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| NCORPORATI NG SAI D PANELS FIELD OF THE I NVENTION S The invention relates to
i nsul ated panels for use in shipping containers. The invention also relates
to a shipping container intended for use in shipping and storing
tenperature-sensitive products, such as frozen tissues and ot her perishable
products at critical tenperature or range of tenperatures. 10 BACKGROUND OF
THE | NVENTI ON A wi de range of containers has been used or proposed for use
in storing and transporting tenperature sensitive products. Containers can
i nclude a cardboard shipping carton lined with insulating material such as

expanded pol ystyrene , 0, r ial. The

i nsul ating materi al ﬁgﬁ@%?%ﬁ@ﬁﬁﬁ%ﬁ&@m 15 together to
provi de a central insul ated paORPORAPING SAIDI PANEDSOr porating i nsul at ed
material is generally used to seal the cavity before the carton is cl osed
and prepared for shipping. Alternatively, the insulated material can be
provi ded bygify } Enﬁwqﬁﬁ echni ques so as to provide an integral body
havi ng a cem%ﬁ%c%‘gﬁy. e@g%%fy when fitted 20 with a lid may itself be
used as & st or agBhe anvestiamerelaes traynshistedspamelsi fohiuge an shipgingagantairarp pi g

carton or other.protective material . The insul at.i - ergal. be
injected i nigey iﬁi‘h f%{?thoﬁo gpsglc?gmﬁe%o\f\lgaél}ler éﬁt%%%?e@pgg‘%ﬁrgffﬁ@tmg%wasgozglga
rigid inner thipagiure WhRNIvENR6&RAL Sidgap &bkdnctidsaed ynd ethsi penishaple quodicts, atsuch
as certain nedical or pharmaceutical products, rigid polyurethane

cont ai ners %‘@abﬁef”@ﬁmﬂ’é‘éﬂ(m?%ﬂ#ﬁ‘?@qﬁﬁﬁ Shas 25 thermal insulation
properties that are generally superior to EPS. There are benefits and

di sadvantages with the two general ti/(ges of containers, particularly when

t hey ar d0usBAGKGERONINB QIHBHEJINYENBIQN quantities of goods. |njection

moul ded cont ai negs | LAGKY 6 5 tohGusk ORI skadhgCart S
and the need to %s‘é{&%InrgR ngpggﬁet%lpérgv&{%wéEPs. _Thlégt@g of poISyuret ha,r%e_

i nstead of ERSpoding nedprrauterengive modlicty Codeigers Hawingbide agardpardtsHREZ ends

to adhere to the.wall. surfaces creati di.Spos| a
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t oget her. ThgkefRremaleasl. STigninkilean mstenslagey b gravided Sparddatar panadopleeedi n
respect of enpty containers forned from EPS or pol yurethane, dul nel s
fvold soe BP0 PR BrRTHRRGISE (PTG codtes B oo Lueed o i e
use of lessmﬁ%‘ﬁﬁi iscgeh%qllﬁwedsmemetme EvhdSeforEAA s@ent didaad andl pepardder
costs of 5 the panels tend to be reduced as the panels can be stored in a
mor e conpacthigpiagked arrangenment with separate flat packed cardboard

shi ppi ng. car t ons o g, ASS LY il 8 AmERANALRL b Afrol R K ethnjclAUbRtIdane! s
can nore readily be reuséd as a danmaged section Will only require the

r epl acenent te@fnitiie spased pioniieap dntegriltmpdy hevidgregrah eavityotThe hedyuberefitted
contai ner. However, the effectiveness of the insu ' ' .mad

shi ppi ng?% oMt angi‘l ke %Sgﬁj‘?feuﬁegfé % fiRST ATy oarnA@;qhﬁ?\[}%ﬁdgﬁﬁh@%t %%‘?[g)lard
contai ner dyg &iﬁg teh@orpsidbthérgatectb@a@medidly (g hinsvhitioh naiteriarayn elae be ingented

t her eby vvarmF e contents of the container. Wilst, the insull.ati on
properties &unabi@splaphIRage BEWPHRATSNET Sentpingr WalkAN 2g1Eid HRCDARE s, this wil |
reduce the inter %{enS&a{spaﬁng an@tdularly Benbifiee ShoaRisNGueinrat akrthiar mibieals amne

si ze shipping canon and I ncrease transportation costs. 15 Ag,olt her t%ﬁe of
panel is thehsacveeicanmodusts, migidpelmretypepyontaineas arepiies) weha by RYFRU AR cor e
formed of. an open cel | I I - ed by a suitable

envel opeissu@heﬂﬁgl 1%11?%}011]83??@'%%%; ﬂ%’l?%% \éﬁég!r%lh?sb .&'Ir{ﬁgis%énel S are reported to
have hi gh Rval ueThéichee rehefite ahd tdimadem)agen withetho rtdergeneraRiPes 9& CONAWRSof

t hi ckness. However, ilst VIP vi des, .great .t j Lan,y

panel s can l?é“‘é%‘é{lyyv%ﬁéﬁeﬁf? Wgégﬁ-tgﬁlsﬂgpﬂng ofdprg'lg gﬁ%ﬁtﬁt@i% %&gédﬁ%ggmas
soon when t hey gielofRtelsScal WRGoshe®. mdtif&tire dixt & thheoaling castd and thwenced toy] Ps.
In addition to poor direct damage resistance, the R-valu f the S

al so decr eagee Bﬁ\é""clg) agents With g Ser Thcse %ﬁﬂ&y‘ﬂﬁ%f’lﬁgmﬁtﬁﬁ%f’?ép g et "re%lgg%é
descri beg i god‘m[g' Qs (00 b QB gﬁl lhaheClaR® ag¥dhete i thStvanakhrfackacteating

| nsul ati on PaneF Synposium 2 altinore, May 3-4, 1999, Page 6, line

26-31. As a dispngngperitens/rPdotr therpiiorceniéiinrsr RRIYWEIbARG Rl AHET R MUY B yse.
Various types of insulated containers have been proposed and described in
the patent literature.




US Patent. No. 5,441,170 describes a nodul ar shi pping container with
multiple 30 inner conpartnents. Sandw ched insul ation panels are fitted

wi thin a conventional corrugated shipping container. The panels are nade
froma polyisocyanurate core -3 sandw ched between reflective | ayers
conprised of an alum ni sed coating bonded to the core. The panels are
encapsul ated within a thernoplastic envelope to allow the panels to be

cl eaned for reuse. US Patent No. 6,325,281 describes an insul ated shipping
container having nmultiple 5 layers of insulation. The container conprises
an outer cardboard carton, a rigid EPS housing, a renovable inner housing

formed from, VI Ps .and _an inner cl.oseahble rton_wthi i 3  hE.
The pat ent &fsf’%sﬁﬂ?%ge#{?r'otyg?rggﬁeal?%ségn dﬁ?aé%?tﬂagfl al};{)}ﬁr {5%}8@%&%&’? ﬁgagﬁnn%%ﬁ%k’gg The
panel s have empVaeHiafcebanédofiemr &PSfor polyapeaneel | pol ymer foam whol |y
enconpassed by a_suitabl e envel o(gg S%ICh as lar fil m or .al un} ni umJ gid . 10
US Patent No. 5, Ydulppapglsayqidaame At thesq, Prpimss Y gy ﬂcgu%?oé SnBF "HaVThg an
i ntegral bogy. gk Qe 1&4&%9&1214&3&6& 4B eRRIIS mdnEs. | TrenspbaAtihend Rloplgetsitons t o
provi de an en%ance seal with the body. US Patent No. 6,381,981 descripes a

shi ppi ng cotlteapmmsls fend e dededused @s dhanbeisls pasz b storesisiiea SR c@BPac Hiipcke
cont ai ner has_an_out er. hougragg?gtoga Qafrdl?c%rdp%%iﬂﬁ%f)&amr]éséﬁlﬁriﬁt@' a such
rom .

aggement With, se
as EPS and AH*THAE™ ContaPner torne e inner cavity .
i ncor por at esodtaspr hsugqaissie Mdoyulangrinels @djnugt seadiie bsireusedps plamaged soptieny i t
smal | er | oads, of transporte roduct.. W98/ 01359 .descr,i i
cont ai ner i AeB PﬁBrrﬁ‘ﬂ‘f‘F?gIg%\rEfp 'Hﬁ’%qé’?i]ber%aingltlflﬁoép B t?'? g?%g%eo%gqﬁg)ﬁ/%g%%n
out er pl ast icgpthinkin AbwRRrY the QBt@RAess ifghe drnlatidty inpe myeluhy skipping rco@@iner
pol yester and an inner |ayer of_ alumniumfoil coated w,t.h a. pol hyl.ene
film USl®Patcambe Iges than tppoigurequiyalppiintsgl W‘@rfﬁ?‘b‘g‘? aﬁfi‘tf]"‘i‘aég%i?}é%‘é’xgh
storage CO”Rﬂliufl?éi?mta'g% Oadd (REBy #HnE tHRIcoRehty UF BlcltdRRinRA WA the ayelatioon
t he upper an ower surfaces, the four layers being reinfaorce

: ced b
pol ypr opy! erpeopsetizicay tenichpreneid riat wareasing the wislty of fia Bsls iﬂPan%E%‘NBﬁéh%f

t he above contaipers are enti.r j Sf r t o iBsihs cartheasd t o
provi de a sﬂ?tﬁlﬁﬁaﬂémﬁagﬁtcél?aﬁ;éq& ngbgssﬁﬁé%gn%ﬁgﬁg&s?%r%aﬁg s\‘}ia{]g}ihﬁ%lh%roﬁuct s at

| ow t enper atitdrese trafsperstmdessperi ods of time, while nininising

manuf act uri ng, use, storage and.transportati cQst t L nd
its conpbhents. THiote &pg ofpay I%B}‘?éﬁa?‘}mﬁ' Hls}lfégrﬁ%?%néﬁ{ﬁig)b}g?? &%% ?l_ﬁge 2

i nsul at ed shj,PRINNYoORVAENSE Sn peP LN ipdiyagr ot avtndly ssnbampasgedaby erigsablgo
effective lifespan (re-useable) and inpraved. thernal effici (grtlcxavs%élpﬁt_

| ess i nsul atenvelopmsushiaamylay filggen Awamymieili 18° BARAHE "PRSLiT §2'Forsh
standard si Zv%h*%lt;l étﬁglnpal? 'r&gstzﬁl%%)](?ﬁ‘ the ordér ot RNYHRY: (deh loRVENHCSIN Howeaver, whilst

enbodi nent o iI'nvention there is provided an insulation pa ek fi)r .use
i n ther mal | WiPnauvidésegreatthppizhipselotiomithrepanclsiiga bp gagly m?q-s?ﬁ@ aegF d
core of i nsul at j.on terial hg .C [ Whedd Y TERARRRARHS e Whd hi n
a pol yet ﬁ@l e REE é?ﬂ?'@%ﬁse.sooﬁrg?éé} aele%(l?ﬁgeegsgg‘én conpri ses a pol yur et hane,
pol ystyrene scR@med. hyl ene terephal ate foam bl ock. Preferably the

pol yet hyl ene foamis, a closed cell foam Preferah | am
is a non-cross- | ilAKE PN PAY Prest élfﬂgﬁeyre(sﬁganﬁ%n&elf\! %gglugﬁh?%é;?sgﬁg?? %ge,
an outer surfar8seaRfe 669 StTdeaCeSsct't ARd i ‘MaRIngaRaheb Uk firet’s us fdwse®ed ompdicsi ng

a |l ayer of polyethylene foam the density of ihe polye | ene .foam form ng
the inner subtradectigeiing’§r Eedaeloghah I§h§¥°€fé _s%”f‘?‘ %H@%‘bﬁ’%&?h@‘?“ ne T oam
form ng E?egﬁéiﬁ%kres NEOCE - lfC)B@,effa%E abliXe ﬁ@ﬁl.t Rk GkBRSGuse MIBs e myetdiyiderd

foam forfin I hner surface I's [ess than the thickness of the
pol yet hyl enesiitalimfdrdomg Infg use.

