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INVENTION 5 1. Field of the Invention The present invent MWMUHW% to
|qproved sorption cooling. devices and nethods for using i ng
devi ces. In parti culBxprest hediipyce$é812458243U8vention is direct 8190 sorption
cool i ng devi ces t hatAttarreyparcketovd. 20091-80@ ed to maintain a reduced
tenperature within an encl osed container for an 10 extended period of tine.

The cool ing devi ces aﬁéRﬁﬂdN ‘é'dc:"l.rlhl; b'é@lfdﬁs ARD féﬁ\ﬂﬂ’@lﬁﬁ?ﬂkﬁ—%@ﬁf&&%

shiippi ng containers that nust malntain erature bel ow anbi ent

extended time periods, SﬂiﬂﬂiNﬁsC@Nd'N?iE'ﬁﬁl}NCQ PEIRAIKIN G23ORBTIGN C@OHMCE 2.
Description of Rel at ed Art 15 The shi pnent gy @E gducts that nust have their
tenperature maintained within a specific range bel ow ambient is one of the

fast est grow ng market segnments igh¢&RERENIGD @lﬁﬁ@m;?gNthtry Thi s
grow h- is driven by a nunber of ad concerns
about safety in sheqcol dribROst tHE Rivenighi on chain, increasing nunbers of
phar neceutical and life sciences 2ci ;products whi ch nust have their

tel*rper ature mai ntai ned WHebrBs&Rifvahhon isndifestedt tBembrREE sBFpvh Roblihg devices
hi gh val ue speci al té chem cal B such as those used I n the sem conductor

i ndustry, the incre23] MENRARHEF USNI SIS PROAP@ Jiemiers cdN PagiquirwHiecpresent

regw re the shi pmeninvedtiopat idRetted e SbivBOS cbi rUe@P@b@ﬁtﬁb’%'aré %Eﬂfc@laﬂ?)édaf)ﬂé@
i‘ncreased nunber of clinical trials associate th new pharnaceutica

di scovery and the i 19c M&i@n %IerPW"éardyt%‘Fp%ﬁ@EﬂJ&'@’rU@f‘e%@qlgﬁepoC‘Prl“?@'”éhs‘f?roﬁﬁr
as a i result ofpl nggemeld pEMRS bNémel mbSCJdnﬁ@chévfeegeener@érhwérﬂ/f Qééf@ldfdro

as; control |l ed tenperatur ackagi CTP can be segnent ed by
target tenperature ﬁemgéaw% 8”9df ?’ﬁ%’?\g Eppdeipgisaeyt mESttrBa’S@m aﬁﬁmP@@éurF han

anbient (e.g., |esspdibamnaiot forl exi@icadmhé bOMdsCIRHTRY frbf 5 ReOri &sbud) 20
cont ai ner si ze, narrel%% Jreat er t han pal |l et; one cubic foot to pallet; and.
.

| ess than one cubic'¢ &%t ai ner s .i having a size greater than

palllet are typically coqled.by ne I C refrigeration and the shi pnent
tlfmes are typicall froﬂeaﬁvgy?'boﬁéﬁcat?ﬁgég i The one cubic foot to paI I et

ce as 4 cool antS vher of 1 PRUPEERE B Biep &b et st St pefl CruPRg i piifiafee ©
pdl ystyrene (EPS). Wikien larespleemcsramﬁabeIonmblentOlatcmenefrmelfestsstt rawirgnmadebi ¢

faot in sizeis ver%ghjt ,ﬁqhed}ﬁ‘sdérﬂ E,pﬂ{é{ﬁﬁé s@ge% sgrofi g%gl/c?n Lngz]w\i%ﬁght

edol i ng mechani sm gh” many ba ere -
“is awde ::y vari affi iantorsn lmplmilmg: Wdﬂmbrqmir fcomaeaimﬂ:eaboﬂt tshiety drc kagi cugd food

dependl ng on the V%l&ﬁ?l}tgnoéhg rhefncf}% tg;ug'{ﬁg ﬁ[ B}egﬁgr'ﬂ%'czgf *Yda] %88flrf£ 'L%.e%ggﬂ“"t

toterrperaturefluctu 1 on fela ystem 1 nc és a cardboard
box into which 29PS pse@etswhichanest Hjlém tr@ut teamperagiUrgopdintalhe withiv aeri@n limdist hen

filled with dry icep éﬂad’@bﬁmh in high-vERBPREBaity ERARRaIL 580, bS 13I4eAREH in hdTor €

sophl sticated approac
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

resuit 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
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val i dated system consi sting of custom nolded EPS forns in a rigid box with
] 15 both frozen and warm gel packs, the conbi nation of which has been
t*¢)st ed through a range of tenperature cycles for specified thernal

properties. Such .i | a validated systemcan be used for shipping
pharmaceuticals. For exanpl e, nmany pharnmaceutical products such as vacci nes
and anti bodi es nust be maintained wwthin a range of 2Cto 8C. | 20 The
exi,sting ice/ EPS cooling systemis unsatisfact ory for vari ous I reasons

i ncl udi ng: incr easeqﬁy’nw ronment al cerns ssoc at % | d| s osal

| arlge quantities of EP¥89afidSEEl gE?a?(tﬁ{s qrhepaﬂ FlgR % JERICHY §R?88. 5 é

required freezers atretiberatibih ppi nige smpmeet timesrarentyaicallyt fremf dayzao npmtyk\seek“éhe

hi gh cost of shi ppi is direc ed to th soci at ed

w i 55 the EPS and TR G BPYinsaRh Sha sBehe i PR PR sPRERG LA Fdes

For| a onefcuﬁl c flootelgquew gdtke) gﬁd/bmaﬂéyshaef eﬁlmoabnﬁwhégw@we @g&t@w@& are
ercent of the valu onsumne a one uction in

\F;ol ume and shi pp%ng §%§WQb8XW£En8@Y§Veﬂ Q%%?aca-u a?qgg?‘?”f)afﬂel s
(VIPs), but the highos@sierdfesyltfen bas CIDbECbetdlﬂdSlﬁd BMdri Ciemted rmrekietan unmet
penetratlon 30 An exanpl e of 'tr forﬁg nﬁga%stemls illustrated in U S.
Patent No. 5,924, 3038 By ghvehieeol P?ﬁ%“ 1999. This patent

il I ustrates a shi pping cgm of ,cavi.t

}1 1ng g (plura ity d
adapted Lo roceive a3 AHOGR g RespByERESabndly it B uli b hige
caY| ty adapted to r serdtion zraqualttyeemd peﬁmnﬂmmepéﬂhe dEckading da;bér;dxrcgm19ﬂvalue

Sal yor ot ol nBuehvE el ohfy o serunsror WS WA el A

por tabl e refri ger at oglativeiyt snamxtb sysiemgiacicoed ai cerdbemp|boyi intp wWaThuBPS sheets

| ati on panels a has erial Pha e terials
inder 00 o chance | anBrS eI R BARES R bainet S et MRROTHTRYESS Bluehi ng
he{at fromthe surrotmdexampm)vfrazennfesmt 1s ﬁhutmtot emyrmbre \sephnsmfalteogepmbadm is a

system provi des coo nt ai . ,
reactor - based recharbé@gb Syﬁpegn § T%acg%fecgsgog'r @%ldlepj%ggqrgﬁ T rl?'%.bof’é{‘f'tgnt
No; 5,186, 020 by5Robkianfezehendevaral gel paxksietie mombetatiomioy whish HB0BeenTles®d
patent o scloses 2 BPBIAPL PR SlnbLlAZ LG ACPESE AL RS ANARS Isycr,
di scl osed by Rocken&ektlidgtedsystém casduei vsesl far suppicg pbérnelceotcalsi Eqr exanre:ﬁd ect
the 15 initial gas-|j.qui S i es
addi t i onal space ané‘laﬂgs&gﬁ_ﬂ}g@?’(‘ggﬂa&ggum u@h es bj‘chtd”terscos BR%O%@ %\gfe:'dgnd
seyer ely inpairing megtained wrafynelrarhmoff%f:? ta8§¢ ngl e-use basis or for a

sh!| ppi ng container. A sorption cooler is illustrated in U S. Patent

5,048, 301 by SaB®n et alTheTRKigtingateatPYi ersling esystens d¢ pirisatisfedolyi fy vailous
pher, Lhe co0ling A i dRer I BB Dot ey BV AIREALOS R Ll e,
consunmed by havi ng #i6Pesgbpf lerge eritifiegyof Fgaiandige! pheksetgpbishtcost efpdirping;

activation of the SéHoOttHeO:%anFBcifree%é?é?ﬁthés@b&ﬁg‘é@@r&@ﬂa inBinkdithel fen packs.
evaporator will require a relatively large volune to enable an efficient

evaporati on process %&'Q'UJ%SW&?'NPPW@ i ?'Eﬁﬁ’ﬂreé@fad &R Ydme sssaiaiprb Wil e

l.gcated in the wnethemgfhd 83 vcﬁ%&%am%%,asgmgdw.tmtﬁ@tgen%%ké epbrh ct
tHe amount of cooling 1iquid be maintained in the evaporator.

THus, there is a nedt gubic faoﬁwm é@ soyrdirting atediCde St @i over 90 patasnbef the |
shi ppi ng cont ai ner, ,d\ayé @c&sbr‘ngbtb‘ﬂ\q{l@éﬂan@é@' bé&sd%‘b'n?eeretdt}@ﬁondlﬂ%ld?r% and

occupy a 30 | arge vol une. | so be advantageous if the tenPer ature

of the j contai ner %@Iw&sﬁw&abﬁébt@u@dba/uemg\@cwmtlrewﬁaoamr\@@( P ot d

al: so be 3 the high cost of VIPs has precluded significant market penetration.

|
|

30 An example of the foregoing system is illustrated in U.S. Patent No.
5,024,302 by Derifield issued on July 20, 1999. This patent illustrates a

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



.S | advantageous if the cooling device had the ability to maintain the
reduced tenperature for an extended period of tine. It wuld al so be
advant ageous if the cooling device could be used cost effectively on a

si ngl e-use basis. SUMVARY OF THE I NVENTION i 5The present invention is
diriected to sorption cooling devices andl ~tenperature-controlled
cont ai ners incorporating sorption cooling devices,particularly

t enperature-control |l ed shipping containers for the transportationlof
tenperature sensitive ucts. The tion coolin c accordin

the present inventi &QO@P% %e@@rﬂ?ﬁﬁ%&b %ﬁ(?éﬂﬁgé’g@ﬁo@g tg@?ﬁ)f‘%%we@@o%”ﬁg"
devi ces utilized i n Hehghigpetor art. According to one enbodi nent, a sorption
cool ing device includes a |iquidsupply apparatus that is responsive to

ch nges in the anbi ent tERpeicatyceoiddeshipppar adrisinerscarediésstated gi ¢.$.oBaleny,

irst flexible poych disp ithin jth i in h ain

2h vapor pressurel@h §®Z%§Vg§€ YﬁiJ E '@S‘%d [%%Eé%rg 22 g@%ﬁﬂﬁmﬁ%&ﬁng
a iuppl y liquid and dd;cﬁ:peseqbo\Matblh|ré|fngéretcrrlugltdnhetwmgwadjtawrﬁmmﬁynmdmaduuﬁst
fl exi bl e pouch and a |jquid copduit for vidin 1.0 |cat on
between the second HJHYECRRE"S \fgﬁ'o?'?ﬁsgr Qhaf'ﬁg rﬁ?ﬁﬁalr %ﬁfﬁ)l‘: ?)r}ggsgmteélals
suﬁst ance causes thentiémsta Ehmgebﬂnepm@mhfdrm @@r to:pjrmsﬁquce ta@reby dbserbing
second flexible pou%h afnd SSi St i H t he fl fﬁ I'éqrri romi econd ¢
fl'exi bl ei  20pouch t e?%éom%f»tam&& ﬁﬁuet”""‘?'HB? adBRAY PRIRDEPHIGHICD f¥F'eds e
t:he vapor pressure wptdvidestdaslirfd afstie hippindpcentpipach, thereby increasing the
flow rate of theliquid and the cooling rate. According to another
r’rbodl ment, a sofption cha usgoldeatioebasyl wehatgdattibabriabelcodes aesibrsbated
and evapor at or, av S t v d
absorber to di rect \?/}ggosr H?St%%gfw* %%Q%Borggl?%?g A?&[e‘ﬁ%‘?%bs@? egjr 8}53’1” %%Fy e,
reservoir adapted t09331p?p'hxy patnt digeloagd a lppdabld tcoole hetiliewngpogas-layuid- gdmaphase
reservoir includes fl
oo Yor  hocsynes EndrglL e dhReoo Br Ldsbe SR PRYCIT RESFLMALY
fl exi bl e pouch di spdseidsed bhlmckéreeltargptchl hroqelrenaga andde adl| eexanditytto dffeet fhier st
erX|bIe pouch at . fri n n L. 1L Qui j
for provi di ng Iﬁgw ?{%?émuﬁcﬁ"cagﬁaese &oj%ﬁé% ks hrg&slgé%n%)p%}'atUé %&hgs(ﬁ%ﬁi%él
pouch and the evapospeaasr andﬁesha@ntncrapmelgmegahm § ulnst-nntectvauaes seyasely

first flexible poucg?éa‘?rq"g?ﬂ%ﬁ}nu r%ﬁ?WoPagﬂigrom ; %%’19 f&‘aeéﬂ ;F’rlni‘q g@g&ﬂeﬁ 0

assist in the flow riger i quli second pouch to
the liquidi 1 1 condulta sorpfiGfesdend .lmtr%etwsqﬁa%gmm@msofb; BEbiRleESEN
i-nvention, a sorption cool | ,E.’ device is provided including an evaporator,
.anl absor ber adapt edThig Féﬂjsfdr@isd@\%ﬁ?r af sgypiiarh€oelingparihtvdiere éhEquO@thr Hadd viei r
adapted to contapn @afridisdd hahé bGé‘dcﬁélBr briGHb the &rﬁﬁﬁpﬂ‘écés‘%s@i H@ééva‘ﬁ%@tcﬁd
tq contain a second refri gerant l'1'qui d, means for supplying I qu fromthe
firrst reservoir to iedevagpsthat éro @vcfaerwgﬂ&@xnsumqmbdhfawawt@a@@t%maoqﬁeans '
faor supplying |iquighfd mnhfeh@vasee@adu;r&,ssmewn BPthTeh&rEtVo?ﬂp&’r’hﬁt Paé’é lsaalso
second liquid flowrate, wherein the first liquid flowrate Is faster
" the second |iquid fWVested it hat fieeevappraton will spquiiera ealativgli ‘é[&eyVO&F’BW‘Hé”%M%
evaporator with refgi garcant dvhgstafor %rddébé'b’éb@uéé‘)%ﬂh”%e"\mfdlcﬁ ahbeev%gseﬂgn
r-eservoir maintains the cooling over an extended period
According to yefd ant#Be @Eb&dripenin df‘et??é“?)r%‘éfﬂ' PRAFENt | BHINCENPREL HPACE or
operating a sorpti ofmigRehs F&trﬂ@%&@mb%tmf%%bﬂ%dhquﬂ‘%a?ﬁfaptde%aiﬁ%@{édﬁg the
devi ce includes an evaporator and absorber. first portion of liquidis
priovi ded to the eva‘ﬁ@rpa'ta(’.‘ﬁr and a first |iqui d supply rate and a second

portion of liquid is provided to the evaporator at a second |i ply
rate that is 20 |ower tHaHStIR&er$ pdeer A §roeRtN- qog{rg”edﬁﬂngaug% cgsdpst‘ﬁe

sqrption cooling deyigng &rﬁaﬂﬁérdhyw@eIngmwreﬂgngc@mg Bklit@thaSHegenandeupy a
mai ntai n cool i ngo over an extended period of tine
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




Accordi ng to anot her enbodi nent of the present invention, a sorption
cooling device is provided that includes an evaporator for providing
céoling, 25 absorber adapted to absorb vapor formed in the evaporator, at

| east first reservoir adapted to contain a refrigerant |iquid and supply
the refrigerant liquid to the evaporator, a refrigerant liquid disposed in
the first reservoir and a flow restriction device di sposed between the
refrlgerant liquid and the evaporator to restrict f|OM/Of refrlgerant
liguid to the evaporator. By restricting 30 the flow of

evaporator, the cooPfVagiasesys dedierspoling d%'%thagﬁh@(ﬁﬂ"ﬂh@ H@\HT%'@ tE&ﬁe@i&ed

extended over a | ongnpRiat0@ Bf ak LRRNI& period AGHRY. dit RGuiHCIHHE B@\Varﬂﬂ&db rent
of | the present invention, a sorption cooling device is provided

i ncl udes an evapor ath§rcopia gavissi QHUng%%%ﬂdl G5t effastivalhen aSgR-ete tP%‘)S'Sabsor b
vapor formed in the evaporator, a Igﬂ g Eeﬁgﬁvglr E EE gd to contain a
refrigerant |iquid and supply t he r 5 and a free2|ng
poi nt suppressi on agent is

Foferania aurer petr e

t to t
frieezing point of the re%nrel #@Eﬁﬁtt qupaﬁfora gﬁd?%g r

to the evaporator. fexpepites- d@htrussﬂf onfalrees | inghrperatiig sgcbrmroassb@mgagem@s
i ncl ude salts sodi um ¢hl ori de I cium cEerdgrl de and sj

sal ts. :
According to ' anot WSS deﬁjé’ﬁf Bﬁe FORLOl % SURRING Waﬁﬂebsn%réh‘éérraﬁﬁ’%t'%
cdol i ng device is psfaynpedtdrdaénsitvelpie@stan evaporator for providing
cgoling, ' an absorber adapted to absorb vapor forned in the evaporator and
\‘gf%por bpass_zli_ﬁeway adapt edhe csonmbmwolir@mu\/mbf ﬁmccfrdiloaiﬂd the pﬁelysqtm rnazteml‘c;ntmomfle
absor ber. e v or assa ncl udes a.the i nsu | eria
headi ng & t her AP 0D BuadEe' VR Sobubo S oRe ey RS ke B PR it
heat 1 b generated Acn:otdmg absoebanbomemteranw»rbtyod sodlat etk videoimciubes a liquid
evapor ator, enhancin he cool i capabhility of the sorptio lin
devi ce. According t% %8 o%ﬂ?@Fa?Lé%ﬁ%&i'%geﬁf’o%%'v‘%lﬁec']ﬁ“@%m {r‘p ﬁfeptoﬁmpggature.
~sgrption cooling delecappasatlpimoiidde nngmhuuﬁlmg; aaﬂrsbﬂmqrtﬂe aboceh drambseg vaithin
cool i ng surface, [ her ar. for
claporator and & 435 A RS REe BN Eh e BRA Vel BB R BBt P b O oaneh
absor ber. The didsorflegible ;mucbdmsloamgeassqupa/nltquwmhcadltsbcmedamtmn ttrentglm:howg

terial disposed dg [ t Il y

nat erial has a hi g\rllggﬁall ﬁte @%inﬂgﬁ@g\f)omﬁ %gn tagd sfjggé#\tpr%ﬁuﬁ%% dgx
t her mal conducti vi topmmMrmatlam betveanc e Be@ndbpduchyamf ab hevapbetrbeihé digh
;Lf‘[‘ﬂ )e/r Opef‘}]ea‘s”g?’p{aFQ{?&r&?ﬁr@§u§s§§\ﬁ’c%r@a58§%thtehfﬁ£t%¥m?l ggosdg:ﬁ'tggﬁél?gre%ggo' e
directed to tenper dhaisesondrilexiolel puicbamdassist & thedowpidiquid rigpns seqinid dlexible
cool i ng device r.at ur o]
Aocor ding 1o onl enbudl ta 17t AR hBuED ey BhRR It ABlBE0 TS vapor
provi ded that incl wassuee Widhin dra rehiiexibie oy themffbmavneagnatrm)tlcuvomtmf thei n
at least a first mg ewal L trﬁjeeédo’]hé‘gaté‘ cavity adapted to contain a product
therel n. Atop container portion’includes a top surface and 6

O According to another embodiment, a sorption ooolmg 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
liquid conduit for providing liquid communication between the second flexible

4



a bottom surface and is adapted to conmbine with a bottom container portion
to define a product cavity, the top container portion formng the top wall
of the container. A sorption cooling device is disposed in the fop portion
vvner ein the cooling surface of the evaporator is adapted to provide cooling
to:the product 5 cavity. According to another enbodi nent of the present
T nvent| on, a tenperature-controlled shipping container is provided that
includes at least a sidewall and top and bottomwalls defining a cavity
ad pted to contain roduct withj cavi t A so ion cooli
devi ce i's incorpor aP%L?Phl "Hmtﬁ@ FPEEHR aj Jﬁré‘? %{g atéPPs pé&é b?@”&%&?“?%e%%
cavity. The sorpt Ih OﬂrﬁCﬂ@thlﬁgod@‘VtcC@xelmEsmé oﬁmh@g@cﬂﬁdaﬂéﬂlbldbﬂibdch% @sist in
commnlcatlon with the_ cavit or apted tao absorb va
ini the evaporator, g‘ev%ro déggﬁ qui |§ ‘ga ?F@f’%efﬁxﬁs‘?ep%% éfi‘e iﬂ{f}g
evapor ator and a ressidupi r adapted supply refr| gerant liquid to the
evaporator wherein a vapor pressure within the | 15 reservoir causes the
flow rate of refsi gerantAdcmqstngdtot@dtmr@mtmmroesmp&eetndn%hnbnca%asﬂaonn
anbi ent tenperature. The reservoir n, ude a rigid hou
Fllext bi'e. pouch. i SpESUES GPERR i PIdEe OntOB8 6 At En el disner SpbRdvapor
pr: GSEUEI e subsgI ancehaustotbhna;idaero;m F]r%t e\tdpemt@i @ fp@tu@beradﬁ aa?aec@@?oiﬁtbwa Ik
pouc i sposed within the rigi ous ad acntt the first ex
Datch and’enclos! ngeHaPenY iGEHanorm aavRT RARiet T SAdAN & SecdgoBEG or
Lisqui d i comrrum catlican, brfawe esr wgpuymg liyLiefitand ﬂ'teFfmstCrBsétVdir tohﬁe evapnsiat ef a
The hi gh vapor es,sutre sd%sta auses ft he fl i qeé E gouc to exert
pressure on the B 868 eS8 '9's %Lipgy'rtgh@uf Qndpe FREANAJEPHNPT
liquid to the i qUItd tie® Behipickato28t shsendilingidtiiowara, lﬂme@rlirb@tﬂrﬁtﬂlmmd flow rate
tenperature controII d co talﬁer i S grow dﬁd th@a lr es a contai ner.,
headi ng at |east a 'S agﬁ/a § 3R AHEUE I i Ral | edtﬁ SRg 4 c@&v?‘t'?}‘y
adapt ed to cont ai n mopd@due tevapeaesirnwith hefrigeapt iiguid CtOOﬂnltllga deer@ewhﬂaalltm@ an
e\)aporat or, an absorber and a va or n?ﬁ %‘8)? é di sp%? ! etwe(g ft
evaporator and the Sgﬁ%ctt?é?w\%é? nﬁ' ¢ BPYrPA BYENEC fFEPLLe dmfn
thermal comuni gati on t LoV ol i e. nd
a| I|qU| d reservﬁciar adap égorglgg %tdén{ntﬁaﬁl \Bog%teﬁ'g Aefv{&%oé%tso& m(t/g%otry &
aétivation of the svethod dor cmmtaimg;admrpm cqoling -deaice idcwovidéhg Rt@ amTot1¢Ter
embodi nent, a tenp e 0, r
i ncl udes an i nsertqﬁavﬁgevt?c%w&g%% t%mggﬁgmst%é@/aﬁsg b%g'f ﬁt?sr@ og‘é@go\?/;ﬂ%,@@%
within the insert aﬁd/idECBbrtpe iegaparaior eng adinsttliquidcsupplyrratesahd & se¢ondi prstion
wherein the sorpti i ncl apor RO0Sj.tj.0 ;
‘adj acent to the ca\c/H? thgﬁ)? c')é gg""’%ﬁemc@gﬁ%gg&? & a‘?‘é %)e%Oﬁgcﬁéglgt%phgrﬁ%dm%t S
substantial |y efcl d@e@rtmmthertlsﬁrhqwd/scpmiydatﬁgTh!@ eaablehd”le smbiisadi apeling ddvicehe
present invention, t . cont. al i jded
ttftat i ncludes a cont aélpﬁﬂygﬁngr%g%% ng{at%sttgge ﬁﬂ ”ﬂg'gn E'o Bg%dérﬁ%%é@d%od
wal I s defining a cmr'@cyoflt@ne hat is adapted to contain a product therein. A
sorptlon cooling device is incorporated in the tenperature-controlled
shi ppi ng contai ner t hat A¢5964ing & apothpigemBo¢@set §lothe Presenéapoiiat Grsarption
thermal conmuni cat 'c@@hn‘@' dd%deh@ tﬁé\)fdéd/thtat)lrﬁfdaﬁh &8 SRR fbpprtob%lrﬁ_)aé’ddllb@ an
.;absorber which is thermally isolated fromthe cavity and neans for
sUppl yi ng |iqui‘@ f 28RRrPPleadarded Joiabsed Yarer orapsst B Bre pvaporaiporptdedst st on
of

the device. ! Tfﬂ@seWo‘?rsé‘dEptéd"'Y@%ht@fh Q'r@f?:g@ta%”lv&'@a Fhd Bl tHePFefrigerant
transporting a product that requires cool |n9 he met hod includes the steps
of placing the prod@de lhervapeiajsr.cuistioecaiy igyd disppercinidye st 16aveir 88p aand
bottomwalls, i ~ ﬂb@ctégglcﬂoﬁodé%de%rs%@é&d 'b%twé?e%V'trS‘ee rbiigb Rt Wﬁhnd and the
cbmrunl cation with the cavity wher e %/ the sorption cooling device is
adapted to cool théVmﬁny‘[OdﬁétﬁCfd‘@tW oiaeirigarast "Q%tw@ﬁledépora@fl Brresidetinge
sorption cooling dey fidw L ljofidt t@tﬁ‘e ‘é%ﬂdré‘tgr %etéa%nﬁ@wréwdedt Bé‘ﬁﬁé’%?dtﬂaa the
product contained in the cavity froma first location to second | ocation
and renovi ng the pﬁ@d'ﬂétde’?'ﬂ@ﬁ@'t he extgleedover a long period of time.

t
{
|



25 BRI EF DESCRI PTION OF THE DRAWNGS i Figs. 1 and 2 illustrate a
cross-sectional view of a sorption cooling i device in accordance with an
embodi nent of the present invention. | Fig. 3 illustrates an expl oded vi ew
of ‘a sorption cooling device in accordance with an enbodi nent of the
present invention. i gi . Figs. 4a-4c illustrate various cross-sectional
views of liquid reservoir systens for a sorption cooling device in
accordance with an enbodi rent of the present invention. Fig. 5 illustrates
the vapor pressure of water as a function of 5 tepperature. Figs. 6 and 7
i[{ustrate cross-sectionafcqfiBado gnotaey FG‘BP@”@QE@%‘& Ffrei‘-’;?ét"?é/ﬁf’g% aysorption
sorption cooling devbéhdg devieCiaIftanNgsd Wl hdrice rEp0N apBRtorofor bRFiding E&siag!
invention. “e Fig. 8 illustrates a perspective view of a |i qui g r,gservoLr
systemfor a r; 10 EBFYPELRAAR ﬁor?dﬁa@/ﬁp@rf%msédfbff&aervéeowq h? 488 AB5E Hent
of | the present ' invenpte@No conthint rérigdramtsiquiatem $UpplyMae iiglit 9 thenehpatatboad
anili liquid feed rate as A2 function of anpient tenperature. Firg. EO
illustrates a muPti @88 &fEL9aNGURANRIPPIRSFPN APEP bWt IR dRe PeneEipLnat 3 apapipd

sof ption cooling devs p@et hedrendadit oMHereRie RFDRAIMRAEN Bfe rehigeRiNES@M is
invention. Fig. 11 illustrates a flowrestriction device that is useful in

a-sorption i cool i nEEUENEEVRRPIEREFIARRIES A URCTHhTReANSIPFIRI-RUPBTESEIRB 35ERSent

invention. Fig. 12 idcudstsafd 6§di@michRvds astdiug thieRdélayd smilbheditsi s useful in
a sorption 20 cooling device in accordance with an enbodi nent of the

present invelnti on Fi g. lﬁcdokdim?tc{arﬁ@k‘.eraerpwcsmemtd)f\/ta?\pir@ugofnvantmparsorption
passageway el e t that is useful i sorption coolin vice in .
Focor dance wi thiln EMSBITRITE ToPraP BRI 2B fpBRIGEY ProHae) SPElPe es
a perspective view af absudppadpntes agesdyrbelsteformed2in theadvapsrateesnd vapora
sorption cooling device in accor%gnge vvitq an e odifrrent of the Eﬁr e'rslent%)
invention. Fig. 15 PPYSGIEYRY A9apid I 5ot BiPoL it M ofet QPR Pl iente
desi ccants that areapsebatl The aapor passagewsy Indutespa eseimblly Msekting materid |
heading a thermal resistance of at least about 2.8 K'm?W. Accordingly, heat

15 generated in the absorber is thermally isolated from the evaporator,

enhancing the cooling capability of the sorption cooling device.

According to another embodiment of the present invention, a sorption
cooling device is provided including an evaporator havihg 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

f ' containers incorporating sorption cooling devicés, 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




. Fig. 16 illustrates a cross-sectional view of an absorber including a
desi ccant and a high thermal conductivity material according to an

empbodi ment of the present invention. Fig. 17 illustrates a cross-sectional
vi ew of an absorber including a 5 desiccant and a high thermal conductivity
matieri al according to an i j ~ enbodi nent of the present invention. i Fig.
18 il lustrates the absorption capacity of a desiccant as a function of
vagor pressure at three different tenperatures. | Fig. 19 illustrates a
crogss-sectional view of a multiple-stage sorptlon 10 cooling device

cross-sectional Vviewefie 8 ;;r@dm@rcawr EeC ARt dopkdind p%*ﬂt'id?]pﬂoﬂﬁm@(lﬁé %;ﬁ%ll bhthe
accordance with an enbodi nent of present invention. Fig. illustrates
a cross-sectional vicelNaper aAtséfPﬁéF &P@JF‘@ deieeiofiprResedsn e tBBPﬁ@'OBMﬁ‘Féﬁ'%Eﬂe in

acgor dance with an %H&Q@'s@fﬁ@&e of theh&/apbrRER M addptedid SBvidEicHelingoithé Yeiduat es

ac%or ding to an enb&daHeRt susiRce Bad j5 adepind torpapinegmth EF:P@“O”?GOM?!”G%P‘P’E‘E’%EO a

a perspective view of t enperature-controll ed shipping container in
accordance with an é?r‘t’jb(dl ment of the present i invention. i 20 Fig. 23
i.llustrates a perspective view of a sorpti on ool ing device in accordance
%h b embodi entof -t MeBrEEEnto BRGAI T BRBORITGN S (1 LGERETie L. &

cross-sectional vi e%rﬁﬁer@tuieeéﬂ?ﬂfrroﬂédléﬁp@ﬁ@'fcbﬁﬂalrﬁd r§d$rbp|§bdl%éi(nmmel§eit lddbt a
accordance with an errbodl ment of the present jnvention utilizing nmulti

cool i ng devices. 25SEpYall 95d;1pp andy BN 138 r4GHBIRg; § Cavilefrasied to contai &°

t epper at ur e- cont r ol bﬁﬂuéthwmh NBe c‘c@oltyal AEEorbiiorR66AIhE oG R eWstiRcPora ORI ent
5f5 t he pr esent inpvention. g | ustrates a eI’SS_GCtI ve view of a

t enper at ur e- cont' P ol P@Ha'ﬂersma i ﬁﬁaetﬁﬁttal?%l thé, cq¥tor dAR ROREONhCeglng device
enbodi ment of the prer@ss ah @V&ﬁrbt@ﬁlrﬁl‘aeﬂﬁéﬁcbﬁhhﬂ@ndé‘%ﬁ iwith enec it Ngh leuorises .

