therein; and b) a sorption cooling

device, conprising” i) a liquid reservoir adapted to contain a liquid; ii)
an evaporator di spoggsl i A dri§&mRlre EBAMMRIACHA MY cdrRaitbt, Roffridingavi ty to
provide cooling to said cavity; 1i1i) an absorber, wherein said absorber is

thermal Iy gsolated fromysai dhCiaubh YomPRSink \dp, BB S seidRallY biBghihg Qui d
fromsaid liquid reservoir to sald evaporator upon activation of said 20

devi ce. 149. A tenper at upa¥ity avithirosaid dnsei wherel aidaesti aner ofaspiq tapi, etomn
Gaim 148, wherein sai d%r?obéfaé@&is (B tHerm3 %s%?ﬁic%cépét'laésg%%oﬁt 1 Kme

tenperature-controll ed shipping container as recited I n 1 wher ei n
sai d means for supplyi ngMi quid conprises a valving nechanism 25 151. A

tenperature-control |l ed shi ppi*gogﬁﬁgﬁ @&&F‘rmﬁﬁﬁiég%&%qed n sgi@%r@e;tglg?eégmer ein

at | east one of said top,” bot and-sid nprises corru

cardboard. 1052. A t enpersdid rsermiont cadlihg dursthcqpprigescantevaperat@spositnedd i n
Claim 148, wherein at | ecﬁst%gr%e of @ai d .tocp .tbottom and , si deV@I I (iorrpri ses
a 30 material having a THar§HIC PLYTILFRIA GEYInLIN f JANNeL 43 RIOViASGegling) 78
WO 02/ 099345 PCT/ US02/ 18tbG3id dandty afdifemingraaimpriees antabsebibed apdi ppi ng

container as recited in aim . . . s
c a container substantially encasing said insert.

140. A temperature-controlled shipping container as recited in Claim

15 139, wherein said insert comprises expanded polystyrene.

141. A temperature-controlled shipping container as recited in Claim

139, wherein said insert comprises at least a first vacuum insulation panel.

142. A temperature-controlled shipping container as recited in Claim.

139, wherein said container is fabricated from corrugated cardboard.

20 143. A temperature-controlled shipping container as recited in Claim

139, wherein said sorption coolihg device has a mass energy density of at

least about 100 W- hr/kg.

144. A temperature-controlled shipping container as recited in Claim
139, wherein said sorption cooling device has a volume energy density of at
25  least about 80 kW-hr/m?®.

145. A temperature-controlled shipping container as recited in Claim
139, wherein said absorber is at least partially disposed on an outer surface of
said insert whereby heat generated in said absorber is dissipated to the
exterior of said insert.

144



148, wherein at |east one of said top, bottomand sidewalls has a thermnal
conductivity of not greater than about 0.05 Wmk. 154. A

t enper at uwe-ocou3ndl | ed shi ppi ng container as recited i n CrarmSo% 18148,
wherein at | east one of said top, bottomand sidewall conprises expanded
pol ystyrene. 155. A tenperature-controlled shipping container as recited in
Claim 148, wherein said reservoir conprises a liquid and wherein said

liquid conprises Wﬁ‘ﬁf@r A%Qm%é@turé—éo%%ﬁ‘éd’?‘&hﬁbﬁmgQﬁ'ntnié?rlwér% RHER i) Slaim

container as recited in daim , wher ei n sai absor ber conpri ses a
desi ccant. 157.138 weensiy 9aid abserbat isdtiieast partigy Aigpessst o A outes sudase @fd i n

Cai m 148, whepel oSl Gngfabg! i) dehdrl NAT SR SRBIBLY 20PN B hae
9 15 shepdtel 1R

exterior sal cont al ner. or transportl g a pro uct
requiring cool iextgrior ebﬁ@dlle$efgancﬂ1wf©tealp§a@rshlra)mg)Icaniarr@rmrmbnpwwutngl n a

P oduct cavLY afehiaruliolind RaSehRANLHELhagR! | = of = i pel ng

cont al ner; p1 aci ng evice 1 n thermal comuni cation

W ih saia cavity’whep oK sl ARl 081G ARG ISKIARer 25 AUARS 57 cidine oo

said cavity upon activation, tion cooler t

initiate cooli rlggafvheralrdsalavz:omya;ned)s mrtlae\ﬁqmmﬁar@bsaardlaﬂry mettariguEobbal ned i n
said cavity froma first 25 |location to a second |ocation; and e) renoving
sai d pr oduct from sa#dl CA\témperalLﬁé coAtraiEdm“dbpiBg cetlained domptisaigm 158,