Various types of insulated containers have been proposed and described in the
patent literature.
US Patent No. 5,441,170 describes a modular shipping container with multiple
30 inner compartments. Sandwiched insulation panels are fitted within a conventional

corrugated shipping container. The panels are made from a polyisocyanurate core



15 the outer surface. Preferably the panel is adapted so that permt the
panel to engage with at | east one other panel. Preferably the panels are
adapted to engage by tongue and groove, mtred or dove tail join. In

anot her enbodi nent of the invention there is provided a thermally insul ated
20 container that incorporates one or nore of the above insul ation

panel (s). Preferably the thermally insulated container includes a plurality
of the above insulation panels assenbledsinto a square or rectangul ar box
with interconnecting sides and a closed bottom |n another enbodi nent of
the invention there is provided a shipping container 25 having a plurality

of interconnecti. i des an osed botto se
shi ppi ng coﬁ?%“ﬂé]%d%ﬁg’ﬁfaifﬁ@“ﬁ © 1 RES O8RS T er umnln%sdﬁ%j %Bg%che?};‘?ﬁ’éer as
descri bed abgye. THebanA®kieincishRdN®IRin @fthetri‘mepiambee’ﬂvbkope tdhaltey ihe pandviced a

process for the manufacture of an insulation panel for use in thermally
i nsul at ed sbeplseRry feoistss ners conprising the steps of: 30 (i) providing a

first, second, thjgrshaRed 8YpS, bsr @&Eﬁﬁ@lﬁh%su%dys%ﬂﬁﬂg%&tiﬁﬂhﬁﬁgt'dum}ﬂe

each secti on haV|ng two opposed ends; -5 (ii) joining the sections
t oget her %t lgersnefimstlagorenddic gfontainer sewptisns sAnseuteocasibaird €artons dhegid eS| | v

rect angul ar h},{;_«gﬂ% a%%ﬁc%&abl%r%?rdfm%gm Fol—r]c'u%(f' frB&LW@Xﬁc? R IIII% é@s%%lé Qﬁrtéﬁ"d

j oining the he ™ f h™secti on toge SO to provide a container
havi ng a cl eggth fet hoen nding. CRieigaend atidnepte iton pvdreame ﬂ]eamrdnhtg freldemavitton

mat eri al and Io |n t he terial within.the,cavit

subst anti al I“§m§| ﬁ@ 515t Vef‘\yﬁ'cublf“o?ﬂr?if &4 o g %en 1] lfe hy‘JI g%agﬁr o

section and ghQiniiRebdiha sﬁﬁ:!imgelneropambhtabmﬁarmn o%@h:ftmmnmtfoget her to close

t he contai ner and provide the insulation panel greferably h? 0i ns
‘-‘alFth I o ﬂé‘f

bet ween | sect ndatgrieNgi 519241302 djres%rﬁ’S%ta&n‘t"F IPPEgFn %Y t he
sections arg, ﬂegr'af' B?ﬁl)p Ye E% t]ﬁ% Ll gthelléfh)_l. ERh PECRREEON JahnsibhiE tdBAMNGad he

above inventi o scr bed wth reference to the foll owi ng
det ai | ed 15 cdbsced malwrthdfet@dpr ef erred enbodi nent of the invention as

Iustrated in the aCeamanying off JUBES: o AU Lin G infenliss BrPRESPRELI ve

vi ew of a sandw ati oh "panel
enl arged, f riageRtisdk)saCbRsS Bﬁ@bntameﬂhas/\arobutemmlsalgcfwmd @éﬂ‘l‘emS‘slthMOfinh

e 20 O, Bk b BCh DS SShaTF oG8l V1. SRR cavicy

incorporates a spring assembly, which adjusts the size of the cavity to fit smaller loads of
transported product.

WO98/01359 describes a packaging container incorporating a laminate consisting
of a fibre core layer, an outer plastic film of polypropylene, high density polyethylene or

20 polyester and an inner layer of aluminium foil coated with a polyethylene film.

US Patent No. 4,928,847; 5,102,004 and 5,111,957 all relate to storage containers
formed from a core of polyurethane and four layers on the upper and lower surfaces, the
four layers being reinforced by polypropylene webbing and laminated with a polyethylene
film.

25 None of the above containers are entirely satisfactory so that there is a need to
provide a shipping container for shipping and storing varying products at low temperatures
for extended periods of time, while minimising manufacturing, use, storage and
transportation costs of the container and its components. This is a clear benefit in reducing
the cost of using insulated shipping containers by providing containers having a longer

30 effective lifespan (re-useable) and improved thermal efficiency so that less insulation

material is required improving payload capacity for a standard size of shipping carton.



through AA-A. FIG 4 is a top cross-sectional view of the sandw ch

i nsul ati on panel of figure 1 taken through B-B. FIG 5 is a perspective
view of an insulated container forned from sandw ch panels of the 25
invention. FIG 6 is an expl oded perspective view of an insul ated shi pping
contai ner of the invention. The container includes the insul ated contai ner
of figure 5 together with a shipping carton, inserts, refrigerants, payl oad
box and a sandwich pa -6 FIG 8 is a fiqagnentary side view of an

i nsul ated shi ppi ng contai ner of the invention. The broken parts show t he

i nsul ated contai ner fornmed from sandwi ch panels within the shipping carton.
FIG 9 is a perspective view of an alternative shipping container of the
invention. The 5 shipping carton contains four insulated containers forned
from sandwi SUMMYERY OFFINVENTION pl an vi ew of the use of apparatus in a

LD, e A0 e, R A AR Sl R OBl R 2

si de vi ew ofthdrinell @ pigalart lsﬁlppfngfcbgﬂafnerslﬂlelpamdchmptlslng aofgid)cor&@fﬁlh @suldBon s a
pl an vi ew of apparat us of flgure 10 when used in a i.n t he

her e
manuf act ut e TCTiRl.dBseARE BHnp yRelly %FOIF‘H%SS?%W%‘P@&‘?IYG ne foziml %'R’S %8f'de vi ew of

anot her appar at U@rem%myUﬁ%d cbf& %oﬁbﬁ&s' B pAIGuremand, apélvsoretd @ paneilehe
panel of the invention: is a perspective view of the internediate

product of ugﬁpfgil&tm@amﬁmﬂkat us of figures 15 10 to 14. FIG 16 is a side
view of the appa find R U36dd ko frafur ther step in the
manuf act ure of a%%é%vﬁé% ﬁ&*?lﬁl&éf% |anvent| on. aF G 17 is a perspectl ve
vi ew of alternat |Pvﬁ‘eqahllyelhe5pa}§'eth)fh@1e|fmrsta rom-cr@sdinkgdioam. a per spective view

depi cting stages %}ertag1y n‘glhgse%igltgg]iempﬁng S &k rfgu?f?&emy ‘%Q S{nqgcg

i nsul at ed” cont al Ive View o ernati ve pane
the inventi giper Riné ok klﬁfa@esp%rﬁlﬁﬁﬁiﬁg Maayelre)ﬂpiﬂjmlwﬂenngfosmag‘rm density o the

assenbl e of the panels of fi ure 19 into (an nsul at |n lis
a t enper at urRelxgdhylepp nigagy %Wlﬁgof S NS SPETEE hﬂ?gf%?are’rgdﬁﬁl &mc% Eg

polyethylene foam forming the outer surface. Preferably the thickness of the polyethylene
foam forming the inner surface is less than the thickness of the polyethylene foam forming
15 the outer surface.

Preferably the panel is adapted so that permit the panel to engage with at least one
other panel. Preferably the panels are adapted to engage by tongue and groove, mitred or
dove tail join.

In another embodiment of the invention there is provided a thermally insulated

20  container that incorporates one or more of the above insulation panel(s).

Preferably the thermally insulated container includes a plurality of the above
insulation panels assembled into a square or rectangular box with interconnecting sides and
a closed bottom.

In another embodiment of the invention there is provided a shipping container

25 having a plurality of interconnecting sides and a closed bottom and a sealable top, the
shipping container including at least one thermally insulated container as described above.

In another embodiment of the invention there is provided a process for the
manufacture of an insulation panel for use in thermally insulated shipping containers
comprising the steps of:-

30 (1) providing a first, second, third and fourth rectangular polyethylene foam

sections, each section having two opposed ends;




25 pol yuret hane panels (w thout |am nation - panels not of the invention).
FIG 22 is a tenperature vs. tinme graph for insulation box fornmed from 38nm
(1 inch +13 mm) pol yurethane panels (w thout |am nation - panels not of
invention). FIG 23 is a tenperature vs. time graph for insulation box
formed from pol yurethane (1 inch) and pol yet hyl ene panels (lI3nm (w thout

| am nation- panel not invention). 7 _FIG 24 is a tenperature vs. tine
graph for an insulation container of thesinvention formed from sandw ch

i nsul ation panels of the invention (10 mm pol yethylene, 1 inch (25 mm

pol yur et hane, 3 rrm poI yethyl ene) FIG 25 is a terrperature vs. tinme graph

f [ | ation,.
(\(/)virt Ih(f;a}[J fi;'mPn : OHommFg H%F%C%H]E)s[ togﬁ?tﬁ?rhag of Hvaér%]? er? o¥gf C—it Q@%ﬁ: sgqgﬂo%xde a

tenperature vs. tir@bgimilly f@tangilal fGud;at i on box formed from 73m*n (2 inch
+13 mm) pol yuret hane panels (without |amnation - panels t of ion).
FIG 27 is a t(é‘ﬁperpé?ﬂﬂ'ég\ﬂsﬁé}t P‘?Jrﬁet@flﬁﬁhfoﬁr&rse%ﬂ?nl%‘F‘é‘d‘?‘ﬁ’c"ig&he %59?6 ﬁﬁﬂ@aﬂ#

pol yurethane (2 i “Cs'aéu Nele &Hér%@ttg'}ﬁl-&% aoé’dh%{lﬁer(ﬂa%ﬂ'g)a el BOLEM and a cavity

| ami nati on- panel not I nvention FIG 28 is a tenperature vs. tine
graph forsan insul athﬂ@lm, contai ner of the invention fornmed from sandvm ch
insul ation pangl,s of the in YEIRYhARE vAninalk &9