10 | Fi 27 illustra per spective view, of asor tion cooling device
o T R e R S e B B! b o s

Cy! i ndrical shippi ngispesetiabsteen Rhg. abdBroer | st evdmFatbhent eamesavsir edaptet he
desi ccant and i nternal

t troll ed shi
coEt ai ner as a functiRpY @}/”qe}/%“f“ﬁgéo Ihe eVQBB@?%%&‘SW%&%prBﬁp@g%é|"Wgﬁ‘t Rgf

the present inventierernbir@augds thklflost raed GSrdf@rérﬂmsnaabum@eéﬁe ﬂ'nhes@tﬁsect@ant
and internal cavity_ of a tenperatur contr edT%hl Pep % cont ai ner as
servoir e I’lgld

fUﬂCtI on of time i nan increase in ambien empera ure can incl

t housing, a first flexible pouch disposed within the rigid housing and enclosing
: high vapor pressure substance within the first flexible pouch and a second
]I flexible pouch disposed within the rigid housing adjacent to the first flexible
f 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 controlied 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




accordance with an enbodi nent of the present invention. i 10 Fig. 30
illustrates the tenperature of the desiccant and internal cavity of a
tenperature-controll ed shipping container as a function of tine in
accordance with an enbodi nrent of the present invention. Fig. 31 illustrates
the tenperature of the desiccant and internal cavity of a
tenperature-control |l ed shipping container as a function of time in 15
acgordance with an enbodi nent of the present invention. Fig. 32 illustrates
the tenperature of the desiccant and i nternal cavity of .
terperature-controlled s F‘E%g'ﬁ% tecﬁﬁ‘Pﬁleﬁ@tmbé’?'”&er*t’uﬁé%/ri”BWag’F'e'P?’f‘rtéo”reﬂ shipping
acgordance with an eghRferRbrotitied feat PrcRBRBaNi iMseeIid vy top] IibttodBand bidswalat es
the tenperature of the desiccant and internal cavity 20 of a. . .

t erper at ur e- cont r ol 196BNE&ENTAVAY WEBIR: e dRsserandya SQIUPD SROBYY Yhityiacerporated in
accordance with an efpdemhered tihsorpicesailing ONEMciuaBs afriegapctdtor bbsisdreat es
the tenmperature Qf the desiccant and internal cavity of a , .

t enper at ur e- cont Pol IP8RCEHM; Bph® AU R RY e&QO'é{‘gfthﬁY/i%nAo‘Fonfq'ﬁ%r §ypstantially
acgcordance with an erbesdgmBinseft. t he present invention. 25 Fig. 35

il I{ ustrates the tenperature of the desiccant and internal cavity of a

t efrper at ure-control | ed shtdqopding ROMmtHeer emdodinfenncéii ae ofrebénte invention, a
actordance with an (t?nbodi ment of @%ﬁ sl%r. esent inpvention. Fée% éﬁ L | Ilu trates
the tenperature of (HEPHRY T S HIPE T, SONEIRAT ¢ P goviped that includes a

t-efper at ur e- cont r ol kestambi pRIiINY aCRALEE NBYaliash datop WnEtceBmofallsi defining B6avity

accordance with an odi t .of the present .inpventiqgn. 1 -. 1t Fig.. 37
T et s es 't ho 1BaniE i ahehee 2o e Rl PR ERict Rt & Pt codipacieugd is

t epper at ur e- cont r ol redrp@hdtePirn thectenipatange-castraledwmaipirancantaihémBal includes a
accordance with an fnbgdi nent. of the Fr esenftg i nvention.. I?i a '%Btri | | ustt rtgt es
the tenperature of tHET dEVUAM" QYFPOTHP AP A\ Fynghiggtiog wilh the: cavity

t ehper at ur e- cont r ol bedidehiopd® teerbatynen aasoraef which isotheofallyiisatated from the

accordance with an enbodi nent of .the esent .invention. Fiq. il lustrates
the tenperature of FRAY EEqHt f%(nﬂ“ﬁmgr E%H'd ré]f&m E@f’ E)el’sea’oﬁl to Re ' SvaBSald?
t enper at ur e- contisol Lipsh sdlivpiorng te@oeatener as a function of time in
acggrdance wi th an enbodi nent of the present invention. 10 ' Fig. 40
illustrates the tenper atliee pofsebhénvdelorc cdsnt panitiesneemetilodcvi trgnspbrting a
t enper at ure-contr ol LRpiNg. cont ai ner NG i L
accordance with an é@gg‘%m&gﬂ{eagl{% ﬁ%ﬂbg.egggﬁn?tﬂéghﬁdg%@t |gsjttebg?f Iio[;lcwgttp?it es
thiée t enperat ure of pledudewitiicaniprarudt catityr defined awi ey legbt top and bottom walls,
t enper at ur e--contr ol | RRL.D i : Cloh R | [ R
acicor dance with an @%gigglmrrgér#ﬂ%? %?ﬂ@apébgécgﬁﬁ ?'ﬁ{/r%mnt%oon. rﬁ%aé@hﬁtq ﬁeu%tv}tét es
t he tenperat ur e2df wheretyshe czanptioandodling edavite savdiaptedfto acool the cavity upon
t enper at ure-contr ol | pPI ai : f i-0 t Iy initiat
accordance with an ‘Léﬁgg&l rr@ﬁttﬂ%focé?ﬁe' 6?@_@% tﬁ%v%%kgn?ocgﬁ%.d%ei P)I tljnslttlar%t es
the tenperature of tdmindesitecemtyainenspattiogriae prahict gorg@ined inethe cavity from a
tenper at ur e- cont r ol &floStoRR) BGed AN HBE i @forflo N RSk frdrh B Edity.

odi ment o nt1on.

accordance with an e the present inv

|
<
i
A
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25 BRIEF DESCRIPTION OF THE DRAWINGS

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

i
1
[
| device in accordance with an embodiment of the present invention.
1
|

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

accordance with an embodiment of the present invention.



Fig. 44 illustrates the tenperature of the desiccant and internal cavity of
a tenperature-controlled shipping container as a function of tinme in
accordance with an enbodi nent of the present invention. 25 Fig. 45
itlustrates 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. Fig. 46 illustrates
the tenperature of the desiccant and internal cavity of a
tenperature-control |l ed shi.pping, contai.ner .as a function of tine in 30 :
acci!or dance with an errbodihilrll@”}[ﬁ)td'aéﬂtC ﬁngaa? SRHRYS FRSERETIGRa! Yiaws OrﬁlgF@. reagrvorr
illustrates the tenpssamy foraf sdrbtordesdliog alevicand acedrésnmal witagh teyntaldinent of

t enper at ure-contr ol ltﬁg Shﬁiﬁgﬁj n%}tcont ainer as a function of tine in
accordance with an enb8HiTEhT V81 "Phe present invention. ' Fig. 48
illustrates the tenperaty fot esi.ccant and internal  cavit 5. of
terj(perature-cont roll ed sﬁggplgnﬂu%%r#%ﬁh%r%g’grgjrg?ﬁ%%i%fnwgfert faﬁegi#ﬁmt'on of
accordance with a@n dambwpdratent of the present invention. i Fig. 49

ila;strat es the tenperature of the desiccant and internal cavity of a
t-enper at ure-control | ed skigspith@ndontiliisirete asa-stdivoal giewsf ot iantiquic reservoir
acgordance with an ' t__of. re ! i on. .10 PTI OF
THE | NVENTI ON The pfsg/gt(e%n %FH\/sg tt'Pérgg?@ ggdzeﬁ@%é}l] %gogéérngcg:tv@%‘ 1o sorﬁ'ﬁlr(])t%ythe
cool i ng devi ces and,présendinmantidncul arly preferred embodinent, is directed to
t.enperaturecontrol | ed containers i ncorporating one or nore sorption cooling
devi ces that 15 enabl e thig. Bntleatiatds @ aersppcide Vigw of enficaicheasetvoirbgystem for a
mai ntained at a qjoedusadioh URRALNIE, iPURBoRAWAR S BBoBfehl BHIA lfesent
useful as shipping containers Tor t%e transport of a varrety o googs that
are sensitive to anveftion-enperature conditions. Wien the sorption cooling
device is incorporated into a shipping 20 container, the goods to be
transported can be pl ace@Owdtikisraispiaisietienin hyattlnad and lweid fred Bie ene
shi ppi ng contai ner. fji@os bi HAbiBS: teAREAGEr can be in the formof a

tradi tional box, a cylindrical tube, a shipping envelope or virtually any

other formthat is usefUuFigf oy jiLstaISPAMINGtaBO NS dEMRrP Yddbrh ARatGOLdfITN a
deyl ces of the %esent invention enable a wde range of container sizes to
m

be| 25 used from'Ver JOPHAN |COPNGydevieR,th aFePrdanasr Yith @dnerePrdidRas P tie psent
pallet size (e.g., imed¥®l 100 cubic feet). The sorption cooling device is
then placed in thermal communication with the product cavity to provide
coobling to the goods configi nedivétiatdsna flb@ restdction. devicBhBatigviiserl aaB doeption

activated prior to placenent near tclqe roduct cavity or at sone. tine.after -
pl acement. Cool ing g%‘ﬁ'”ﬁ@%&%m He aﬁc‘gw' Iap-eg%ﬁfj%%tgfjthﬁﬁ)ﬁﬁfg?%em”nt ain-
t he desi red tenperature F(l§ ?Zsilluglt?éteg%ef?otv?%stt&%gn %%91%& tﬁaq)is fu%{afu?ﬂ\ gxsto?in%%d
time period of up to abou
i 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 thatis 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.



| 120 hours or nore, such as from about 24 to about 72 hours, to enable the
goods to arrive at their destination w thout being subjected to
tenperatures in excess of a desired maxi mrum tenperature. The fundanent al
operation of a sorption cooling device is well known. 5 The boiling point

of ia liquid can be | owered by reducing the pressure over the i liquid, 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 fromi the

G001 ing. &l foct. To.proveRt R GEAERoBIEHE S Aoy N aFbEn EeLE: dVSHE fhe
10 :boi l'ing liquid, wesiesantouhdl st aght hiserbei | tcorguetvity Neatdriabi gbcotdiey Viapan
that is generated rm%{b a_e con 'nuously. requDved and the renoval of the vapor
nust be done wi t houfMPREMEART PUABRIGEAT 'BYeVG'si de air. Thus, an absorptive
maﬁeri al, such as a desi ca%,.I can be utilized tf absofrb t he \B?Eor Iacpd
pefmt the liquid to cont®nié BEIPISR? SHPSEEEWM KHiFWh8ae  faPsRiPER & Cluding a
envi ronnent. An 6xanpsiecadf A% aa shight tremebalontgetRy i @etdrial desordifedoi an

U 5. Patent No. 4,250,720 b%/ f?he%el, ;[ whit.ch is incorporated herein by
reference in its enfiPaEeNt OFAG PESPBL MEH "R 301 i ng device that is utilized
for the tenperaturecontrol |l ed. shippi ontainer _accor.di ng.to the_present

i nvention can have a varFﬁ%tﬁad'gFQ(rzag% p%uébasﬁpg'ﬁg.ca?’?% eorfrae%Bcg C&FB#?%%%%%%%Q
Fle'f/ij_ces ?r eh_relhat i vleuapagpdeisgjtm\aetrgélf diﬁamgdtamgetzatmff.up%/ at | ar ge vol une,
.eading to high cooling densities. Figs. an illustrate a
cross-sectional view of fimel&ichktrates @t croas-sedionalgviele\df ce ntuttipte-stagprsefpdion ed
i n: accordance wigh . ' j j - g. 3

1 aceor dance v biATRNLIECL Ao Lhgn BRESARkA! QURINESDANBRLA,

appreci ated that the physd cal ifiLRRES I0BDs05edfRaN AN, T ATRANER R led
illTustrated in the Figures are not drawn to scale. The sorption cool I ng
devi ce 100 i ncl udesstippiahseeniriner 0P aseendanef ngthamnalesogineand efathe iriesentich
as; desi ccant 118 ang,&figvaporator 108 that includes a cooling surface 120.
A vapor passageway 104 is di sposed between the evaporator 108 and absor ber

102 to provide vapor ComgINCatiPiRedat WBsHstdiBnA0ViBNaN arfierd@fe-8dtrolied
absorber 102. The vapor passageway 104 includes a thermally insulative

material 122 di $posTBUPRIE o8RG e Ne\BEpYFARST WD 2aan8MRBdistehErof18E Hreseat
pliur ality of apertup@sidd4d through the thermally insulative 14 10 15
mat eri al for vapor conmunication. A vapor perneable nenbrane 106 is
di'sposed between the evapprzd qusk@&saadpélpedian OvieRass agammerdib-cohtloligi d
reservoir 110 containing a refrigerant liquid 116 is Eonnec&;ﬁ &% t he
evaporator 108 by &NRRYT SR 1 £EPrOAGE §iNr 88t PMEPTIBIED n PreSest
dijsposed between t hevdntigati d 116 and t he evaporator 108, such as in the
lijqui d conduit 112. Referring to Fig. 2) upon activation of the device 100,
at; | east a portzlon of tFRg. 28fitligetent derspectivel tibweofi & Sotptien |doglingddevseinvoi r
110 and passes to the evaporator 108 . of the liquid conduit 112. As
the liquid 116 ent earcgortdﬁﬁgee‘(‘/' p%rl)Spg’gd'%é]?gﬁﬁgWﬁsﬁmé(}\éeﬁgg%te due to reduced
pressure thereby causing t ; or..to.1 ih i.tsS

th. I}Q lﬁt}{%gagéesa%z%géﬂecﬂgﬁal \}TE\Af %ﬁat‘a {?Fﬁn@e{tﬁ% controlled

surroundi ngs at the cool "hg sur € vapor Tornmnme evapor at or

151;)8 passes t hrough shippingagpatainse imecdordanee mith sneeni@@ljmertiod thghpredemt apentiarr es
114 and is absorbed;i ! :1Q2. The vapor is absorbed by the
desiccant 118 in t%é“'gﬁgpglglreat%ggﬁéjﬁée\?éee%y causing heat to be generated in

an anmount greatgy than Figat 5t ‘mﬁ@ﬂﬁtjeg ?ypetr%cﬁyf%\n?t ra%ﬁwpe?&h@réd&ﬁfﬂ?dl y

insul ative material 122 reduces the anount o eat that 1s transferred back
to the evaporator FoBrigosetthiveabsoperardargg. with @ dembddnenthef | thqubigsent
boi |l in the evaporatridP8, the sorption cooling 20 device 100 is encl osed
in an airtight enclosure (not illustrated) at a reduced internal pressure -
and preferably is mintagnod yRdeaied £URSRREIANiRGH UM ohBERIRBIDNERRT| Y.
the pressure within the enclosure surrounding the cooling device (i.e., the
evapor ator and abséhipeiny Cpétameéfﬂe@ce?ﬁfd@”ﬁ%wlt@ﬁé&ﬂ“@lﬂdmﬁﬁOgtbé@tre%t entiop1s

vt}'prt), nmore preper %'Rl'iz}’nd}%lti%%Bﬁg ddvapgabout 10 nbar (7.5 tort)
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25 and even nore preferably not greater than about 4 nbar (3 tort). As is
di scussed in nore detail below, the liquid reservoir 110 can be nuintai ned
at a higher pressure than the remainder of the sorption cooling device. To
mai;ntai n the reduced pressure and to provide an adequate shelf life for the
devi ce, the sorption cooling device 100 is preferably enclosed in an 30
i hper meabl e casing material such as a netallized polyester filmto prevent
tﬂ% | eakage of gases into the device. In one enbodinment, the sorption
cooling device 100 is disposed in a sem-ri gi_ d, .thernmal I’y-,for med plastic
tray and a 15 .. i netB&BI FZdWSiAleh 3 CEBRENEAVIEY &f e SPHHC™S GPPINGIRICE: e
plastic tray to enchesfash® itk OsH idAthodevért eofteh preskhieinle@onWhispbsddsin a
evacuated to a reduced pressure. In operation, the liquid reservoir 110 is
activated to rel eas&YHKHECAiSHRPHITS @S he evaporator 108. The liquid
reservoir can have a higher pressureS5than the renmainder. of the cooling.
device to feed the |iqui ff:!gt%g'd”ﬁé”%tﬁéﬂéﬁ Smpeiggre %}‘eéi;?a'ﬁﬁr@,a”gﬁ%tema&ﬁ%ﬂty
reservoir 110 cap bef & HApEipELYTRNES sHIMIENOOREHRY 4D Aflicest JIr Basune
that is punctured to rel ease the |i qucs,d 11§. Al ternati vel_(é},j a val ui ng
methani sm can be us@FXERERIEEAN HBOIHET P NBPESENIRVENIXY pressure in the
evaporator 108. In either, c , the lLiguid is exposedlOto the evaporator
108 and is thereby exposr?[éa' ?%ﬁlasg%]%f%{é er%w&p itﬁf)rd§§'§fﬁn a@ﬁd@?ﬁ]&{ FRay
liguid to flow to tbe evwapesaiues-cdbliandshimma icoataflee as a function of time in
t enperature-control | ed %hi gpi,n%hcont a'.nerts i accor danci Wi th the .present
invention require t ASEOTYHEE B YARLIT e AL S PN %N ded peri od ofti ne,
such as from1 ur to 0 rs, .to.provide.a sufficien . f,1iwels
ifor the pr oduc?8to reacHg'i%hﬁHg@?%g{%’l %mpeﬁaéurﬁrég\}{’%(eéegaéeaaﬁgﬁg%8@?1 Ir%ég\mgver
al ong period of tinef a hengerausd-ceittdiied dhippind avoglinguaad iat junofior eff riingeriant
liguidinitially present . in the evaporat dditi i quid nust be
added to 'theevapora?%cror%%}j&?vvt%pa@r?rﬁbcp (n)rpgrﬁtio%h_e .rgé%]t?)r&%%tlénhe liquidis
stored in the evaporator{e.q. i r.at NOJ - ;
entire volunme of liquid &r@s?‘ ﬂ%%%%#%d@@? ga?lér@t(ﬁéﬁ%g\gng'g%ngé)r}d W%@?Egﬁ]?y
external cooling. Faf ehéamaraiura-tentelléd sshippingt icoalkiner rdst at Binctien Sfdime iof
hauid that can,pe sl@fdthch MR SYIRARANOK thel frbSerRIBLAIAP! e nor these and
Ing to the p

other reasons accor ~present inventioon tomaintain the liquidin a
remote |ocation (e.g., rrfr‘%eézvmhétra%éso)heat@%p@a?&ré'cl?%é?déaé‘éa'nﬂuh@ ift@nbh&avity
evaporator in a controlled fashion and enable the sorption cooling25device
to provide cooling $or tmrexetuirdeantiobed GHiRpingt CARATRE asi quit@ciBed’ rtdl%e P r om
thP l'iquid reservoi pcdofydnbe wik BRUM RHimntlok iHaSrb @ RRERIRNal to the
priessure difference between the total pressure in the' reservoir (i.e., the -

water vapor pressure pl ysg tdwiiiaeieiitl BinbeRNEETING degectahhend ersmalecaviy t he
evaporator (i.e,, water vapor ressu[& a% t he evaﬁ.oratorSOLen%)era} re and
g iS A

the residual ai £0 pr &s duleynergiete-eame PP INSTEOMANET &Pea o itgif &
feed rate when the s@opidnes wih@hichthddevérief ine drédent inaettionat ed, asnal |
armount of residual pressure can be incorporated in the reservoir. Forl6

-a | exanple, the initi &g [Beeigsirted hettbmpeanes \Witie besiciangacdhmidrealf cavity
about 4 nbar (3 tort) to abouyt 700 ar (525 tort). and preferably.is not
greater than about %08 qu%@SCOPHE%J wawgr 8%?%’08? Br astfélﬂ?té@”i §f J9%4" t he
tgtal pressure in tdordases wih anwinbodmagit df Yregeesepameedont he |iquid flows
frlomthe reservoir to | 5 the evaporator, decreasing the feed rate and

tfﬁer eby decreas2hg the ¢opldsnigustamtes. theHempembire walthepdessanieand intasediudavityo
initially bring the _contents .of a pr . [ ot SL.f e ;
térrper ature in a sh%frg %Ermeiegurgfcoplrﬂ@e%u%blp‘%ﬁél E%netgg%)\graéc?at gg}%ﬁhg{ %ﬁ?em
l'iiqui d reservoir 1lld:comanbewitoaateatodimant of thalprgseahipvea®nti on in rel ation
to the remainder of the sorption cooling 10 device) as long as fluid
communi cation is provi détj. f36otnsdiiatesr tbs dempénatutd Of the dériccaniapst atasnal KagIly
According to one enhodi nent. _qof the sent _inv i h VQI L .S
separated fromt henégvgptgP£F63rurfffi?nggﬁet%hgﬁl%ﬁlggng(ﬁttéllg'?"ngl%l %tflbr\?(zt%ﬁa 1Iertllrﬁael M 22
and that the |i3Uui daacesienveith 24 @nibedidienpobibd pagtieatiementico. t he i absor ber
102. For exanple, the liquid reservoir 110 can be di sposed adjacent 15 to
t he absorber 102 in such a manner that the téﬂ) of the-liquid reservoir 110
aq}d the top of the absorber 102 are substantially planar, creating a

substantially flat top surface for the cooling device, as is illustrated in
Figs. 1 and 2. This configuration can sinplify 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

imedi ately or in an uncontrolled fashion to the evaporator. To restrict
liquid fl ow between the evaporator 108 and liquid reservoir 110, a flow
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varies in response to changes in the anbient tenperature. According to this
30 enbodi nent, the refrigerant liquid is contained in a rigid housing and
vapor j pressure within the rigid housing drives and controls the liquid
feed rate. When the reservoir is exposed to anbient conditions, snall
changes in the 17 i anbient tenperature can produce a change in the vapor
pressure | eading to a significant change in the liquid feed rate and
therefore a change in the cooling rate. As used herein, the term anbient
referstothe condi tion hete t :

sur roundi ng the cool i ng%ﬁé&'ﬁ%@“ﬁatg‘ﬁ r]":‘otﬁ Wﬁag“r% cg tﬁ%geS@#ﬁ%ﬁ?ﬂﬁé?gtFWt%C%tych
t he cooling device bfai mmfam@tum-mvoﬂedﬁxcstmpmgngomembh|as enmbodiiorerdf , tirae viapor
pressure within a rlaé;c i d, housi. fromtgglo%nbl ent pressure

d
conditions is used 5dad‘rCF ‘tH%”feé‘?%oé"'F%'} 0? e RTeit & ve Rt

S  Opposed to anbient
pressure. Preferably, atc. [
co}mmnl cation with the a ﬁgsmlu%ha@?r%'ﬁontgm eratt‘n%d)rf ﬁeeggﬂl%nt/g%pﬂ%ﬁggg%{'%
within the rigids houfsnanganvpelréturel-mtramh fshlppingi tbntbinactasasgi tunstiom of hiégme in
anbi ent t enper at ur e, ther th [ hermal ly isol ated

ac c% %F%%‘tﬁtanee Soafther ot th%&)?%ée?at Pﬁeﬁt 2

friomt he evaporat or® I"ent” press romin ruenm ng the feed
rate, the reservoir housingd i idd GEQBILY RO O asBiahebAy ihemBr &amyT e
dlilfference bet ween the interior an exter ousl ng

exanmpl e, the |i qui dofcantebwecainteadonérdiiadi rsbipping ebntainer rsear iugriPrn@hsineg iBuch
that . 1t 1s free tgccgpd\é%ch/RHtaph%odm&ﬁB hegﬁé/%e%YW%ntFolﬂe housi ng. As the

amnbi ent tenperature 1 ncreases era reservoir wll

i ncr ease and t hgy vapor wge%tﬁn&é@ve%rmmsmbé@mrﬁ oid addieaRnay iHEIRECRY ity
causing the hydrostatic i pressure o quid to 1 ncrease. 20
Filgure 4a il ustr at®saaiempesatpleecontrolesi §h@m@dp¢@ﬁﬂera@éo? diuRgtiano of Hisne i

present invention. SHRRAIDO ISR YRR Qeinlétfiopdes a rigid
housi ng 402a with aéréragq‘drargéeﬂr/vg%t Ilmqw 404a dlpgposelg Wi tohl nthe rigid

housi ng 402a. An outlet 063 HANARSE! He tthPpbiaflis Of HRSQSSIREAt 4D Midraalcavitgui d
candui t 408a which |ncI udes a flow restriction device 410a, The I’ﬁf]’l gerant

lilqui d 404a has a i°T28 ipEIpGFatecostipled RAIPPBYCFNaineTe8s 7 JUAGHR 8
lijquid to influgnce;dcbRiahtauitd ah kpWobimlent Btthe QfeseRgini@fiBRVOi 1 400a. The
change in vapor pressure associated with a change in the tenperature of the

reservoir can be quite sigabfiigaates thorteapeanre of Heddesiccahl arsd Ingdraal daligy
change in water vapor pressure as a er ature #8’830 to about

Iﬁ&nctl on of te

30C. As is evident ¥r8niefpgratye-coRiol té‘f"pQ'QBo‘Fo%?’ sfre?c time - in
sijgni ficantly (abouicc8R@kBe Wit Bn@ﬂ]bbﬁlﬁ’feﬁhasﬁheIr}rdseﬁnﬁvattiune in the range of
OC to 30C. Therefore, if the rigid housing is exposed to fluctuations in

the 18 . anbi ent terrpérgamerwstram thapenperrss af thewddsiccantcarehipteradl cavitye
feedrateoft UIdWI|| in e reas n
are. However, th & esrOR G BETGRE SbPERT NI, §EH JEhdsh P

possi bl e t hat certaaonor@enmwm amamboﬂm”tehneofrteeeresentrmvadtsbn cause the liquid
to becone 5 separated fromthe Iiquid conduit, tenporarily suspending the
fliow of liquid. To over E@nézltlllush“aiesrthe éammraturehef hecfigisitcanrtranseintesmal dlemisd
within a w cking eri t a [ S

t he liquid in contm:jtogtévxt/lg%ﬂ ﬁﬂg%gﬂﬁrél{éd %B‘mg ‘lfolrﬁgaéﬁ%f E%Efgrﬁcﬁllgﬁt %f?@% i
the reservoir. In aamo@ﬂdemceewﬁom mhodlrrtehtaOﬂthqmeﬁehtsnmﬁ@m ned in a

‘fl1eX| ble, liquid inpernmeable pouch to 10 maintain |iquid comunication wth
the liquid conddit. Ref Eigr #hdflustiater ghe fmnpeiaiuenplolierAssicoart and iglernaicayty

6ere' naliquid ingpey W@ﬁgéﬁamglasmréhéébsﬁa&h%sc%@m 5814 Ingesiant of rnﬁhw el

4b. The resi dual vapor pressure acts he I'i quid pouch 414b
whi ch is preferabl yaceortprese Wirearpeneedinenefdhe @reﬁﬁ@ IPVEHEeN pr essure to be

transmtted to the liquid
Fig. 46 illustrates the temperature of the desiccant and internal cav:ty

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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~pouch 602 10 contai ni ng hi g Bb pressure Substance

15 contained within the pouch. It wll be appreciated that the residual
vapor pressure within the rigid housing can be supplied by a substance that
i's different than the refrigerant |iquid 404b, such as a substance having a
hlgher vapor pressure than the refrigerant liquid. Fig. 4c illustrates an
enthodi nent wherein a wi cking material 416c is disposed within the rigid
housi ng 402c. 20 The refrigerant |iquid 404c is absorbed into the w cking
material 416¢c and as a result naintains cont act mﬁth t he quuid outl et 406¢c
irtespective of the orie£ta£iﬁp of t eservoir A4

Igr 4% Hiu

wi cking material useful §tr?fﬁ? MRS O B 85'§°§’/{g\%«5ﬁ 'atr?ﬂjaigﬁ\//(x%’ven
materials such as tBpse ioaparaise-BontrEAbdr sHipfihd eoatalrer das celfindios ejf, time in

pol ynmers, glass (e. Sili ca) natur%JJ 25 on nd synthetic sponges. In
one preferred errbodgﬁ%or‘if’ancﬁ% hALYPP @E%&ﬂig“ regerﬁérbvgpﬁ?ré hi gh vapor
pr'ssure substance is used to. drj he, feed rat f t he

