-1- I NSULATED PANELS AND SHI PPI NG CONTAI NER | NCORPORATI NG SAI D PANELS

FI ELD OF THE | NVENTION 5 The invention relates to insul 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 other 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 propgsed for use in storing and
transporting tenperature sensitive products. Containers can include a
cardboard shipping carton lined wth insulating material such as expanded

pol ystyrene (EPS), pol I f Qam. et er.i i nsul ati ng
mat eri al nmay be provi dgﬁgﬁ%m&%ﬂ&?@?“.'cféﬁﬁébﬂ}bﬂﬂﬁl} to provide a
central insulated cavity. A pINGORPORATING SAID'EANBESI nsul ated nmateri al
is generally used to seal the cavity before the carton is closed and
prepared for shipping. Alternatively, the insulated material can be

provi ded by Fmigs DroparaMvdENpIoechni ques so as to provide an integral
body having a central cavity. The body when fitted - 20 with a |id may
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such as cerngﬁﬁﬂqqghgghmor hatpaceu i cal products, rigid polyurethane
containers are ofren used. BoryurBPiEEhas 25 thermal insul ation
properties that are generally superior to EPS. There are benefits and

di sadvant ag i.th the t neral types of containers, particularly when
t hey are5€s§%§$%¥uyigN§H$%ﬂﬁﬁ5IHV' 1 quantities of goods. Injection
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other foam material. The insulating material may be provided in modular panels placed

15 together to provide a central insulated cavity. A plug or lid incorporating insulated
maternial is generally used to seal the cavity before the carton is closed and prepared for
shipping.

Alternatively, the insulated material can be provided by injection moulding
techniques so as to provide an integral body having a central cavity. The body when fitted

20 with a lid may itself be used as a storage container or may be used within a cardboard
shipping carton or other protective material. The insulation material can also be injected
into an insulation space between an outer container wall and a rigid inner liner.

When transporting particularly sensitive products, such as certain medical or
pharmaceutical products, rigid polyurethane containers are ofien used. Polyurethane has

25 thermal insulation properties that are generally superior to EPS.

There are benefits and disadvantages with the two general types of containers,
particularly when they are used for the shipping of large quantities of goods. Injection
moulded containers can be costly to manufacture due to the tooling costs and the need to
use blowing agents with EPS. The use of polyurethane instead of EPS can reduce the

30 tooling costs. However, polyurethane tends to adhere to the wall surfaces creating

disposing problems as both the outer container, polyurethane and inner liner must be



-2- disposed together. There are al so significant storage and
transportation costs in respect of enpty containers forned from EPS or

pol yur et hane. The use of nodul ar panels can avoid some of these probl ens.
Manuf acturing costs are reduced due to the use of |ess conplicated and
smal l er noul ds. Transportation and 5 storage costs of the panels tend to
be reduced as the panels can be stored in a nore conpact stacked
arrangenment with separate flat packed cardboard shipping cartons for
assenbly into a container as required. Nodular panels can nore readily be
reused as a damaged section will only require the replacenent of the panel
incorporating the danmage and not the whole cont ai ner. However, the
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Another type of panel is the vacuum insulating panel (VIP). These panels have a
vacuum core formed of an open cell polymer foam wholly encompassed by a suitable
envelope such as mylar film or aluminium foil. The panels are reported to have high R-values
(thermal resistances) in the order of R-30 per inch of thickness. However, whilst VIP provides

20 great thermal insulation, the panels can be easily damaged. The R-value is significantly
reduced as soon when the envelope is punctured. This limits the use and reuse of VIPs.