pol yur et hane, @ mm 150 1ye \{‘gﬂnlté’k‘q’%ééfkﬁ@%% c% [BTION OF THE | NVE | N 15
The invention is prfﬁdbmbﬁehtmﬂyﬁilﬂahémawdyng that the insulation panels of

the invention can, fitte er to forma
cont ai ner, proWide %pﬂ-ﬁ@é\ﬂ@%Iﬁ%@ﬁﬁ&“&ﬁﬁgﬁég@OFﬁgé ﬁé%F&ﬁﬁg%QEﬁqhe
properties over thadxiRXaeehesheltPd coss thd doafainer Smizlﬁdwﬂaﬂﬁ 1m9‘ulaitmmpunel
i nsul ation, such as rigid polyurethane or EPS insul ati on q% @?
|nprovenﬁht appefradly ghpeios Betveay|all §eCtighd 941§ @H&%ﬁﬁﬁé§? Eméﬁ é%?
I nsul ation rﬁ‘étg{abﬁflthg%c%ﬁs%@ otheBBY YBLtMEIBAE foam envel ope. It is
specul at ed that the envel ope 1 nproves the insulation characteristics of
core insulation material by providing an |nproved seal at the seans between
i nt er connect o inprove the insulation

i BEEREIFoR VeI DR RGS  oF

pr opertl es n nmatert a pr ovi di ng an airti g)ht coveri nq?
over the core i nghkabbw invaition wall no@?me/ﬂﬂsqnbsilwahlrcfnfep@delthﬁ lgwpiscdetaded n

figures 1 to 4. Each_panel rises a r.e of | ns

pol yet hyk&nelepasipiipn pha Pﬁﬁﬂ%ﬁ’qdﬂgmtﬁ'lf ﬁﬁﬁ“‘ﬁ%’ﬁ‘@? Ll; %r%tg(?éc %é‘)%a? ol

al though it (ﬁgwllng Bewhicqvi ded in a broad range of shapes depend| ng on the
shape of the shippi ng container in which the &fh{)@ iLntended to be used.
The panel (1BIGcbmﬁm65%)§CtaW‘@W@faf?6ﬂ‘9’@PH%“@§‘€ FHEFNSY | an i nner
pol yet hyl en ) Qfewot m@tsaudmme hadrshswniip or
si de rrenbergFIf:'ga nﬁn%ﬁ&%é‘f ffa ca grp%ﬁgnegﬁg{foam core (15). pThe out er
menber (3) ofigirdie panel forns part of the outer surface of an g _

insul ated_c i,ner and the | forthQrd Dhen
cavi ty doi riiFg iars St cRestoHatH AHOE bl deh HAERApHpkad of s

i ncor por at edthfdaltg@Aan i nsul atl on contai ner. The foam core can be sel ected
froma broad_range of poly ul ati f oa . i j e
pol yol ef i ns ]fI@Jé‘hlsa?sto[Bo‘FW%fSI‘i’ffFoé‘ﬁ V‘ﬁWdOIO @F dgvﬁ én%e %ﬁipg%‘lly\ggtf%p reelngg%klég
pol yur et hane&r&%ﬁl@lydl ng pol yi socyanur at e) PET (Pol yet hyl ene terephal ate)
and pol yvi nyl loride, wwth EPS and rigjd oly retE ne beln artlggyé grly
preferred. THG.&ds 8 petspestise aﬁgf(ﬁfﬁﬂdvﬁ“&éﬁ’ds et %ot“bsei“ﬁ‘é/ Bahaay's § hdthi s
can be a3g| n%jntf%}{ using rigid polyurethane. A plate such a Ilghtwel ght

al uni num-gheét may al so be included in the core to enhance th? i di. tﬁl of
the core andFIlCif]émameipl@dEdtparsmqhgeww efamdnsufgied SiRpRE $aEENE P ﬁ’@‘ ventio

pol yur et hane e I | alaten,f or
use in the pXk ‘Forgaéand‘é‘iljr‘l'%% 'é?t éﬁ‘%{talﬁoam or egﬁ{éuhgfej%gﬁg?élr}ggeﬁgbl ock or
may conpri Selnaer&Ldeﬁeger@ﬁs,bhjﬂ@e{dSJomhndhsmmﬁw provi de the foamcore. The
bl ocks can be provided in a suitable shape by any neans, such as by using
nmoul ds or by cutting or shaping extruded materials. The foam core can al so
be provided by injecting suitable polyner material such as 15 pol yuret hane
into the cavity within the pol yethyl ene envel ope. The use of pol yurethane
has the advantage of filling the cavity and bonding the foamcore to the
pol yet hyl ene envel ope. A closed cell polyethyl ene foam should be used for

t he pol yet hyl ene foam




envel ope.- Wi |l st cross |inked pol yethyl ene foam can be used, it is
preferred to use non20 cross |inked polyethylene foamas it is both cheaper
and easier to work with when form ng the envel ope. A | arge range of

pol yet hyl ene foans are commrercially avail able, and are thought to be
useabl e. The preferred pol yethyl ene foans are those provided by Fagerdal a
Wrld Foans. It is preferred for the outer polyethylene foamnenber (3) to
be at least 5 mm 25 thick, nore preferably of from5 mmto 20 nm and nost
preferably approximately 10 mm The width of the outer foam nenber enhances
the insulation properties of the core, by both providing additional

i nsul ation ovi di ng the. core i.nsul ati.on.materi.al W L I
prot ection %ﬁ(gng ﬁa‘ﬁ%@%‘)‘enéﬂg ﬁ‘dﬁglef”hcgfanv%?uiﬁeézgw pé%%(fjornlia(illljerriong'{e'ri ngql%ﬁ' e

t ransport i NgréienSharRPiHoe, TR iRaBted Acchitifion foayel i pahdedtihyaesde widdmthel ps
to cushion the core from 30 danage and thereby the insulation reducing

af fect that shifIng£AEQYe nay have had on the core. The density of the pol ymer
is preferably-e I - gr . r&afige ableyitied Tr&mM 20
to 40 kg/mfgﬁdglriggtﬁegspg tg?aﬁ%%gg%?g%nﬁi%@og ﬁ%n}@r%& (\%f_\hen necessary,
further p¥ otshippingradgméanstinsdansige: sehcdnaimroiprated| frpg sppdyighip#iglsa t hin | ayer

of a light Lght .resilient terial S 1.0 eF Retigen the
outer foam \rﬁﬁb@? Rd" e 8%&%.‘15%0?%%‘3%?%%&% am%%%?r“?ﬁ?éﬂr#‘%: g of'11 %‘?om 0.5
mm i n thi cknasd of @rdnveatien.preferably of from1l mmto 5 mm and nost
preferably approximately, 2 qr, 3 mm _ The_.t hi ckness . of > A nner nmenber (5)
i's preferabIF)%Bsf)Gﬁ?a?ff@é}ﬁ/‘FWyO?lﬂées@p?rﬁ%‘ﬁ0? ﬂ%‘fmg?tﬁ(ﬁ%%ﬂf@?’e%mer (3) as it
shoul d not hgGNEEgRaSAlewidwors Bpsfud sl flpuft KGh dirb@iopafel. core from bl ows
coming fromw thin the insulation container once assenbl ed. wever., htbé IS

pr ef er r etl0 t FliGsd3aispopiateyiew ool eRparatysnat fiewei 1§ der S1sehdn AROYEL SEP !

panel s. For i ks : i nner nmenber is preferably
made from ar%o I{/a(r%%eﬂ?eggg%%gﬁ?h%gnﬁibg g;a%gfrll%?ty than that of the

pol yet hyl en&FlGoll§ s sids stev nf aivsheyapparathg pdien usadeinfoder ThibgreprgiFRs pha
cell structur e$ .slg thﬂt t;ht iy %nt%olflli table for use with nedical products with
their nore SPPPHGRRIChGPEHIVE Y Lyuirements. It is preferred that the inner
nenber has FIidensisypaipebiiamion ok dienBieridlipe pfodneilifysiog tha wppa@isiod figere50
kg/ nB8, and nost preferably approxi mately 100 kg/ n8. For additi onal

i nsul ati &n t¥Wdoilfiner foam nenber may al so include an al uminum foil |ayer.
The i ncl usi 0T 68 bMidk Vigk! AGhé USpar@NLEf HHGH 1aSwikintiSed Gmarfaythdrustdphiar the
increase the insulation properties of the panel. The foil may be protected
with a thin minufaciay ef a eadyhpend f hgdnventiotthe peri net er pol yet hyl ene foam
strip nmenmberg~ {v:9 : I g.in the gap between
the outer an GI E’rr]ésrgpﬁgﬁ%@%ﬁeﬁ]%@%gﬁlﬁ%ﬁ@sgytsﬂgqg‘gehﬁo tprovi de a_ flush_edge
surface. An EilGt 48 gt ipespativanipendpictiof stagesnin thg assemblst ofj the paraberkigigal Ast

t he edge ﬁf I he aut er cgnd i.nner nmenbers will also provide a flush edge
surface BUt PO IJERIHLTUIFEE The edge portion of a panel is likely to be
subj ect to StiGessepedpstidamegas dhertativiepgndls of tht avememt and it is thought

that the alternative arrangenent would not provide | a EL as
the panel defCe28ds a RPN Yipflepigling Stages {%h e&?@“’%ﬁ%&ﬁ? é’%%%gngfﬁ r?riq%re
edges on boththe shdtPcdiRipgr s and the outer and inner menbers, although
this arrangenent I1s not preferred as it is thought to unn cesls.ari Ii/5

conpl i cate tH&. Rarishdemperaturst ve: higepgael ©r insylafind beg rf?lﬁleﬁefgr%’érsmfhi,( 9T™ 1
and 13) e pref bl - - AR j ; tie@re thi ckness and
density Zé t Oéwéﬁt%%}e%gg?nﬂ%é u(tagmgs{ﬁggrl I er gg\s{}g?%t%g% ﬁl)ﬁo Fagerdal a
Fawol am pol yBIchPD éne téhpermurare tiue graph frfissulagige bex formpeé figm mmithieh *dAd

strip nmenbers. Fawol am 30 ovi.des .a cl osed I - | i nked

pol yet hyl ene™PB& YHE?@I‘J‘H@pﬁrﬁqsaf\‘?’ét?‘%%ma@ﬁ@?n[S/p%r%lséfb)b?@gi\r%@g 'y 30 kg/ nB.

Fawol am 100 pipvizdes empéasedve aine grapin f@riastationrtosdiopodd) Soimypodneethagril wi t h
an average density of approximately 0.5 kg/nB.. The inne outer and strip
nenbers are PERf @ﬁ@@lﬁthﬁgﬁ‘a@fﬂ’epﬂl %Inwég‘ﬁ‘é‘w“é %‘“H'éﬂt‘f)a ﬁcprag@r%ltng{ f&v?%ﬁr?af. and
preferably airtight joins between the adjoining menbers in each panel. This
can be achieved by a range of known nethods. Two preferred arrangenents

i ncl ude heat wel ding and the use of adhesive. Additional bonding can be
provi ded by the use of an 10 adhesive with the core nmenber, or by formng
the core foam by injecting a polyurethane foam m xture into the cavity.
However, it is generally sufficient to sinply |ocate and encapsul ate the
core material within a polyethyl ene envel ope.