FI et. In this enbodi mﬁ@ £8d|lqu§§r%t§s 1t“7 SRS EH %8&?‘8?%%&"&”%”&#1 %V't;gor
] pressure substaste Hé‘nﬂ)é?@@?@dor&djlla@eﬂﬁpm@ a;osemmdas‘ lae firfatien putrhe in
containing 30 a liquid rature i ncrgase t he vapor

pressure within thea?ﬁqr%&t”CBfm@r?Wﬁm?O‘ﬁW%'H ﬁcr%rﬁgeé’tfrhgp BY causing the
fi "St pouch to expand. g_(sﬂ%c%eil tFa%tsﬁ‘n ﬁ?ere@gd& thétdegééaa{ntt%ﬂ nr‘ﬁ@r%%?@ﬁnty of

prpssure on the second e 8
the liquid over theol laqmmb&wﬂllf@tontﬂ@illgvrsémpﬂ'lgarmdntﬁmer Ia&tar atn@tlon of tlme m

cr.pss-sectional views of a id ! ordance with this
enbodi ment of the i ﬂ\:ﬁ?ﬁqqn(?ﬁ Wétﬁ nl’—%@bc’%@nigrl]tloﬁ ?%aécmé&leﬁtgog'rspectl ve vi ew of
this liquid supf%y reservoir. Specifically, Flg 6 illustrates 5 a
cross-section of "the reservoir prior to activation of the device and Fig. 7

illustrates a cross-section of thgeseRBMON oF THESINVENTFONN Fig. 6, wherein
t he device has been activated and“mrn”ﬁa‘s—gecn_m‘eased fromthe
second pouch. 1 The Ii quf*h‘é &HMtYm/eﬁﬁ&‘f $UeheRNO d:r@étleb!d@%o%\mf)h Eﬁ&llﬂb'd@(fld@he

a second

f1 exi bl e pouch 604 é@fht'ﬁl A Pr%ﬁ'%l“ @F%feﬂ@%ﬂ”bpoéjﬁ@e”éu& directgd  tof fempEatHEe-
liquid, and a |iqui ébrﬁr‘é?lécﬁkoﬂtalﬁé@ iREIP&EtRHoh® o nlotdl Wbt BskIIng delides THie

flmst pouch 602 and second pouch 604 are adjacent and generally encased by
,r| gi d housi ng1®14enakis theniterpalecavity 3f the fORa? tRele mﬁ'm@'ﬁﬁ‘érﬂ.‘l q e

direction other t ha@meflithiRCt SGh conlé'_knérgaére'p%r‘tﬁ:méﬂ%%bfuabb)éhlp@lf@r&)nldhﬁars
second pouch 604. U on activation, the |iquid 608

lows to the ”&1‘
outlet 610, at |eas ptaﬁttramap)@rtdeé acd’af'ﬁté‘ Bt 19908 ethak e eSNBItNG K"hé1 et
pduch 602. The hi ghteHpRAtuRI@RSYSRs. SUbst ance 606 can advantageously have a -
hiigher vapor pressure than that of the liquid 608 at .near anbient :

tenperatures (e.g.., abquier3®g sofmxosu@dhhn@Sdetvhﬁ &nmoefnora’&édtnmmperakulpumieg
i ncreases so w t he vapo ess vapor sure su
606 thereby cau (#ngco[qipén%) {haet %gﬁgﬁ%gg?nﬁgor&%glpgaﬁbbe ﬁ%“?‘ﬁgﬁﬁ rastf)jH a%ggZ
expands it wll caumet xsldef:@eﬁcmntdeﬁblppmg(ﬁﬁﬁtatrmr coind srap;bmg hemteiogr mtvesmnh@
the fl ow of theI| e secq he. i 12.
The flexible pouch abtéa%% P’P’érﬁ g}w(éﬁg?ﬂl){é?e 'of © %P%’ngﬁ Ve'gPl Jui g'{u%g
i mper meabl e mat eri adarSy othBae Fauehi tmgt I:someefuﬂsfbr tdaea;borsraﬁbecﬁs‘l IThve seumtionasoling
pol ypr opyl enes, pol yester n t er astics. Aflo
devi ce 616, may be echC(?Fp?g %fas?fﬁ ”{Vﬁg ‘?bge efidrirands % Cf’x\{al' %";z‘lg% ?‘%e
liquid flow ratestousaa fappreps Brﬁél@(é gveibwanefee/e@tDIcyblctnmm]epr epdamaliéinsizde
second pouch 604 i di at el ct|v tion he dey,
grgeat er than the pp(g‘s?gs'uttoeov\?}/ﬂﬁ{) r?“ 'ﬁefe?? ° SR oﬂg°°8 ?es'%wl ﬁ% p!oar%gd &ht
e pressure W thi nthémesl lcbrgirdmhﬁnm Wwith fhleébrbdtmtmemyrtb |pn:g/:de ddofied fo tba gbbes
S cond pouch upon ac%tn!ta\{r?et wnt nggar\]nt)\/mu'T%et e?nrc %uasc?vatggpggr to placemjent
| 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
f 13



i 1 1liquid to exit the liquid conduit at an increased rate. For exanple,

t hepressure within the second pouch imedi ately prior to activating the
devi cecan be from about 50 mbar (37.5 tort) to about 300 nbar (225 tort)
and the' pressure within the rigid housing is preferably not greater than
about 700 5 i nbar (525 tort), such as not greater than about 100 nbar (75
tort) and not. . igreater than about 10 nmbar (7.5 tort).Moreover, the
pressure within the rigid housing should not be greaterthan the pressure

within the first pouch at anbient t eratures. an L. Jtypicall e, at
the same pressure as?PHeUSH THE: a\é%"g%ffow gout %SCE %?Léf@r%\;ﬁ?/lg%%%(abg? 0 er
than about 4 nbar (3ob& fo)arridiisthial dkstlatiomwitheutibeirdt subfEeast tbaenparatires trhi n
the rigid housing wthout being restricted b\é&at he i nfl uence of surroundi ng

pressure. |f the pr&%&seOf RideATSE PREMUTYEIPFRISENg is greater thanthe

ressure within the firs uch, the first uch will not pe able
gxgandand exert pressureﬂﬁg%f’ﬂ@m@%tégﬂ%erﬁ@%bﬁf% ﬂ%rpﬁér? 8%‘{]'@ ,d%i‘”tcei'%wﬁiJ 3P8W?'ed
that thelSpressuge whéMbomng BEint bff $liqui®uahbbdevasrenbe feduamy thé eresseesaveethe
wi thin the rigidihoysing. Mr gwpr ef erg‘bll. ,.dt.he 2 essure.vvi,dtagi n the fi r%t
pouch is at |east aB¥Hif-106NASY RS retaé,“' dR@ VREHYEN p i i PRE Pk Wit LSt
ﬁbPUF 502 nba(rj. (375tﬁa®£]st Inddhizofigystdnbally tedecqar mswre.wém bbil Bnd besarbgdiedt from
ousi ng. According tg the present inventjon, the rigid_.housing.is .
suf fi cigent ly ri gigd2 e A dNgp M FERDFR! sEB'ﬁ {h‘?é’fpt‘gﬂe()f ?@Fﬁ%t?)sf thes gpeired
exerted on the housksging affett. STbpteaphi thlel developnsheot kigh tvapshgrebsugeioder thet he

o ol et te suah SEabTe i bhEh yBRY SR oeRalt, BN ARSI PRRR Bl R

sipilar material s. Fysidigtedmnest beaoatisuouelytrombvehang ¢ iemovbieofahbivepér must

the' 1 g o houst ng. * BREPToRannidaas RBRLS I aibeedr, FARY oSSRl G g teid "
communi cation with agen snk desopetalanrte @ndegtocdisoabing vaasr and peniitthe liquid
Chrmal 1y § Yol ated 1 onyPR oAb PR S0RY 5B Rer TR 1 EnBPRrsrt 0" Bdeieiel
evapor at or does 150t aisoiptive BodingeSdt espescabed & VS. PhenhNghd 25QB20 py Set, e

supstance. One of the walls of therigid housing.adjacent to the first pouch
cah al so be construWﬁ'ga%o'PC%rpﬂriagﬁ@e{%QS’%é?f%(r:eé‘%gt'ch‘JI (?/ri'Ct ";a}y'rrat erial to

increase the internal t er f.phe firsti 2l .. .. popch [ aly.
Acicordi ngly, an i ncreasgmlén s?r{gﬁ&@%o&h@ qé(;vlirrcrr?etrma u'rseuwzfe?t @guté‘gnﬁ”e‘f‘ﬁ%%
vapor pressure substanméed shippiogeastinen aceprpimgaoune present invastiangcarhbavgapor
priessure and . ncreagj . e of; ol Bl -t hel k gui :
cdndui t.5The high vgépr%% %fggﬁ?% \é%tfé)ﬁ%.stg%géé@?a%drgfédrgﬁéaggi (f?éﬁ%%g %qugljaéw%]?
gasphase materi a0 tlghtweigesneriresoh oceliyt iavérge hogimeshigadjiagite high Genlog
pressureover a tenp e & an fo i1, 206G 2Guch t
Prief erably, thei vapg‘%&%}ré%sgfﬁéégépgt%ﬁeluﬂfgéﬁg\%sosr p(&r'éer%sllgiéwu%stéﬁcesow 'Io?

i ncrease by at | eas¢aoliapsigviceGbatpisrpreferredi ineaccosianredtn s eMbedinesip et dbeir e
change of from 20C - - [ VARG RN ] ulp\f\t, 8NGeSsmNcddNRég ude
al cohol s such aset h%%%%ﬁﬁ%tn‘ Jgo?r':ug)?épgﬁjg3i'soproe%aaﬁf) , _cgdr? ~al kanes sauchca_s :
n- but ane, i sobut anedévicepefit wiebeapdpraciniedatnat thex Rleysidel ginersiror ¢fr ©gsarigus
compounds such &sfl N % alhRn ¢RaReWNES
cdn incl udechl o?%fl%%@ggbggﬂ%ﬂ(a@dna%gq:ﬁ ?%% S?tg?ﬁég,gﬁgqar bons HC%C)
such as15FREON ( E. | coofhugpotivicge 18R nbeleges Wl aPsrjben 10DEjoNtainisgr aresAbsprptive

f liuor ocar bonj pr oduc F , -
11, PREON 114B2. FRE’g%teﬁg&écﬁéslg%g%rﬁég a&Eﬁggvﬁé%éfﬁrﬁfB F%@i"éﬁ%%ﬁ“n%i

USE q
i nc| ude HCFC 134a, #ORCe129. A sarbrHeseagesl 04| ip dnpesed Beieea daerisyan it |
t he hi gh vapor pres u i - ri akidSi
205ubstant | al 1y nonf i amngbl oo aear e, he dov S &b her |1 S agtyeen e
shi ppi ng' cont ai $fer sewapplatart 108e81d Rbtareeis1®h The vRpdePpaTsagewrs pBF trRydss. a
Such hi gh vapor pr esgurg, SUDSh ARG &8atbfa! 18364 RE . beliser iHeSdvabbradDige Rauich
contai ni ng thehi gh vapor “pressure substance can be readily recycled after
use since there issalissttentlPalahg arurplly ©f epertuies dibdravarethedierarlly eulgb h
during operation of the25 Idevice. The sorptign cool ing device in accordance
with the present invention isjparticularly u &ful in t-enper at ure-control |l ed
shi pping containers. To furtherillustrate this enbodi mrent of the present
i nvention, a nodel has beendevel oped that shows the change in water feed
rate as a function of anbient P30tenperature and conpares it to the change
in heat load for a container withan internal tenperature of 5C. 22 , Y
The heat |oad for a container depends on the surface area of the container,
the tenperature difference between the interior and exterior of the
contai ner, and the overall heat transfer coefficient (Uo),which depends on

. o MY T T o b1 o
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i Figure 9 illustrates the variation in Gheat for a container internal

cavity i tenperature of 5C that has been nornalized to a value of 1 at 20C.

AL{S)O ~0 illustrated are normalized cooling rates for the variable feed rate
odi nment of the present invention and for a |liquid feed systemthat does

not change with tenperature until freezing occurs, which term nates water

flow As is illustrated by Fig. 9, a dramatic change in feed rate with

i ncreased anbi ent tenperature around the container is obtained according to

the present 25 invention. If the residual air pressure in both the water
fepd reservoir and BW58E MoYanos %W“"i%‘@”coﬁl‘iaﬁﬁf Pgfneeaie FEHIRee dh8list o

the vapor pressure Uis&bécefd%é?\%éhlﬂ%té@@i@)rﬁﬁbﬂ@mbn@%@%@drlﬂa@s%@véyhﬁm A
evaporator tenperature, chang(éﬁa@t he residual air pressure

reservoir, the t enphiquid uf?S@r‘fO'rdé &‘é‘gcérfeB@e@ﬁ‘éH@@G Lh6gisi ?‘?r@éﬁtﬁpﬁo 58

According to anot hegypokash ABStbyOh hidifd mbﬁ&@ntmnvsa\nﬂwrresﬂnbmmf hoy @fn be
lijguid can al so be controll ed u5|n96a nul ti-stage |I?UId del i ver

nthi's 23 U GRBRSARRENEST BB T8rI TP End ot EEPoRAIon T0f s nes 1.
activated sinultanegiysl¥19s. can be activated separately to provide liquid
to the evaporator. This enbodi nent of the present invention is useful for
suppl ying Iiquids at di fi‘\fe‘i‘érﬂﬁ? td Fi?\ﬂlzr@do@xsactlﬁdi@mdﬂthhgdéw&lﬂﬂﬁaﬁleagtlefI)@fl@rﬁ\t

tﬂnes and supplying |iquid fering 5 che conposi
enbodi ment, a first°shareEpesspt h%d df'el goiitp Feeneint 119 89 ?yfpa?%ﬁéaé%l at

a lr apid flowrate t@a@@ﬁaﬁratoe BWI‘ﬁeQN@@Dﬂh@U@DIdVMnH@it 312.apgeke ﬁ@ﬁ@ﬂdslenté@é une
of: I|qU|d|sreIeas§d at are 5 ow rate in %éier to prov

priol onged evapo?%tl ﬁefﬂ?pqrﬁ’é?rﬂpﬁdﬁ ‘ﬁ"&r’fﬂpcé@fteéjﬁr@ P L{feaﬂﬁsswer‘b?reﬁ% cBesithe
étﬁ sor Etl fnt ﬁool i ngthdaa;vbseratoT[iﬁ thikd &t Pé’éﬂﬂrﬁm ltl@fsdrﬂoqbﬁdjlﬁ gt Ithedb@cmgg SBrface

Ir oughou e evapgrator so iti coolin n acr oss
the entire cooling %f%@% POt %‘eﬁ@\ga'ﬁo St%"rapo"?l’fg ’EQ?CBT’\%G ﬁ gﬁ BHeh be
fed to the | evapor@rméaaé rﬁerﬁ@r@héqlolsednr@@grethmapmumsa1m érﬁtﬁlsf etﬁsurw@dmto
degr ee of cooling sef ul

or or durin feti
devi ce. The reser vch?sa Sepehe%g Ce¥ARY df b§8 5P ab% ”Peeglgrs‘%?’]r}?&néﬂ%e
acgtivated separeg elabsormet mez/thmbybeusmgmeaptbwee;énemw iR 2B angduet Yreiater ttiveat

can be activated by t uat or

reservoirs, a star ttg‘% t@k"s’g BY:{hecghaF?%%tf’[légé -'Ihevtgfaﬁhé'yd?sq ‘?et&ﬁlraatleﬂﬁl 13%
cont ai ned within a rbd@wsdhe ram&rm@blheapmclm trdmef@rqapbedk wathebeyapupitar 0B
eiither by direct rr&chap g @Jre or by indirect or 2 0 assisted
nechanlcal pressur 786 mechani cal | ever or sharpened actuator

whi.ch is either afflxedtoth ut,si de. qf pouch h|n
tl‘pe pouch. This pouch cé{h"gsr%éﬁ“aet"e lcjef;Ot Oel m% V@PPT 10?h§ '8Pa(f mg

surface or can fe |degimed@Oriemntlebgd whar eirtighd ehtligsiird (ptmﬁltuﬂtttat&di)rae@tred@m

fI fol dtot oy |
o O ol 440 gy BRI blerddhy ROUELRed 9GBLEY LEOBNEN Yuol i
encapsul ates the ed\ﬂwreeaalrtlmmrld {heurrhssunel withinabe LEacmsugnslricsindida ghe ¢oeling

puncture the pouch o%ogegeé KE'e ngé}é’{ofah@apgtﬁbﬁ{%?%%%&ﬁ %eﬁéﬁfﬁ@h%bﬁ&t

this enbodi ment of the e€sent rnvention IS |

reservoir 1000 i ncl2@desara1biters) nargwirefefsolyciot m@ﬂerdﬁhsp@’@edt 1ChrT@aBG’ P mjr)d
hou5|ng 1004. e S [ S [ r rant g

i 5 qui d 1006. A-r?gact ugt%/reh %g}f P'%?&ggp%g@%a%uhh%?u{?%o Z{ﬁ#baF 2% t{m?gu?‘ pouch
| . 1002 and rel ease diseasdeidris tmare foeiag dxetovt, the bpuidireb@0®ir TRecahi hesmaintsinddegdr ant

liquid1 ' 24 10P8n&2Br k0GB hLhPuhd TEREMadCof R bABHH SARdUsdick01], and

,to t he evapor at or to
maintain the reduced pressure and to provide an adequate shelf life for the

I

] device, the sorption cooling device 100 is preferably enclosed in an

i

! 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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‘and | FREON 112. QtR&F- Use

i quickly saturate a wicking material disposed in the evaporator. A second
| i quid pouch 1012 is also provided within the rigid housing 1004 and

i'hgl udes a second refrigerant liquid 1014. In one enbodinent, the 5 vol une
of 't he second refrigerant liquid 1014 is greater than the volune of the
first refrigerant |iquid 1006. \Wen the actuator 1008 punctures the first
liquid | pouch 1002) the second refrigerant liquid 1014 is al so exposed to
a reduced pressure Cptionally, a second actuator could be provided to

h d | h I
Pt o S0 Sooors madt AR BadRE G0k oPiiEhatk hhBs OBty sheBie T
time after tr~e rel easimgafevichavithinr bt tragfwhiahes avdcubteqit d ré00fkd pressuhe

embodi ment illustrated in Fi g. 10, the second refrigerant liquid 1014 fl ows
t hrough the first |iqui dlnpmpmdniohome ioquid hessehiogui1® is ativated 1@ idleaaedtha liglohw

Stricti devi d
the second 11 qui d pddete 1a S FBREaIE" 1RE Mot e dhen BV HRYED oy ™
refrl gerant 10145 At¢eoritenghgindehef memndwg edvicegler fant the mundjtcslwe\wpbratdne
[ 50,1 ocLe, evapor at g ohoPekatliscRe QU B G PIR BYE R BpoRpe Rl

tinme. Refri ger ant e | dafice W I nv
shoul d have a hi gh emedptbeasmeet atesaurki that ig emmc&uradutneremasehae lguid 116

reduction 20 of pressure,. WI pr duc h \va d Mo

m)gt appl i cations, ?ﬁ%mla '\ﬁed’f c? \gﬂfﬁ Jﬁe&aﬁ%gE‘Sﬁ]a(\:/a\e{1 2 Hs&f]?%gg%os@}hé %élgrpl@%tl on

per unit mass or volateed slesalrd :bmmmpbmtomwndnmdhéd caseptkediqgaids skpaded

have rel atively Jow, cgst. Sui I i u i L OUS

al tohol S such aéb © a?lve%?{%tl%poﬁ)aeta g ,Q ﬁk %ﬁ 8 aa l"\Sé]tlé!]l(%-'laccje Bné |n

or.| al dehydes (e.g. ,p%smeeiaaésld@h}edapld tmﬂbwrtodﬁaeéuabowammlwsandazapmml ude

chI or of | uor ocarbons (CFC) or hydrochl orofl uorocarbons (HCFC) such as FREON

(E.|. Dupont de Nenour s, Tha temiprition:coDiR)!|edashimpingeeontdingrs o rowaddnse wihoBact s

such as FREON C318, }esgﬁﬁ% %drf‘fec@?%%t%%%g%@med%mﬁ%w J—J%%E%e ;gé?l%%flm

HCFG 30 141 b and HEFGUzASfsEron 1Moef tor H ours, He Pravérlsi al sisffigie ntcRsRoURA LB Hme

(ije., is an aq"?'goui%rl?}?esgg)dhthU\@gcrﬁ@déﬁmg% e'?@%%\ﬂ@é"édé 18itd b&dﬁhg over 2

consi sts essentially o advant ageous its

hi gh heat of vapori ®agirerod pbiimeotereamgst ewer@ﬁua:iafqp qmne«/@‘rrefriger%yq%

desirable to includ n I' rC I

order to control th@'t@ agf)%sg??@e{h%r% ?h@soro%mﬁﬁgm% . E?P %d)?(ﬂgﬁgtoetﬂe he

liguid can be ni xedevdporater @erpassnd ohbvend 2 dof e Newjsbis stored j5y g aypROrgHor
with a gas, such askcﬁraﬁ%ﬂ' L Bate iredert dn’rgtﬂﬂgﬁ 1th@gﬁfnrta'\)6ﬁ§né o femushBe

free2|ng poi nt of the’water can be use ecifical cool 1 ng may occur in
the evaporator 29 serstechbefetriae derige CER@reVidy %?rd’ah%@P“D@glFH“@‘%f”W%éE%re is

wi thin the evaporat QE)rac-trEHl%mq:tEi@ tH@éHbGnt'o‘icﬁ@@)ﬁa@E&bb@%red ﬂq}\é'@bﬂﬂ)ré'taﬁvﬁn
tenperature distribution and uneven distribution 10 of

liquid is fed to thiePefaisbleaPoinesy apd atheb PSPt Fe@rEng tOi tﬁe Prer%te@v%ra@ﬁé?/

al:'so bl ock the flOwngfntawmetuqemhAﬂematéiuowuame gevea@frve?qno Ay @EeBitettRe
all eviate such problens, it can be advant ageous to depress the freezi nrgg

pgint of the Iiqui diauic feetbe AYRSGR AL INdeprdelecwizsiian ape eﬁ%@%rﬁﬂ PURERD RPN

nixing a freezipg 180\ Do SURDECRASE R aABRIhAM blridd 8 thisdul d to | ower the
frieezing point. As many of these substances will also cause a suppression

in vapor pressure above Thaeigliddbd ratBafont ShaPlRRPFdsefBR! totte bh@pdﬂﬂaﬂwtb{e
added it is desirable to use onlgwt he an(?unt needed t ad%guatel g ress

frieezi ng of the Ii qRIPROTiERAEP REGHESHHE PEess BEVUEF)hE sORRPIBBUT,
depr ess the freezi ngs®obintiec. Ibd whlkeS8por 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



20 may interfere with the vapor flow fromthe evaporator to the absorber by
produci ng higher rel ative pressures between the evaporator and the absorber
“*Therefore) these should be used in noderation. Preferred freezing point
suppressi on agents according io the present invention include salts such as
nmetal -chl orides, -bromides, -nitrates, -sulfates 25 and -acetates. Exanples
of preferred netal salts include those selected fromthe group consisting
of  NaCl, Cad 2, Bad2, Myd2) Fed 3, MJ(NO3)2, NaBr, ZnC 2 and m xtures
thereof O her usef ul free i n int sup sLon s in

so| vents such as Et&§™ Wﬁdﬁe 'ﬁggpp'@fw'fseﬁetﬁ% e%eéYo”gﬁ?% VA 8%3%%%%%9%4

gl ycerol. 30 In case&am,tﬁaroe' tdnebd:wtcﬂmdnba {Ead toro) artdhgaremmpy)rsammirgr@aﬁerr than
long period of time, m t n

the burk 11qui o canti 1O HEsP B E B R BUERE FRILAEERI Bt |
thp evaporator. As Ihheelrespnvalr willeapiplyr decesgset dsethe diapidufosvsvirdrh tmeemlen/owrtot he

eviapor at or Wnile addi tional ,ampunt s i,n i t:h t he
in-flowing li qU| § DRy ?ﬁrﬁ?srﬁgz@eqﬁ?é %E Eqﬂges ¥|8e£r{e§%§ u&rlr@ of
the freezing 5 p0| Nitates UPHS esssduanpragsunt isvesefidao infitatip duagthetoontehts cef\aap)'odlmtor

$2:¥ Fi'gerant 11 qui'd FTream i bectrarel ABsrs U MR B R Eh the agent
i~ the correct proporti (?t wtliober I%gg%glg rdleﬁ‘%lc Iﬂ% lcﬂ.lcy Egsg?\yo%p?{@c:%ﬁ be IBEated at

ex‘arrpl e, a wcking materi 4l orator (discuss

bel ow) can be inpr egnmlledarw phsitiort dmtreletibredo .the réGasndeunf tof sazrﬁttoeemqﬂgq
ipﬂl nt suppressi a Ay e
Bgent to the st Bt areeyar drEnf A S BaR sofrolleB off B85 330 8
the starter liquid t@arevapmrbtmdéoa cﬂmmtdlrtg/to(megemb@mm'eot of tabmse:%lrwent%n, of
a salt, such as Na

gl ycol 15 Accordi %e?%segﬁog lé géra?éa fgr’g?&{ %Vacp%r esen %@g&?;érg%t)m%%%?ve
rate of the refri gematletnall ilZﬁuadd (tbatgth;e lthEre)sefwonIm thé diesesedoddjacant tihdhe
evaporator is carefyld Ybe?(wﬁ rE S ritfe, rtf?e?frtt r%staklﬁqu\fs 3 be GRBbEQadj ARt OF

t he sorption cooling J&7 ce For®a ;?I

t énper at ur e- cont& ol tbede shsqxpem@&:mmuah remgnnardhaitthe édpyof thevligeidIresrjvpohtd i s
required, but the cgoli s t ften
| nloxcess of 48 or 39 W0 B}, TR AeRufbet foz A9 SBSBEARL DI oL PRGN
cqol i ng accordi ng twbsﬂaet@jbfé%mp wﬁaéﬂtf@rdhe caolgndevisiel ed ig illqﬂraﬂed Irofies-at e
i§ maintained into evano, Vel haf egggl htBQa
O\Ier a long time peérr!?jgd WAES%&E@W?%&E?%CSWJ@ t‘ﬂe% starﬁt'ﬁ%aﬁ] (1 !

lilquid in the r eserqﬂownaﬂmwdglarﬂﬁtadkfétr@ll 9urfa@wlm éomﬁ@séamswta$ B‘Pt Q@&{fﬁd or :
release 25 fromg herega?e%r tﬁ%&r AECRILY BE {Bplile lr%@a@@a loPVE Y QRcorfroliédlui d -
fliow restriction euse to restrict F Iowrae to an
appropriate |evel . feeffier {a thg avepereter. FlTQU?ét”ﬁtlth@' féﬂ"()é@“@é@t’fh%ﬁ‘@poﬁt@ﬁ/\ﬂ‘?ﬁ a
fliow restriction I gdavj, gﬁ I’EQEQ‘{/OIF ?1&%%& rdstHcBGT Qb HANE54, ‘éf'sﬂi"dn”sﬁ%s@ﬁ fS@Ble
invention is illustrate g reservoir 1102 includes a supply liquid
1104 and a liquid cq?ﬁalkattelqvweay © INPREPIrFtaeibatwagh e liqudd 16 and A BXAROPIPO a
liquid conduit 1108 gghat includes a flow restriction device 1110 adapted to
restrict the flow of the supply liquid 1104 exiting the reservoir. The flow

aestriction devisce 1110ag8dkding @N¥nd )ﬁhﬂ)d@ﬁméntzgf theSpres@atr tnvahndaarmearqutdwat
*pqermtsI|qU|dtorowtothe evapor at or but causes the

liquid to be reducé@ser@i"e'sﬁé?tmdefq SHED tE%tttP‘? EWMP%@%“&OM*‘% E?S@@/al”%}{@ or

more | engths of ca@vbb&@wrtmaeggab%manmg lﬁere@,gbf%é db agFRhgés iiMttae t Adbieht
Irqwd conduit 1108 in such a way as to force the liquid to fJowthrouTJS%h

the j 5 capillary tié/Beerathe I‘\F(j’u"eéu'f ItedvcralingdateR! t@\%\ﬁ%ﬁp“%ﬁ cqolipg deyice a

pressure and the yaries in response to changes in the ambient temperature. According to this

| 30 embodiment, the refrigerant liquid is contained in a rigid housing and vapor

|

z pressure within the rigid housing drives and controls the liquid feed rate.
‘ When the reservoir is exposed to ambient conditions, small changes in the
{
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estimated cooling rate for different sanples of capillary tubing having a

1 cmi | length and a dianeter ranging from20 Nmto 100 dimas are |listed
i'm Table 1. Tahla 1 C _aeaillarv TnhP Prnr~artiPs Di ameter (urn)Water Feed
Rate (m /hr)Cooling Rate (W200.170.11q.02.71. 76013. 7 18. 6100~ 10666.8 10
As'is evident from Table 1, the flow rate and the cooling rate can be
control l ed through proper selection of the capillary tubing. The capillary
t ubi ng can have a range of from about 1 pm diameter up to about 1000 Nm

di aneter. Another nmeans for restricting the flom1rag] is to inc reF ﬁ
viscosity of 15 t heambigni i@mperatdrecian BeduEHRFANIEHR %H\AROharess et (%6 '”8f°

99' ling agents such %rﬁflcbh@@%ng@qwﬂﬁ@rtﬁquﬂjnﬁéeatr@fechﬁ@ thé}etohe al ctcauigd in the
.not her means for flow restriction is to us; ~ t e Vi ﬁ?%?‘? the |iquid

to reduce the flow ¢eiieg saei tASﬁ-a%gé?rQ'ﬁvr"BﬁdW”bﬂ'@ t?lm "EHiOBR S En

order to maintain tig BheBRIuEIPWrEaiR) PouRKAITNE coding devitei o waubding
forced to fl ow through one or nore small apertures 20 or,  pores. The flow

rate is thereby 2 onthe epniainepintoWRICE thegRadn fje‘f'ﬁ%'sl'”%ﬁ"ﬁatle vi scosi ty, the

dilameter and length of the apertures nd. t hﬁ‘a%e{essure rogl ﬁ)etwe h

sides of the device. AcASFaicHY ¥ thig {fee ARRIEPTBTSURT ENIAA Y Qusmg

pre-sel ected pore voldiBlafathd Hee BBRNE BresbErel ddROIIDOS &tt%édlersta)dtlheg forqei d

co;ndwt The sel ected pore characterjstics such as pg }’f ; rg ’Eend
{on the plug | engtRl thensiuish 2§i9REOR%QOsAIP ¥t HESHYRIr beg%@ yyﬁm?a? AP TPty
haracteristics, ang thdeedehlo-is #BtherrhalAcheniraddtive ith the pmbmms emanmnmnes@an

belncorporated into the liquid J pouch., Upon actuati.on, h fce &ﬂg %gvmll

then flow throudh tthat ﬁﬁﬁd@gorné’ﬁ?ﬁs e Wit r&?er”gt QYFIEY ¢

The pore size and tfjcelaness |r9fthé heberheaperaaas. blaJrﬂ'elrem'eedesénmprmukdebe he
desired liquid flow rate based on. 5 the cooli ﬁg) rate that. |sprr§§a§£rfeo%for

the application. AC@SW”MQS?’@GBH LYY i ﬂ%cﬁ?tort RENEHFEO RS verage

p(r)r{)edSI ze of f f rﬁm ahMncgQhe MBd rated tt@dmﬁiarvaﬂ HNUBIS@\FB sufficipity riafid tohinaintain .
embodi ment of the present inyention is illustrate
pduch 1200 i ncl udest"d AresgHieadiesareREMEE" it Etier@ééﬂﬂgxltz‘égé"fl"%ﬁ?é’“ {]e(rilkgt)r

of the casing 1202 &neiplese qum&a}u& borﬂtétnaeataécalpewtﬂamnectgstpmemgsucﬂnmahat

the liquid 120E nust pass throug 204 bef ore ex

cdsing 1202. The |ilif tﬂeep&EWVif&G“€§W 'ngb%%ﬁa\\/' hteeh?uéfn@aség I“F%ﬁ%ngﬁt’;t
punCtU“ ng the CaSIt@ﬂnp&%(ﬁﬂelnﬁbraélse@utﬂeaedwpmaﬂnreeﬁthamseﬁorr véix acrelaee aad the
act uat or having a sharpened end |IIus rated n
the casing 1202 and'@R pF?@ﬁ’t‘fFa‘hV@g%Aq%%@ﬂl R 95 %‘bys%gg'ﬁg ﬁgﬂeﬁggt\éﬁg
pUnctur es the casi.ngatiZzfessud biaké liguided incieage.t he nerrbr ane 1204 It will be

appreC| ated that the menbrane can al so be di sposed on the exterior of the
casing. In this2ease, tifgushanpisidtesrah eXantie chdtisambodimant @cgafling to the

inwardly to puncture th?ﬁ‘i\’%?’ i %hgl% Stapé,();tigg ylsp QQ@% fﬁ%méé‘%engldzﬂotﬂ?v‘?é her

nmet hod for control I‘?rﬁﬁer{ wra o create one or several
extremely smal | apetQ2arveth a refrageramthemddr04pdw®h86td1\atth"it hediigip beednaw@2a-iAn- an

exterior pouch havi NQefRoddL r;?ttedISQQé ﬁﬁ& E'rgger\t/'ﬁrezl(;daotty% |q4|51 gk ltftf(ﬁ'g‘v@ljﬂéw

interior pouch to tHe evapora apertures can or me
interior pouch by usclu@saaIf@%reserctlprardeweﬁeﬂlﬂearﬁhﬁ orfrigaranpliquid SPM |has a

an other met hod é? tvapo L%ssure that exerts pressure 412a on the liquid to influence the fiquid