In addition to poor direct damage resistance, the R-values of the panels also
decrease due to the “Edge Effect” and “Ageing Panel Effect” as described in An
Introduction to VIP Technology, T. K. Stovall, Vacuum Insulation Panel Symposium,

25 Baltimore, May 3-4, 1999, Page 6, line 26-31. As a consequence VIPs are not considered

suitable for long life 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



30 inner .conmpartnments. Sandw ched insul ation panels are fitted within a
conventional corrugated shipping container. The panels are made froma

pol yi socyanurate core -3- sandw ched between reflective | ayers conprised of
an al um ni sed coating bonded to the core. The panels are encapsul at ed
within a thernoplastic envelope to allow the panels to be cleaned for
reuse. US Patent No. 6,325,281 describes an insul ated shi ppi ng cont ai ner
having multiple 5 layers of insulation_sThe container conprises an outer
cardboard carton, a rigid EPS housing, a renovable inner housing forned
fromVIPs and an inner closeable carton wthin the inner housing. The
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i ntegral bob§cleroes 1§ ehe cavity therein. The Iid includes protrusions to
provide an enhapgedieRb. dk3dndiNesAY an HRuRwdeRlpph cofitat h8Big dRRipld bes
a shipping contarner intended for use with frozen tissue sanples. The
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t he above ceomtaacadeesl vettethehedy.el y satisfactory so that there is a need to
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manuf act ur i RgzenusBue simplageThndontainer has an outer housing formed of an insulated foam

15 material such as EPS and an inner container formed from VIP. The inner cavity
incorporates a spring assembly, which adjusts the size of the cavity to fit smaller loads of
transported product.

W098/01359 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
transportatioﬁ 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.



transportation costs of the container and its conponents. This is a clear
benefit in reducing the cost of using insulated shipping containers by
provi di ng contai ners having a |longer 30 effective lifespan (re-useable) and
i nproved thermal efficiency so that less insulation nmaterial is required

i nprovi ng payl oad capacity for a standard size of shipping carton. -4-
SUMWARY OF | NVENTION I n an enbodi nent of the invention there is provided an
i nsul ation panel for use in thermally Lgsul ated shipping containers, the
panel conprising a rigid core of an insulation 5 material, the core being
whol | y enconpassed within a pol yethyl ene foam envel ope. Preferably the core
conpri ses a pol yuret hane, polystyrene or polyethylene terephalate foam

bl ock. Preferably the polyethylene foamis a closed cell foam Preferably
t he pol yet hgUsiM ARYAOF INVENTIONr oss- | i nked foam 10 Preferably the panel
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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;




I n anot her enbodi nent of the invention there is provided a process for the
manuf acture of an insulation panel for use in thermally insul ated shi ppi ng
containers conprising the steps of: 30 (i) providing a first, second,
third and fourth rectangul ar pol yethyl ene foam sections, each section
havi ng two opposed ends; -5- (ii) joining the sections together at or near
the ends of the sections so to provide a substantially rectangul ar frane;
(iii) providing a fifth polyethylene foam.section and joining the franme and
the fifth section together so to provide a container having a cl osed
bottomand a cavity 5 therein; (iv) providing insulation material and
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now be described with reference to the following detailed 15 description
of a preferred embd¥r#ient of the invention as illustrated in the

accompanying ) aipRiiind Slifl nalk@ wla ok ARG Wi oW Alicio to

sandwi ch i nsulati the 1 nvention. FI 2 is an enlarged,

fragmentary cr oss- diloirisobstantielly 61 therpavi§andwi ch panel shown in figure 1. 20
FIG 3 is a side crosszsectional, v \ il ' RaRghe Of
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Preferably the sections are joined by heat welding.

BRIEF DESCRIPTION OF THE DRAWING

The above invention will now be described with reference to the following detailed
15 description of a preferred embodiment of the invention as illustrated in the accompanying
drawings, in which:
FIG. 1 is a perspective view of a sandwich insulation panel of the invention.
FIG. 2 is an enlarged, fragmentary cross-section view of the sandwich panel shown in
figure 1.
20 FIG. 3 is a side cross-sectional view of the sandwich insulation panel of figure 1 taken
through A-A.
FIG. 4 is a top cross-sectional view of the sandwich insulation panel of figure 1 taken

through B-B.

FIG. 5 is a perspective view of an insulated container formed from sandwich panels of the
25 invention.

FIG. 6 is an exploded perspective view of an insulated shipping container of the invention.