The foam core (15) provides nost of the insulation properties of the panel.
Ri gi d pol yurethane is preferred and provi des good insul ation properties
with Rvalues in the 15 order of R-8 to 9 per inch of thickness. EPS has

| esser insulation properties with Rvalues in the order of R4 to R 5. The
difference is a result of the cell structure in polyurethane foans which is
denser than in nost other materials and the cells are filled with an inert
gas that has a higher R-value. Over timethe inert gas |leaks fromthe cells
in polyurethane and is replaced with air, resulting in a reduction in the
R-val ue of the foam to sonething in the 20 order of R 7 per inch after 2
years. The e of pol yurethane wl hen bil| - can
further decﬁéégéyisfa ?Wﬁer %’5 ki gmgﬁaé’é'eﬂar‘I(i)nrﬁé‘%%%%eé&nlazrh%é%{regl(tqu’gllgvregtdgt% Itlo?lt}:{ %ess
of the cor e fidw sardiepenitsulalion pacisnguhainiventiom(l@rmal palgtiiiéne, 1 hechc@5 emahd
the tine period and required tenperature. The insul ation panels when
assenbl ed i rﬂog‘%hqnﬁsiﬂngw%)’?ﬂ&yi?ﬂebi ner shoul d be capable of maintaining the
tenper at ur e piit b i § ien G REimW b dphMfoR ird 81161 8o PorfRAFRINAD Uhch (S8RgM) f or
arequired tine period whilst the goods are stored and transported. Typical
t hi ckness®s nofyupshapg pandiaivdthent lawingtien i pandieencd pHEE pRi9Ym 15 nm to 100 mm
nore prefer y . f.er. : Lt nmm
(1 or 2 incﬁﬁés}) zg%h%???kn%ggn tbr#i@grhglp{f:%ragl lﬂnﬁlsl%ﬁo g)% ?%@s@&“ v?%élrrllp EP%&?S
used to prowildenhhpolgaahanesnéla(withioup faopeationepand®ndiind inMsnli¢n)y of an

i nsul ation el_to slow down t.he transfer.of. heat int ' b S
dependent o%@hb B-3/SRE0TC Yh m}faﬁ%’l%. f%WIi‘ Ws?lﬁtéonggo%tggﬁ?%{gﬁtgig% ﬂ%gl%g
the  -11 maha)had SolYéthfledt faaélk Er3nkn)V@itieuMihinapsiov paiel hettdfénventiey! at i on.
The conbi ned core. and envel ope foam concept lItﬂas resul.ted.in.an | i

.ncrease in
the R-val®e HBE. 2his Hiamerraghevs HECEHhdondt Mavlalqnasoniaines of s pepien Oﬁﬂa‘ﬁre 5
depi cts an L ANGCRBRY irQhlafidn FarcRSH 1BE HRRNBEADAISMSROlyeilendB2 iAdh @00nAE) S
assenbl ed together so to forman insul ation contai ner. hori zont al
rect angul ar podmedthangs) mpr paiiedledeniche cont ai ner bottomwith four wall's being
provi ded by four vertical panels (36, 38, 40 and 42). As depicted the
vertical panels are |ocated on top of the base panel with the outer surface
of the vertiBETAPERBIBESERIYIION OFEHHW INVRENELQNr i net er of the base panel.

O her arrangenment.s provi.ding the. sa ner a ape of. in i i ner
are possiblie. 10 1%6r’“‘@?%\?ﬂ)\sg’r?ﬂ@teéﬁp‘gg?‘ﬁﬁ%hgﬁz‘e EnasHB{%%n ?‘#éiéﬁ"g%%q{‘ g&?él?m a
tube and theahasBeP®EIl thidicedo tibRh & Meftuallyhiatulstoivnamihed grovida hadonfzee of
the vertical panels in conbination with the basge panel Jgrm; t he aottom of

t he cont ai netvingrrahgnced itkezimabiilﬁ‘élﬁ%o“apr@l’%‘?l%ﬂb"édﬁgdj"i’?%‘f aMet STHIREY skt
(40) and pa 12 a8 IHLRC b IYweRRAS b EP8NRsilatic hterbld Gaeh
other, wt hqggﬁeéfgﬁ%%gﬁgg%ﬁ f% Bei r%gpf) lgmlgocat ed bet vvgen panel s (36) and
(40), with tiprovemenicappeas thelee asfa et parslly cpggypassiae herpredBsrlationdnatg il nst
the inner,pol yet hyl ene, l.aver of S - th& LGl indsbYes thbe
pairs of E?)anvé “c%ﬂﬁﬁgh%gﬁ/eaha& e@%ﬂ’ %(l?)'f flgzsfgqe?g%egﬁtghstg@t hat B%tn olﬁrt eerS
vertical edgasitiodathhbrap@risiics @ tonedssudatioomaeria by tphevidiog raiimprovedpral at ther
outer vertical edge (and the adj.acent vertical side face -
abuts agai nﬁealf‘ﬁé’ei“fﬂ?%rmﬂ‘?@l"f’ﬁle@ﬁd RFFac heomeelrluoé’eaﬁf%ggﬁtl@ggvﬁgtﬁgPvﬁﬁgh
panel s may bgopdii@dot @aetiiehtian thaérlal a8 plolidirg b dirightasovetingrovei de eorst and
al one container or may be arranged within a shipping carton or other

cont ai ner. \iaaHatfosrmatergila st and al one contai ner the panels may be joi ned

t oget her ,by commo i R Adhgsi ve kR&mp3es 4 coe of
fastenerézg)may use‘gﬁ%/ngH%g%B%%gl%s%éggttougﬁgluglg p_anel.sacz‘ t oget hpglr%. Adhesi ves
that do not iarsips miteridd end pelyéthgerofogmt e dericied inshlatigiepanchild ISfrelpRg%aty. A
board range fasteners can he.u ch as i WhsS o e
bolts. The sﬁé’f”t‘&)f‘ CBB{dtsl%e %rgﬁltaﬁ%”??;% tr(gag I?n oo%g% tur. a?iﬁﬁ%%lgﬂ%a%e _gnd

t hreaded i nt gigimtiéontBeatieihidhtthe pareel Bonendel @rbeadpdic €t ppwhel) comhasssdnel s

t hensel ves nay be shaped so that they. engage adjacent nel s No| y
fit toget herQthfhEOIﬁtB)éle%de@é" gReniheL (ébn@?é‘%’r‘?ﬁfob’g&?%n gtg)?lln gur %ﬁgrs?)t t(i)}é;IJr
provi de BeNoMSmhdler PoPRUGIDE 10N Stripddrd §6k menbers (BU 1an3plocamd arvend ai foam
depicted in Figures 17 and 18 and is discussed further qke?l ow. =12 The lid
may be anot heare i(hDul Zhe GHichaRREmbes () Ak henbaist IFAS R Rl, M5Ot FHEECE 5D
other insulation materials. It can be useful to use a breathable Iid so to
allow for the release of gas pressure within the container when it is used
with dry ice as a coolant. As dry ice evaporates to its gas formit creates
a |l arge volune of carbon di oxide gas which 5 needs to be vented to avoid
dangerous pressure build ups within the container. The United Parcel
Service of Anmerica requires insulation boxes used with dry ice to be
appropriately vented so to avoid the pressure build up. The insulation

. o = Y s o e




15 The insul ated shipping carton includes a conventional reinforced

shi ppi ng carton conprising a horizontal bottomwall (19), four vertica
side walls (20, 22, 24 and 26) and an opening seal able by the four top
flaps (28, 30, 32 and 34) hingedly joined to the side walls. The opening
can be sealed by folding inward the four top flaps so to provide a
substantially horizontal surface and seal ed using conventional fastening
means such as tape 20 or staples. An insyation panel (35) is laid

hori zontally at the bottomof the carton to formthe bottom of the

i nsul ation container. The outer polyethylene menber of the panel faces

downward and c the ner. sur f

carton. The“ilsélﬁaé? Cof‘? Feaatn™s gﬁdfﬁ%%iﬂgtrfg@su rcaﬁgaee@gr#\b? t he
four hori zowrifée 1ﬁs;udif£ed‘@¢1&ﬁneab«unénﬂﬁpaganmtorporaarlentoIammshgatlaldpmzemr to the
i nner surface of ;arton wal | s 20 2% 24 aﬂr% %QI@PFC{%UHI ns%a e{u%?l grPgl S
(36, 38, 40 and 43% fa3m cpfeata®d "i/%efl?cf al' PR DACEDH R EEY 'O Pane

provi de the eksiﬁylhétdfoa«h%m@nmrf@@meﬁﬁs GERE k) foly@thyknb. an“ah@ompmmene)

pol yet hyl ene nmenbers of the pane 38, 40 and _42) resgectlvel

t
agai nst  the pohnerensy rﬁoé)@éﬂtb?fﬂe% élﬂ@leﬁmwlygsoemuram PBY (g?llé{et Byne tp i‘)lﬁtteg
pol yet hyl en e 1Myt Prefe@d.| TREr
surface of %ggﬁnﬁs{}\l&ﬁhl IWltéﬁne v@?tﬂ@a?a@%gaﬁ%ﬁ@;}%ﬁ%ue pﬁalgl}gl abut s
agai nst a p@:btel srhnuldfalstormomdmmmesuglﬁmcw tbé parml arrhthigedan be 2ohieyad byrisingaigid t he

unction of 0 he. 0 t of
Jpanel (36) 4B e%?‘ﬁlg' %\nﬂ', éﬁﬁé ?gpt %% m&&%éthgﬁeaggro ]%eﬁghjugéﬁ%? |ﬂtcl)ér51lgog
wal I's (20) apdnkahy thd-hgletgjr Sﬁtﬁe%r@&}i&{he(p@ﬁél dostairting ghei ake. cBhe awlellmes of t ;1e
inner carton wall (24) and t ac t act [ 0
and (26) 10 THebpasng Beﬂéa’@f’saﬁ@ﬁ% 3E§d“ tpes %éﬁg@ﬁrsgﬁglcggﬂﬁ? 8%1 tod rm%saenlglltég( 36)
and (40) wt él%f@iﬁg%re@ﬁm%tf%@&@ TS EHRES sih eB@@k@fﬂﬁjﬂl&xﬁﬁlﬁseWﬂdmﬁehe
inner carton walls (22 (26). The insul ated shipping contaj.ner i (il udes

bot t om and tca‘pblochs thb tegmﬂ)er@rfdnc(ezltby fosm gpen Theblockoia Prarpaf! Inprigitadle

hori zont al r S g{)gg G @g@hd‘@,@r AdHhld he
side faces tﬁgg fanirﬁ a‘ﬁ% Slzlallhlhs agﬁlgb@d%)ggw aggjh%%ﬂe%?pltg the i rﬁrrl]er
surface of the fant ceomel capaaiei S)eamdwﬁbdsrbefblyueabmg tS@ltEMﬂ golymee matgrg)sughh @s (42)

into position 0 preventin v |\Sirettkie
inserts dan @"‘%ﬁ% %0y Bfn© "lﬂfa‘ﬁ(g@“ tF gtgola g&g\{e ’ﬂﬁsﬁeﬁgrﬁgryg%eerred to
use pol yur etfyange howimagd N MOhY 8 taARe rahdltﬁmﬂllhgfthe édniny chisr twedic fpotyethytene
absorbent open cell material such as the pol yurethane foam so that the
absor bent net®eloBs- absorb liquid spills and protects against damage caused
by |eakage. The t@pclageae&etu %@ahple&&%arﬁ haopane iséB8pr aird poK2thykne foarer eby
prevents the 15 inward novenent of the panels. The bracing FC'[I on of

i nserts (44)enapldpg. 4Whlbaﬁ0mllrﬂ@émol}ﬁthﬂle§ﬁrf@n70 anTproused ot i REfTed 4p U8 L8 e
used to fold the. pa f AN SisibPR) wrk it WiddfoRRmEt i on
and thergﬁy '?I%%Tﬁ@g %/H@ dﬁhﬂgl?e)% % tngggtﬁﬁ:g%&t%% the payl ‘%ad due 10 vertlgcal
nmovement Wi tdhk Rntdi€peoVAriatge ramquiodwtlazmnppﬂmgs @@rﬁpamffﬁé@all}?rh‘éﬁﬂ@b]ﬁ Mk EFL