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. &

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




| 25 or otherw se incorporate small channels of appropriate size and | ength
into a piece of material such as plastic that is then sealed into the pouch
whi ch contains the liquid. Yet another nethod is to incorporate a valve in
tde'liquid passageway between the evaporator and |liquid reservoir.
Referring back to Figs. 1-3, refrigerant liquid 116 that is not 30

inmedi ately vaporized can collect in the interstices of a wicking materi al
disposed in the evaporator 108. The wicking material is configured to draw
ijand mai ntain a desired amount of liquid for va orization.t TE¥§, @h?t
wicking 29 i mat eHMRPNISABOPTILTEVES HARRIAECSHIWH A CFE abdrtpe [ed et ge
Lo per it _capi || ar VicaGhiphcidusd! ol tnddamighni mbairigherepor es. Further, the
wiicki ng material should |I be configured to absorb any vaporized liquid that

recondenses. Preferred Howeoki N0amRbRhisaks dsnpatunestiaydr mphigl #e, itrest possivles
such as m croporous netal s

| s, 5 porous plastics such as polyethyl ene
pdl ypropyl ene, cel Itflosetai cﬂiﬁgfaé'o'i‘s Ce.tge ,reﬁrgc%é(wlbgﬁg% t%%ﬁiq%g h rb@c%qne
hyldr oscopi ¢ mat &f i &lgparalid Hothipel liqdidi briioit gampphaisesedpangey teéol iafuigdid.
renmoves heat fromits surroundings vija %@c?ol.i n% sBrfacF. 120 gh t ivﬁc @gal
to the latent heat W oversemezias Brltaon: (e IfYdi @ Pe RIMANSBeW Tﬂﬁr ecl'a
that the cooling supfpeg dgRsdd icaR hdiglngdRat hadtams sonsé oi fharligsidrincbutaet t o
igcrease surface area and enhance the cgol i ng etff.i ci &\% of tpre ge\éh&ﬂer The
vapori zed |iquid t Hel fieseeletiifpsneghva Rk W BBEN B%%%Qg {FE0%""t 0" hé
absorbed in the absgrbhafimd@2theAQuRNG comalned aparmepplenbald enpeembakin@oL@btacan
beé provided to {)reven‘t ligurd fromm ﬁ)rgat'l gﬂ Ii.o.(% he Cgﬁsorber 102. 1 15
Exanpl es of sui t%blBaipRELaUsEFRANNEAIRBYEINARE "Ha? &P s i ncl ude various |

porous films such as TYVEK pol yethyl ene fil E . .l. . M,
Cor por ation, W/ m ngt on,Refﬁéﬁfjg %ﬁ]@ 71 r‘?éanB qnt '&d?déﬁg{r%g \g\g%lgcmthle u,ld
Newar k, DE), hydr ophipkinGebf s6udhod patr eidee thé refigerant lipoidotlstbhy threosissloiakt

pdl yurethane films such as tho suppl i ed. by. Porvaij Par vair .
‘Naorfol k, 20 United W%Pﬁba@ﬁweﬁ?ébrﬁé’ TR R %°o“°ha4\(/1é‘8a%ﬁ‘§5H%Bﬁ‘uf?r?%'y @

coating such as SCGEQHEIARRN BPéndBamtrany)por Toesnusalte behetnstrittedsior e lswid
caol i ng device gperates for_a suitable ri. of tir f 1S, 1 o]
cantrol the rat® ofSOBRRRS ‘é(fﬂi“BrFH? PO gg&'ﬂ)‘gggta&p}eqﬁ%q lﬁ%tltlﬁ%dlg%%%’/?ég?gt es
tdo quickly, the deybssrevvithin omerigit shaaisingi ¢tan B8 suppitasoby @v eubstancexthehied
period of time. One, controlling,.trf : ' j ;
restrict the flow oc}'#\%é'bt%arf ﬁ\eorﬁg'ﬁe'faﬂgl'i@%%é%%@rﬁaagé&e%%reorgbx\}z;a éIgl,g h(tarhe
vapor passageway coubdr pespure\tharethewefrtyerant fiogharmiee|4s itdptesdan em edientct
the-flow of vapor through the. vapor . EHrthe a ziRgr4peabl e
menbr ane having a SPEEFTi 2d"'Be g{ef' ng%g’\rl\@n%pa%siepi\'%@?{ e %%&?@balﬁgcdggsed
above, can be mViThedefryetant limapdo4pasatmgawalyintodde wickingomated ploblPcrnst asof
the present invention, the vapor . i hel s b yikensubat | ng
material which is e"’?tr?l%bt B‘@?@%gs ocgﬁﬁggqgﬁé?rﬁfur' édJ g;ﬁ%@éﬁé}'ﬁ"ﬁg%’%&eri al to
al'l ow vapor flow f rakntstien e¥ #Eporestopir tA90t he>a@pishelr a wiking maigtel wigt! Her

heat flux from the tﬁlbssggurrggsre il%)\%ﬁge tfii3r0t1.|'§q/vovc=:n and nonwoven materials such as those
comprising natural fibers (e.g. cellulose), polymers, glass (e.qg. 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
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5 evaporator. The vacuum conditions under which the sorption cooling device
i s packaged advant ageously enhances the high efficiency of the thernal

ifhsul ation due to the Knudsen effect. That is, there is a reduction in

t hermal conductivity that occurs when the nmean free path of a gas is equal
to: or greater than the pore size of the insulation. The thermally
insulating material i 10 preferably has a thermal resistance at a pressure
of about 4 nbar (3 torr) of at |east about 2.8 K~n2/ W nore preferably at
| east about 4 K~n2/ Wand even re preferably at |east about 6.5 _K~nR2/ W
Further, the ther rratPPVbVr'féCtﬁfPaéﬂriggé‘er%g%ﬁufeapﬁﬁfsé‘ﬂ@fja?dﬂ/ﬁﬁd@“;%%r FgugRsBor t

[fﬁt ehpf L ! east. abgf |75Qu®;trafe; dﬂc{)shsaéecﬁdli}fﬁalaf{i@W§pbB|reetI@hidprsQ1§§Ivr eesePutr 1o

e high insulative value of the thermally i nsul atin er efining
the vapor passagewadFCotdRacR Pl it SWba?fB“ePhé?é'?fs&VSB?O%gﬂg%tég'dé ibﬁg@{?Si A
cliose proximty, sepagsiced Galbf s lifgd «apsy reresagedpycifitally gFiyes slbetrdtes
vﬂpor transfer distances. | An exaﬁpl e of av or.vggssaﬂgvggag t hat ij:.us.FfuI
in accordance with 4 Ciosesriseplt MEHGESVPHR SN BOIAEYLE 8Vt 8N 4i%r
passageway 104 (Fi gfustratedOa S}odsSseclidriisf ki esbehirFil@dratetBinand. 4 whEhen \tagor
passageway 1300 is fabricated from thernal lcﬁgi q_suj ative mat e[i al §302 t hat
i ncl udes apertures €358 @3& BREN AFIYHED RGN BHBS (IQHIINBRT PePRSEIL2PTY dORST i al
1302. The apert ur essebgiflpfic@vi de the neans by which vapor from an

evapor at or can pass through to an absorber. The apertures 1304 can be
f.grmed in the thermal | yThasulrt svly r@servat 600 dhclbyesanyfirepfaxiblet palvhi 6oz

iacluding drilljng or, punching, such as by nchi w th an_array of ted
a1 s he is 1109 PR A hEPyyeRgt prensre puRRStS: Aetaas e Fyara P et
V\Ui chist heI poi nth oahﬁlrrmg ?%ubﬂggmhddmﬁt@cme d refiifjetart dindidi bncatadilqgildtq&mst t he
evaporator. It i een found that the regi.pon acent t [

inlet is susceptibl 0t9?”§6°t13$é%ﬁ Q'd ﬁg?%%&g‘lﬁ?eygﬁﬂel ﬁap%ﬁhé&ﬁ%ﬂﬁ%&gﬂ ow
bﬁt vvle_en _tge_ e?/a{)o_r Eﬁofabh 804l alre: qdjladtlaﬂt%ﬂ{gmierallmeBSStGdSb)paqgglocztlt!)lﬂﬂ'lr:g/hﬁ'l4 gech f
the liquid inlet i cated to ose to an ert ures,. inh the,. .
thermal |y insul ati ﬁ@atﬁ%ﬁ @rrsfja‘?uc%sﬁg’im%i‘%‘ PRy isstion oler Laa A P&y 304
aﬁe tEe means |b1}5k\/\11i1£ths bitstaviapotoneediHe @ebet pashedndt dport dutivatizso tHeeliquahd
ane thus nore likely_to experience ease i n tenperature st
of the vapor passa Mlﬁwﬁg © "ﬂé”dao“ﬁlgggﬁ’,a?ﬁaﬁg{ parﬁﬁqléi |u8q?mee‘?r%g%8%te?§1éae
preferably | ocated byetie filse goechn@2r Tioathgh edpe) pafssttee sBbstarageo 686 ocan not

illustrated) and the vapor sagewa S.1S | t j L k3enal B S
eli mnates the nee(?df’%r%g%esoéjg@ﬁ?\’?i‘avq\ﬁ?éae@g?fgc?zi%réiasﬁgengh%bﬁgaﬂsﬁfrﬁ%g@uéfanngf
e:?{apor at or and vapoeapaswaEnewarypsiatces (egl, cabiont Beds)e tsesddhkelsi theoambient
freezing occurrj,ng,in the |iqui Pt | ven ot (eTVT]
conduit passes 2!(g)verterp %aglﬁ? 1‘”%(};%%8%2{;&@ Eah\?a\f)%roép gers,guri%téfi téggjﬁgehf \Za%ro (Ira %QEG t he
liquid conduit 10 lsebstheren®d8 theranyl ecausthaf therfirsthmucb d02ny ewpahdcdls thechstas

with a layer of ne v ass.fi her a,.Si i nsukat iV ieAdps
Preferably, the co%gggrh rgg% i%(L:()n an }g’ﬁl %%gatgé Sagt}:)éér?o{ EIJI;@ ﬁ%% ?%ﬁ}%%gme% y
‘thermal |y insul ati wesistatgehe dbwiof thed msims6 tsfrarh dhedsesoas peudhr torthe Reuid icgud uit
inlet 1306 increas 1.Sq f Ve RRURA
direction 15 away % ﬁ%‘m-ﬁ?’ﬁeﬂ‘%x%ehp%@h%%t%ﬁ1%3@?%&%@? Qrﬁyhgurgg%ﬁ%ﬁrﬁ%?(at?'oﬁuof
apertures 1304 25n impéranetbler meienals, ndndluding doweoet | heatis®@eedndiéds n$chb s
upi form across the AL A | -SSP oA d Aat
that no apertures fggértogglgn%fg%%st}é%&%oﬁ?éf?ﬁ%‘?%ggdﬁt %2‘0\?62&['? uid inlet,
as noted above. Anétbemagvarptapahtednnghdddiidmanddf 61héo venvint thradedgdany s
20 illustrated in Fj 4 : IS5 enmbodi nent, the vapor passageway 1400
i hcl udes, apert uresrétgx({)ﬁn %%%rgé%g%gvgld inthe thermally insulative nateri al
and vapor flow channels IsNQ AL YL Al nRRE Bo4 Sl Rér thhe
pur pose of directing th%r%ﬁé\?g%%?g%lggés}lquulm t owar gspthe apel_rtt?r e_g_&]ylﬁm, Thi s
enabl es the vagér wotivasitn of the davigsos arertefrihes tbe prasiseiet Wihiandte raiérioasies t he
i " 25 efficiency t he ' Wifken HaahehsushitPé18r6mdseimhed
as bei ng connect ed??%’ ?ﬁng%ﬁ%@%&%ﬁt&ée E%Eihﬁn _la _d?]rge([g‘{&?onu per#enéi cul ar %r
parall el to the edfesf of theheeapagdroupaswagestivetionophichtwayld thasebyappisectat ed
that the channels i 1408 may be connected tq the apertures 1404 in any
direction so long as the | channels prom)tezt%e novenment of vapor to the
apertures 1404. Moreover, 30 the channels 1408 nay be any depth or shape
just so long as their depth and shape pronote the novenent of the vapor
with the, previous 32 a



s enbodi nent, the channels 1408 are preferably not |ocated i nmediately
adj acent to the liquid inlet. Thermally insulating materials that are
useful for the vapor passageway ' ~according to this present invention
|ndlude open-cell foanms, such as 5 pol yurethanes, polystyrenes, or other
foans as wel | porous i nsul ati on including fiberglass or porous silica.
Cpen cell materials are preferred to prevent outgassi ng when the cooling
device is evacuated, as mght occur with i a closed cell material. As is
di scussed above, m c¢crochannel s c?n also be i forned into the_ materi I 5%

restrict or regul at d9¢ReoF PEWIT IgBoFeNCrE At e INGeasPdp&at oot &

absorber. In additi @Redsard erorar@@rsemsmmm@derery @ﬂbr gesaibiredthel derme
respect to Figs. 13 and 14 and a va

basbageway Cani nol a8 P61 R PaYEAL MOt ) [ ager bt DR Waea o) Bibthe
flhger e. ga a |layer pﬁéssM%gMIt_lﬁﬂm%ﬁﬁ(rlgl)(tﬂﬁbusm%@pref%ﬂ@h&ﬁt@éateqﬁant sbenlaoce
t vapor distrihutiaon t hi ckness of t r ssa al so an
irnportarit factdr {RE (P9F [Aendd ?ﬁB%teQrF?tgén@P %téﬁﬁ agr{y\%&f "H&J not
device. If the VapOI‘grd@@@'SﬁQemthOInﬂ)aﬁ'(JD5th)Ck it will unnecessarlly add to
the cost, size and wei ght of the device. However, if the vapor passageway

i too thin, it will not MeehVer, tl’(ﬁapr’fesmélvﬂﬂﬂrrrﬂﬂ'remgmlﬁﬁmslm‘ggsrﬁdim ned be greater
coh‘rrunl cation between Lhe absor ber an Pe evaggr Q _Ther fore

preferred that the cReRESHE BT, Mo Frsh £9Y béeen% tG'F"PFrcﬁ WHt atng i
Sg st gnt i alTlhy pr evEmprdaMpbmk tr@ommpfeatsmmsbmtawaermgt a@n@vgpomobrewdbry
abisorber. The thi.ckness o ssa wa pend .on

properties of tH t gt %Ia[e)'? tFﬁ%@gg @ H)I; WQB%I "Y"ﬁ ff"é t'&'e\’;'fscté’ouf’? Ras
been found that a tbkp}iﬁﬂasmmfthéoagwemsmbwtho@t beinm r@@lﬁct‘éd(byZﬁte‘ﬁ!UeS)ce of

preferred, such as fromgbot ghtrp] §J]Grﬁamaterl %
as: an extruded open®¥E&" H‘gr%ﬁfé'f?/r e r&i?ﬁ”fé’“ PNSH TPV 155 e ?Bm
v DoW Cheni cal Conpanghe ;beﬁHLﬁéld/,rtth the fuﬂﬁneodcrartm érst pbudhwillape bt wbestol expbhe

t h |1 | at mat t fact f
ool ing devi oo ApertPEE! pirapts el o oy ERaIh "W ¢ Mol i el Re 043¢ °Fo
exit the evaporasor praeBSLaeSthﬂn meeﬁrr’st paioh. beApeatadrtiesn trhaapreasrﬂetvmmrrbtr@ nrgrdjl

inicrease the therm

ween the b eva r
thger eby decreasing {’%Les'qgn prrglprg Eibiyie?/reﬁur?l@ '1.533& ?FSt po% of ge %%Om
Therefore, it is prefembed(7hatr),tanhe ndbrampedferabf is tah eaapasduti5es nb;@rl 3%uDIT)
tHat it allows the ya or, Lo, f6I (Pvrésf Feomtﬁt”p evaaoﬁruastlor to the absorber at a
sqffl ciently high rgg V\ﬂ?q eb A TR NG conmmuni cati on between

Lie ansar ber and evapor ot BhranHg iRl ﬁie%%ﬁtqgve%éﬁr%g g ndiRaIPEIALERR Mid |

5 idepend on the type of atin teri ised? omever
been found that2& pamfedyigwedneaire eych teafwemmmr@serwemﬁ@ztb@ hatmsmmh)

to about 6.4 mm (1'r‘énQ%§Lfd%éénﬂ§!t§)tran§%9@d%tﬁél%mdqh% se]coﬁ% adfhlllﬂo@e%mﬁfe

inch) to about 4.8 ch) when ‘usin mat such
| NSTI LL and wat er affet hgd riefusingeramtbel fagriirated Ffr@ﬂeaarbml orrﬁapra@tmcﬁt@h as

aperture 1 ength 1o ARSI GolbARGIEE, | ol ahiibe S0orl LitA0 kot

nore preferably from 1 particul a 'en using | NSTI'LL "as
the thermally i nsul @Mf\féémm é@u%ﬂsuwaﬁai\mh@ngee in rﬁi@e resfigrg efeameratirquiagidly

Optionally, t he 6@9? e {é%p%?at&’rfe érfbethé%FBP;Sr%s YithlMCH @%ﬁ‘j ﬁ&rstrrtbethe

’dlrstance fromt e 1T qu I NCr eases t~Is SO pre erred t hat
open area (i..e., aigdh f@é@lugllécﬁtb}?a%théaré@é’r tnu ghesal §0f]JBWUétcaI'@‘a§\t‘fha@69'@“tl

percent) such as f remﬁ@%%% a'?’rdp&rér%fé'b{!y h&s %btﬂé’rtma]r%oﬁ&ﬁc%w Pkt leh& dshfb.2

surface area of th erma i'nsul ative materi al
| Wim-K. The reservorr should also be thermally isolated from the cooling

E : 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

21



O her neans for, rests icting vapor flow through the vapor passageway i may
be used, such as a bir~etallic strip that is responsive to tenperature '
changes. It will be appreciated that other neans for restricting vapor flow
20! t hrough t he vapor passageway can be utilized. The absorber includes an
absorptive material that is adapted to absorb and retain vapor fromthe
fafri gerant liquid. That is, the absorptive material nust be capabl e of
absorbi ng and/ or adsorbing the vapor that is formed fromthe liquid. The
absorptive material can be contained, for exanple, in a vapor ' 25 .
permeabl e pouch. Theusketaaianidlpy AgsDelnah@NbEeass: injre aPEp] EMPEFIVEEhs
can be a conbinatio S ti a OLpkd angl iaseHSE dn hehejeratuiehe
ternms absorb, absor%tulg%/e&gagfggrB?&énggﬁgg?h_gg%%t%beryel?&to t he rgﬁenti on of
li.quid, regardl ess iotreasing Het \@ror peshaie a6 IBGeasing e i 13tgal 1ei'guiddPditied.
The absorptive mat equhfblcoinﬁuipr eferably of such a nature and quantity as to
ahsorb all 30 of the vaporizZed liquid. Wen the refrigerant |iquid includes
ter, the absorptive maherd v4RR drélslrdguistARel @Ry anylSuigblainied or gas
absorption rates, the desiccant can be 34 r  activated prior to
introduction into tiasabuderistthat AKRErPACPDA r%‘ﬂ‘ﬁ’&’d@g'&é}i‘ﬁqﬁdp Ja&PRY AR (es
sych as heating the i L r o A tEYCNMefedsienisabl e
gdses. Wien the quou\}iagﬁitgr%gg%te%r?r% ﬁ&e ggrsc{ﬁggg(?&{ %rgggraggllly absorbs at | east
about 20 percent ofvapbspisesightof the hiplyupRPratressUiREEstancs il BsEaase byfat #shbar
3.8 torr), nore prefe 23S (I i i 0@ t
(3 HoRLBR éﬁéggérg.ébﬁee@gg @ngé‘wfwﬁéafur@xhéngweafqmm abe@to

priessure of 10 mbar®an b east about™ 75 percent by

~wei ght at pressuy e sgCc10Sudmanigh Mapoppeksureeslbdesces aart ingiude 2itaw!sadedbr S at

| east about 20 percent of its weight in water al_1-~0_per.cen '

him dity, and at |e‘%%?”oid“%té?%%ﬁf‘gﬁpﬁpé‘“i'oa” F‘ﬁiﬁ?e*’i %ﬁﬁaﬁggfﬁ‘ﬁ%ﬁégédﬁ\eﬁ%é’ght

rﬁ'l ative hunmidity angematd ant r-esqaerat Otter hidr eapgurgfressabd gomphendsesiahicamt

wiil | absorb at least 40 percent of its welght ‘ r L ViBeiud

humidity and 60 pertBFCAEOMy 53%‘1'%%%%&‘? pFe'g‘gc'8%$b§rg|°§ﬁb&éﬁ‘%ur%ngdi'tcf’ Even
re preferably, thsigtefiotamrionsi [CFEbsor hydaocHiaatioredaobans5HPEEC L eichofs it s

) | (cF
wei ght at 10 rejati reent hu i " oyt of
its weight at 5 rﬁ%@@éggebﬂ%‘%ﬂ%ﬁdﬁ%%@t %m'm'e@égisgﬁg%tagﬂﬁéﬁ%n
zeol i tes, barium oxirdéyctacliivatse FREIONIGHS, FIREQN el , FREPYcati AREON 11,
magnesi um per chl or oy ) | & oxide t]

cal cium chl ori de, Z’f@ﬁr@ﬁ?1égg%§§ld(}?h@ ﬁ&grﬁd%(?kjp ozgp érfe?cdséﬁ'ﬁlﬁg?r?gééﬁeﬁb
phosphoric acid, pdiassiincudeyHEETH B2, $I6dHC M BubihbEFenafa.2tn BeaPaieied
cllay. A particularl referr ' ' b -
Chvent ion 15 a sur fURBBA B0 SO 0L retird SEARECEINLD LB IR
a'material suchtas subsiavtdlydnadeborabts, eiabiing therdevies 4018¢ utilized pbr YURPING

material has a por eyl e, flodledSashe BRAM mBed oF FhiiboaAAY LR POIPoS! 26

|
of fromi 25 about T HMTo0 e surface ification can

i ncl ude i npregnat i nesswee Pubsanceseneutiewaldrt hThmdrsbflenbleePeuss FBEWRI difch

(as @ metal sall SCfGH fhe PALLICALAHE: EANGY MaiirlcEabadiEoahicaheie i

lithium!1, chloride, I U rom nesi um chl ofi de, calciumnitrate,
pot assi um f1 uori de suhdtantiglylriokess ¢irtbe sxkasance quhef fhetpgrclk dufing Qpesgiion of the
envi ronnental |y enjgn.30 salt, such as calciumchloride (Cad 2). The
porous support ‘material is preferably |oaded with fromabout 20 to about 80

wei ght percent of the mﬁ\?lso} ti9RkbolABHTRE S BEQK@4RBIWthfthe FredeatihveHlioh &
about 60 wei ght percent o tﬁe 35 T

, : _ metal salt and preferabl iTS ;Fu[rrltlh
pel | etized form to parisualy usgpdrin fRERYBRVRIGIENBHSNIPREIdESIA Rt Palt el es.
Such desi ccant conpggiLi i Bedné Nordgdral hvémio: S nRRteeMasAgen No.
0%/ 691, 371, whi chnﬁﬁ%%ﬁf %ﬁmgwgﬁ thgp preseln'E, algpl i cati.on ?Qr(rj]bivém ch

i $ incorporated herdsvalopgd thef shewme Be ¢hange in water feed rate as a function o
! 30 temperature and compares it to the change in heat load for a container with

an internal temperature of 5°C.



5 entirety. Fig. 15 illustrates the capacity of a preferred desiccant
according to the present invention to absorb water at 24C conpared to
stlica gel at various i vapor pressures. The surface nodified desiccant
ililustrated in Fig. 15 is a surface nodified carbon. The desiccant is
fornmed from activated carbon 10 having lithiumchloride inpregnated on the
activated carbon in a 1:1 mass ' ratio (i.e., 50 weight percent l|ithium
chloride). To fabricate the desiccant, i lithiumchloride salt is dissolved
in water and dried activated carbon is added | to the sol ution. Theft

sgl ution i s adsorbed inThbe theet &adi PatagoRaiNBoNeRFRES Q" dhRsUGR%eAa 8hli%hg
e activated carbop iRy 6A0FGEe D cifelhckivklidem 6BliREidieand heerl opttacess

can be repeated to increase g ithiumchlo ig,e Jf n(g:esaqary.
i It can be seen t lantairersardetde cyarl heastraishrieRrticent (Hmv§ica deRgdy on the
absorption ability iﬁtﬁrn%ﬁgﬁélr S hQ A thbiecf 2088hnts HewHS @5 the dRigkreaz8dnd
canposi tions having suc I g% absorption capabilities enables E)hg OI’S)'[I on
20 cool i ng devi Ge ttoeprabvomiiciviyefdbmrengingehstieians, The ialhpat 04t (Hrg he
cost of shipping a i i & container as conpared to gel packKS
and simlarly cool z'gaqgc?%bg)lgne\g?iegsériaegabsor ber can also include a nonolith
or a structure for the pr Qyi SRR =i, WaReK) Raht\\ays,.ar0ng] the desi cc@ht
pdrti cles. For exanple, 25 rlei‘arger inert particles having a size that is at
least 5 tinmes to 10 tinps 4 RRefickAtadfer!icastesiaeanéd pad teches lazan's bgectly
dilspersed anong the desiccant to-provide ch vapar path i L d- 1.
§tructures can al s@rerROTiANEHESEE ?Wpﬁﬁé“rﬁﬂgfgqrﬁ%?eaﬁ‘?}wﬁg%\?rg?@gagth%g{t#\;ﬁ\glys,
sich as nmetal sy egnying! ®8SmdihBRY tHeBAtRm eerBperalVANBl ElodSstahr watud.yitlalwater

I nc., Manchester, CI) or a plastic grid. The i 30 pro.vi'siton %f VapPQLqlin

pat hways in the abdeebéstecBHst Rer YHe HRYEP AN §9UYAER 8 °t e “désP t Cant .
3ﬁ i i 1 Another gmbedinent that is useful in accordance with the present
invention is the use of high thermal conductivity material dispersed wthin

“the absorber. Wile therHsgeffofdapsBiaterast waitsr ipraebetr8addy f brig 2o Cuibus.dh of

| ‘absor bi ng vapor fromthe evaporator, generally suych desicgc .al so have
a5 relatively | owtheERsRIOW ARSI tsyeg(p'rgsss%d ?%%iﬂie,n tgﬁgo%c]@g?%:%é%t

dilssi pates the . generated heat at, a that is.lo . that of a
hilgher thernal onductivity | %@Vﬁ‘aggjﬁmr@r'&éffnﬂw %@@'rntéﬁzg)the rate of
heat dissipation in_the absqrber,. a. high : ductd vi Gy, HEbdlhe Can
be added to the absTJ}%B?Q”'“r‘ﬁ?S?W 'Isld'rieﬁ@r%réggﬁlgﬁ% t?ﬁ%r%%édé%ss?%%i on é
efifi ci ency of the ahsiarbssrvainghd thereebporetothe 10 ef ficiency of the sorption

cqol i ng device. According to this enbodi nent, the high thernal comfluct,i vity
terial can be di sper s&guteh® diugtioles theBarkdionrih & P72 PRGBS BEEIR CRYY i t

maximzes its surfage %rraﬁﬁe GPBEAGat Mok bhekRGioARSIAE a8t Vdlid 6f $lafRbi@nemes| y
al'l owi ng vapor to reak € desiccant. As a result, preferred hi Eé.hermal
conductivity 150matirstrales drecbuckizpacoolnalrates forthevpaade &edffiaf?r%’ﬂ odiment
materials, such as pgtal L MARLSon A HPh HERE fde dyalehPtnal dékRSot eirdtigetvattni gh
thermal conductivity nmaterial s also an inportant consideration angit has
been found that bettemeeraabeoutnti fEBzingl 0%6ur® BHIcCholermingtes: NE & HEYY-ber s 'S
(desi ccant plus, hi r £08aUGt-L MEEY cHERGETH ddad Ehewitd iRGesaUphBidny
t-ie desiccant and g@fsﬁgﬁ@b@gt QSH\C/(%%M%%% iTg20' 35 vol .%le t he absor betr
vol ume shoul d be odeupértirgyarphied Hhehcantaingrais ebRIEEL PV IdPelPaPesBhk
prieferred vol ungfrig ratio HGSAE piRsiieGh HIveTERlaRPNeA: tasehy and
material is fr&r?nﬁtaﬁgﬁe{nﬂé%oﬁfhtegégﬂggﬁt 18: 1.Su Figure 16 i

, : | lustrates a
cross-section of orayapoiatadi iBeEaero, ohe a¢POHNG GRiB el mﬁa@m%a‘ﬁeefﬁmveipﬂr B3 Fance
with the present inyent)ohenfbé 3RBRAPRMPERAYe and the evaporator temperature. By

changing the residual air pressure in the reservoir, the temperature

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




25 contains a desiccant 1602 and a high thermal conductivity particul ate
material 1604, sealed in a vapor perneable bag 1606. Vapor entering the
absorber 1600 through the vapor perneable bag 1606 will be absorbed by the
deslccant 1602 thereby generating heat. The generated heat will be passed

t hermal 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. 37 Figure 17 illustrates a

crpss section of another enbodi nent of theabsorber that is usefg in
accordance with theepbedmant, twy8hTPENSOUTERSAdaiB&aN o Gotivaled simydangously or

desi ccant 1702 and @afgg%r T %teﬁ“qg ﬁ%%baﬂiqu\f@% théO0dvanedtos edThis a

vapor perneabl e bag Vapor en eringi 5the absorber 1700 fromt vapo
per meabl e bag 1706 emwdnmenta@fém nweowv@te@ﬁ egeli tforisupplyingrigridsypt different
generati ng heat lqueRnsd Weelring to
hfe nmet al wool 1702%%%% gpﬁﬂtllhg%u%\éaés%ggg?ﬁgﬁ%eﬁ@?%dbﬁﬂ?éxter|or of@t he
ab'sorber 1700 t her eteniiesd ce@spsiion-he t her mal ef fi ci ency of the absor ber .