wherein said product is phar tL.C t ho recited
in Caim158, wherein saﬁl d pr%ﬁ%% % h \?n%%{ %68%&% "ﬁngge%?ng?gﬁ
02/ 099345 RQT/ US02/ 18103waﬂ£ﬂef|ﬁngm mwltyasthatets tddpted td abmtaihS8, proldectei n

sai d product is nmintai n{ d at adterrperature of not greater than about 8C
during said erein, an

b) a sorption cooling device, comprising:

i) a liquid reservoir adapted to contain a liquid;

ii) an evaporator disposed in thermal communication
15 with said cavity to provide cooling to said cavity;
iii) an absorber, wherein said absorber is thermally
isolated from said cavity; and
iv) means for supplying liquid from said liquid
reservoir to said evaporator upon activation of said

20 } device.

149. A temperature-controlled shipping container as recited in Claim

148, wherein said absorber comprises a desiccant.

150. A temperature-controlled shipping container as recited in Claim

148, wherein said means for supplying liquid comprises a valving mechanism.

25 151. A temperature-controlied shipping container as recited in Claim
148, wherein at least one of said top, bottom and sidewalls comprises

corrugated cardboard.

152. A temperature-controlled shipping container as recited in Claim
148, wherein at least one of said top, bottom and sidewall comprises a

30 material having a thermal resistance of at least about 1 K-m?%/ W.
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transporting step. 162. A nethod as recited in C aim 158, wherein said
product is 5 maintained at a tenperature of not greater than about 8C for
at | east wboat9932sl hours during said transporting step. 1®81/USozregihdd as
recited in Claim 158, wherein said product is naintained at a tenperature
of not greater than about 8C for at |east about 48 hours during said
transporting step. 10 164. A nmethod as recited in Caim 158, wherein said

product is maintaifpgg ap témb@%%aéokk{r@lléﬁ smebmgr&m&ﬁeﬂé&a&cﬁ@@m cBfimf or at
| east about 72 hours during sald transporti ntgvate . A nethod as

recited in d aﬁﬁ*ﬁiLB’Qer%eﬁ\’(é‘?ﬁ*ﬁtsﬁmedOfsﬁﬁléﬁplh»gbO taéidn‘éﬁe\{vé"ﬁ hag RetheBPah of a
Shipping envel egRaycittBfnotroRbPAinabol S b Gni R, G ai m 158, wherein said

shi ppi ng contai ner o m of a substantially rectangul ar box

compri sing four s 464Rl ASemp@atyr-(BRtBR 8iphiG! dofthind} 4d lcied fPciager el n
said shipping container is int rormof a cy r| cal contal ner having
one cont i gubus 1480 Wiateinakt .le®td one of said top, bottom and sidewall comprises

expanded polystyrene.

155. A temperature-controlled shipping container as recited in Claim
148, wherein said reservoir comprises a liquid and wherein said liquid

comprises water.

10 156. A temperature-controlled shipping container as recited in Claim

148, wherein said absorber comprises a desiccant.

167. A temperature-controlled shipping container as recited in Claim
148, wherein said absorber is in thermal communication with the exterior of

said container.

15 158. A method for transporting a product requiring cooling,

comprising the
steps of:

a) placing said product in a product cavity defined by at least top
and bottom walls of a shipping container;

20 b) placing a sorption cooling device in thermal communication with
said cavity whereby said sorption cooling device is adapted to cool said
cavity upon activation;

C) activating said sorption cooler to initiate cooling of said cavity;
d) transporting said product contained in said cavity from a first

25 location to a second location; and

e) removing said product from said cavity.

159. A method as recited in Claim 158, wherein said product is a

pharmaceutical product.

160. A method as recited in Claim 158, wherein said product is a
30 Dbiological product.
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161. A method as recited in Claim 158, wherein said product is
maintained at a temperature of not greater than about 8°C during said

transporting step.

162. A method as recited in Claim 158, wherein said product is
maintained at a temperature of not greater than about 8°C for at least about

24 hours during said transporting step.

163. A method as recited in Claim 158, wherein said product is
maintained at a temperature of not greater than about 8°C for at least about

48 hours during said transporting step.

164. A method as recited in Claim 158, wherein said product is

‘maintained at a temperature of not greater than about 8°C for at least about

72 hours during said transporting step.

165. A method as recited in Claim 158, wherein said shipping

container is in the form of a shipping envelope.

166. A method as recited in Claim 158, wherein said shipping
container is in the form of a substantially rectangular box comprising four

sidewalls.

167. A method as recited in Claim 158, wherein said shipping
container is in the form of a cylindrical container having one configuous

sidewall.
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