Lo escape  HOBUA IR hRusaER. dbFPrapru o R dRIRsEpr jodty Tl P72

dry ice in t{{g1WPda@s a cool ant. The use of poI yuret hane foam | nserts (44)

and (46) al so has the advanta of placin i tiona t he
payl oad. The i nsuk at eeefewsdtiar M oyter P‘ﬁ ‘F‘l?s amb’g?elﬂ{)%{c(:gis oo top a?lﬁgu Bt ed

panel (48 Oﬂlctkh@o?e%r?kraﬁ)i}ﬁoﬂfﬁﬁﬁ 5 6ith (P20 RIS arld3Best preferdbly apstodizjatelyl b@mout er
pol yet hyl'ene nenber ‘of panel (48) should be positioned upwards, The |rEWer
nenber f acesTiowirtaof gheamielafog@r mewheronhanges thenwpsuladgrROPETeS Al hSore

peri meter of anel flahan el $en(a86«th38
50 and 42). haih eroa AR R TGRS &5 Bty RhiEPuLAGRE B RGN RlarePy

38, 40, 42 apdhivkinl ﬁm@emmmrprdamagke sechrdsghal winat @otocus dyEPg thertragpRuing (tfhe

payload. If a_ second 30 car pn t.0 f t ght
of the seconthi®RiRg GHIWSUIY lh V\ffa%ertf’rfé’a?lé'egw 14 f‘t)i?ll")lm b 185 Q‘%rc éﬁ%‘epcg%e%?w)
before theg weimie 2l théieryseeonsliLion raduoiiy atul (Hlat:thmﬂllamsge ang hposbidiry the

damage the payload. In an alternative arr ment t vert

extend the hedrght Thy demalycelr thsnPARECT I Bﬁ?%%ﬁiéleq}@ {31’58{:1 i eéath%rfﬁggk réll’
plug within the vertical panels. However, this 5 alternative arrangenent is
not preferred as the payload may be at a greater risk of danage. If a
smal l er carton were to be stacked on top of an insulated shipping carton of
the alternate arrangenent then the smaller carton could be stacked directly
above the plug panel. Wiilst a significant portion of the forces invol ved
may be borne by the sealed top flaps (28, 30, 32 and 34) the weight of the
snaller carton woul d press domn on the plug panel mhlch could 10 nmove

I " - r -




20 Insul ation panels (58) have been assenbled within a shipping carton (56)

to provide the four insulated conpartnents each with a plug lid (60). One

conpartnment is shown open with the plug Iid (60) placed on top of the

adj acent conpartnents. The plug lid can conprise an insulation panel of the

invention or may conprise a pol yurethane insert such as that used as the

top insert in figure 6. 25 The insul ated shi ppi ng contai ner can be used for

the transport of various tenperature sensjiive payl oads. The payl oad (50)

may be packaged within a separate box or bag and |l ocated with the insul ated

container. The tenperature sensitive nature of the payload wll affect the

sel ection of pr | refiri.ge el 0 Lier .

For - exanpl o PRAPRRBRRD 20ia Bty R° Rl nosfrtiapily Uafplialthiod R MG

shi pnent andetgsadig fonhatpraioctioh agangtidamege @ndchiratidakhy inolvding arthindyenof a

drugs, dental bondjng .adhesives and human .or ga reservations.. A

t enper at ur eai‘rgahﬁﬁlgh‘f I%ﬁ)‘ﬁ?lﬁ H_laf@'&? E‘ffﬁ‘ Han gﬁlpf%‘“&e%ﬁ&rbg 5"3“38 er?hes?#%r%%T mgmber

bi ol ogi cs, dipagrastd.c kits (such as H'V, HBV and HVC kits), reagent test

kits and "surgical glues"” for wound clqgsures. At erature rangeeo 0Oto
, e

f -
-68C can be requilhednriepmepter Sp g1 ge obfrom bo s iy EOigRers Preterably §’§
rafts and | I RIrERN bl iklafekd @Ethant s,
guch as cubgfg&%\f{qfl@ceio gﬁgﬁg&g?@os} ﬁrg?&%gﬁa}ggemﬁsed t%ﬁrng\gf%ht ﬁlehl??tg uier e%q )
t enper at ur e inemgesnbett(s) isgrbodbhndgmfeamtiatiess thay thasel the outsr pERRPer (&) as it

i nsul ation nel,s the invention is ;s i j Thr 10
ity ek porGaaiyrEhs neftgY T hsBRe' S TREN, & pahdbfoad vihys ComRiisn
posi tioned ofitHif hecipRastihusnaiidr seeuwssthblal. pdsieviegnt ispreftrmedotacise stpohper

(70), side stopper (72). and the ppeumatical]ly, operated ba 74 i.de
cl anps 160 ( Agyer thabdacifitates g‘epqeﬁﬁ‘a 0? ﬁ?&i’ﬁﬁlspi&:ﬁgh{’g%ﬂe arnﬁtec%? eagﬁ%}% Elnétllggr @lgﬁrg% ar ge
bl ade (80) whifherdy ?Fé?&ﬁﬂ?ﬁnid@%&@'fa ilymdr ot otitiaa \heghict dersity ithen it of the
apertures (82) |located on both sides of the bl ade Tg%ﬂhok air1 heatts t he
end faces ofpodtethylse polymer dsedn yhevier dawsr pbhg foamshapld ave finecellisUREESs S 1y
(7) at an appLopri.a r i iduee WithBhOethad. stiieat megiksd for
t he requi reg%ti ﬁefs %’ﬁ%ﬂlﬁg@?aﬁmﬁ qgl&c?ﬁ%i}%gqjg(?égggs&ﬁhdraw to_the si g%s of

t he appar at usquifnenst r itpis Fefrpad dras 11O Yongn anebey has @ dapsity /HFOMm P tke/m’,

contact with stri 7) so.1hat e, he r LIPS oPROE:’.

t oget her 1> Of¢ efab?gf éftfgol“bgo E(%’f,% 79402(%/&“ 1%5%3§§r%‘§r§ﬁl§ﬁé§?@%%%lgd to%et her the
partially conpl etmd sigeieRaliigsdiien the ipee doahstembaualay alsoointlude eppbstinensi de
as shown in figure 13. Once the partial. frane is secur.ed in [

posi tion, an@hgrrsgps ﬁ‘C#B‘FP@e?fa([ﬁgﬁreﬂgcnd’Fé%Eﬂm?‘r?f&F y s‘ﬁ’%@ﬁh%l 1%@2%9
agai nst the Rack,(AQ) pAPerRs deitpaRRe The 18]l mayhe préteqednithfaahimsfilof lagtrrdfps
(9) and (11) and end portions of the inner face of strip (13) are heated by
a repositiongdydtlersi r di scharge bl ade (80) and strip (13) is then heat
seal ed tqg,the pardiall. | r RERvEAg7t el conph Bt a6 préfedbly The
frame isaphen seaflgdﬂ’%r%negé}%lﬁnt nff:c ouSP{e_br feoam genber (3) ?f ng\ol am FS25
30 foam as shoaved iim thid gap betivéen Ahdrotteniand dimse plygBiylsnp dogs Apembery s@ 5t 18

heat an edge surface of the frane, (8 - hsn@eRt | y
rol | ed bet we¥RV¥Ré tﬁ ey SEaEn g%ﬁ%rfl%@g(%’%g an%?%ie&?@ - tune roller
(86) to seal adalhigt hoatys®nhe butepatdiendrimaembanhivihalss prowided fhishichge furfapebut

roller (88). A foamcore (15) of rigjd polyyrethane i.s then | into
the cen'g r al) sdems pyefared &é%&%%wa%gé%ﬁfnéh%ggﬁgﬂﬂg? KL ectélto %lf"leé&g%{‘&e?ggé
strip ne erﬁur{r%its? lac@mentlar@nfis kiRughstha¥altdriativie Gttaggeddent woulliGoAsrosiiown i n
figure 16, the anepl is then conpl eted by bonding an jnper fo mrrenb% (5)

r
of a t hi nner parkl ghessiligeings thy pees yepikied e rinothss RN 14 HhEEser HloCOrSSRARIG ck)
over the open.fac ft - Grh g alth 1@fs
strip nerrberglltfe??ggﬁ,g Ofl%g}hfg%i%ﬁ%geﬁp%@tél?tr}%t%ggg_%iiﬁs&t hat o? figﬁ%e 14
and it is opataigedeitris nhieprsfoned g itrie thousShMeamapsasasibueonaisars theyRIYastes 10
to 14 can be dified for use in heat sealing insulation panels together so
to provide rPﬁﬁan?l}? ul ati on contai ner which can be used al one or within

shi ppi ng 3par t ons. THh&rif tidniter@ODET S ar{d713)%ye prefematdy didjle afidolymerfoarndiytig ( 3)
are respectively replaced with the verti ?al ﬁ%anﬁl ) %38 %8 rib4e9 and 42) and
hori zont al pHI&rmE §Hgkngsscnd densityas theppien fqanymenager as Laylipr deRerined, ™ sed. ~ An

i nsul ation container formed by heat 10 sealing the panels together should
have i nproved insulation properties due to the effective renoval of seans.
Figures 17 to 20 relate to shaped panels of the invention. Each sandw ch
panel has been adapted to engage the adjacent (non-lid) panels so that they
inter- fit and / or interlock together. The panels are fornmed from shaped
form cores of polyurethane



15 enconpassed within a pol yethyl ene foam envel ope. The nethod of form ng
the panels is substantially the sane as that descri bed above wth reference
to figures 10 to 16. In figure 17 the side wall four panels (90, 92, 94,