Thi s structure can be fornmed by stretching thelOnet al V\ﬁg |
deisi ccant into the wool JPBEcoBBPYMERn & ASYFIARE VRS ShAddt i F‘B;}D %‘Yal

Jl | have a thernal cerdughi ¥irkpid Abwaktel t8aSturaBaNs e\ladUrétbkwhl&aan Ia)gél' MOQ@
Wm~k or higher.Particulate materials that are usefl]J

nduct i vity mat er i ‘@liyne MAdBsidalsc@I%asER 3ih? s’eeﬁ‘ﬁ?gdf%n?teof” PW@r S? e@@ﬂtm

ftve“t' on include %raehbé@etétdrgf&vaf &R b léﬁ&Qé?(tefHdt tHed@sdfBNYetirad Wiithe
(AI Z03), copper, alum num andj m xtures t hereof

0 sef ul
in accordance wiQh Y9t foPEME @?WlerF@ﬁtFStlvﬁHmtﬁj‘éf'tqH@si’e” FﬁB?rSEQTFBHg 631?
Cdpper | ow carbon &86tatorSdoRinat ﬁﬁt@%@&lﬂng éarn%gg% qIERS Scradk URg @Hﬂﬂe (ﬁi@dng
al'l oys thereof and m xtures thereof.It will also ﬁ apg@negl at f ttrhe
absorber can be proiHri@es qfi e epRoratong Bh%ﬁeﬁ%ftq gy herb €

stlr ucture on the tofapyitCst @Eoﬁthﬂe@b’éwtb%ath@&ﬂhtﬁlﬁé@utréwdé@rés Iof)arbohog irof
heat fromthe absorber. Accor di n?figoﬁ one od| rTF rese

vent i on. amult i ph6 cYREBGRBTIGAe CBEH NE THR0T B8 SRCr U dar RS gFFe
enhanced cool | NGB Cadifdly Ysepd¥a tédehwirgtiage afe pfivatst G@;@éram@ dettheyemay be
partl cularly useful when used in a 500n&}al ner th% {&;@P |nttu ned at
very | ow tenper at urlBRPYaIES 18le anige Halt Kt FLDE BRIVRIORRY P ?'F‘ﬂﬁ 8 er is
evaporated, there is an equilibriumva essure t he LS, a
dnctl on of the tenperattuf® 6754 Ak SW%F regglymgﬁ 15 é%@tﬁt a%sﬁ\f@ca§l oﬂgbgk
SHI ppi ng cont ai ner )vollinhd of @qlid |tha?tusd:ohem1mer\&tthm eushcmﬁdslmmdtedlét@unhl n'ttm n
the desired tenperature-within n Far exal
wat er t enper at ur es &OUFE§§”§’ﬁaﬁjpiL6 3’35 re@ﬁmfeg?art' HBE%S‘E’ YOSt Ry
andl i38 | ess20 hasssB@df medmntdat)przerssmeommwnswee emahtamloarhlwnatsearpela@br
pressure for these djffer ent te r S he
temperature incr cadtl "‘t? %ﬁl r?art%deté th Obtjrs’éjgssom@et cﬂ’chrblrnc g%gsmi
capacity of a desi cibanioua}h SoThlepends. aazpohe tlcbnat&dateefnervaltﬁﬂﬂy@mtf@ssml@fator
Specifically, as the v re g e Gow of
tenperature), the cé{‘ﬁfﬁﬁ‘? %‘f lﬁgétg%g%%tg&%ﬂfer&ﬁa th) vvar'ﬁ-be"’r'tijlztr g%l |ncrvegses
Thus, the capacity Ianudttbethelwap;atram iifsthal peichl ép ediedtremotaly, tthe ligédsenatiur e
of the water. This is illuystr t
tenperat ur es. T%e Im?)\/r'geltJﬁ%a? Pouzcguq?%erﬁeghlﬁjngat&gt thai? eﬂg%;gs' Jt&rfh@ entlre liquid
difference i s needemubetmten attetot @neisegsaptaddo pan@turtetibe@eeﬁlftme"(/@r lguica
very | ow evapor at or, L& n%) r?a‘t”re i s needed), the absorption capacity of the
desi ccant will be R 778 ow. According to one enbodi nent of the
present invention, a ”“btnlel%'x% ? atﬁﬁh@%rnpodd?ﬁ'erﬁ%@lthe'"&eg liGRenkisn Willldraed to
address this probl em In a nuinlp e stage sorption cooling device, two
evaporators are used FighdPeiA raseevoiri 1090 ingudasapbishtied @Qé¢%19%d'|§ﬁ9‘?}°&ﬁdf‘ a
cavity and the sec I debat fiis réssaehat ed
wth the first @vagg ﬁ dl'ﬁhg‘{ ﬁﬁg ‘?Stt n@r 92{:3&?% li(3‘ir%gjnce beltsvveenéf}ge
flrst evapor at or anldUItjthOIGotAresat:tuamH@@&ns apamiedl t®$>ué¢tﬂe9cthe\/féﬁty“%'tﬂ15@‘é¢d‘ i

Aischemata:; illustgr I Rfd onﬂoep | PG sSNMQRuign 20
accordance Wit h thema?eag’gn Feff"%?/gﬂgntwsﬁ e?rég%fr?rﬁﬁlgtﬁ(raate ﬁs 9&6 :arust
eyaporator 1900 is utilized to provide cooll% through a cooI ing surface. A

por passageway 1902 provides the vapor to a first absorber 1904 t hat

‘cI udes 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
enabl es the first absorber 1904 to capture nore vapor fromthe first
evapor at or 1900. A second vapor passageway 1908 connects the second
evapor at or 1906 to a i second absor ber 1910 To |Ilustrate the |ncr eased
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adsorption that is 120% of the heat of vaporization, a single stage
sorption cooler that is designed for 10 Wof cooling would provide cooling
for 63 hours, would weigh 2 kg and would need to reject 12 Wof heat. For a
two-stage cooler with the sane cool er capacity but running at tw ce the ‘
tenperature 5 difference between the hot and cold sides, a total of 2.2 kg
of water and 2.2 kg of desiccant woul d be required and the cooler would
need to reject 14.4 Wof heat. Thus, an acceptably small increase in the

iss of liquid and desiccant can prOV|de greatly increased cooling capacity
and will be useful 7006 canitmirefiaw freely éo ;hell@wdcqnént)empua@%tO(feeﬁvaP%éi%W 0C)

for extended periods |cg<Iy Qtirgtenéewm!(hg%ét%:ré?@ls?gﬁoqﬁ'tl‘?é@\F!a poPdr, the extension

of! the two-stage cobl BStT Are to three or nore stages is

straightforward. Wth eg\c%cg?% hi id &ﬂtgh 1bl?§ @E%'drﬁromjech%hmgtﬁ@grgﬁi adudity a

giiven anount of cooling ecrea mass and vol ume of h
refrigerant and adst0deantd ibBluies asase remrétjﬁé@eﬁt" Ol thy EnenoAMPedimesh the

directed to theJ nc%itﬂ% &t @eggndareﬁfra;%r)%rh EELI ﬁqgﬂ ROyrES%} Banithé Qol@m‘émfFﬁﬁB ng

container to forma enrpera ur é- cont I ng cont ai ner .
f aregoi ng descri pt ifost refrigersnt mLeiﬂ@Qﬁtwhﬁnﬁ?ﬂ%ﬁ@ﬂ@@mB%P@?%UffﬂaﬁhetfPfét liquid

sarption cooling d V'ugﬁ’l?@% tné)le'.gébrtd%fr eraln?ﬂ?htﬂg 1@@ﬁ]ﬁsab|§§re§p6§ed2tg d Reluced
prlesent invention dre not Timte ther | owi ng description i

i 1|l ustrates vari ouspressanyp| @stiastally, e@rﬁéﬁ%ﬂ%ﬁ@“%‘@hppﬁplt@dp%ol’ﬂdﬁﬂltﬁgo%ﬁh’tr%lt%r s
agcording to the presgn ll%}) ?I&h‘gt?glmht éleé%@ ﬁ@%&%h@tr@ﬁlgéﬂaﬁt th@btmmh

the present invention is reference to these exenp é
enbodi ment's, thi® pr@tbemlmuhamwslmNVHihsIhfhéPtUEiOm"P%Oft@Jt %@“@éﬁ? BI" passs

enbodi nents. Gener gltly, ﬂrEtQ%fr@QRJn‘Fﬁq@@H@@é G (ROBHB0BRATCh: ABSRAEA POFib 010, e
present i invention incl ct cavity and a sorption coolj ng %g’éﬂl ce,

wherein the evaporasteoond)lfeft'tg@eerécbﬂwtil1(9ﬁ4é|@W$|tfﬁfQU@!e¢ﬂecfésﬁ luighpaiteadi 00
the product cavity. lthldt oﬁaggto% éd't&eq[ hSRteHon6H abAEe D16 ReIisHISEd betiveks the
roduc

d|SS|pated outside © cavity to maxim ze the coqQlin

avai | abl e. 40 ys firstRigridencas I1@02@”§6F“btsp6ctﬂdc%‘l‘q RgH el 1eeto; rﬁatb‘?epgtﬁﬂ%

into a shippi ngtpd Crgggﬁlujheg%doﬂd @@fﬁ?ér‘éﬁﬁ@@l4WAd&oH}%hDrﬂ$§§éﬁonUmé!fﬂgérlaﬁnhqu&j
g

ilflustrated in qg [ustrated as a substantiall

gct angul ar - shaped 1984, wiltbanifed Dehasypeeiired #HEEUGThEPW SR z%”ﬂe‘?ver an
nfigurations can Md bitegd such as i 5 cylindrical containers and

the like. The tenpee?(g%%gsg‘s(e:ont roll ed shipping container 2000 illustrated in

Filg. 20 includes a Sorphbﬁ@eﬁa%@huhmasd@vug@ irs Wbsdrasridealvtly tas prkessot irbedtiod t h
respect to Figs. 1 and 2 he coollng surface 0. of theeaor {% 008

i
ig in thermal comm#iPeiism akighvarrs sy aE‘Qﬁ”? MRESHUeTSNR D
i s disposed withyn 6ffb?e§§,§:\é' Wiy p?&ﬁ@etahﬂgh v&por p‘t«ﬁhuﬂ;ﬂém ratel. tEy)r trivst ammpattm‘st om

and side walls of an insulative nse refer i t,.. the
i nsul'ated wal | s deff®illgidt $housh 8 Gc"t’a"@a@ql@‘ B?@f 8fr gﬁ?%'zﬁg pgmﬂﬁgrrﬁ% or
resi stance of at | %ﬁtm@b,ﬁmld be Kohm&td/‘émdonmmi’nQMeeém ﬁtdujd bdvel re@§velaloout 2

K2/ W However, it wl reci ated that such_hi e
may not be necessar%QS*f orsuétPtP'edB'HIqs 'QP'th‘nsa”aff“’?'ﬂeV%r é%e%]%é A@?:&%\%ﬁél oR. ‘
desired, the insul afidonel i drserdyl 24hatanetoeepl Gegd acetae) emt ealdelydes (e.g.,

: 2036, h d d d. b '
Wi ch Gener at elhodeeREaYigh P SRLIBUET "é‘%%wc@éeﬁ???%@?%F%%I”ﬁiegé o

comuni cation with Hyh%cﬁ%’fcﬁl@bn@rcaﬁbbnﬁ HeCER] euanads EI@EO&E (IEeIr DROGE deudémourat

heat 20 is dissipated to th r nal Vi ron fe t
ﬁsor ber coul d be IW@B‘L"@@”OE’FS %Iegeﬂ?s pﬁﬁuwﬁgﬂ@ iPU Licnsér é%%h‘&"o%r&v%\ﬂ?hl
the ext~:rnal cont aREON20@6.FREOKhe1,abRBOben 1, 26RECN 1di#BRoEBEON tTHBmancthe

ekternal cont ai ner 2036, vent] nme such, as 1 n be
provided in the ext@HRlN 188ntO$F%e‘r‘se%8§'8°‘t°8ar5’§§f ﬁ?w{ish nt%L dg?é@? gg%é)gftcﬁ
hi Further, 4gd i1pr-@fe/gred244fat 25 the absorber 2022 is not in direct
ntact wth the top of the external container 2036, as this would restrict
heat di ssipation f rom t heefabsm berhqu”ﬂmcleistesawatadr (r;@ntsaamequamlﬁ beeeg tienided
wi.th only two top f as 0 sed our ) i dj to
the absorber to de a’§ qengmBﬁ? &i%eLt Cﬁﬂ‘i%%ee éﬁlglifsﬂagﬁl gggte{]hs any
event, it is preferred that the heat generat@é?d at the i 30 absorber 2022 is
thermal ly isolated fromthe product cavity 2030 so that the p; oduct cavity
2030 is able to maintain a sufficiently cool tenperature for a 41




sufficient length of tinme. Channels or other protrusions 2040 can al so be
provided within the product cavity to enhance circulation of the cool ed
afr. A nechanism can al so be provided to indicate to the user that the
activated cooling device is operational. For exanple, a strip of
thernochrom c 5 ink 2038 can be di sposed on the absorber or the evaporator
V%ereby the ink changes color in response to a tenperature change. Further,
arigid plate (e.g., a fiberglass, plastic, cardboard, chipboard or netal

pl at e) can be di sposed over the absorber to prevent accidental puncturing
of | the cooling devi sévapigaepes gre duits rﬁ@hu@f@t@f V?%'@Pﬁfbé?%@oétoﬁﬂda'PWeth'C'@G

Thé preferred mater lglﬁwefé?r it Hb‘g Bé@é’én"%%QOWIuo% P‘MHO“ afRRBRGLIHIY doRPonents

appl i cation of the ppl ng ntal ner, such as the relative value of the
products being shi pp\efdeélﬁdldtlh@f@%’oﬂol sgtrekifei eeneinte aupstiestddnadieHdt Hor

pr FdUCt I'n one enmbgdi meat ot figid '&%Hlt?é%Xé’&aWth@tcgmpéhemaﬁaﬁngt BebWalapor
conductivity of not greater than about O. k, such as not greater than
15/ about 0. 04 Wﬁrrkpfewlbeér@lt@@rﬁﬁiﬁwl@ésastqqgm@r%ec| es of four available
rra}t erials: corrugated cardboard; expanded polystyrene gEPS ret ha e;
and vacuum i nsul at ed parerger grggyes tplpwer t 57)‘ e BesAna PR 6f the %?qy”&ée use

Materi 9IS Material ly, COBRREE Fayl dck r(Wﬂﬁb ~dOhpBaeyrabakich id Yegree that the
For mabi | i t yRel at i veggcﬁqégcl)rrugg%&e: aga : P °

p. 05H ghYesLowEPSO. irasivigerRagEYEs freef Wnlﬁetbﬁ £800150; THis AN 9RVEdMERN Ps

f <0. 006Var i esNoVery ﬁb@ﬁsz%cﬁﬁfngemh%m B@atUr SR 86N GPat Heler dRebuasn
|nsert 2034 can |ncI ude EPS he sidewal|l nmaterial where the eglagé)g%t 2032

i's a rel ativel y19 owohthe liguig. d%Wﬁﬂ'SP'Py‘Stf%fo the eyaRYAIF P¥ek B I9N9ch st s.

EP5 has the advant ag&Adahay élsgﬁ%c@tﬂeomtv@@ﬁéddﬂﬂadal'|r§ui@&§|t}{e/e\fa@bfm imbelea
vari ety of shapes. However, to ensure sufficient insulation, a rel gtlvel

thi ck anount of EPS afleviate sugh propleas, tBaNFRE PRWANIAGEREF 4o SERIESH TG BR#ART al
concerns with respegdintd tHguise of EPS. 42 VIPs have a very |ow thermal
conductl vity and therefore can be utilized |I i in thinner sections than,
for exanple, EPS. HOV\BV@Feez\HgP&lhtaﬁY@réssfc&i adri welayccdsmgh;he@m ramhgwofrbetmg

typlcally be used for h val ue cq u a har maceu

medi cal speci nehs. %O'mrFU B’&Ff’?%ﬁge’?}%ﬁh? h%‘ﬁﬁj g}'f’\’}'gr ﬁﬁe@ﬁf'ﬁpfo' i{ &%g\aﬂggg

i ncI udi ng expgndeddﬂggéyg@&g@@fe,wnexlpamdaﬂa palymress Eﬂmpof |pbeas|sbmaerbubvamhb |
non corrugated cardboa s fi sul atjve e use
wherein a gas |rrper'f?é'55rot?'@t ‘ﬁ(ﬂJ%’H”{ QQQLW‘{“P{ agﬁg‘i%'d{a'rst 865‘% ?(BOB o(\J/rlla e

t Hermal insul ation @neurtmeeged ad edémt@y@dpmess Fearipy ef tiof liguich @tasr hugh+ ed
i risul ative materials are 10 des &I‘I bed

in Pat ent b y
U.S. Patent 6,250, 48POb)resRyESONRAS T b‘?b&?e&tto PEPS t%%ge%z‘”qaﬁ%{?tob‘\%g% ¥
whi ch are i ncorpor anhey inerfaenwitty thee e nicey ifromi thee evatporaioryto the aibdarbaseby
appreci ated that conbinatians of t r S0
ba Ut 1 zed. For e OprtestyErBEslR: FruRE R SRelR én?éﬁa%‘;g@of
the cargo area w t hTHeRSom, tHelse sbo.pdbieweed;ind’eedenﬁm@. 21 illustrates a
cross-sectional view of an irisulated shipping container insert in

accordance with an enbo®refem¢d dEetihg ppinéseprression hgenss @seertingrio dhg iPsasenThe

' nsul ated | invention include salts such as metal-chlorides, -bromides, -nitrates, -sulfates

§ 25 and -acetates. Examples of preferred metal salts include those selected from
P the group consisting of NaCl, CaCl,, BaCl,, MgCl,, FeCls, Mg(NOa3),, NaBr,
: ZnCl, 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
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shi ppi ng container insert 2100 includes vacuuminsul ati on panels 2102 and |
' 2104 on the opposite sides of the insert, thereby maximzing the vol ume
6f 1 20 space in the product cavity 2112. The .bottominsulator 2106 is
fabrl cated from expanded pol ystyrene. The top |nsul ator 2108 is al so
fa?rl cated from expanded pol ystyrene and includes a sorption cooling device
2110 to maintain a reduced tenperature within the product cavity 2112.
Ac¢ord| ng to one enbodi ment of the present invention, the sorption i 25
cool ing device is disposable. That is, the sorption cool i ng device can be i
adapted to be used am@ﬂ@eacmmmwnanﬁalyeseﬁmmwaﬁ {rethg eveperatasr pisi 1A liquid
cooling device can g, RALLL ey ol loft FfaiG] ADLE: olaBoRiibiSlinke doRfisRbe
the sorption cooling eV|ce) BSi ccant 1nth SO
regenerated or repl aredntsRétenmmtouod ace intrhduagd svitbdasin-iaving §aid-enovi ng
liquid fromthe i 30 desiccant by either heating the desiccant, subTJ ecting
tht desi ccant to a vacuumaderiotrnininFige tiHe proderdi tﬂ“?cﬂﬁ@FPe"rV@fUerfe‘PaW? fqeéiﬁ‘gd
t be provided:to ¢ re-
5 1015 20 25 o A ARl AGaR A pg e o U B B e
desi ccant from the deegeton Obiher%/géﬁr@ﬁ%t ||Yh§“5’t Wey. adendeaneliggrant {iguid gpied
exanpl e, the enti rem é”tk%t 8%5}309918 HingidRw %hQH@ A8t GhUhB &St br‘%%oa’uon to

rrahuf acturer where | d and t desi €cant is renoved
penerat ed for useradmﬁé'ﬂﬁa@@lr\thg ea@mrét@s FN@W@‘@WV“%’%G%S‘H?W%M

designed as a relﬁotf%bé\%ggfag%:@cuggé% B 5\9 'ch'i‘ b@eWp‘F‘gﬁnaﬁH ﬁ/ltﬁ'éa%@nff&léhd

then be returned and renove regener descri bed
above. Regenerat@d dmswtttc@ﬂ’n@ f@@ﬁlngmmtbfélpﬁr%é@d ﬁ‘%nhe\fvrhdfeéio@@é‘htcaﬁaﬁ!% be

whi ch can be packaggy FifhiAREaPh CE&h:ﬁd‘ttﬂg%'eH'thhéth‘éH‘éﬁﬁqund\%ﬁﬁ}f 86 Rgakeuseets

further embodi nent, ber can ackaged, such as inarig
contai ner, and can b@oweegtm@naate@ard ﬁb%|stajrtewqw5mnrvgclad¢/a| Qeantity (erﬂa up to

absor ber and placin &5 & abSHr REER BB Neidi RRrCA,, Ve BigaicVRFEHUNG
Al so, an integral hga%LP%c}eﬂFm/? cou%ﬂ be provi ded W th the absor ber wher eby

the heating unit caﬁu%\easeﬁiw@%tﬁﬂccﬂo regenerate the desiccant in-situ. Fig.
22; il lustrates yet anot her enbodi nent of the present mven% R V\,Hereltn tfhe
copl i ng capaci t Y5 of t he ASSBIHingloRae; rbqdimentih tRekreps tirYerion. ige 'y rate o

absorbers. Specifi cgygl béfng':e'rﬂwt g {e‘ disiWaddreSrom el RREAGIrCNthal slapo2dl0 is
whi ch includes a sorption cooli ngq devi ce i ncl udj %g)dan evagg_f?gt or, 2202 Iand
absorbers 2204 and @ellly seriralipd & mauiate Mpsovgrr|! BIY & O P £ e

evaporator 2202 by ¥YaRy PSSSAIENRNS sddD8s @d’ﬂ%e?ﬂ&%—coﬂﬂ@ll@jlémmlﬁg ebntaers,
pliaced Wthin a cavity defined by an insul ated insert The, absor bers

2204 and 2206 are p!eé?é@a'ywF%'“aﬁf)}é/ﬁh'élre%ﬁeﬁ SH PCPH'@QFH%%IF&E‘%HJG ReBhg
2212. fThe ﬁntl regi nﬁ@rrdﬁsf@mrﬁmtdﬂ@na:h leycdrs @Lﬁ&edmmoam ext erdeaglto ponide aer
2214 for shipnment, suc S a corru cardboa IS scu
above, the external e’ﬂ%@?‘%aﬂerl?@ ?fr%%i?@%&cc%d‘pﬁ t9éﬁ? |pﬁ€(§feﬂﬁs n?ocf] a?ssgr%ﬁ)%d
the dissipation of f fidw edte i @ambscsdiatsthd 204paatbr 220Gintdn @. st@Biy level of
illustrates yet ano%&f@ar enbodloment of a %tbgtl on_coo

de

shi ppi ng cont ai ner BY QYFF PRI {AE R5TR ?W\Pé?ﬁqr(9ﬁntr(¥h%ueb§!)a}np?lliigaﬂl Ad0g | ng
device 2300 is a flguidieshenedepfiulwoliorimeasalidtely flswad khqoacdpagaesr Upewi relgase
hijgh aspect ratio. The liquid reservajr 2310 I‘OVI des,. wat

ik l}CIUI d conduit %%16@8 t%%é\‘?a’&fir szﬁr 9938 neriy S%frévrﬁn{/%rb 'qtu OhﬁOW%@tr%t'on

t hrough vapor passagewyusk3Qd résridt e lajukotdaerat @R, apphepriatd ievel. assenbl y can

be 44 | sealed in a vapor inperneable film such as a netallized
palyester film In use, Rdfariapsowberigid921] s ctdsemsewtidng! Viewlchgw resinictiore

evapor ator 2308 and,t he {hﬁﬁg }tjsoeé@e coo{)r%gn%wgm%gp&gqt 919 ARGNE it Ruhhe.

IeUge cool i ng sur f 28856 03| e surface of the
eviapor at or 2308 cansdﬁm)lﬁresamlrameﬂ inotudesrd sippey Itouis t‘dbﬂ amdga dedie outletTH@S.

S?ghhg? gg}’;ggnﬁé I%eigc%uhg ou{?eta?%jﬁ !sncto%ngctgg' t&B'Hag,dC@O’Hdﬁh 4bs %%]r%nc%&e@ 4 he
' 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
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evaporator 2308 and thermally isolated from absorber 2302,

pi ece of insulati

on (not illustrate

d. Fig. 24 illust

such as w
rates a

th a

t énperature-control |l ed shi pping container 2400 that 10 is simlar to the

‘container illustr

ated in Fig.'

20, wherein two sorption cooling devices

2402 and 2404 are utilized to increase the total cooling capacity. Miltiple
cooling devices can be utilized to further decrease the tenperature wthin
tthe product cavity and/or can be used to increase the tine over which
cooling can be provided to the product cavity. The cooling 'devices can be.

1
tthe devices can b
present invention
gontai ner portion
4
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hat conbineS\@t
ont ai ner

ool i ng devi ce 25
provide cooling t
sorption cooling

5 activated sinul
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2500. ThC@pF'SB @éé |
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2500 Preferably, t
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y to increase the cooling tine.
Fig. 25 illustrat esteofibe ipedts De redusad ofOnpetsein HONSESIERIHITPERE ISP SERE |

Uflgsetar P tipm i

dapt;.d to contain a |
20 product Wi thi n lighie coandiit i10F e scoheavakess ithidrerldse inuide pow threHo Bt

dydior 9B 1 1 dr PPBld 2@ tHhe

m t he bottom

he

di sposed such that the absorber portion

i's substantially pl anar Wi th therf0p 1e4diRGs 1bePt8pbidsPOr tion 2504. The

“sorption cooling
“the container whe

just prior to usej

t hi s enmbodi nent,
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and support a sor
2612 and 2614 in
of cooling device
antici pated cooli

evi-ce2566——canm e
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“f' .. hle 'Z ~ nnl ivissosityntthe-ldidn@ter 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

depend  upon

plug length, the

driving

The selected pore characteristics such as pore size Wwill

pressure, the

hydrophocity/hydrophilicity characteristics, and the like.
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! membrane.
i
i

Mechani sm Nom nal ~ Ten{ erj ture i CEnergyl Mass (W hr/kg)EnergyNol une (kW
~hr/ nB) 1 ce/ Gel Packs* ~09292Dry |ce*-78208175Li quid N trogen-1965544Phase
Change Material s*Vari abl e30 - 7030-60Sor pti on Cooling-20 to +20180 - 315145
-+ 250 * - Prior Art 46 1 For optimal cooling performance while

mmi ntai ni ng reasonabl e mass and the volune for reduced shipping costs, is
‘desirable that the energy i density val ues {energy/ nass and energy/ vol une)

be as high as possible. As is illustrated in Table 3, although icel gel

.packs have a relatively low cost, the 5 energy density values are

relatively |ow TherfL%ﬁfgﬂ}ag&'%&g@O%gﬁ“@’ﬂgraﬁ?:?é%e' me‘?ripg%?ed& e af “qqp(pks

ils required to cool ont'ai ner . ew se, nitrogen and

‘phase change mat erpaics. &lpso ahtwatory dreylidugdwd ieergijovd inaian tee porae ang y

ice has a higher ener ensi.ty. [ .. S i fHer apd ks not
an acceptabl e mat e'Pi%rgX‘f g? eﬁﬁltr %fer ﬁéjclg% tpfb%i%' Aﬁggﬁﬁggoﬁgqggla?tﬁggﬁ%saggér dance
\ﬁ,ith the present imsmebtanercaphevsetietedtopsefids theategbediqudBew fidfe bREFMIPIDC t o
t20C, and _has Lgh_ener d ity L b % i1t for
the sorption cosgl le}bga?ogl'%%géﬁ? ‘gr%gnﬁsaregglgfdcggﬁ%égggli%ﬁ%n %g%gcgﬁ té0(15%50
wei ght. percent to &ffbdwéngththepeemibrane dad aa avetage poes 8z of ff@lflml?éubé%d”bn

the sumof the 'iqg:aggagg%}&?;gﬁ%k%gggof r;tgigfenq‘d%dﬁﬁ%ﬂ%lf tH’eaFrlégeWiNenQSrﬁ)?snd on

-t'!he desi ccant capa e pac i I""contiguration. Preferably,
the mass energy densirbied is Ry, 12adhedigodt pa@d VB! ikgjuderoa dqpe dmepmtaapleat

l'east about 180 Whr/kg. Furt . vol . r gy densgd i t,l
zabout 80 kWhrl nB aqu‘&ernﬁ?séngpr@ﬁé'r at)rﬁg '¥%”§ﬁlf gﬁgt@é%@u? é%%%nd&%;gl W%S sone
“ilnstances, it 1y rhembesk ri2odaitposedslich et 28 tpod | TRPEJvstqass dhrgugh ihe a
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g con ers in-accordance w th the present

invention can be ud hitzewdtio reteans piguit ky pundbeingothe masind ct292\iidneoutward

mai ntai ning the tepperature 0 he pr it hi i 25
%P{B%c%%r ?{?g%pl% B é)cgl%i&shééfﬁiﬂ(jé"lsgérggh%&é% Sno? ReSiAtber

i
tlenperature range. an advant age ransported in

“accordance with thanpreasispuset hesveendhe caghq )2 ang thameemiene 11394 aigrht that

heat sensitive products such as: .p, LC ag t e Rubasethe
har maceut i caI@,r 35%0%}?&%6?%%?%5%0@&?%% gén gzgl\?lg?aglg’%g?ogtctsﬁgucﬁ as
onf ectionery produnenbrané| 1204 |fir eiiuke SpptscEtesitwdl the aRPNEENS kAR &l8° Hiood,

$0 tissue) organs ’ddfpgggg gﬁ%%%@&d of HE Sa%fh%gﬁ]h%s EE@&WW@&@Z%&% R of the

el ectronics; photo adhesi ves, cosnetics, , ,
| actuator would point inwardly to puncture the casing without puncturing the

20 Another method for controlling the liquid flow rate is to create one or

i several extremely small apertures in an interior pouch that is disposed within
I 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 parﬁcle 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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The tenperature-controlled shipping containers of the present i i invention
can maintain a reduced tenperature within the product cavity for an
extended period of time. In one enbodi nent, the product cavity can be

mai ntai ned at a tenperature of not greater than about 8C for at |east about
5 24 hours, nore preferably at |east about 48 hours and even nore
preferably | . at |east about 72 hours. Shipping containers can be
flabricated to neet virtually any cooling denmand for a period of tinme of up
to 100 hours or longer, if necessary. EXAMPLES 10 Shi ppi ng Contai ners

Pr ot ot ype tenper at 0
Tvent ) on wer b f Al FELE Rl § LR ERE FATG ALAERIPERR B BRmiCedolry
c}ont ainers of the gutieseéntrawtheriiionirde thenpres ohgitfesr d W'@lfmmﬁéﬁé‘ﬁﬁir@w@d by

'size, two different, g«%{f%urse@r Btét%%ga ??Q}?bgﬁzeqjeﬁ’d gnggwa‘f“?é&')nggr%e%d Preferfy A"

had 15 di mensi ons of and "Si ze
B" had ' di nensi ongiclofig Fiaterics inclutle 2Edrqpbitiz matﬁuals_sgchrﬁﬁxmg@pﬁﬁws MeHals,

_gorption cooling d%\éé/uefélaé&g ébgﬁ Jggécﬁ}feﬁg Abndlihd ?é@??ofoyﬁﬁgr%élb%sgp%&ﬁ% on

ach other. Théese In o e exterior face
~of the cooling deege tl@suepapetr}mdam@‘rfb@rqscmcm?éerla&ﬁt erior face (i.e., 20

the cooling surface of the evaporator)that faces the internal cavity of the
¢ontainer. A. Absor ber Wity tharlinuidhe cassdene charged dislicithtenayesdigehiriddishy a

‘porous bag seal ed S oBRASCH SFALOR, (AR PA7 L0 RELALboRe S ooy

CA). The porous 2 s’ construct spun bonded pol yet hyl ene
-faterial (ReeMay, v@borizdtiokof jhe Honjd. TFH‘é“ berﬁp@fﬁ@@t@é@at&@rﬁoob@@sw‘aﬁén‘s&ﬂons

]-ﬁare about 7" X10 " &Rt lLrHQ szgrsamnaﬁ'%frua t%%n@teﬁ@é)kﬁac@@eé'énéf efhadck27 mMm

x 152 mm for Size ool er, as measur ed from the inside of one seal to
‘the inside of thethmpcamlngeff@wby offthe dg@isei cant is uniformy distributed
within the bag when the bag is 30 laying flat. Size A utilized 80 gram; of
dessicant while Si ze BThe ivhporizad diuigrtha® Passasdbiosshrite vans ressicevadit10as a

surface nodified d b%%@t?]joe gbthe absorb@P'ﬂ@ Shi Bgtid?wfal l/éﬁ&ﬂ'pléfﬁ\@ibllé%bﬁi@re(nle iCl)
ated.car

di spersed on an actlv on sup In a mass ratio. To fabricate
the desiccant, |it1@Puanche orqvitedsigl @rem&i Itgiuisls P eBIgTHINGEe dhe ARaOaET dBR-

activated car b,(gn ‘@%n@%e& stuﬂatgl@evédﬂrtﬂehﬂ@ablglﬁ%nﬁbr&‘?é Hia'té?i&lsV\iﬁ&u@’é vegbus

eaV| ng a conposite desiccant of activated carb ed with 50
% | i thi um chl oPPgRS BMSTHE N2 |TWEH§59<P'3%W§HMH@$ i %l w% dﬁ’gg@ﬁb@way)
The vapor passage\wp& tlérh%lﬁﬁlﬁﬁtbhODE?@bREQEﬁq}M@ Ncloprednd Asesciates,
separate | ayers: ! 4 mm Tt pi ece of INSTILL (an extrude
open cell i Newark DE) hydrophlllc dense polyurethane fiilms and porous hydrophobic
polyurethane films such as those supplied by Porvair (Porvair plc., 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.