96) are adapted for a nale / femal e engagenment with adjacent side panels.
Each side panel has a tongue (98) extending froma vertical side edge and a
vertically extendi ng groove (100) on the internal side face 20 proxinmal to
the opposed vertical side edge of the paggl. The tongue and groove of

adj acent side panels are shaped so as to allow the tongue of one panel to
fit within the groove of the adjacent panel. Preferably the tongues and

grooves closely corr nd .so tha ti.ght fit .j ovi ded.. bet ween fitted
t oget her side paﬁé@ﬁaﬁg ﬁ%w‘blia‘ﬁé’r‘?lg)iehwgnfﬁf%ﬁeﬂ? 5%’6@15%?1%%3?&})1\98“%5 Rt eutriléeed
to be preci SBPAIMbAGT Fain®lahDB® pridk andeset uelll SortdiessClitikied @8 Bicthiylent Yoand t he

25 pol yethyl ene foam | ayer around the tongue angd groove. As shown in figure
17 the tongleviagdEnFvEEge d@f&égﬁ@ﬂ@xﬁ%&t%gﬂ k¥/me %ﬁW@lla’él Ki0eproNides ﬁé?ﬂ%sﬁé

prevent the pangls.fAriReuNBRuieE fBRAMiH fh Y9Rage Mol apbxihkiig1f ongues
and grooves prevents the si deways separation of side panels but allows the
panel s t 05 bé&gsepar at ed by novi ng one panel relative to the other along of
the length of groove. This is a 3 ARk dnel So GXRECT ed
that the incline ¢an & Omt %%Stﬂﬁt"ﬁé’ng%?rge5%336?’%{:%[}?%;@@%# t he 1‘lh-]r‘?su at ed
cont ai ner. Tpdake fhghmdgosferably ditight @imsiegvdchaheradjeming medmbers id Zachhendlal | s
of the container hy anoth means ch as straps_or _other faste t he
i nt er nal vvalrllﬂhésEﬂ“%/?@Hieﬁfﬂe{%aE%gFBEE“%mﬁglﬂgﬁ‘sf‘é{?gmg?rﬁe Pane Hsl&?{%%'cmg , 94
and 96) ar e 1RAAPLIEH: bR BRIBISS 4dAesiROt A IR RRNBInd(delthh bbyrdvadedivy thoowmguwésn t hat
extend fromtheir bottom edges capable of fitting 5 within roovsfﬁ{eﬁé%’

1 04, 10610 10@hesivscuittle e Gore MEmbaRmSF by Sraning theferelpmoi HIFTENE A 24

perineter of XIREY e 1WReqdr, 1the BhRAKesuffidion, tolfdplyaioeatt Al i ned
so to restraff)grlltgtsﬂ{é{m\ggrn%tlt)?g m‘rr';g@(eenenteof ttwoggl:‘i tlr?g si de pgnel sy( 90, 92)

whi ch have temoapselstewh¢ ¢vre ontedghwithin agobmiiylens envslogbove, the incline can be
omtted with sonme.uses of the insul I ek ; fndi RiH4 her
two panels (94, %%5% C?We(lg)q%ﬁoiﬁélesg}ﬁtg 9(fgchgér glgl\g}g{éon(ﬂ-@g%‘h%%?)g)n ha_veé?
vertical or rethict i qabfesediand poovides peodiitsulation doewenas dwidx Revaligsgint bagues

to be inserted into the battom papel s he, panel s (94, 96). ar i
into panébs qde otdo§ to %Herdp?lbﬁr’?fﬁ‘ccpws'f ﬁ?§ &’ﬁggle%ﬂ Qﬁ‘é&t&%‘ IOPE:S)I‘?S6%1\(?/\}1111kl'\lnaE ?gure
- 19. Two of thensbiier peRal 6 H-31Ghe biffdretavea tasnlt s00Rt@tstratthse ivotyucstiany

- extendi ng grooves (120, 122) in the inner face, 15 a]'lgrOﬂe Iogat ed near
oppose si de feameshish is fensprahan In mrex otber mAETials gid g qelisare filisd wilh @0 mergas oy o
two side to 28008 ' i I fflfn BAQREs Bf pdifigetRarRehns .
The tonguesntg%q.lsaﬁé%%p%ﬁléﬁégiufi?‘%ﬁggg%{ltgal&ggaaggt%ae% to fit V\,?thl? nﬁg?],d engage
with the groevesaced withral ssgltingd Oy a dddtion|im theFsuriveof thadoast, t¢ prnghigs HWfe| s

(11z, 11g) ar e,/ male and are adapted tq fi ALARuEsS of

t he femaﬁé /orflen i K7 B °1b3fﬁeéﬁsye(“f13?‘°%1‘éf§i‘.‘e #ﬁgﬁ%@‘%ﬁaiﬂggﬂc@%@g&e

downwar d extrrydbmcah BREHEE Bectca8)f thidoadn if Himaget or grdmde The 18@jred idness dfn

- the bottom panel (117). The steps jnvolved. | n the assenbl f. s of
figures 17 o cas thyy %epé'ﬂfpsi‘ﬁ’s £ &S D%BW?%HLE?M&Péherceos“fognc(ﬁh\%/eqr@fpg%%a%%?n
figures 18 angd,&Q: teﬂi?@raﬁl?éem RisiBhdiOghnes el dsgdinbll@l inoirhinsetbSornfonpame| s .

25 As shown at (A), the tongue of a side panel is b%i jtted. in the

| S, ng f
cor r espondi nghogldolr eapebletdfensinteining eriempearyERBd E(Fgf‘tﬁﬁ‘?r PHBI AEB e dge
t ongue sl,i.de I (o) : -] Laal kbl Pnd angoaey e.
When thi gkst%‘ﬁl%ﬁ%@g%é%ge ?%f#ﬁi%%“é%ﬂ@%"éﬁ%ﬁ% th/ ik dribial e e
tongue of anTgpEbsdcisicsies plyrdyurétbarslcorte gl oty arfier of iges ] @yod§0 &rpapoehe

groove, until |t satisfactoril Slibi . r i el
72”30 posi ¢ | BRI 7 1 ST aree RN SE el ut Y PREUS TRAaPD
tongues and PrOMES S obdjcackatmsst de ipanaled WwintneEPS tis uvas te pravideathk ysatige
bott om edge tongue of the fits within a -18 correspondi ng groove in the
bot t om panel INFWERLOIAHBRHRFS: si de panel is then positioned so that the tongues
and groowgs of theyadpiaeent afiid@iARACHMeL & slot @6¥h tthd @ansferd of headeintothe
into position (H). Figures 21 to 28 depict the results of .testinffgﬁltglreth

i nsul ati on prawaneriiedensndent oo theddvalup g hepeael Bk terame thigknrageirhaghy the
conparative panels (Figs. 21 to 23, 25 to 27) and from



panels of - the invention (Figs. 24 and 28). The tests were conducted using a
dat al ogger XR 440M Pocket Logger (Pace Scientific Inc). The pol yurethane
foam had a density of 85 kg/nB. 10 The pol yet hyl ene foanms were Fawol am
30kg/ n8 on the outer side of the panels and Fawol am 100kg/ n8 on the inner
side of the panels. The test panels were assenbled into insulation boxes
and fitted with tenperature sensors. Each box was | oaded wwth 5 kg of gel
ices (Techni lce) and the internal tenpenature within the box was nonitored
over time. 15 The results of the tests show that providing a polyethyl ene

f oam envel ope around the pol yurethane core material significantly inproves
ther mal i nsulatigo By 25eMHGR. % JAnNoNiS. pGRIMALTSIh HAOKRAhAIESE hage

wi t hout any PEFVET AYehe“atertar. 'S can tbe seen froma conpari son of
figures 21 addeldfe foamtcodbepahas 2&ilted irear msrehdesin dpanlut of the pbest endithgrafwe e
additive effect. A significant inprovenent 20 in the insulation properties
of the cont al?eﬁé"r%‘ewlg%riﬁ?{a’aﬁcepol yet hyl ene envel ope was noted fromthe
tenperature time mgekis &pickhMirindehbWrgivd4naitAion Handn 3 5, 39188 DBamdv42) 27.
The addition of a polyethylene foam| ayer al one wi thout envel oping the core
was foundSt cespamalpditogether sede dergean nSulafian Fantaings LA DT PRtEhET e BT Bk (59) one
This is appa I SQE Rl .48, icANndd (36,

Sur pri si ngl ,rg{&ﬁeésf %gg:o %@gﬁ%ﬁfoﬁ ﬁg?/g{)mfkég%fbe%ﬁ?gglagb%%Ivgﬁcpglﬁ yet k{lyl ene
t o pol yur et 3 d0fapd 2L oA dssietn! the yeridoal dancks @t dpviafei cariep phihedvatpael pitbr a

conparabl e total thickne of .paol vurethane .f . re
e prof 11 o0e gpict AF 3h e VRl B3RS Vigh SRIRALBier BF v URep AL
and despite oer hreagemBhty plovilifihe tshee paleys shapeerénsuibigiom c@fainer- 4@ pFisidle.
CLAI M5 DEFI NI NG THE, | NVENTI ARE AS FOLL - 1. An_insul.atipn panel r
Use ' 8r i SxamRs PaTBHCIABRE S B ATSRRLS ores i The e AR gt
rigid core OheRm idfHal AblvRARarlBlofbbmAl fabdI6 gRNRrka F@e_mcnl dombimionpees i
wi thin a pol yethyl ene foam envel ope. 5 2. The insulation panel of claiml

wher ei n t he tase parsbfigpms dhepotiopalf hacepinse, pol ystyrene or pol yet hyl ene
terephal ate foam ’H%eo&e&ica? ar;elégkeaéljg PFHJTJ%Q' sgr}hzﬂa;ﬁﬁmlzls ?i6)%@'(@@)]—mﬂrpa§?l‘§'{§$§)&iﬂﬂ

pol yet hyl ene foami's a cl 0s m 4. "The insul ation pane any one
of clainms 1 Q) Areiieectlyropphsitepady parhljdl gnecatlp ather.swith 1B0¢ele {39 s (42) R

foam 5. The insulation pane f on f. claing i anel
~has an iﬂﬁerlogﬁ?#lhﬁtg,ee%ﬁgﬁﬂﬁ ép?%fl@gg’ewhnglee‘%ggcaglg %5 a{):lgtg,é p‘tﬁﬁ% ;ﬁngrjn_éa%1 @gﬁ
outer surfacgsuGRRkhinst 08 iandrayfettiienp thyeohpheie(dpand (4Be Alemsitivglyothet he
pol yet hyl ene foam form ng_ the inner §urf ce bei ng@great er tha tdhgogg&%l ty
of the pol yepdits drianelssar bepaiaHe T oifsetfEm ofis o8B abPREL YYRFY TR

thi ckness of ;In!éfd Yt & NE OB SR M T Jthe dultdSlertid! Ed@and tHeeRactitan
t he t hi cknes® of ‘fhe pol yet hyl ene foam form ng the outer surfa

thermal |y i nsertica sitleciort)aifrrech wivied abita @riaEshe nnep yeticynaniacs Bfgiei ‘%ﬁ?cg'&nel
of any ong o{)an%l'ai m 1 to 5.
The panels may be fixed together and fitted with a lid so as to provide a stand alone
container or may be arranged within a shipping carton or other container. When forming a
stand alone container the pancls may be joined together by commonly used fastening
means. Adhesive, sealant and / or fasteners may used to hold and seal touching panels
25 together. Adhesives that do not damage the contacting polyethylene foam layers are
preferred. A board range of fasteners can be used such as screws, nails and nuts and bolts.
The shaft of bolts can be fitted into aperture in one panel and threaded into a nut located
within a bore in an adjacent panel. The panels themselves may be shaped so that they
engage adjacent panels and tightly fit together. The side edges of the panels may be
30 configured so to provide tongue-in-groove or dove tailed joins. Such an arrangement is

depicted in Figures 17 and 18 and is discussed further below.




7. The insul ated container of claim®6 which includes a plurality of the
above 20 insulation panels assenbled into a square or rectangular box with
i nterconnecting sides and a closed bottom 8. An insul ated shipping
cont ai ner which includes at |east one thermally insulated container of
claim6 or 7. 9. The insulated shipping container of claim8 which al so

i ncludes a reinforced 25 cardboard carton. 10. A process for the

manuf acture of an insulation panel for use_.in thermally insul ated
containers conprising the steps of: (i) providing a first, second, third
and fourth rectangul ar polyethylene f oam sections, each section having two

opposed ends; 301(11' Bidlln r&gotﬁg 1{1§u‘f%to'no eltc%Q%lﬁW nidn glrmgbgg ég_&dqﬂgé of

the sections so to proViaé® 4" Ial squar e of rectang u rane;
-20 (iii) prcmh/drdhmmnfmitbﬂﬂalpoIItyeatnhyd emﬁmamesaebrteathablaﬂm qooionazlhugv lfdrethé rane
and the fifth sectlonto et he

d h d
D01t om andl dSIANESE BRI AIPARe BnURE T SR (O RSt coght S

| ocating t hegr{iBdcedviafbraith kdith ghRBAY blcite$ @ 18zt olubdel ofWartulibdad pal Which i | |
the cavity; (Vv) providing a sixth polyethylene foam section and oi hi.ng the

cont ai ner? arnﬁ:edsrfe bsiverthd Eeevoicipngeges pressuredreld ade within the RMFIAYT é‘ﬁ@"ﬂff: vi de
the insul at II%?CGP%QI%LCG ojf]zﬂ%mq}lk Jc{)u‘?x%?ﬁl%&gfmr%@l udQd Wi LR ﬁewﬁe FfsbprAdy ar e

j oi ned together wth arr I ns 12. The process of claim110 or 11
wherein the \&ﬁtetilsonsa\@nbthppremmbw@htpher by heat welding. 13. A process for
t he manuf acture

| at ed nt a r a
panel s of any onglrh(?f gy ﬁtl"??s CTYt'PBer S b olge rﬁﬂ%)&qspgregl\%gge%gﬁﬁ a
i nsul at ed shiappoRd shippiry dagbn. Bhippihg caffdil& € pﬁm&ﬁhdax’i staﬂlchlrm&Bshap@rfer enst he
panels are joined together with airti EJﬁ ai ess _of cdl@llm13
o34 wndf el of smeemToSRare. 115 srEan Ot b Hgnat dinr e B S Pl 4
I nsul ation ) b@ﬁé%&lﬂ:@gma Qraﬁé;ﬁ'rt@?l 1 Fiebmtcndl I vadllsyofathe N@Fteh ri:aﬁlenfeojised to
described with reference to figures. 20 17. The insul ate f‘%(??nt

accor di ng t gpositianrand resttsin mﬁmavquyena@f pancls Af pePBEPEPEES S5 Rt ercby
reference to Gﬁngdﬁhgllllregdsto attix i:h-grh% %l ?dgle £ IS RA! ARIAH %&I%E & RB¥m & GRArds 69 1O

claim8 subs% as herein escrlbed wth reference to the
figures. 25an\8|@N]/N]/NP/N/Ng/Nz/NIz/NI/N]/NIz/NI]/N

/N2l N 2! Nl I NI '\FheN]nsulatchl ]sl\lqumg carton includes a conventional reinforced shipping carton
comprising a horizontal bottom wall (19), four vertical side walls (20, 22, 24 and 26) and
an opening sealable by the four top flaps (28, 30, 32 and 34) hingedly joined to the side
walls. The opening can be sealed by folding inward the four top flaps so to provide a
substantially horizontal surface and sealed using conventional fastening means such as tape

20  or staples.

An insulation panel (35) is laid horizontally at the bottom of the carton to form the
bottom of the insulation container. The outer polyethylene member of the panel faces
downward and contacts the inner surface of the bottom wall (19) of the carton. The length
and breadth of the panel (35) are such that each of the four horizontal side faces abut

25 against or are closely adjacent to the inner surface of carton walls (20, 22, 24 and 26).
Four insulation panels (36, 38, 40 and 42) are placed vertically on top of the bottom panel
to provide the insulation container as depicted in figure 5. The outer polycthylene
members of the panels (36, 38, 40 and 42) respectively abut against the inner surface of
carton walls (20, 22, 24 and 26). The outer polyethylene member of panel (36) is in facial

30  contact with the inner surface of carton wall (20). One vertical side face of the panel abuts

against a portion of the inner surface of carton wall (22) at and near the junction of walls
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S#10%& ()-Y rS4!p iI?_‘glarl%))% & ﬂ({)Lv\/lO‘t?O 2 é‘tﬁ {3 (PBRAIDYN () posiadbinyt ()
101 v7S#1 80 Rryventipg thfonm&we]n&jﬂl Ofdb/?f am(@] -1 WRgninseys g4 be formed from a range
%}OW\/& () -of ARHERAE R ft’ﬂ&%ghvlt 'R MSd DigeV pﬁ?@f@%ﬁe {dam.P The bottom insert is
M & ()-p&l!10% & () I j'lO%]& c(109 & ()-=! H#S#10%c&' () -
#SH10% \ & ( )preferab}y formed from an absorbent open cell material such as t e polyurethane foam so

I S#10% \ &

LT er10o g;}:tt 'S %] ﬁafzg}rt 30BEh RAAM &ifd abP DR bk PLublhdObauSit 60 & (

27381 |1 L Sauag: ( (PhEmy 088, 5o 139054 Bt (pncL 0V &ind) (42)L 094 dic(eby mrgents the

| HYAI 10%&% ( )mjva q@mnk(% tin; pzme@o%h}:énﬂngf action of inserts (44) and (46) can be seen in

10@%0%2 L?@;%H&S;io%#?§$(mw«v5a8| 67#10%UJU& () -! PASHLI0% | & ()-
SH10%\ & ()-) ! f ) e temqrsat %911 Jgeshesaed ohald-she paripad {30y apq the reffigermpis(R3).n

a fixed position and thereby reduce the likelihood of damage to the payload due to vertlcal

movement within the overall insulated shipping container. The top insert (46) is preferably

20 made from open cell polyurethane as it will allow gas to escape through the open cell

structure and thereby permit the use of the dry ice in the USA as a coolant. The use of

polyurethane foam inserts (44) and (46) also has the advantage of placing additional
insulation about the payload.

The insulated container is then closed by placing a top insulated panel (48) on top

25 of the vertical panels (36, 38, 40 and 42). The outer polyethylene member of panel (48)

should be positioned upwards. The inner member faces downwards and a portion of the

inner member at and near the perimeter of the panel abuts against the top side faces of

panels (36, 38, 40 and 42). This is the preferred arrangement as the six panels (35, 36, 38,

40, 42 and 48) together provide a rigid protective barrier around the payload. If a second

30 carton was stacked on top of the first, the weight of the second carton would need to break




10% & ()-=010% & ()- 10pp 1O0pp

Ilgp%qug??f)lof%pl)géz ((&)()2 \:/10 [((&((aBuTZ! I >C106: 1094 & () -#10%9 & () -

I oR ()-'109% & () - B & ()- S109 & () - x| * = " 0 () -
!Sg'l(%lg’/%l)o\p%()- "S#lotﬁ\\&'(%)- | A& ()-()X)))*1*_=uT2!' 1 > "S#10%c& ()

W& ()-=@0%Y & ()-\10% & ()-1*v***7+D++cDuT2! | > H M 10% & () - y- 0
'()-yH)!Vllo%_I&'()-])MlO%_I&'()-]H&\é#lo%&'(;:-\ ” AE 0y MDA B
&SH10% j & ()-\++d,,,,,,]-bClI>Ip i!10% &f)-L10% & ()- 10] 10]

10] 4104 & ()-F1j ' 104 & ()-&010%9 & ()-]1--._.w../aBbCl!>110% & ()-#10% & () -]
#1094 & ()-]!"10%& ()-"10%U9 & ()-p 11109 & ()-/1///0d0g0~_@C! ! >!

ég;@l g%g/?vé‘H} ;\ﬂl% gogfil%gg}%%gﬁ%) géfagrg-l!lquéti%lgtoo e: S(C}J(-)I%d container would compress and

(000A1111dEhSGsdibiy Xibnd@9h farfldacc( 1094 & () - #M 109 & () - *#M 10% & () - *#M 10% &
()-*!M10% & ()- 1X2u2233] 4742210 10]) | .

6 %#épf(yg J fz(g m / éggg@%’i‘t(")eﬁﬁﬁamt- g E‘I)‘IPM‘*MI?LSE}@@ by beie afgbg rastopyandy v 1

M 10% & () 71O ) ?'ﬂ%%ji J]agll dojhjpréign%ag ﬁ}%%lfhéﬁélﬁ@%&cﬂ) pfMs1 OHo&iclir; this

10jj 11094 &' (dltcmatya ovavg@nent-is haprefomikay the pavpa myy be atpogrgaten dskof gagnags- () -y

L5571 B STATOME Lyt P el SRS bt
S#109% ] & () -drianSeAQVRRE o) smAllEO84k&h cpuld bOstacked directly above the plug panel. Whilst
a significant portion of the forces involved may be borne by the sealed top flaps (28, 30, 32
and 34) the weight of the smaller carton would press down on the plug panel which could

10  move downward and damage the payload.

Whilst not shown in the figures, a plastic liner, such as a polyethylene film can also
be used to protect against spills and damage. Individual panels can be provided within a
plastic liner so as to facilitate the cleaning and re-use of the panels. The payload within the
insulation container and the insulation container per s¢ can each be located within a

15 protective plastic liner.

Whilst a single insulation box has been shown, it is well within the scope of this
invention to vary the number of the sandwich panels, the corresponding sizes thereof or
even the number of compartments so as to provide a wide range of insulated shipping
cartons. Figure 9 depicts a four compartment insulation shipping carton of the invention.

20 Insulation pancls (58) have been assembled within a shipping carton (56) to provide the
four insulated compartments each with a plug lid (60). One compartment is shown open
with the plug lid (60) placed on top of the adjacent compartments. The plug lid can
comprise an insulation panel of the invention or may comprise a polyurethane insert such
as that used as the top insert in figure 6.