‘the bag cont ai ni ng
EX-L (Ki nber | yi@ apiefeCaripbasnsitenmaResiaance aug presge, of abpidpernban (S3er8 Of at

pol ystyrene material avail able from Dow Chem cal Conpany, Mdland, M) 10
sandwi ched between two | ayers of MANNI GLASS 60 (a non-woven fi bergl ass
available fromLydall, Inc. Manchester, CT). For a Size A cooler, the first
" MANNI GLASS | ayer and the INSTILL | ayer are cut to a size of 7" x 8" (178
mm x 203 mm) and the second |ayer of MANNIGLA. SS is cut to a size of 5" x |
6" (127 mm x 152 mm). The INSTILL is drilled with a 118" (3.2 m) drill bit
in 15 a 5" x 6" (127 mmx 152 nm) area centered in the mddle of the
INSTILL layer, with a hole density of about 7 holes per square inch (about
1 hole per i square cenpijmrtg %Eodaﬁ%ﬁt?’f@ 2 é}r"r)t lﬁ tl@ﬁ th%I \llaé)toprpggsageway

sul ating pieces are cut to a Size K8
I STI LL piece is dincludesl aitharmally| gsuleBre fﬁﬁ’ﬁ“%lrWNCthSt etsrwr Pﬁ'@uén@ﬁ n@ss" x
6" area so that it @r&r@s#&%gd%etﬂélrﬁafe@n@a br floll bR ladAAaF @ thech
(about 1 hol e per &guare ¢en tor A conposite materi al

cbnsi sting of an eamﬂmMEdwméQrmﬁb@@gdbehb¢@n§w(EWPEﬁh¢I@ﬁmdéarbﬁﬁ ol therer

,quFLON C ool SeoRlaERE DS ARG COTMARKS UHbeAgh 3 DrbidREdIAL Bdveat o @

un bonded pol yet ﬁyﬁ She 25 Tl e al “was obtar he

.Feast erville, PA iBhpackegpbsidvantageisiyabnitrgearhavighagéicisore ofithe toermil pm

and was in the formgﬁlatlﬁgl?ﬁgto F?W(r%d?ér%g éA&tCGf(P\ @gy%gélls%eotugﬁon%%&n%fl the

bag is 8" (203 mm I's at east or a Slze
cool i ng devi ce, t heondudtvitydhatt h@UD%Ig/hles tee nigar7 freepadingf eheas isngug! e 06"
(i152 mm . The bag brt%ﬁ%?%a%dﬂwgg)o@?@@o%q%ﬁ’at@ﬁ”?h@%ﬂrﬁﬁﬂﬁ%ldh% ﬁ’fa'té}fal O]I;E

€ W CK e W cking Is a

manuf act ured from l%g&g%%%g%%wz)’w &%ﬂ%%f%ﬁa@@ratégaﬁ gbaﬁf('rﬁ“?% afqg tebgn -

paper tissue is 7" Ice and 5
(127 nm x 152 nm) fhore preBirasy Bt Bevt @wut B.5D<CMAkYer FRéwsy theithersypdy éwv!atw)r a

Si ze B devi ce, themW%ig{prrﬁ ?E&%ﬁé %ﬁ%?%ﬂ}%@)hqg ofazl‘t%%lt lab&‘@ttﬁlr /m?hr, at

reservoir taped to SI z A devi ce,

~ tihe. wat er reser voi onesgtstosphérack prtssura. $iveltb the aginmsulﬁaveeva‘ﬂégfeﬁh@@&maﬁya _

i oBdetor g hEERAHEgel SR LD, AAARL AN S oINS
Wat er Reservoir Th@ammeercanelsasmscb&?edoa\gc'@ta% prabTity: Deedratecofily Byl B8t apor
material cut andmﬁgsg?é%é} Fﬁ% SRR 0P raﬁsfére&étéﬁéﬂse having a size of 4" x

3" (102 nmx 76 stl c I's a pol yester-polyethylene nateri al

gdvai |l abl e from Rol | pri nt, ééngﬁ&%ﬁgwaz?oPF ?é@ay MRS osbiullik acddr@aeagth C
es itt

bag is sealed on all four si e or no air in the seal ed bag

A graduated syring@ewresenhitvagiogRngeCresRANesite Neseror Bagsppewantdbigs: A

corner of the fag 335 mua%ttgaﬁnpwst hstah@me&ﬁé@awrmgégéma 1sodes f@f:)nddﬂ&j
plastic and the bfg th the water fromthe syri n% %qzqe
bag is filled withfom me|rmaliw t!@?%attyﬁ w132 ghath getidss H@”%S ed

-syringe, with the agadig tﬁledd\%l,q thé\tﬁehﬁalb/agsu:ats/esha&mImopurrhadpérmresmum:t

anytrapped air in the the needle still in th e%rptmcture
in the bag is plackavies ”ten@em}’-‘ﬁﬁﬁL vapprdiom ﬁ%@@ﬂ%ﬁt%@ﬂ Sé@ﬁ\” ' bag
¢l osed. The needl exfisrep! TiRMRBEEUIES GITBIOKh@anQ fomtdd irt ke ﬂ‘&crha!lyanlsslatwe t he

_process of seali ng the bag so that no water |eaks unc Once
~the full bag 2% i smé'@élﬁletﬁ’ aly CQ@”?)’&F‘V“FWB%'%“@@?QF@W@ ‘E)ra@”?ﬁ'é‘ BE raeS al ed
~repeatedly to formachihgWittshiarely\of seakl esiidag until the full bag cannot be

sealed to a srral I er size. Any excess edges fornmed fromthe sealing are
trimed with a (6.4 ismustedeein Eiges, nhe gvandatb hiesledeslg ésuidirdett apied if | at
foLhe L'eghhgrgsv) btﬁg 'ppgbége{éﬁéﬁ%uié 2R T E3nduil T SHOS T LIGoARY) GE
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 thermally insulating material 1302. This is because
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30 face of the full reservoir ensuring that the tape does not cover the
poi nt of the puncturing device. This device is described nore fully bel ow.
i 50 b. Large Pouch with ' Filter The | arge water reservoir was contai ned
within a large triangular pouch having a 1 cmx 1 cmfilter at one end. The
filter was cut froma larger piece of a 0.1 Nmfilter material (Mcron
Separations Inc., Westboro) MA). The 5 triangul ar pouch has dinensions of
7" (178 mm) across the base and two equal 6" (152 mm) sides. The filter was
seal ed with an ACCU-SEAL 50 into one side of the narrow point of the
triangul ar pouch.  The |arge i Sh 268 ordted NELI®BUSEEsBAr
' ihe base. To creat® Eﬂ%fﬁﬁg? g?ﬁ%%éea{hgjﬁ%\%rﬁeéy \}oﬁg%theﬁg}uﬁc?ur% ?eserv,oir to
| he filter, a plasté camsordrvasd uwedtiuiamors lkelyaproweiens ¢ §eCEdss finy in
tength. To create, the channel s, .t § SHa2Rsonaseneksoft, thae
cord is placed und&FPYRE" S iraTa[net'rh.e 'ggte&gtfggbl d g%ré%br e??hes t he reservcg\i r and
['s in contact wit hiqtibenipol306 sfprefecabhulocaiedinegr daypeEnete fpataryedoghe’ Mgy ge
pouch was conpleted b eal i.r j A L CLOSSilllMdtdepiBFig. 15 2.
Starter \ater Iéesg?@%‘%/r?%é%tggutﬁ%&g).é@f@?t eko .te?éélgvea?g,rvoir The starter
bag was construct @d. dfhi¢ bimnates thé ased ¢o passeiediauigreeniut al9np deh FUERA° Hanner
~as the large reseryvoir describ ?@Q . wdllinchiakt dle pheliatsi eins  of
“the plastic bag afé ivqura%g)(r %moe ?E%g%ggygmﬁﬁaﬁés Starter ebag 20
contains 5 nmillilifteering accarisglinthetquibroaduii ng he aventirate ko §ondMt. %%
" water. As described earlier, the : Naly thht thé liddi@Bénduf
.zpuncturing device %%esaqvfégﬁesﬁﬁggggﬁgg?g%%&% fa"(t%{ﬁiBrrettfaservoi,r vm"(%h t ape.
“Starter Water 1BeseevhemaRglstiatFtidrost Hiet erolingiseradee Seer ap with A yepasnon-
~‘constructed of the sanme pl i > t.eri.al reservoirs and pouches
" described above. m@gla,ssﬁﬁéro&ﬁ%ﬁ@@#ﬁ%@%?ﬁﬁ%@? pouch is roughly
T-shaped, The upper ba € s L8orRRAERXISRL 6f paiturk1130m) ini mewi dt h
and 4" (102 nm in IengEeﬁér\?\HP1 éhet %2 e_g o? tﬁe T-S(sh,a!oe ps apprth |y
112" (13 nm) in witicdrmaindhsBlatig@ OBatenyl Ingreasasgah theTiigtagee fMogt ol & a1
nm hol e punctured, L{g@a e 1§ .. o?-rklﬁ‘ Meagblema bubagofin 4 Girdction)
fromthe bottom of1t3pégn _Ss}(%g.pélﬂsigiﬁfpr 35% nm |ong cord vvap/s doubl:?d and
one end pl aced5so awagtfrom trediduisuinigs 1306 Hoise thetconrentpdiep SffeFriusas 1304 ifpe
ouch. The doubl ed cor iVeNBatsliATB85 ne8S BEVEY linifRd dcfossnhe emtaet |
W th the point of q*t‘%g“eg’ﬂ%@@ﬁgﬁﬁta’% e?/i ée. 3. n_Puncturi ng Device A &Lﬁqcturi ng
gevi ce is made fromtie 0aOS4Yassao®GYM)t I8 AIKIMEHANHINR 5OAPEEH™ S 1394 €ut i n
t eardrop shape i JiaderBldne (idRd hidmixndi8d dbewe for the |arge
it eg)ﬁl‘"m%'%lté{y%?} %R x 'e/'i' (12,7

ter reservoir and approxi nate mmx 6.4 ] nm for the

smal | water reservoir. ATheePQikahoRfl of e t@BbEReAt iof thbavapoantstagelvagl isght |y
bent so that when the device Is Faped to the reseryorr t he Qod Wy PfRses
into the reéserdPoj rllustrated in Figure 14. In this embodiment, the vapor passageway

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 liguid 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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“stack. The bag is MR

M. U.S Patent

f' ;25 Jbg;[ f.]?;n bl?\?\ge:ﬁ’%ﬁﬁucéfe:étshawnl franglpat a thlgkness of Egtw%%% abouthgé cﬁmngné Bocover

10 4. Attaching Water Reservoir Systemto Evaporator (Size A only) The
starter pouch is attached so that the end with a hole punctured init j . .
is centered on the wicking .material. The starter pouch is attached with a
m ni rum of tape. The filter end of the |arger pouch is attached to the 8"
(203 15 mMm) side of the wicking material approximately %' (12.7 nm from

‘t‘he edge. Both the starter pouch and the |arger pouch extend in the sane

direction over the same edge of the wicking material. The pouches and .
attached wick are pl aced i nsi de the ETFE conposite bag. The wick lies flat
in the conposite i a an kl es ar e Cenhoga@uchev
and the wi cking 26 e?"gl "3{"409 %'%e E;eé%aglggﬁqte%ﬁ%% bag, ?hg bag
is sealed. E ASSENﬁlcé(ntGEtr@Cuauld\@eDEVl CE 1. Size B Cooling Device From
bottomto top, the cooling device is fabricated by stacking the MANNI GLASS
?n top of the desiccanthdragily fnehllamvgamatﬁylatsrt@atlaﬂsmsftful fphyéwaawopaggagqy@y
emai ni ng | ayer of A bathA-Sell dbFnHNsticho 241 th
the water reservoi FCC}VQEPG&’ gﬁ'ts %eRPt acilnéﬁclg}r]pg%eﬁ%s are placed into a
|blbast| cTEag lr)radeh@blyuImhm?byq&lyfmmsyemrhpt@ef%mz aat wsﬂmﬁ@ﬁ’v%lm%@tﬂnl bed
above is bag has_ a.sufficient s n eg{ébrer@o ahentto

Bb%@'z’i‘éﬁﬁredﬁgost gm(gér)esgéﬁ?‘eé ofml 351 & FI5%2 3 nbar) .
52 2. Size A Coglévegt Qiyasstrghwinen thetcboling ¢eviagps et/acela@@o% ﬁ@%é@%é‘“tﬁs

d with the d { | s
o e R Sy MSus P B SRS paot ¢ on

..remaining | ayer offorvaNnhEL &B8Smateriah¢o a:cﬁ'ﬂmjs@rt r@gmmEth@a@OW of | vapar Bﬁmt 8§ of
Zthat with the water [eseryoirs u SRRN &R bag
“i's arranged orl t of VAHOERE ?ﬁ%%?é?bq%%gs% %%\@ &H Ke Wi c%ﬁ‘y? rgrat er |agleell nsi de
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raie gh%v%cr%gtgsgg CEH%HL@E cﬁﬁbr I&ﬁrs B&ensd §&r o

‘conmponents are pl &
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evacuated i o a pradainse p HRFARRRERIEOTET S T g T epi N

CONTAI NERS . g]% The COW\ hlqﬁﬁgsé’\?frtﬁe ggﬁtda'égég%%a‘}fls Ql'sg(éﬁSmEBrtaﬁrﬂ fadisruhatt i ng

terial taped™together our sides and bottom The cool 'q;ﬂw devi ce
o be ' tested isipluaceas moperties otpe spratine cedlingadavise, tthe Vapy RATEFHNg t he
Sh' pping cavity. | P5dd ol tHs toal én!@a@dﬁv@@ﬁ@ﬁf tha devibs.ai ner

s constructed 0%5 Tgtﬁﬁgg@'@g@%ﬁ]@%ﬁgﬁ | at |Oon anel s (VI Ps% dj mensi ons
of the five pi ecedonever, iftthe vppergmssagevgy ig te rmstzW'HTﬂOkSq_ %“?ﬁﬁmc‘ﬂ%o

pieces at 7" x 6" &en HRE etﬁ@ BEorBe rdnthhe(eixZ&rmmX 203
ﬁgé%gt'w&%%%omum hI 2 al . " r0\?| %rse details on how

assenbl e an i @i viTdeedfore, ﬂSIS\,{PFPf@é"ﬁG at éhepéﬁ'@"ﬁ‘tes? &fthe oPpYr Bf“%s&’gﬁg?‘é%ﬁ by

reference in its entd et yto ED@stér%ny Sﬂ)r‘é@@ntofhetrrlﬂgl C‘c@ﬁ{rmmfﬁtnoﬁonetmén ofnet he
two 6" x 6" and the two pieces with the 7" 8¥?£¥|eceformnﬁgthe

bottom of the box evzrmra@r e@ﬁé‘s aawb@ri t t e ltrbﬁ%‘faﬁ%r‘)fst@e RegSTurY

are perpendi cul ar d%BQn@gh: @B‘S;ggg?rggﬁ&ltﬂ@ﬁhmc?gysbtmdﬁumge aveterialheseedigetheof

25  cm is preferred, such as from about 2.5 cm to 5.0 cm when using a material

l

i such as an extruded open-celled polystyrene foam (e.g., INSTILL available
i
1

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
33




53 i I cavity of the finished container is 5" wide x 6" long x 6" deep
(127 mm x 152 mm x 152 mm). 2. EPS Container i A container constructed of
1¥ thick EPS (expanded polystyrene) 5 material was assenbled in a simlar
~manner as the VIP container, except the | dinmensions of the pieces are as
follows: two 6" x 6" (152 mmx 152 nmm), two |

S x6" (178mmx152nm) , t wo9" x10" (229mMx254nmm) , t wo8" x6" (203 nm x 152 mm) and
two 9" x 6" (229 mm x 152 mm). Before assenbling | the container, all cut
sides of the EPS are taped so that the foam edges do 10 not crunble. The
EPS contai ner is dc%Em(PeuNYﬁl l'l'ﬁgreﬂﬂe lh% Slkflegdanst thoeiheiitom ndhpehuesDe X

ac

>10 pi eces are st formthe bottom of the box and the inner wall
consists of the twoch'that itelowsdhe Hepane fiew flong theppvapaietqr to Ry absarkRj ! fer .

The outer walls ofg frf&%n'ﬂg% eqﬁ%% %ué)éncWﬁg bRl therBal @ﬂdn@ﬁl@t’bmeawe@h 6"

pi eces that are fit her around the inner walls pe is used to '
15 secure all piedes abaoréatﬁﬂd)terﬁéﬁoréﬁ@d tT@ecﬁﬁ@freﬁrﬂ}aT%tﬁhlog ”t?e?WéBﬁesp?"’é'ces.

The 1 | inside 5caneﬁ>é5(?En ttrt'éetyf)“;i_'af @@ﬁﬁal@%sdla?mé mAEAE u¥e® hdwWelE Xhds bakeep

5127 mm x 152 nmm X In“cooling, the water reservoirs). is
unctured and t he feow thnageupra@oruedeilar@etqms(:ﬂz@ry aosk B8 "t (0/3eHR aolck tor he

containers. The Sig Aulh §43h (18 o n K} Sl s%ﬁﬁ%@upﬂ%%ﬁﬂ@/m@eﬂntrﬁﬁ)@f the

' c;ont ainer with the dési'ccant facing outwar Si ze cool i n_? device is
pushed into the cabbai h8rmeadiiyofiait lnnph)tw@rw%ng:émfei*%' SPPMH NPT hLtae t op

- of the sides of the cont %@?%fﬁgé:r% Féﬂ}cﬁ] SpreRSably, Be GARS IR GpdRUCRNG to

. secured to the container so oi nts between the coollng devi ce and
“the container dre aDeveneeﬁamﬁtﬁh'Stf@@Téab% 5¢Hetopbpeiot helRe® Referayy E¥B PPAY

~ devices was testedghy goﬂ'!t;%rhaﬂa h/h%hteﬁ”lpﬁrﬁ YNEBILASaS tﬁélrtﬁéﬂnfanyqﬁsmatm for
~the internal cavity of the contal near t e evapor at or he external

- surface of the deﬂ@emitandm@w ﬁhédﬁﬁrlgﬁﬁﬂbitquﬂ% @9@?@”%%5@??’?@% diegiigfa
Type K thermocoupl ??qe{} d gkt @gas tﬁF%“gté?{cg frded 2neVRILRI iRlet AehR@es 0 the
esi cca an

external surface o he inside of the container so
“that the tenper at utie aso nrh@rreémaérth%@pqrh@"earﬁ*t%r@faﬁ ogeiRigd LYMherRRsigs) is

- container is nasyfede it ek Sbrt NEICHRE B! £d0S Yottt Id1idt 15 parEhedt

- tenperature of the roomin he experinent was bei ng conducted. . Data
freasur ement s weretm@wléedamwOB’(D*“éféQth‘H%’”ﬁkb'?t“@i patefale ool i ng devi ces and

'every 5 mnutes for Size A cooling devices, |nn| out 10 seconds
efore the water reser@&ﬁréﬁe%s‘obiﬁ%'ﬁm%ﬁap%' @Y@H?P‘%V%‘Hﬁeﬁﬁ@fv@ﬁtll

he internal box tr‘r‘?é'ﬂ)gé EUSE!B eg@hdad @ebldﬁﬁllﬁﬁé\tﬁb thaﬂﬁerreaﬁwsa/evmrt{emperature
approxi matel y equal . le 1 Cooli n Wﬁ 48 iﬁ{ndetd tC:ool i ng IT\iNms
Exanple 1 was a SlCEéngﬁsco IWhPeRRArRGEGH (it bergqngﬂ%s RSP EarAP R A8 Y200
milliliters ofponatigoumineRpst seNshearhwrinese ut@ser. voir. This cooling 10
device al so had two layers of wicking material, instead of one. The cooling

device was tested in aTM E’oswusérammmmsamdabmptwemtesalma i5 ddapsadrtatebdortn

~Fig. 28, which shows the anbi ratur Lﬁge n d
internal base terrﬁ@fja[?'@l”bv%or roﬂhh\? wegﬁntfp ; Sﬂﬁégl%stthﬁt ?g@ﬁ@% &Fﬁé]Fl
28, the tenperat Urnwgﬂbetcbﬁamaw tlyscdisiogp ped/of adsonbidd trebapor Q@OStforraebtbiu@mGC
3 andtheterrperatur gld n se ahov : A8 ROIY § 2 BX le 2
CEffect of St arter b %N/o? sq;,%tlvfeorgte;fg ¢ah Yo AntdiRRS fortahp ‘, a ;?6Tp
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
34 |



(127 nm x 152 nm xPHER

“iillustrated in
~(Exanpl e 4B) nai ntrabmpfeaarat&plunedeSqunéMt @h’S@FH ot 'eastl%%@erﬁ@ﬂt%é?’e&m £l ne.

‘Exarple 5 D ffler onty Tvpes LuFSIREANkd b0 pLisptiGalucRri e By porebingadeyi ces

~wer e assenbl ed, bu

e e o | it ear edl té)uialcﬁm lde, 6A
. contained a zeol i tée'“C %?ﬁng%rm?Aﬁﬁ%éﬂﬁ%fermér@t@%g@n‘m a rm

i Two Size A cooling devices (Exanples 2A and 2B) were assenbl ed so that
they were identical to each other except that Exanple 2A did not haves a 20
starter liquid reservoir a~~d Exanple 2B utilized a starter reservoir. Both
were 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 that the internal cavity of Exanple 2B exhibited a rapid drop
to |l ess than 5C, whereas the internal cavity of Exanple 2A dropped to
slightly less than 10C, 25 dennnstratlng the effectiveness of utilizing a
starter liquid reserv

identical Size A c%%'lv?tﬁra Qfé\/ 'QFS\@CEOP@S@@”%&%% {‘9@ éxﬁa trﬁétﬂ@ds &Yp

‘tlested in an EPS cipauaé Iftejhnﬂ;nds sheh 8s heatur(gaharngnecam)to mowee@@@tw ﬁn%f i~

a VIP container. The result | e re i t. i F and
the results for Ex%(ﬁbl”@”’fﬂn%? P'FI 8§r%)sat e\%eﬁ @I H@ s %Qg& @gt gg&cct%ﬁé VI P

gont ai ner yiel ded @efeeshigebsdrbs ef eabt atzout £ pteeqepéofatanggbt\ﬁéﬁlqaldlaéﬁg‘é?ter

feriod of tine S Uk QoD 2y WIREONGH o A TRbraHrbAMEALL BB.PIBREES bBReR! bf e

\){I Ps. Exanpl e alners entical Size
gool i ng devi ces V\BN@giatS@teaT‘pdeesUrembWQ\mbarcﬂT@ ¢ven mers nr@fgfaéﬁ/ treast\@bput 50

cont ai ner as descri bed above di mensi ons of 5" x 6" x 6"
Fieartal fecern el 19 BtkEs

coollng device was tested in

smal | er’ si zed VP cont giner H%@gg{%&am,u JEar Lkasboaon ghaa fied

dlnen5|ons of 1" deep

127 mm x m‘r&;nd
was construct ed usieightVh Rvgtemeat] 10 Q&Cer(taewtlmr)\wmlddk arpias least 4P treraest OBk &anpl e

A are illust ria(}:ed I'gﬁt ‘”TWE%EO""%P% %Qﬁ‘:e esyhihs EL%'SﬂPg Egg@gprgteteﬂﬁeagt@e

aV|n are aspect | ratio

contain S5 grans
Mol ecul ar Si eve (BMrﬁdltaneemm@mﬁfer@blybﬁteoﬁwccmt)W'&rﬂ%%@a@?ﬂ?%“?@0%‘%%9 as

Exanpl e 4B) included t C d HinP8Rd 3Pt abb& 80
results for Exarrpl%r a e%r;feigéh[{%a'?gzélg FF%@ég‘}Sﬁgﬁdl}{Jhe results for

Exanpl e 5B are13 | | pesteratoéids waighi gf.503latiTthpercempuisidiy. deS| ccant’ mai nt ai ned a
reduced tenperature for a |onger 25 period of tinme. nple 6 Effect of

Desi ccant Type on Cool |Snga®&\ﬂle©@0@§ﬁﬁwmé@"fﬁﬁnbéfmpéﬁﬁ ﬁ?tl‘/?teldd%‘rm”@al

Mol ecul ar Sj eve dl
GB cont ai ned a conpaiigéted (@etgqncgalﬁprraghlgr@je alumina gel, calcium hydride; phosphon

anhydride, phosphonc acid, potassium hydroxide, sodium sulfate and

arrpl e

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

o5  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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v.groundtoapartlcle si ze of umto

S i described above. The results are illustrated in Fig. 36 (Exanple 6B)
and Fig. 37 (Exanple 6A). Wile both desiccant materials provided adequate
cool ing, the conposite desiccant provided sonmewhat better results. Exanple
7 Varying Internal Pressure of Cooling Devices i 5 In a further set of
Exanpl es, three substantially identical cooling i devices were assenbl ed,
$Xcept that each cooling device was evacuated to a i dififerent interna
pressure, nanely 1.7 torr) 10 torr and 40 torr. Al three cooling devices
were assenbl ed substantially in accordance with the foregoing description

and were placed '%&%‘Ib%t!t 'Fﬁ'le eYad Sﬁrsn.h ﬁbtléalfem RO prQideabat a@gsagevm&

esults are illustra orr 39 (10 torr

0 (40 torr). Theamth@§a$!@®ﬂbp@‘ﬂdaﬁ §x9@ﬁ%@aﬁgww5&°nﬁﬁfﬁa F'Qed in
obtained at the | Quest, Bf €S5HER%NooEXBIDYBo Ba ¥R DI BBFIMSRPbWIR hitelre Size
Two substantially identical terrpeo|p t ure-contr ol shi ppi ng conr ai ners i 15
ver e assenbl ed, buyresent appldating ansl WiEhots Eﬁ@r@ﬁreée¢$‘Ar6'%c9yubeéﬁr95C§< 7 dSmesh
ﬁel lets of a d%5| %@E@ formed fromLi Cl on carbon (MeadWestvaco NUCHAR BAX
500) and Exanpl e ncl uded a desiccant nmade from 10 x 25 nesh pellets of

a desi-ccant forned frog Lhﬂllug%tééfh%%pég@aﬁ‘é&ﬁéfé_iﬁﬁ@dw&iﬂRabchAg15@@)
um e resu S are

| lustrated in Fi gresent "ERRiigHI e FPRPOANALEEiRG 24 4> CPERAIRHI 18 ISP gel‘-ﬁgvgéosuts

: resul ts were obtai, Q[%jrl\%\‘eg%hré@eTﬂ@%u@fﬁ@é‘ﬁndﬁ?é’d%sﬁzcb@tﬁgwtra@@f i Ehe1siize.

anple 9 Increasin in Desiccant Two substantially identical

st enper at ur e- cont r@‘lJlrf@Q!B stodfigH neTent dingefesisrentk isalEBRS| M astivated LAHCE oA

“tonprised an Sorhgﬁﬁ Vt\ftci'ﬁlmnachﬁf?l'@i@‘?ﬁp?é‘gn%@dd@ﬁ'tr@é&Fvate@C&dJﬂd)rﬂgw 801:vohas¥ Li Cl
and Exanpl e 9 COITpI‘I%

50 vol . % Li Cl . Theatwoh@al%M@Ignérpérqeééﬂ'ﬁwnéﬁﬂ'oﬂﬁ@ r d8BPEcaty ‘?P?ﬂ%‘ﬁ” ted

an absorber wth a conposite desicc i ncl udi ng

n Fig. 43 ( EXa”plllﬁu%N:hlﬂﬂ&]e §4i0is didsolvByanmager SRY- drlba a@@fbté@c@rﬁ@ﬂﬂlstémfedt he

[ enperat ure-contro g container with t 0. vol,.%Li Cl eﬁ{ ccant

Exanpl e 9A) renaihté S@M'Q&pibe solationpis aéjtso'lbéﬁé’itoﬁ'ﬁ? ‘?ﬁﬁ'ﬁ?@d CRIMONENHR

e”per at ur e- cont r QL @de SN PPk HtiEd B4rBER |n§7re%nated! with, theSimRiLreshidide 0Wha5C
for about 42 hours. I'ncreasing the anount of LjCl mcre@t%ed thEo |.ongevity

prf the shippi 1§ cormcapnesn B Jpeated oloAddIasentn6f 'O@*'Qﬁh‘?ft {5 BLrdGaRt
wo substantially,ipdenthcal tenperature-controlled shipping containers | i
wer e assenbl ed, but Exanple 10A conprised an absorber with 80% wei ght
PleSl ccant and 20% wei giatcaf\sBairseef gidhithie 64&&%15/ hearfuoetntiltyc highés matey, NJ)
as a thermally conductive material and @aggﬁ I10E3 CO ri sed o?%eéﬁéé tber
With the sane” desPBEYRtON BAHIYNES JPAMAE & YIE8LPEs arg P19 O5(1°RrE in
Fig. 45 (Exanple’ %ov@ﬁ&snm tAvehg éiﬁ:h( E&ar’aﬂsérpﬁo@%)apamh@sce)mmersgthd@wmﬁlenvm th
0 the graphlte in the absorber I ul, cool i i f t he
%ool i ng devi cé%wi CRYME SEVIcREP rFPﬁCPVI(se r&'glﬂ(‘ﬁ% gv%e ﬁgP%rtF%{Iegy rB8bcll e 'cHEbr

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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Exanmpl e 11 Varying Thickness of Thermally Insulating Material Three
substantially tenperature-controlled shipping containers were 15 .
aSSeaned Exanpl e 11A included a vapor passageway thickness (INSTILL) of
' (25.4 mm), Exanple 11B included a vapor passageway thickness (I NSTILL)
of 1'/2" (38.1 mm) and Exanple 11 C included a vapor passageway thickness
(1NSTILL) of 2" (51 mm). The results are illustrated in Fig. 47 (Exanple
11A), Fig. 48 (Exanple 11 B) and Fig. 49 (Exanple 11 C). The best 20
Jesults were obtained with increased vapor passageway thickness. Wile
arious enbodi nents of Afig PresEimeRveRt iOusEaY lé@&ﬂdéi'%%cwt}b&ﬁ'eld‘r\eé&t a|I

|s apparent that m)dlfl cations and adaptations of those enbodi nents w |
occur to those skiihvantionrs theeusgraf higholhees! Cof‘ﬁuqt'&'%@aé@@ﬁ?@§%@r§e%W3@F‘s'f‘%od

that such nodifi CaﬁﬂngbgéanWQatﬂéﬂé ogp aaﬂgsx&ahh'lé‘ p?é}\@rlrédmféﬁ theaﬂtﬂcﬂtﬁw $E0pEe

f present inventi al med Sp 1¥
reservoir for use absogirgmvaradrdient Hsl @W@%ﬁé@ﬁ g@nerg@/rﬂqhsq%@:cantsgj '3 d

housi ng; 5 b) ashfllfelsattlvél%ﬁ& Bl &mBP ugfl\ﬁtQOS@éja%NTt' 'fhegééﬁcdahgbl%lbﬁt%lﬂﬁ@ and

ncl osi ng a hi vapor pressure substancé; second flexi bl e pouch
di sposed wi thin sajeterated teat aheur@ﬁeﬁ@etaﬂjoa@émanttbat%?dwqfief Erle"f‘?'é’QFB‘F‘%‘VE\buch
and enclosing a I |Ligyid:, ao'?&’er]tgéf%:re%sé'tf?é%a‘?e %Pﬂgé’c'&ssfﬁhorﬁ“’rpifieddb%rb'ekCBJI d
communi cat i on bet ween 2ai'd secon l'exi b ouc an evaporator; wherein
za. d high vapor priégh theemglibstdantivty Jaetesd). §an gefaddse 19 [tesPBIEDouEHS Ml

xert pressure on 0 Rk OF SR aifkesbet ldnadnérafrd |tr€éN of
’{;-::}’lil quid fromsaid s@%c%g%é% ﬁ?rrﬁélb esmp?ga@%w%o nsgl d%fyaw d cor?dw t. 2.
“1i qui d supply tlesefficéncyas theessirption doplin® devieel, wherein said hi gh vapor
: pressure subst ance has a hi gher vapor pressure than the vagor ! )pre sure of
said liquid at a tenpeﬁﬁ@@fﬂ@gdp thisormbagtieent te high) theimal ceUfniity Beld Goi r

as reciied in daiu, cﬁth?dl@h&@tﬁﬂé aBSorBéER Buhgnidr sEe ﬁhahlt ghaxmamr
pressure substance lncreases  east about 600 percent wit

t enper at ure changetsoﬁuﬁacénﬁ@ﬁoﬁﬂnt%@'ﬂb the Sgeiceant. Wm'e ﬂmuitarﬂﬁod‘s%ﬂﬁl"‘y‘g

reservoir as rect '\%g of 1 Ehat meldesv&agﬁtewg §@és@lthbr§|’érﬁé69%h ﬂ&éﬁﬁ@t@bﬁdmb@ ance
iIs selected fromth group consi sti n? al cohol s, al kanes and
&

f1 uorocar bons. 1925 raatemallsuq@v@p apiskiz é?é‘?riﬁdﬁ Pr fbrquscinalegalsn Sgss i, metal

erein said high yaporps 9§|§Méﬁ|c5r!d%8%&%cb§t Bali@rtrethirentdieingmnatepal
onsi sting of ethanol, methanol, isopropanol, n-butane,

-pentane, n- hexarie alsacan infoiaRiorAsISSFRSION@Nd At DapReD f@HB‘ﬁ)?@?B@@@FbﬁbPuhs

ecited in Caim lgs \Yéﬁ% Folés kgl ohing b 36 b¥ARREICRAR PRI RIS HBEhARDAd IS vity

substantial Iy nonfl ammabl e. -a
Y 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

[ 3 3...'.