25 The insulated shipping container can be used for the transport of various
temperature sensitive payloads. The payload (50) may be packaged within a separate box
or bag and located with the insulated container. The temperature sensitive nature of the
payload will affect the selection of an appropriate refrigerant (52) for use within the
container. For example a temperature range of from 2 to 8°C may be required for

30 shipment and transportation of vaccines, pro-biotics, muscle relaxant drugs, dental bonding

adhesives and human organ preservations. A temperature range of 0 to -19°C can be
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reagent test kits and “"surgical glues” for wound closures. A temperature range of -20 to

-68°C can be required for the storage of blood plasma concentrate, tissue grafts and

activated myoblasts. A range of commonly available refrigerants, such as cubes of ice and
5 dryice, can be used to meet the required temperature ranges.

The method and apparatus for use in forming the insulation panels of the invention
is shown in figures 10 to 16. Three 10 mm thick polyethylene strip members of Fawolam-
FS-30 (7, 9, 11) are positioned on the apparatus and secured in position by the back
stopper (70), side stopper (72) and the pneumatically operated back (74) and side clamps

10 (76). Hot air is piped through pipe (78) into a hot air discharge blade (80) which
discharges the hot air through a vertical line of apertures (82) located on both sides of the
blade. The hot air heats the end faces of strips (9) and (11) and end portions of the rear
face of strip (7) at an appropriate temperature for specific time period. Once heated for the
required time, the hot air discharge blades withdraw to the sides of the apparatus. The strip

15 members (9) and (11) are then moved into contact with strip (7) so that the heated parts of
the strips bond together.

Once the strips (7, 9 and 11) have been heat sealed together the partially completed
frame is then flipped 180° manually to the opposite side as shown in figure 13. Omnce the
partial frame is secured in the flipped position, another strip member (13) is clamped into

20 position placed against the back (70) and side stopper (72).

The free end faces of strips (9) and (11) and end portions of the inner face of strip
(13) are heated by a repositioned hot air discharge blade (80) and strip (13) is then heat
sealed to the partially completed frame to provide the completed frame.

The frame is then sealed to a 10 mm thick outer foam member (3) of Fawolam-FS-

25 30 foam as shown in figure 14. A hot air discharge pipe (84) is used to heat an edge
surface of the frame (83) and the outer foam member is gently rolled between the hot air
discharge pipe (84) and the fine-tune roller (86) to seal the foam member to the frame
which is moved by the frame roller (88).

A foam core (15) of rigid polyurethane is then inserted into the central cavity

30 formed by the sealed combination of the outer and strip members (3, 7, 9, 11 and 13} as

shown in figure 15.
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member (5) of a thinner, higher density polyethylene foam (Fawolam-FS-100; 3 mm thick)
over the open face of the foam core (15) and the surrounding frame of strip members (7, 9,
11 and 13). The apparatus used is that of figure 14 and it is operated in the same manner.

5 The apparatus shown in figures 10 to 14 can be modified for use in heat sealing
insulation panels together so to provide rigid insulation container which can be used alone
or within shipping cartons. The strips members (7, 9, 11 and 13) and outer member (3) are
respectively replaced with the vertical panels (36, 38, 40 and 42) and horizontal panel (35)
and enlarged hot air discharge blades are used. An insulation container formed by heat

10  sealing the panels together should have improved insulation properties due to the effective
removal of seams.

Figures 17 to 20 relate to shaped panels of the invention. Each sandwich panel has
been adapted to engage the adjacent (non-lid) panels so that they inter- fit and / or inter-
lock together. The panels are formed from shaped form cores of polyurethane

15 encompassed within a polyethylene foam envelope. The method of forming the panels is
substantially the same as that described above with reference to figures 10 to 16.

In figure 17 the side wall four panels (90, 92, 94, 96) are adapted for a male /
female engagement with adjacent side panels. Each side panel has a tongue (98) extending
from a vertical side edge and a vertically extending groove (100) on the internal side face

20 proximal to the opposed vertical side edge of the panel. The tongue and groove of adjacent
side panels are shaped so as to allow the tongue of one panel to fit within the groove of the
adjacent panel. Preferably the tongues and grooves closely correspond so that a tight fit is
provided between fitted together side panels. The dimensions of the tongue and groove do
not need to be precise and there is some tolerance due to the compressibility of the

25 polyethylene foam layer around the tongue and groove.

As shown in figure 17 the tongue and groove engagement between side panels are
incline so prevent the panels for being pulled apart in use. The angle of the tongues and
grooves prevents the sideways separation of side panels but allows the panels to be
separated by moving one panel relative to the other along of the length of groove. Thisisa

30 preferred arrangement and it is expected that the incline can be omitted with some

applications of the insulated container. This can be done by restraining the movement of
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the walls of the container by another means such as straps or other fasteners, or the internal
walls of a shipping carton.

The panels are side panels (90, 92, 94 and 96) are adapted to engage the bottom
panel (101) by having tongues that extend from their bottom edges capable of fitting

5 within grooves (102, 104, 106, 108) located in the inner face of the bottom panel near the
perimeter of the inner face. The two of the grooves (102, 104) are inclined so to restrain
the vertical movement of two of the side panels (90, 92) which have tongues with
corresponding angles. As above, the incline can be omitted with some uses of the
insulated container. The tongue of the other two panels (94, 96) and the equivalent

10 grooves (106 and 108) have vertical or near vertical sides so to permit the downward
extending tongues to be inserted into the bottom panels as the panels (94, 96) are fitted into
panels (90, 92).

An alternative fitting arrangement is shown in figure 19. Two of the side panels
(110, 114) have two substantially vertically extending grooves (120, 122) in the inner face,

15 a groove located near oppose side edges of the panel. Two of the side panels (112, 116)
each have two side tongues (124, 126) extending from the side edges of the panels. The
tongues of the panels (112, 116) are adapted to fit within and engage with the grooves of
panels (110, 114). In essence, two of the side panels (112, 116) are male / male and are
adapted to fit and engage the grooves of the female / female side panels (110, 114). The

20 side panels have downward extending tongues (128) which fit into grooves (130} located
in the bottom panel (117).

The steps involved in the assemble of the panels of figures 17 and 19 into an
insulation container are respectively shown in figures 18 and 20. The assemble method is
similar for both sets of panels.

25 As shown at (A), the tongue of a side panel is being fitted in the corresponding
groove of the bottom panel and pushed so that the bottom edge tongue slides along the
groove, but is vertically held within the groove. When this step has been completed the
assembly will look like (B). The tongue of an oppose side panel is slide along the opposite
groove (C) the groove, until it was satisfactorily positioned. (D). A further side panel 1s

30 positioned (E) for location into the assembled position so that the tongues and grooves of

adjacent side panels interfit, and eventually the bottom edge tongue of the fits within a
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corresponding groove in the bottom panel (F). Another side panel is then positioned so
that the tongues and grooves of the adjacent side panels can interfit (G) and slide down
into position (H).

Figures 21 to 28 depict the results of testing the insulation properties of assorted
insulated containers formed from comparative panels (Figs. 21 to 23, 25 to 27) and from
panels of the invention (Figs. 24 and 28).

The tests were conducted using a datalogger XR 440M Pocket Logger (Pace
Scientific Inc).

The polyurethane foam had a density of 85 kg/m’.

The polyethylene foams were Fawolam 30kg/m’ on the outer side of the panels and
Fawolam 100kg/m’ on the inner side of the panels.

The test panels were assembled into insulation boxes and fitted with temperature
sensors. Each box was loaded with 5 kg of gel ices (Techni Ice) and the internal
temperature within the box was monitored over time.

The results of the tests show that providing a polyethylene foam envelope around
the polyurethane core material significantly improves thermal insulation by as much as 21
hours, compared to 100% polyurethane without any polyethylene material. This can be
seen from a comparison of figures 21 and 24, and 25 and 28.

The results appear to go beyond a mere additive effect. A significant improvement
in the insulation properties of the containers by using a polyethylene envelope was noted
from the temperature time profiles shown in figure 24 over 23 and figure 28 over 27.

The addition of a polyethylene foam layer alone without enveloping the core was
found to provide an increase in thermal insulation over the core alone. This is apparent
from a comparison of Figs, 21 and 23, and 25 and 27. Surprisingly, the addition of a layer
of Fagerdala Fawolam polyethylene to polyurcthane foam core seem to provide a
significant improvement over a comparable total thickness of polyurethane foam, (compare
the temperature time profiles of the graphs of Figs 22 with 23, and also Figs 26 with 27}
and despite the lower R value for the polyethylene foam.
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within a polyethylene foam envelope.
5 2. The insulation panel of claim 1 wherein the core comprises a polyurethane,

polystyrene or polyethylene terephalate foam block.

3. The insulation panel of claim 1 or 2 wherein polyethylene foam is a closed cell
foam.
4, The insulation panel of any one of claims 1 to 3 wherein the polyethylene foam is a

10 non-cross-linked foam.
5. The insulation panel of any one of claims 1 to 4 wherein the panel has an inner
surface, an outer surface and edge surfaces, the inner and outer surfaces comprising a layer
of polyethylene foam, the density of the polyethylene foam forming the inner surface being
greater than the density of the polyethylene foam forming the outer surface. Preferably the
15 thickness of the polyethylene foam forming the inner surface is less than the thickness of
the polyethylene foam forming the outer surface.
6. A thermally insulated container which includes at least one insulation panel of any
one of claims 1 to 5.
7. The insulated container of claim 6 which includes a plurality of the above
20 insulation panels assembled into a square or rectangular box with interconnecting sides and
a closed botiom.
8. An insulated shipping container which includes at least one thermally insulated
container of claim 6 or 7.
9. The insulated shipping container of claim 8 which also includes a reinforced
25 cardboard carton.
10. A process for the manufacture of an insulation panel for use in thermally insulated
containers comprising the steps of:- ‘
(i) providing a first, second, third and fourth rectangular polyethylene foam
sections, each section having two opposed ends;
30 (i)  joining the sections together at or near the ends of the sections so to provide

a substantially square or rectangular frame;
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cavity therein;
(iv)  providing insulation material and locating the material within the cavity so
5 to fill or substantially fill the cavity;
(v)  providing a sixth polyethylene foam section and joining the container and

the sixth section together to close the container and provide the insulation

panel.
11.  The process of claim 10 wherein the sections are joined together with airtight joins.
10 12.  The process of claim 10 or 11 wherein the sections are joined together by heat
welding.
13. A process for the manufacture of a thermally insulated container wherein insulation

panels of any one of claims 1 to 5 are joined together to provide an insulated shipping
container.

15 14.  The process of claim 13 wherein the panels are joined together with airtight joins.
15.  The process of claim 13 or 14 wherein the panels are joined together by heat
welding.

16.  The insulation panel according to claim 1 substantially as herein before described

with reference to the figures.
20 17. The insulated container according to claim 6 substantially as herein before

described with reference to the figures.

18.  The insulated shipping container according to claim 8 substantially as herein before

described with reference to the figures.
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