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 usefu! 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 wil 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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~a high vapor pressure

i ~7. Aliquid supply reservoir as recited in Claim1l, wherein said |liquid
conprises water. | 8. Aliquid supply reservoir as recited in Claim1,
wherein said i liquid supply reservoir further conprises a flow restriction

.device. 5 9. Aliquid supply reservoir as recited in Caim1, wherein said
‘reservoir is disposed on an exterior surface of a sorption cooling device
‘such that a change in ambient tenperature results in a change in the vapor

pressure of said high vapor pressure substance. 10. A liquid supply
reservoir as recited in Claim1, wherein the 10 pressure within said second
fil exi bl e pouch is gr eachgure Hanrllusﬁatepﬂr essesesegtioni ¢f arater pgPedimsasPhde 11.
Allqwd supply reser 0|r Wher 8dBet ReRsaH. € Thd hin
sai d second flexi H°&° (%c (rg%fpnﬁa oé&fgggh%%thto a (r)ust 300 nbar. 1'5 "
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within said r|g|dh n [ r 00 1998 vapdr efelinglui d
SUppI y reservoir 84]%4 eor@%ie% &y vﬁlﬁ) ee %r%ssure vmét hi n sag|1d
rigid housing iss rtbé agls@famen7Qmmmetbeurapqr09€)rm¢béhe bapa170& Will fgi PSSR §Y

' rxese_r voir as reci ttﬁe 46‘3%?% t%@é‘%&ﬁggnérgﬁﬁgﬂe&r e?ﬁé"g%nbr&té“cﬁhéiatf Wil e

- fil exi bl e pouch is

reater than the pressure in said
rigid housing. i lpﬁsséki srertpenrmhccrmuchmgtqjmm@tal w@@mﬂpg,w{@ch &) tugh passes

evaporator for Pr e PeRBiel t;ag \[}%bor AN @slaﬁo%rrh@rgo%%mcréésﬁe&ﬁétfmér.a@pr

firom said 25 .evap pass geway di sposed betweén said
evapor ator and saraiﬁcaé)mrdjetheatba@bed tiisdsiretareveapobe farmed i siraicipb g or

o sald absorbey 800 o 80 SERREIIAURPL Bl getobl v A eI gerant 1 quto

oi'r risin i) arigid housing;

H) a first flexible puahdl Pr%sﬁgh%%rj?r\d‘cﬁﬁé 30.;ﬂm%tér@umunma\@néitremrapa ng

il | exi bl e pouch di sposed
within said rigid d@nHocisitngf adjle@st raboub 1sHi/a i.i gnst can &i 89 VB B

enclosing a refrige a{rﬁzg%?telngéférgals f ale/ dséul ésql‘r'igﬁ] tr%?r'?'rgpbéndfu@trvrtprn%tbﬁ’dlélgw

l,i qui d communi cati- ween sal econd | exi pouch and sai d
evaporator; | \Aheremcnrdsac&jvwﬁhghlS\mTpilﬂdlrpfﬁ@s@cdh% Ps%ﬁ%‘f Hiveatiminside grarite, 19

first flhexibl & pough [0 56l {obESRHEE (R, Sl Aneaed. [dpkehlfumaupfand

thereby assi st| ng he 't erant ' liquid om sai d second fl exjble

pouch to said |i quhitucemthereof. N@tawoﬁﬁr et are ewdilimgoeriganes W NEGUER! i n
Gairn 15, wherei %3 tgd B IHLISRPADSPIEREMES BHPSIRBE Solnasiban BidBhStaivanor

pressure than the pressure o sald refrigerant |liquid at a
tenperature of abaitel30nze, brass, aluminum, and alloys thereof and mixtures thereof.

I It will also be appreciated that the absorber can be provided with heat
f - 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

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

f f 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

r ofbthe water that is a function of the temperature of the water. For different
l 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 t0 8°C container and
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pressure within sahe weitei dHirisdliusiatezsdy Agsbti 5t ittoRe CHEreN RV PLESas

K

recited in Caim1l r;

.ils. from about 50 r%g?t"@?@reg%igﬁﬁ h%o'gé%qoég :
“as recited i n 1 aievapSatosharceitre dhsicganeéde@r @ WeYhiow S¥ARP PGSR i s

17. A sorption cooling device as recited .in Caim15, wherein the vapor
pressure of said high vapor pressure substance increases by about 600 i
percent with a tenperature change of from about 20C to about 55C. 18. A

~s§orption cooling device as recited in Claim15, wherein said ' 20 high

vapor pressure substance is selected fromthe group consisting of alcohols,
al kanes and fl uorocarbons. 19. A sorption cooling device as recited in

“Claim 15, wherein said high vapor pressure substance is selected fromthe

group consisting of ethanol, nethanol, isopropanol, n-butane, isobutane,

n- pent ane, n-hexaness thab GAAdor & frorerapiedrs!. TheoenuilinrigoraipoYPReb 8I9S3Eedeli ce
ds recited in daim 15, wherej j i ressy e sUbsd asserbBire
substantially nonftﬁlg?ﬁrggﬁl(%?r{t'geg\fg%,& Sgrlgw%ﬁ@%@o i ngsdevi ce as re% ted in
Cl ai m 15, wher ei n isakdsds, theregfuilibgemnaapol prgsdude slsppiareaseswat er. 30 22. A
orption cooling device as recited in daim15, wherein said liquid conduit
urther conprises a fl gner emptacitetof on dgsicred. alea depengs upANsHEPYREH \E@H8N i ng
evice as recited in Cl ai . el ej s ¥Rl dasks (&8, Wnslif@kasin
ontmuni cati on thorsmr%ngbégﬂr%ﬁ?a{ffpg @Ecﬂprtéﬁs;’?éa ciae?ngé |Bn anbi ent 9
lemper at ure resul ttsmparaurehdngeapacity pfdhe peeiseant éo Gbserhi WelRT gise vapeRses.

pressure substancer, 5 t%é'caﬁ é@ro?ttﬂe"&srﬁ%%ﬁ igg!sgl%\ébgﬁdmUFgﬁiih@Qmeé}aQrélbm 15,

wherein the pressure W thi id seco exi| pouch greater thT%n t he

e

1ot deid DreSareteRES RN bb @ BE kBN BRLICH
mbar. 26. A sorption cooling device

not greater than ab 7 . ; iQ8; \insk deMiEQ IAe recited
iin Caim15, wher é?e%H%Weg]% %’EQF gaﬁéa%\n&{ti%fﬁgﬁgmﬁ?ﬁsﬁ Tl exi bl g pouch is at
| east about 100 nbar o]

%?t?r@fngttﬂigﬂe LRBoliftRNPEERS BFcdehfindattidn 4 SufiplRostadang.

28. A tenperature-controlled”shi pping container incorporating a i sorption
cool i ng devi ce as soggionecodling gpwrersiBiizeroto aaldeass e BFPOIBI Iﬂrﬁgma@meég? ©
¢onprising: a) an gyanar atgpiAyel@e d tw8OLVHBraishsl afe;usdd Bhein ahsofiser
adapted to absorb vapor generated in said evaporator upon activati ?n of

sai d cool i ng dEvi cwapeptel aiothepAEsiHe Rt ANsh B 88 aEREROGL @M ISt at or
and sai d absorber adaptad b gt 66t a¥RRRted MM 37 dirsv @p@p@heF. Thie $a d
ibsorber; 25 d) a reservoir conprising a substantially ri%i d @oyai n(%ia
adapted to preventtempbiogsie difesarsaraetvesning iestEvaRPBios 88¢ & RISt P&YFRhkr ant
l'i qui d cont ai ned vgetdgjs Brfs@i8y ldobidg housi ng; and e) a liquid conduit

di sposed between said reservoir and said evaporator, wherein refrigerant

lliquid flows from saidaregemeaL iids@alion36F & aiukipy 8pge adogstionpoling tevied iron of
‘said sorption 2(:Oool i ng devic

accordance vx(/ait'h 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
3 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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62 30. A sorption cooling device as recited in Caim?29, wherein said

rigid housing is in thermal conm-~nication with an external surface of said

cool ing device and is thermall y isolated fromsaid cooling surface. 31. A

.sor ption cooling device as recited in Caim?29, wherein said 5 evaporator

|s at a pressure of not greater than about 20 mbar. 32. A sorption cooling

deV| ce as recited in Caim29, wherein said evaporator is at a pressure of

not greater than about 10 mbar. 33. A sorption cooling device as recited in

Cla|m29 wherein said i rigid housing is at a pressure of not greater than
bout 700 mbar . 1Qa(ﬁ;érptv6n8tb£tpfslﬁﬂ%:obthen}geaie)ﬁlveﬁmwtl@@cﬁ siadle $1a@ &P,
erein said reservoir rlses

riefrigerant |iqui i ﬁh %?%Igr}edgera{@%gcﬁﬁﬁegb&ipi%/}&e{kﬁgwgﬂs?ﬁstg%ev| ce

as recited in d alm@@,wezgrezquremwwlde‘@ed\lolrejecto‘rﬁ)w sbBeal. fHasd WeSperich

d| sposed W thin said d, housin [ I

liquid. 36. A sorp‘iq Vgg'b naa”a%g%@’ é:égarcggr}%ﬁdn %%?‘Wcé Q@é t&ﬁ%%gfuﬁe sai d

eservoir conprg secﬁff@cemg:Ketmgenmrueahmtaeinddccs@esied avataiaf 2s2akel of Weied aRe s ng

o restrict the novenent of refrj erant [ r g.

7. A sorption codi$ Wﬁ&@ﬁ?’&téﬁou&ﬁ%ﬁ%’ rﬁd aﬂg(ﬁ%%{g agr;: \@\yzoa%%éjttg?é ct:‘fli%\/\ﬂ

rovi di ng cool i ng;ofbjezan ubmréyeeammmedmatb ahseade matiﬂ@r mesoref Jighd and

vaporator; c) a fi reservoi.r adapt r t
iquid; i d) a sec‘iﬁ?&?c?@tscéln\f’é?\f'deaarfﬁﬁ %fe(?%g%%?&%h%asaé%a%g \AQIEB nggr ant
iquid; e) neans fraginsipRg Yempdowiteruperafuresriesa delbivrEC) fersextansied Fte(ﬁioﬁ%uoﬂ
vaporator at a fi rst liquid flowrate; and f) neans for supplying liquid
rom sai d secolfd rtB8@rvoir to said evaporator at a second liquid flow rate,
\herein the first 30I|qu flowr i e i %%bélgbllbg
flow rate. 63 . 38. BF 8?10’8%%%3‘%35% C%Xt%%%rheéfttge et T

furt her conpri si ngll@tﬁatmnrlegl 19 ¢ ittone deviiore ﬂawasﬁraMthﬁd saVigh saefbnd
I|qU| d and said evapor at o for r [ QA doligi d
to said evapor at or® %@ge’ thgo?rB?l?nténdfg%éo %ﬁ%@%té& go‘gé; Ivr%gcéljr?%gﬁl n C ar?dj 7,
wherein said 5 fi rcﬁdcrée&ﬁeramﬁ thehamsa armalvbkyma/of Uoth celfaesnly aphaafsggicqt
second reservoj 40. A sorption cooling device as recited in Caim 37,
wherein sai d d&vi dBPE¥%her conprises actuation means for releasing |iquid
firom at | east one of s Y@ HeSincdtdorators 8 HEbrBlon
cooling device as recit %g présreéf m@&q@%mﬁgrdg??l@ga?é{ 0 lé:(\jlrlace furt hrgr
conpri ses act uat i crvoliegnisvicerintoeh exéiping IcPa@Ingr fio (fﬁﬁ”bcﬁ keraRgrefure-froligdy

gai d second reservg Jp%hg container. The foregoing description illustrates certain preferred

hS —h i —— O T

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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42. A sorption cooling device as recited in Caim37, wherein said first
liquid has a conposition that is different than said second liquid. 43. A
sorption cooling device as recited in Caim37, wherein said .15 first

|;I quid conprises a freezing point suppression agent. 44. A sorption cooling
device as recited in Caim37, wherein said evaporator conprises a w cking

‘mhterial and wherein said wicking material is inpregnated with a freezing

Q’oi nt suppression agent. 45. A tenperature-controlled shipping container
|ncorporat| ng a 20 sorption cooling device as recited in Claim37. 46. A

nmet hod for operating a gor Aen deviree ot o
provi ding cool i ng and a%?ae%E@?Lée%QMp gn soglg@ dé@f @?O@Brwﬁm ipfing

evapor ator, conprieinignemis aqceptanse ViifoledrRge “‘FYer”Q?” Fb?)i”f"'r;té?{e%f” t%equﬁOd to

sai d evaporator at S S
portion of 25 I qu{*@“"f“'gr‘s@{f%*% dsSUPRlBstAALE At w\ﬂsdga;ﬁkgj aosetond be

evaporator at a secon UI suppl
&Is | ower than sai dagiregatet!itoafi thgrumt@m?ra@@ﬂgurahqns 9? g’& %gg?%éiﬂ‘?{agslt Eat
aim 46, wherejn i r i lid i
decond porton 3 @ﬁ\h&lrlc%xl c%%ta%rré o @fte liké | ?rg?ﬁ Jgﬁwgg@ergﬁbgté&?g %mn;;fing N

wherein said fir sthmamroaoa% ”liuséféiﬁﬁl ifbf'@oz%alf‘?i‘*f&?aﬁo?%(%‘?” 58P'81% dg\é{F%l

second pOI’tI on is
G ai m 46, wherein %g:lg(%ln;n% é@dé&h%@%ﬁ%ﬁe@f to Rigé9. ariy petThedoaimgreefated in

I 'st” port
%‘al d evaporator es2@® pfathleye\@lpﬁtﬁtflﬂrM@ . thSr(SmeaC‘/%gd i It'gé] "Yjatbctih‘?gdg&!?%?d to
ai m 46, wherein éef\‘)tgfidsbStTtPé) Fdo%t b33 'uéllullssoib@swamdltﬁé esaoi| 2osnm1mn$| on

;;;_}tJhan the conposition sal d portion | of liquid. r od as
“reci ted in d alln 5@finatiéyethe t@FaIQPttpm atd pigetwalp chEn. '”SU.'&.‘“.V.G.'”S%AAQ {]

conprises a freezi Nt SUBRIEE SN AR RAaNs AlSiRnBt kN enlct ngavit
devi ce, conpri si ng&% R nteevgg@ﬁ at or&Polr provi di nS cegoirnlB gi( i\gacggglc% ber
Téqsin

adapted to absorb mrafeoably deved A fGS'éKPQB%Pé@b*SaSELSb%‘)t "M% st
reservoir adapt edlﬁr%fe(f%&% |@a§td;§b%ﬁfhg@ﬁwam l—lb\S«'Na'\kalil 2 el Q;Eﬁr@datbo trsampbry

sai d refrigerant 0 sald evaporator; d) refri
dl sposed in said flmggly insailative wells magmt be necessary for all app?' tlons owhe prgsecrlut

15  invention.

If desired, the insulative insert 2034 can be placed in an external

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 absaorber could be
located outside of the insulative insert 2034 and within the extzrnal container
2036. |f 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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.sorption cooling devise as recited in Caim52, wherein said i

conprises at |east a

reservoir to ! said evaporator.

J e) flowrestriction neans di sposed between said refrigerant 20 liquid and
sai d evaporator for restricting the flow of said refrigerant liquid to said
evaporator. | S3. A sorption cooling device as recited in Caimb52, wherein
said ~I flowrestriction neans conprises a porous nenbrane. | | 54. A
25 flow
réstriction means conprises a porous nmenbrane di sposed within said first
reservoir. 55. A sorption cooling device as recited in Caimb52, wherein
sal d flowrestriction neans conpri ses a porous nenbrane substantially
encl osing sai d fiLsficiRSRMYGI & t|r§5 V\Chadnels br otheb preruSGthtZOdﬁ @oohlbode
device as recited in O aimb52, ? refrlg thau&og GO ri ses
Kévat er. i j 57. A @&Vﬂelddﬁth(‘fbt@ﬁpﬁﬁd%éﬁ"été QENAECE £ H’”d TEGBE Sher ei n
aid |l flowrestriction neans, co es a I n % er age
pore 5 size of from abﬁd?e%‘a@!?mgg Sé?b% d)é)el?ﬁ{o g\gjﬁza% goop%t P% @%to :én
device as recited abﬂa@ﬂd@hﬁ@demrs@perailanal fFloomb(arre;SIEra sthpoﬁthm@@romlc
first capil i anet out 1
mto about 1080 ﬁﬂ’ﬁ203§9030Ab%SYSB??%O’&%I&P@%&E&E @'8 e&ép?@g ngreb&q@ g}t&m 52,
further 10 conpri ghilhed doidtUhGessondyith samapieestuteochzingei deurlhiequa dgifr@atesai d
tion

Furt hor (oBmph TPRUFE: IFARHEA SR ORRRIF: ABRRTELSL & APobes FTosea

aim52,

: 'L'eom sai d I eSer VOifspb&hd oveti te QA3PDEAL® Prevbar etmctesmmbmbmmng @fttire codliog

ans is dlsposed |n said |i sorption cooling device

“as recited in O aPfYigDPeiRHe?" %'ngaﬁaog)hs\ﬁ}ﬂwgg‘pﬁoeﬁ”}?ﬁ means conprises a
“capillary tube. 62. A_? 5“ on
‘wherein said flPow rest [T
“t enperature-contr gbb@gn@hld@mggsm@mm@lcmeramarnsocrp@tsathengalalvsoviiw ol ®eoling

Bee B8 A BBl Rin dbe g e

device as recited in Jdaim5 pt|

_ n_cool.i e Lesl fhed 1N
‘Clai m 52 wherein 88%CH| BRING éEtPPFéﬁ'IS’n et N8 JHpYiS Ewge ? \élsgqeﬁ'aﬁt?ldg “gtge 3
~added to said ref bfcﬁj@btantln|dr@uedwbbdlmsmcrthasmsmllatedeau:osatewohiassal tmermal

refrigerant liquid. 25 65. %{A
64, wherein said ﬁ%”qqcﬁﬂtya

tio I|n g rec ggtqéggﬁ|
"ng t t

{P@ ?8 Fyan%;Psaeso#& %r c%esa. 66

15 about 0.04 W/m-k. Table 2 summarlzes the properties of four available

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

|
| J and vacuum insulated panels (VIPs).
|

Table 2 Examples of Insulative Materials

Thermal Relative

: Material Conductivity | Recyclability | Formability %Oslt
| (W/mK)
5 Corrugated 0.05 High Yes Low
Cardboard ) g

EPS 0.035 Moderate Yes lLLow

Polyurethane 0.025 Difficult Yes Medium

VIPs <0.006 Varies No Very High

20

25

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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66. A sorption cooling device, conprising: a) an evaporator for providing
cooling; b) an absorber adapted to absorb vapor formed in said evaporator,;
5°c) aliquid reservoir adapted to contain a refrigerant liquid and supply
gaid liquid to said evaporator; and d) a freezing point suppression agent

:djspersed wi thin said evaporator adapted to | ower the freezing point of
said refrigerant liquid when said refrigerant liquid is fed to said
evaporator. 10 67. A sorption cooling device as recited in Caim 66,

\{\/ner ein said freezing point suppression agent conprises a salt. 68. A
sorption cooling devi cgmshdved fey ldwithetraalmobByctiwiveard thesdord can dezitiigedpoi nt

$uppressi on agent conprises. a salt selected m sh sdiLfgof

e Cadl 2, Badl 2 M Becigertaen (5 RESI tdr TouRs U GRS

thereof. 69. A sorquH esstepel wogd d@icalle tas usext fdreugh malQk iommBBltieaiRicBias sai d
H 2l

fireezi ng poi nt suppression ent c ises an organic solvent. 70. A
Porpti on cool i ng d)@@pg%ce&gcaﬁgeﬁ @ﬁggﬁ{%ﬂe&%%& wherein said evapor at or

or p i ing oqiedit B 1 Uallics, wherein said . |
Coont 15 dispefsed on LRR AT RINGD RMELTE BREhd ERFOTRSRTIRbaRg Splmaasst on

device', conprisi nglyeRfleng, asxmmdpor abipropglener diedioats card | Ry-cAudgied

absorber adapted to absg{ ﬁ@\égsc%%‘;j,?ﬁ[ulﬁ%&le}rﬁatgﬁélg.chaaﬁ)s%[ﬁé ?5ed Wﬂgregr)aiaggééapor

passageway adapt eFfPB omsaid evaporator to s
absor ber, wher ei n jgakehasdrosouRRSSHBEWEh aoinprtigaeto provide themelinsatianandng

I on Co0 e as recited In

material having a thernmal resistance of, at .| t . . K~ a
‘pressure of about 4 '?Pﬂ)aé?.th%?mdsu?;. Eﬁa'EB[thOf skeR a?ip'ﬁgé Hﬁs\vgg\lfe H%{ter}é{saéred i
“Caim71, wher@ n geakibddhir Ues.| Batenis d)3at 47§ abéedeal Udhnipateste . 26péh7 d |

foam material. 73. A sorptian_cooli ice recit ad, i ai
wherein said ther f4PYSF 4s SN tr?%tglg%% I&c%ﬁrr%ﬁ &b ngmﬂ‘r geﬁgélgeraégteer?-cel |

foam 5 74. A sor piekéi bg esibienge theitsi ertiretg. recited in Caim 71 wher ' em said
thermally insulating naterial conprises polystyrene open-cell foam i 75. A
sorption cooling device a#i becippestidted Ghati normbinatidner efi e S dMe1ge xRS

"insulating materi al _conprise erjak. e isting:
of fiberglass and PYFLIIE &7 F[Qé(?g).en@%g%%%ssgrﬁ%ﬁ’glﬁﬁs(r:g((g)qk? E@ uglé%?(%g%gﬁ

d
tecited in O aism Bleasibietheicargoadrda walpEP D as deegenpayite 8ip? | g@s 2§ dlugtretiecmal | y
insul ating material haveixggnna?jv%wgﬁgﬁ ﬁ#su%fte@QﬁE)ﬁiH%%ént_taE@F %@FtQN&Bcér@a?rIi?HeOXi de

vapor communi cat i Sh°Pet sar d”evapor at or and sai d absorber. | 77.
sorption cooling det e eabodiewnt ef thenp@santngf7be pigrenktinyemiée The infglalpd s d

apertures are | mr%g\ilp%ﬁn%; gon%”w@rciﬁg'ért EQO@%&HJCJG'S%'CQJI’!‘] h&hation 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 ofder 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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‘about 6.5 K~n2Nv. &2cc &

78. A sorption cooling device as recited in Caim76, wherein the nunber of
said apertures in said thermally insulative material increases as the

di stance between said liquid inlet and said apertures increases and no
apertures are located inrediately adjacent to said liquid inlet. 20 79. A

“sorption cooling device as recited in Caim76, wherein said apertures are

substantially cylindrical. 80. A sorption cooling device as recited in

Gl ai m 76) wherein said apertures are substantially cylindrical and wherein
the diameter of said cylindrical apertures is fromabout 0.8 nmto about
6.4 mm 25 81. A sorptiTes mﬁdcentgcﬁlebecegeﬁeratedlentedr by r@naying 18 dmec?a@u
aid apertures are,_substantia indrjcal a [ 1Pfind he
ength of said ape f?rﬂr%‘i%ﬁﬂ'c? ﬁé%éyyﬁ‘ﬁ%*‘fra i) |&;egse%gﬁ{§f§kgarﬁ) ertures is
rom about 50: 1 tOeraia@ubrpéorSLcocﬁﬁg delvicgican b82ZetuAesioophé manuia@turefg/vltﬁée/itcse as
lecited in daim?7 rein I rial ; hﬁéNa
her mal resi st ancec}?ﬁ”a% ed %ré% g%ﬂféaﬁ? g%rh%/%%féja elrnggéél}ﬁa& L’fS% abou

bar. i ' 83. A sosplih@dedes, |Augardawen/etl~a9usemerealn ba desighed as_aramev@lm

S S —h—

S Ze DoAY, et A LSOl Rlichasnifs TR SALT bR Bha lgast

rng eVice ad recit
vherein sai d evapofexideantc eemevesieana ehanaatedvap ateatiibes ebWGaceR%gwefaﬁ?d her

| | et f
Sombor ot oo™ sur factbe bRt taSh BP BTRE Hody BEGL AR Pl Mldpfieged
71, wherein said t&ermatddintoneudtabi desicant ccartingdoyei 3 dgther pmbedimeny thg
heul ati ve mat T AbDEL G R PAHTERoRCT POl GeC° Rotlabef A o, be

“lnsul ati ve mat

Uni“for m sorption cooling
devi ce as reci tEd ﬂe@er@raﬂetﬂ/%/tu phepeiing Iaheal\®5ndhmeemrbma@mlwlnmﬁ@rfmhlffes in

sai d thernal | n ative mgteri al ner.eas ed
i Iqw dinlet yni:re%@@ﬁ’l \'{8”7 r@bropvelpo% co | ng %é\/l ceilna ?apg%atﬁrggo@ﬁnséd&?d im

71, wherein said thepreidey wlmsmleaausmeaenmmrabal the dvepting esit aapbaragtivatgd &F
apertures and the dlarretert od g &ure in said thermally insulative
material increasesd&"YAE 5%) B eINEEe om said liquid inlet increases. 88.

A ternperatureqoontr ol lod S Rl-Aids SRNCALREE chBGAIRR A R, de SRk Mvefiion

cool i ng devi ce s reci A~sorption coo gbé( evi ce
donprising: a) an \ewapiortos omolhg\mngclty of 81! Gasting deviersis:enpanasy Ry IAERS Mo

adapted to absorb vapor for (o)
P 3B ord O'JTB L/ adr"é\/g{gorgt RRIGEL sh@Bﬂg%nﬁa;ﬁ@mbo which

passageway di spose ween'sal sal d absorber adapted to
di rect vapor fromisdidese\eaporgioor cooingaidgvie® iapyeinpepn egporator 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 extemal 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 22086.

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 ' wherein said absorber conprises an absorptive material and a thermally
conductive material disposed throughout said absorptive material, wherein
said thermal |y conductive material has a higher thermal conductivity than
said absorptive material. I 5 90. A sorption cooling device as recited in

d aim89, wherein said | -thermally conductive material has a thernal
conductivity of at least about 1 i WmK 91. A sorption cooling device as
recited in Claim89, wherein said thermally conductive naterial conprises a
particulate material. ~: .1 10 92. A sorption cooling device as recited in
d ai m 89, wherein saiigh ithenapbl thpeaneatss ive stehersi ametaivedi hestr fim. In

articulate material selected fromthe, group copsisting of agr it
IOi brous carbon, Al 283 heafsgeher 238¢ bsntp?ﬁ”?%’Vd%’?atﬁéjﬁﬂﬁnﬁﬂwgaﬁ)&rﬁﬁx%@r e"’]sn%)the
hereof. 93. A sor i a8 HeoididtUisdtitoRe@idiaeent cthe Nargk alonlirgOsurtdcerdditne sai d
15 thermal Iy conductive material conprises rﬁq fi bfr%%s mat erti al 3 é]c‘an' 94.
sorption cool i nge\HPPrae 2308-eclhe@PPASE SHTAEOC (ife PERYTART 43P0 &F ma??y
onductive nat ek i ajhsQoERT bSAaximiZEEMh ddoling iaFegtusTHERLESIIng| devidh. 2380siertpén on
ooling device as recited in C aim89, wherein smg{]t herqr[laclélc?\é. conduct,i ve

mterial conprisesPlaced reud sHRAEG sPN8BEEA3dd W & RO -6l

- — —h

consisting of coppgfapotdi¥y SIS HeRfblly Sbiatedll fRSH abb6b; 25020BREN abmathsy

gjl umi num al l oys thereof and m xtures thgr eof. 96. A sorption cooling
levi ce as recited PiaceptinsHiaen (pdiusiaiedyi d absorptive material conprises a

S T SHB S e

desiccant. 97. A sorption cooling device
s$ai d 25 desiccant conpri%eéd '@-@HP%? ,
silica gel, glygeringmidragnesicumaper tihbteated & Figaboj whersinl that srptoal @ioling

phosphor i ¢ anhydr i /cHeAerd deghie St Deaston B8 ity BHPRt L

and bentonite claymufifle cddfing AeBiodPtarbe anittddng fdenérceecasaspabé terdpératu@ ai m

96, wherein said desiccant is a conposite desiccant. conpri,si

support materi al aWW'%W%B@SPHWSQE’P%BE & ?Hﬁ‘?‘ﬁ‘}e’”ﬁrﬁggep{h@otﬁg? @&%ﬁ%‘f

cal cium chlori de, {¢ddih an &Rl grolided td tiehproduttr avitde Theagoks) devicsis| ani bie,

dalciumnitrate, and potassiumt 5 fluoride atrﬁd m xtures .t q§reC%(/it or the

i npregnat ed onf® s26iRlEEr BULTREGHBY 110 L3581 e JEMPRIALEP 0Fi 'BR FEof Phg

device as recited gdviddsaambBGictiviied séquenhialyito inatesase theatdotingfimdesi ccant to

tthermal |y conductive material in said absorber is fromabout 100:1 to 10: 1.

00. A sorption cool i nFiglesiihestratarppérspeive Yewa)f yah aesthgrosrabasimenhal e a

gooling surface; b) an absorber pt g 50 OREESkd B S&Hoth

evaporator; and c)“)’rﬁs"?ﬂé{p'ﬂ}(e'}3':%s‘gr{é]‘egr\%‘\]/ﬁyﬁl i%@%@@%@g&a\xﬁgr} saig evapor at or and

sai d absorber adaptethiter potiect2502pbat fiefnessaicdview apdriatadapits Pocaddig a

ai,bsor ber, 20 product within the cavity. The container includes a top portion 2504 that

‘ ~ombines 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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wherein said absorber conprises ~ desiccant and a thermally conductive

mat eri al di sposed t hroughout said desiccant, wherein said thermally
conductive material has a thernmal conductivity of at |east about 1 WmK
‘and wherein the 20 volune ratio of desiccant to thermally conductive
material in said absorber is fromabout 100:1 to about 10:1. 101. A
t'enperature-control |l ed container, conprising: a) a bottom container portion
conprising a bottomwall and at least a first sidewall defining a cavity
adapted to contain a 25 product therein; b) a top container portion

conprising a top SHESI AL EsL.RAh R chhh aBvides za1e amd 2adapt eldk tap portibi rmé the t h

s':lai d bottom container portion to define roduct cavity, sal

contai ner portion fUHANAY & tHispvaaPnY PHW%EE?fom@g?ﬂ a?“%q,s?/(e%af’&c?n gﬁgld'éacg? a
first sorption coohjngedRvi decrlifgenete idntisipatdd toaplingodémant fnche oonjaingi, ng
-an evaporator having a cooling surface 71 x for, providing.coali sai d
pir oduct cavity andwgfﬁp%bé*?ﬁ efloCo8iBs GPERGRIEY aft?  FOFRABE i r?%gﬁ%’dlagfep&t
evaporator. 1025 Ac4GDefishi!r & Gsuntdanl direplycidutite éie esoling detreddiandGieian
101, wherein said absoOrber is di sBos,ed to d%;\sg pate heat generated in said
5 absorber outsi dethefnugied opFRoADE HEHERA RSO A t enperature-control | ed
container as recited in Caim210l, wherein. said sorber.is_lnte W th
s{ai d top surface of saifddt®pILEHAET ﬁ@re%%qqmgw_ofitgﬁ_pr%ent Irbehtth \%@rjel’n"‘é
“tienper at ur e- cont r ohhiethqCriXbR B&iling el iReiis edpbsedGhad bylibBical sbippingroentaingai d
.top portion conprises a plurality of sorption cooling.deyi [

tienper at ur e- cont r oN#\éep EBALANIRIOUE SN o NG FORYS; ﬂ%iﬁl',ncﬁggﬁ'ugbe%b%grsbaeﬁ d
“bot t om cont ai ne PRstibeR7OB R s eSsmisel @8 Thca tieeextadors off e amtaiw| dnsgan

devi ce incorporated therein and pted to cool sai t L] 6. A
tienper at ur e- cont r ofYaRPrENP PET0Y %gﬁt(h?'n@rm& Y %Lgfatcggth%l%%%or%gqlém%%ﬂt]tg
wherein said sor pt iHanepgal dortbndd e oritsineraonuald gofindnispaset! heein. |

co. ntainer portion. 107. tenperature-control |l ed shipping container as
recited in Caimi10l, wheiieid waappredatedihedthd sorptiont doslifigdeniass ageording to

substantially rectangular box conprising four sj. I h A in flat
tlenper at ur e- cont r oleeRIE LA erﬂt{;ong%ﬁaj?%g? dggoﬁee&c'ﬂ?)\é@ricﬁméﬁ%{#g%_l, Whei ein
sai d container1fs i‘rﬁilﬁ'\g%nf/@wﬁsofFoaeﬁamblﬂda iscrtiore oorliag devicd aan prydispesed in
contiguous sidewal | . 109. A tenperature-contro [WoJo]] HRlnernas
recited in dai m 181 9VRARS éﬁaﬁ@?d?%tsﬂﬁ"s? % éeﬁ%r%p%e%‘:gﬁ\/%%npri ses a
nmaterial having a pReusetarlthen brediitiped tbya obnsuoter @r diae ¢PNIUTRN CapCIase5
m~k. 110. A tenperature-caontrolled shipnpi .ainer FRGlt 86htkdied ai m
: \1%1, wherei n said 1% §f°d§‘8fﬁnpo%kc§ogﬁ %{Ej 89?“8@96{12@5“%18?’?"& e- st age
ssorption cooling demekee.
| 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

i Nominal Energy/Mass | g Nol
Cooling nergy/Volume
Mechanism Tem?%)ature (W- hr/kg) (kW -hr/m3)
lce/Gel Packs™ 0 92 92
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
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_tenperature-contrd

72 2 | . 111. A tenperature-controlled shipping container ising: |
- a) a cont ai ner conprising at |east a si dewgr)l gnd top and1 bg'?[rg{nl \?v:alnlgs !
defining a cavity that is adapted to contain a product therei n; 5b) a
§orpt|on_coollng device, conprising: i) an evaporator having a’cooling
$.urface in thermal comunication with said cavity and adapted to cool said
cavity; ii) an absorber adapted to absorb vapor formed in 10 said

evapor at or ; "',) a vapor passageway di sposed between said absorber and said
evaporator for providing vapor communication between said absorber and said
év_apor ator; 15 iv) a resesmphdl dam pdrftroasugphe anaistaining reasenaniemasst o
"Sald evaporator, and . v) a liqguid conduit.for &go.\éi gg}g lel Ghat ¢

conmuni cation bet B8 rihe af e 8 JRHUCESd i RPXI% O A p b a% (’)r'bevﬁér e?en ]
(r-:g?]te;;/(r)]; Iafldlg '\[/fgggg@l vaRREERErgRmaRs ant tehetdyvoRMneg deers high &6 pesgile. As

v ( ressure w.thin I i ;

of refrigerant Ii (ﬁ%i”HStlfoaée%ﬁi -Bebé%apﬁw%ﬁ”%@aﬁﬁ%k‘éﬁ?&evﬁa %%‘QIZﬁEI!Pﬁ%Fgﬁggé?;e
ambi ent tenper at Ulergd kiensify Jaangaedratrelatvetointr dihkedoreha [rigngace ARGV AEMSas

“recited in Claim1ll, whereéi [ ' ' i gi [
FUES e bl o L"o@@Weggeféélids&%%'ré’w%ﬁﬁé i HIPGETAnE: 914 anci oo g a
| ress i ! i
x o ar g d houshkean ik ool 2ty roge RAithdd fEleplen S fivé vamosed

within said rigid housk exl bl e
_ ( adj ouch and
gncl osing a refri gy apdrgl idansities. heltreiuph dnhiee bas adigher RneBY \%apﬁw, P e

subst ance causes id fi flexible . . i
Alexible poueh hzé?éﬁg}er'gé %%garpﬁ@s‘ T8l Rp R e R P £ om

exli bl e ch t i i Qui
SREWrBtbqoméo%:@g%w SR80 dth Ftrgee%r%_séﬂt

‘tenperature-coftrolle

ai ner as reci n (i:rln;e'ngi&?i)?mcﬁ%a
e . I arm , erei
sai d hi gh vapor PresRLFgs Whsbaingefroms26r tiaghRd Cv apdhap P S4HY AETPhAFN St =
vapor pressure of said |iquid. i :I.l i d ML A B CRlek Ard @dssdiu @rhraue
¢ont ai ner as reci e §erey 5??&'“/ ‘?ﬂ%z',‘ tv@;erel n tﬁjgl \r}apor prressare gf sgi d
hi gh vapor pressurqsptiataasemtion tamcipses0 byichberrceB0@ 2B weight PHicER 20
t enperature change from about 20C.t Q W Qﬁ’r? y aa
tpggrrgaﬁﬁﬁb}/ﬂ m(el(?ﬁ\?edle Qe oftﬂ%ﬁ UIé\and the desiccant. The:

. . 6 ai ner as remte% In Caim1l2, wherein
sai d high vapofs preasunealsbst arpent anpthes atesigcanibeanssite and ‘the packaging
i configuration.  Preferably, the mass energy density is at least about 100
* Wshr/kg, more preferably at least about 180 Wehr/kg. Further, the volume
i energy density is at least about 80 KW-+hr/m>® and more preferably is at least
’ about 150 kWshr/m®. In some instanccs, it may be desirable to cool the
|

20 cooling device, e.g., in a refrigerator before utilization to provide increased
cooling capacity.

The temperature controlied 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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10 selected fromthe group consisting of ethanol, nethanol, isopropanol,
nbut ane, i sobutane, n-pentane, n-hexane and fluorocarbons. 116. A
tenperature-control |l ed shipping container as recited in Claimi 112,
wherein the pressure within said second pouch is greater than the i
;F,r essure within said evaporator imediately prior to activation of said
Iiquid j ~ 15 supply apparatus. . 117. A tenperature-controlled shipping
container as recited in Claimi i 112, where the pressure within said
$econd pouch inmediately prior to activation of said liquid suRp~y
-apparatus is from abouth&0 temssratucs-adyontie@06hippinpacontapers gof Ahe  present
tenperature-control | ed shi ppi ng .cont ai ner I i i %y foragr ei n
said refrigerant ITGaie & f"gﬂg e Lé(?e.% tf%g)?raiﬁ%gﬁ%grtg? %%{u?o%%rél | ed
shi ppi ng cont ai nefexamde@cietied dfntind.ailm driel emishdimeinh 8| RIOHHC At SRR
further conprises flow restrictiaon | et b AGe lexet @bolit qui d
rom sai d reser voi'faipgingg;al aet\‘?H}S’SFaé‘fWg?d.?%fggrleféﬁst%dt g%dgr%a%‘gfre%tclont rol | ed
hi ppi ng cont aisner4asoure thérethriferdblaanteastiabouhdd apurstang qYeB SEQUE P HiPiaRN
. $ai d evaporator imedi at el rior to Lvatian. I I CH uRPnget
“apparatus is not @ié%%rMé 23t Zgﬁh@ég.éo%gairfgr%%?g%éelrfﬁﬁggtg-acontroI | ed
-$hi ppi ng cont ai nerjaglly a6y teslingrieflaai ol peridduefttiver ofamntprliosingyrsa®l 1PHRSEr t
adapted to be inserted into said container, 30 wherein said sorption
§ool ing device is/iHC6F§Y-ated in said insert. 74 122. A
_tenperature-controlled shipping-contai neé)é;\xﬁlprl_ggi ted in Caim1lll, wherein
#gai d reservoir is disposed outside of sard cavity. 123. A

it enper at ure-c%t rQqJ!I.ecLI sgmgir;‘g gontainer as recited in Caim1ll, wherein
said container s a substantially rectangular box. 5 124. A

tenperature-control I edsshipp 80t.A-B6trol 6@ BRbb B BntaRerf acandiag tethe

havi ng at | east a si de\ﬁg(m)tgg%g&?%p and bottom vng :

| s definin avity that
i's adapted to contiaientian pwetkucfebricagaser eiVMhilep)thg EE(B’?W?J‘BW'??(?%P%QS %‘éo\?lyn(ge

gonprising an evap Efbtir%rrs o@fﬂeilp%@ﬂﬁﬂogﬂronad?éi nBt AHBRErdRas Dagestastedbg piased
| -a

getmeen sai d evaporator and s

sor ber ‘wherein said ege\%por‘%t or ,.,S__
ji sposed in ther metocdiffenent csiaei GAPHPR hCC@éli’Qi AFREYWEE SR de 5ol rs{badt 0
sai d cavity; B dib by BE£H DI 79N RI203Irh A 38 ot aidTStolBY fsd d 15
reservoir can Be provi ded’ to sard. evapor at or %fon agélv tion of said
orption cooling déweosionsios x&" xdmfe (B UTMELE bt 78T X f ppi ng cont ai ner
S recited in Claim1124, wherein at |east one of said top, . o]
i dewal | conprises cor T0gas®ali¥RCEPEYr FeVistH i’?%‘?deA?%ygFﬁ)é)?acPﬁér%ﬁtc@ﬁﬁ}%llsl ed
hi ppi ng contai nerséé’&eﬁe&i t86h iothe®! atBsé24yerahel elendedcribeh§t oules fom &4 d
top, bottom and sidewall conprises a material hayin er na i e.
conductivity of ncﬁXtQjPOééﬁcérOft“ﬂ%lﬁo%l‘Hgd{geﬁ‘?(S“E)e'V\V’ﬁr%.so%fgqoan |'H{E?1|or‘face (ie.
t enper at ur e- 00%3 r ohb &bhofifl RRIfAG: epHicensiorasr)hetifteed tha iTeaiance2ity, ol ei n
o

at | east one sald top) bottom and sidewal | conprises
; 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 bag 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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54(‘;1 ai m 124, wher ei

~absorber is dissipate

i 25 expanded pol ystyrene. 128. A tenperature-controlled shipping container
as recited in Claim124, wherein at |east one of said top, bottom and
sidewal | conprises a vacuuminsul ation panel. 75 ] - 1290 A

terrper ature-control |l ed shipping container as recited in Claiml 124,

wherein said vapor passageway conprises means for controlling passage of

vapor through said vapor passageway. 130. A tenperature-controlled shipping
:ont ainer as recited in Claimb5 124, wherein said vapor passageway
conprises a thermally insulative material having apertures therethrough to
direct the flow of conasbing bf ithiuachloddeafdeatispensed saian zaiyaied sATONFUPPAL

‘tlenper at ur e- cont rolled. FW&%B'@QOC% ALIREA e’ & éc%ﬂt I|'fh|\9’\adhr8n1ﬂg4saltv‘@§s§ ein

said sorption coollng devi cée has a mass energy | east about
100 W-hr/kg. 132. msmemmmr@wm@d@ctlwe@mrppn W@S@dﬁ@‘éfm@? sgtieecif®d in
aim 124, wherein p n h | N HERBK O¥ardensi ty
fff at Ieast about ?Z&Lg @8%} &Hn%‘| %%gththrﬁHp%o%g?ﬁ%s@gﬁ?m Ield shi paprl ng
container as reti tieprégna@ldavith GwiAithivimednédridesai d 1iquid conprises water.
134. A tenperature-controlled shipping container as recited in Caim124,

fiurther conprising a v&oFhgsmatiydnswatingiMaterial dYaps fagspeew®en sai d

'evaporator rnd said absorber. ' 135. A tenperature-controlled shi ng
contai ner as recited i AhEIvAPRi PASSEEAWaWQE ke ﬁorﬁﬁ?rdc%§‘8rq%lced6%‘??£g‘é

desiceant . 136. A eanes albie £0Nb5alrhAJuRN MU IKOTLRIERExARCD oRbA o6l | 1

sor ber ‘conprises desi ccant capabl e of absorblng
| east about 0. Daiysheneomateriliayaiabie (j’loﬁhp@?" deanigahemaeny Migiad, Mi)

:"_‘"pressure of abgyt éagdm&ﬂ bétv%%n%ﬁz Iay%rstéfrWRNmGU@sS?@@t(é AbA-GAvS1itPIBES

container as recite 4. wherein said absorber is -at | east

partial |y di sposedveieis fr@ﬂ"t évd%luﬂﬁca@éard'@ﬁﬁtﬁé@'ﬁy EQf 8 iEh Angalen B’t?tfdréh
wal | “and si deval | %mgr&%@‘iay'e?@ﬁ& e INETILQ J@F afeeadt t@%@i!‘z@bﬁd" kﬂB”E’gﬁmi

to the exterior sai cont ai ner

138
A tenper at ur e- contel4 28 R HFFHGS é%?ﬁ”&l 'ﬂ%er’ oh MANNIGLAGSi C@I t8|arﬁ’iez9f 5"

“Wherein said cont 36”’1%7 in%n k A5 enf, orHE NST&L@HQG‘II@@M@'&]' 81 (8t ARy dhiabit Box i -
‘having four sidewall

15 ab” S( 6" (127 mm x 152 mm) area centered in the middle of the INSTILL

layer, with a hole density of about 7 holes per square inch (about 1 hole per

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).

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

C. Evaporator

A composite material consisting of an expanded tetrafluoroethylene

(ETFE) fluorocarbon polymer (TEFLON, E.l. duPont deNemours and
Company, Wilmihgton 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 pm 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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139. A tenperature-controlled shipping container, conprising: 5 a) an
insert conprising top, bottomand sidewalls defining a cavity within said
imsert wherein at |east one of said top, bottomand sidewalls has a thernal
resi stance of at |east about 1 K~n2/ W b) a sorption cooling unit
ncorporated in said insert wherein 10 said sorption cooling unit conprises
n evaporator positioned adjacent to or within said cavity in a nmanner to
rovide cooling to said cavity and further conprises an absorber; and c) a
ontai ner substantially encasing said insert. 140. A tenperature-controlled
hi ppi ng cont ai nerGA} a papdrdissia n@rafagiured i9o 1Qtheersent Ygirawpad per. The
onpr i ses expandedy pah¥shy PR pditt 1isdhd BTPEL B Y78 RN 0b Iiafl) RhIPB1ZBO:
ontainer as recited In ai m 139, wherein sard insert conprises at |east a
irst vacuum i nsul édvicerandaiied 6" (122mmAx § Bhper)dena 8ize Fdavisel ed shi ppi ng
ontainer as recited in Caim2139, wherein said container is fabricated
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insert whereby. heat generated in said absorber is dissipated to the
exterior of said insert and®wheM¥#tr B&F8FVEHi ppi ng cont ai ner conpri ses

venting 5 neans for dissipating heat generated ai d absor 7
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~an evapor at or dis%ﬂg‘e@it"? Ar P‘P\@Fr‘rﬁlthec%‘?ﬂ\%ﬁn{)%qat ?C%E%?tté)ﬁ gﬁmégi@h%gvﬁlyé%
provi de cool i ng t meedieds agat toyflll the byg.~Aanmebsbihbédag isperceired wih theatssdieber
iis thermally isolated fromsaid cavity. d..i . [ [qui d

firomsaid |iquid 3@@890&”? ¥E gfaﬁlg %%/%lﬁoa?@ttg?v%ﬁgg%g% i('@étﬂi%jowag% fg)g? (ltfezo

devi ce. 149. A tergydngd.uTres Siaatirimd iediieshwiipdMgnildders af weter.athe plongesdf ihe

O ai m 148, vvheioel nerr?p le s{’}rtx)ﬁé)er, %ﬁ @ ABLdie & iR theﬁéé;,(f?Qlely 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

o —
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i

PN

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 resealéd repeatedly to form a
progressively smaller bag until the full bag cannot be sealed to a smailer size.
Any excess edges formed from the sealing are trimmed with a %" (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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150. A tenperature-controlled shipping container as recited in Caim 148,
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151. A tenperature-controlled shipping container as recited in C aim 148,
wherein at |east one of said top, bottomand sidewalls conprises i

Acorrugat ed cardboard. 152. A tenperature-controlled shipping container as
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faa|d shi ppi ng cont
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5 Cy rical “contai ner having

.A&e. A AL. ASL. AHO. A9. AL Al !

y. A9. AHO. AL. A] 9. ASRURIES! ?&éo ﬁ%“%fﬁésgé’é& %@%ﬁgrt%rﬁiﬁ 'eérb%ﬁrﬁl k@?
E. Ar. A Ay. A9Y. AQ._reAheX thérdvena@ahd. iAlin gontact mpghe\peinmof&@@pmgctmg denige.

A9, AQ.AL-AL@. AsiLIXally, FM) N’ggé pA %hAJva/g Agrj;'\plA{ 663‘/ ge/gllAé wntﬁgthe'%cgcu SEAL 50

across the base.
15 2. Starter Water Reservoir and Pouch
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 1%’ x 2" (38 mm x 51 mm). This starter bag
| 20 contains 5 milliliters of a solution containing 10 wt.% NaCl and 20 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 %" (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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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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| 5 The composite ETFE bag is laid on top of that with the water reservoirs

facing outwardly and the composite ETFE bag is arranged on top of the

%/-\

insulation so that the wicking material inside the composite ETFE bag is

directly over the insulation. The composite ETFE bag should extend over one

end of the insulation-.

10 The stacked components are placed into a plastic bag made of the

’ polyester-polyethylene laminate material described above. This bag is of
sufficient 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
i taped together to form four sides and a bottom. The cooling’ device to be

1 tested is placed on the top of the container, thereby enclosing the shipping

cavity.
1. VIP Container

20 For illustrative purposes, a container was constructed of 17 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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>(-

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 surface 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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5 continued until the internal box temperature and the desiccant temperature

were approximately equal.
Example 1 Cooling Device with Extended Cooling Time

Example 1 was a Size A cooling device with 400 grams of desiccant

and 200 milliliters of water in the slow feed water reservoir. This cooling

10 device also had two layers of wicking material, instead of one. The cooling
device was tested in a VIP container and the results are illustrated in Fig. 28,
which shows the ambient temperature, desiccant temperature and internal

base temperature as a function of time.

As is illustrated in Fig. 28, the temperature of the cavity dropped from
15  about 26°C to about 6°C and the temperature 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 starter 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. [t 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
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Example 4 Effect of Different Size Containers

Two identical Size B cooling devices were assémbled, however one
was tested in a VIP container as described above (Example 4A) with
dimensions of 5” x 6" x 6" (127 mm x 152 mm x 152 mm) and the other

10  cooling device was tested in smaller sized VIP container (Example 4B). The
smaller VIP container had dimensions of 1” deep x 5” wide x 6" long {25.4 mm
x 127 mm x 152 mm) and was constructed using VIP panels Ve (6.4

mm)thick.

The results for Example 4A are illustrated in Fig. 33 and the results for
15 ' Example 4B are illustrated in Fig. 34. The container having a reduced aspect
ratio (Example 4Bv) 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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Example 7 Varying Internal Pressure of Cooling Devices

5 In a further set of Examples, three substantially identical cooling
devices were assembled, except that each cooling device was evacuated to a
different internal pressure, namely 1.7 torr, 10 torr and 40 torr. All three
cooling devices were assembled substantially in accordance with the
foregoing description and were placed in substantially identical shipping

10  containers. The results are illustrated in Fig. 38 (1.7 torr), Fig. 39 (10 torr) and
Fig. 40 (40 torr). The best results over an extended period of time were

obtained at the lowest pressures.
Example 8 Varying Desiccant Particle Size

Two substantially identical 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 um to 850 ym. The results are

20 illustrated in Fig. 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 @A) remained below

30 15°C for at least 50 hours, while the temperature-controlied shipping container
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Example 11 Varying Thickness of Thermally Insulating Material

. Three 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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and enclosing a high vapor pressure substance;
c) a second flexible pouch disposed within said rigid
housing adjacent to said first flexible pouch and enclosing a
liquid; and
10 d) a liquid conduit for providing liquid communication
between said second flexible pouch and an evaporator,
wherein said high vapor pressure substance causes said
first flexible pouch to exert pressure on said 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 recervoir 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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to said absorber; and
d) a reservoir adapted to supply a refrigerant liquid to said

30 evaporator, said reservoir comprising:
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-10%' b&' ()-Z -10%' 9& ()-4)  a first flexible pouch disposed within said rigid

housing and enclosing a high vapor pressure substance;
i) a second flexible pouch disposed within said rigid
| 5 housing adjacent to said first flexible pouch and enclosing
o , a refrigerant liquid; and
iv) a liquid conduit for providing liquid communication
between said second flexible pouch and said evaporator;
wherein said high vapor pressure substance causes said

10 first flexible pouch to exert pressure on said second flexible

pouch thereby assisting the flow of refrigerant liquid from said

second flexible pouch to said liquid conduit.

i : 16. A sorption cooling device as recited in Claim 15, wherein said
; l 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
| .

_5 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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26. A sorption cooling device as recited in Claim 15, wherein the

pressure within said rigid 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 13.

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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evaporator is at a pressure of not greater than about 10 mbar.

33. A sorption cooling device as recited in Claim 29, wherein said

rigid housing is at a pressure of not greater than about 700 mbar.

34. A sorption cooling device as recited in Claim 29, wherein said
reservoir comprises means for restricting the movement of refrigerant liquid
within said rigid housing.

35. A sorption cooling device as recitéd in Claim 29, wherein said
reservoir comprises a flexible pouch disposed within said rigid housing for

containing said refrigerant liquid.

36. A sorption cooling davice 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:
a) an evaporator for providing cooling;
b) an absorber adapted to absorb vapor from said

evéporator;

c) a first reservoir adapted to contain a first refrigerant liquid;
d) a second reservoir adapted to contain a second
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

liquid flow rate is faster than said second liguid flow rate.
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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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- evaporator,

49. A method as recited in Claim 48, wherein said first portion and
3 second portion are supplied to said evaporator essentially simultaneously.

i
l
|
1
i
i

50. A method as recited in Claim 46, wherein said first portion of
liquid has a different composition than the composition of said second portion

of liquid.

{
- l! 51. A method as recited in Claim 50, wherein said first portion of

10 liquid comprises a freezing point suppression agent.
: 52. A sorption cooling device, comprising:

a) an evaporator for providing cooling;

b) an absorber adapted to absorb vapor formed in said
’;' evaporator;
} j : 15 c) at least a first reservoir adapted to contain a refrigerant

o liquid and adapted to supply said refrigerant liquid to said
evaporator;
d) refrigerant liquid disposed in said first rezsrvoir; and
e) flow restriction means disposed between said refrigerant
20 liqguid and said evaporator for restricting the flow of said

refrigerant liquid to said evaporator.

93. A sorption cooling device as recited ih 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.

95. 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 Claim 52, further
10 comprising a liquid conduit adapted to provide liquid from said reservoir to
said evaporator. '
60. 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

j 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.

f 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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a) an evaporator for providing cooling;

b) an absorber adapted to absorb vapor formed in said
evaporator;

c) a liquid reservoir adapted to contain a refrigerant liquid
and supply said liquid to said evaporator; and

d) a freezing point suppression agent dispersed within said
evaporator adapted to lower the freezing point of said refrigerant

liquid when said refrigerant liquid is fed to said evaporator,

67. A sorption cooling device as recited in Claim 66, wherein said

freezing point suppression agent comprises a salt.

68. A sorption cooling device as recited in Claim 66, wherein said
freezing point suppression agent comprises & salt selected from the group
consisting of NaCl, CaCl,, BaCl,, MyCl,, FeCls, Mg(NOs),, NaBr, ZnCly and

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

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

c) @ 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 Km% W at 3 pressure of

about 4 mbar.
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10 76. A sorption cooling device as recited in Claim 71, wherein said
vapor passageway comprises said thermally insulating material having a
plurality of apertures therethrough to provide vapor communication between

: said evaporator and said absorber.

77. A sorption cooling device as recited in Claim 76, wherein none
r . 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 substéntially 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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4.~ A sorption cooling device as recited in Claim 71, wherein sald

evaporator comprises a planar evaporative surface and further comprising a

liquid inlet is disposed on a perimeter of said planar evaporative surface.

85. A sorption cooling device as recited in Claim 71, wherein said
thermally insulative material comprises a plurality of apertures and the
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
concentration of apertures in said thermaily inéulative 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
distance from said liquid inlet increases.

88. A ternperature-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;

b) an absorber adapted to absorb vapor formed in said

evaporator; and
c) a vapor passageway disposed between said evaporator

and said
absorber adapted to direct vapor from said evaporator to said

absorber,
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5 90. A sorption cooling device as recited in Claim 89, wherein said

thermally conductive material has a thermal conductivity of at least about 1
W/mK
91. A sorption cooling device as recited in Claim 89, wherein said

l
|
;
|
!i thermally conductive material comprises a particulate material.

| "'1:5 10 92. A sorption cooling device as recited in Claim 89, wherein said
o thermally conductive material comprises a particulate material selected from
o the group consisting of graphite, fibrous carbon, Al,O3, copper, boron nitride,

. aluminum and mixtures thereof.

93. A sorption cooling device as recited in Claim 89, wherein said

i 15 thermally conductive material comprises a fibrous material.

94. A sorption coolin'g 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 8Y, wherein said

thermally conductive miaterial comprises a fibrous material selected from the

- 20 group consisting of copper, low-carban 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.

y 97. A sorption cooling device as recited in Claim 986, 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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chloride, lithium bromide, magnesium chioride, calcium nitrate, and potassium

5 fluoride and mixtures thereof impregnated onto said porous support material.

99. A sorption cooling device as recited in Claim 96, wherein the

volume ratio of desiccant to thermally conductive material in said absorber is

from about 100:1 to 10:1.

: 100. A sorption cooling device, comprising:
“ 10 a) an evaporator having a cooling surface;
! b) an absorber adapted to absorb vapor formed in said

evaporator; and
c) a vapor passageway disposed between said evaporator
and said absorber adapted to difect vapor from said evaporator
15 to said absorber, .
wherein said absorber comprises & 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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) 104. A temperature-controlled container as recited in Claim 101,

portion.

10 wherein said top portion comprises a plurality of sorption cooling devices.

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-controlled shipping container as recited in Claim
101, wherein said container is in the form of a cylindrical container having one
contiguous sidewall.
-l 109. A temperature-controlled shipping container as recited in Claim
101, wherein at least said first sidewall comprises a material having a thermal
o 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.

72



PSTUV| 0bU410 @~ @10%4+4& ()-102,102, 102, @610%, & ()- @t' 1092, & ()-

y t' 109, & ()- yt' 10%&'.()-)/te|[: bU410 @ ~s' 10% + & ()-[ "s'10% & & ()-[
@ "s' 10%4+4& ()-[ "s'10%+ & ()-[ 3 P "s' 10% + &'() [ ~s'10% +

& ()-[e'L][:bU4I0 @ @# ' 10%4+4& ()- # # ' 10%& () 10% #& () - #‘ 10% ~!

& (Y- ~s' 10% + & 1098 C109%
o (12)%5 EZ: () - Y104+£1)10£ﬂﬂ41 ?Z‘po%ﬁﬁ%{?%%d S\W’p#*g i%\%i r ‘jomp”s'“(g)
0% & e ) 100 () 6 Tbo% & (PR T R e A ea g q f'.ée%g%'f’%@% >a$é’
@ 10% & ()-F {S&10% & ()b&t@ﬁ&m% &eli)in® K caliguarat (i} -AapRd1D, c@tain a

@o%,-& ()- $ 0@10fy 10%,-& ()-y @@10%,-& () -y
%10%2 & ()-y10, 10, ¥ “&ﬁﬁ%‘e@)’g)loﬁmﬂ&-() d#- )10%/QQ& () p

: | #-)10% #i & (5\ p PO#- )19%)’} & (3 sprptiordteddigd&Vice, qmrr#pn)smgﬂ/&' () p X
GHI[:A410, “#-)10%.& ()-p # )10%911 egx‘/agzaral?or ha)\nn%()/a&é‘ocgll}wg surface ?nlt%ermal

communication with said cavity and adapted to cool said
cavity;
i) an absorber adapted to absorb vapor formed in

10 said evaporator;
| fii) a vapor passageway disposed between said

absorber and said evaporator for providing vapor
communication between said absorber and said
evaporator; '
15 iv) a reservoir adapted to supply a refrigerant liquid to
said evaporator, and ' 4
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-controlléd 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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butane, isobutane, n-pentane, n-hexane and fluorocarbons.

116. A temperature-controlled shipping container as recited in Claim
112, wherein the pressure within 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 supp'y 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-controlled 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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1 b) a sorption cooling device comprising an evaporator, an

10 absorber and a vapor passageway disposed between said
evaporator and said absorber wherein said evaporator is
disposed in thermal communication with said cavity to 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 top, 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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evaporator to said absorber.
! 131. A temperature-controlled shipping container as recited in Claim
124, wherein said sorption cooling device has a mass energy density of at

10 least about 100 W-hr/kg.

132. A temperature-controlled shipping container as recited in Claim

124, wherein said sorption cooling device has a volume energy density of at

least about 80 kW-hr/m3.

133. A temperature-controlled shipping container as recited in Claim

i - 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.
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b) a sorption cooling unit incorporated in said insert wherein
said sorption cooling unit comprises an evaporator positioned
adjacent to or within said cavity in a manner to provide cooling
to said cavity and further comprises an absorber; and

c) a container substantially encasing said insert.
140. A temperature-controlled shipping containetr as recited in Claim
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.

143. A temperature-controlled shipping container as recited in Claim
139, wherein said sorption cooling.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
least about 80 kW-hr/m?®. ‘

145. A temperature-controlled shipping dontainer 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.
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147. A temperature-controlled shipping container as recited in Claim

139, wherein said container is in the form of a substantially rectangular box.

148. A temperature-controlled shipping container, comprising:

a) a container having at least a sidewall and top and bottom
10 walls defining a cavity that is adapted to contain a product
therein; and
b) a sorption cooling device, comprising:
i) a liquid reservoir adapted to contain a liquid,
i) 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 fiquid
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-controlled 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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153. A temperature-controlled shipping container as recited in Claim
148, wherein at least one of said top, bottom and sidewalls has a thermal

conductivity of not greater than about 0.05 W/m-k.

154. A temperature-controlled shipping container as recited in Claim
148, wherein at least 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.

156. A temperature-controlled shipping container as recited in Claim
148, wherein said absorber comprises a desiccant.

157. A temperature-controlled shipping container as recited in Claim
148, wherein said absorber is in thermal communication with the exterior of
said container.

158. A method for transporting a produ.ct 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;

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
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

biological 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 contiguous

sidewall.
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