The container includes the insulated container of figure 5 together with a shipping carton,

inserts, refrigerants, payload box and a sandwich pa



FIG 6 is-an exploded perspective view of an insul ated shi ppi ng contai ner

of the invention. The container includes the insulated container of figure
5 together with a shipping carton, inserts, refrigerants, payload box and
a sandwich pa -6- FIG 8 is a fragnentary side view of an insul ated

shi ppi ng contai ner of the invention. The broken parts show the insul ated
container 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 sandw ch panels. FIG 10 is plan view of the use of apparatus in a

step in the nyfacture of a.sandw . : i dN: I IS
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si de vi ew ofvréltvd papasiaivwishefindulatpdr eortfinem fudined crororsandwich f@els| @thik3thes a

pl an view of apparatus of figure 10 when used in another step in the
manuf act ur e SBIPPHELIABN ch panel of the invention. FIG 14 is a side view of

anot her appafat Ysis Wkispges®d Vibw bfshedeliativ-d ehipping tamthineeoDihe dnventiogWThS
panel of the invention. FIG 15 is a perspective view of the internedi ate

product of ubippipgoaronpyusiag fayr sulpted gpnsainers ormyd figmysendyeickpadess i s a si de
view of the ﬁ?ipg() g:;aﬁ%\% C?'IJ’ @ H{eeus%]fbf }(Qﬁﬁa{}atﬁ§ 6fla isfRp an e SBRIfacth@R I sahd@ich

manuf act ure o panel e Invention. FIG 17 is a perspective
vi ew of alt grandtdfvte ipeentios. of the invention. FIG 18 is a perspective view

depicting stgges,in the ass le of . th nel I A7 20 into an
i nsul at ed coﬁga?hgra.éﬁ?ﬁewl e?@%ﬁ“&@?ﬁ@@”@@#&f%ﬁ%‘?%ti ve panel s of
the inventi op1G. B 2a stk Vi6w of Preappeais offigure V0 tefitectidmnef 3t ages in the
assenbl e of the panels of figure 19 in an insul ated,cont aj.ner, Fl 21
Qt% eoﬁgﬁgl?“ ot

is a tenp@rKIG d3vis. a mlare Vighaph 2PRiFalis &Pl PPN SPrightE 25
m) 25 pol yyrethane oPARRUSidWahl @ tndiavdnhighi on - panels not of the

invention). FIG 22 is a tenperature vs. time graph for i r&lsul ati_on bo
formed fromBAgmit (g aisigtviey of another apparatus when used i a step in the manufacture of a
sandwich panel of the invention.
FIG. 15 is a perspective view of the intermediate product of using the apparatus of figures
15 10to 14,
FIG. 16 is a side view of the apparatus of figure 14 when used in a further step in the
manufacture of a sandwich panel of the invention.
FIG. 17 is a perspective view of alternative panels of the invention.
FIG. 18 is a perspective view depicting stages in the assemble of the panels of figure 17
20 into an insulated container.
FIG. 19 a perspective view of alternative panels of the invention.
FIG. 20 is a perspective view depicting stages in the assemble of the panels of figure 19
into an insulated container.
FIG. 21 is a temperature vs. time graph for insulation box formed from 1 inch (25 mm)
25  polyurcthane panels (without lamination — panels not of the invention).
FIG. 22 is a temperature vs. time graph for insulation box formed from 38mm (1 inch +13
mm) polyurethane panels (without lamination — panels not of invention). "

FIG. 23 is a temperature vs. time graph for insulation box formed from polyurethane (1

inch) and polyethylene panels (13mm) (without lamination — panel not invention).



mm) pol yur et hane panels (w thout |am nation - panels not of invention).
FIG 23 is a tenperature vs. tinme graph for insulation box fornmed from

pol yuret hane (I inch) and pol yet hyl ene panels (13mm) (w thout |am nation -
panel not invention). -7- FIG 24 is a tenperature vs. tinme graph for an

I nsul ati on container of the invention formed from sandw ch insulation
panel s of the invention (10 nm polyethylene, | inch (25 mm) pol yurethane,
3 mm pol yethylene) FIG 25 is a tenperature vs. tinme graph for insulation
box formed from2 inch (50 nm 5 pol yurethane panels (w thout |am nation -
panel s not of the invention). FIG 26 is a tenperature vs. time graph for
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pol yet hyl ene panels (13 i t hout | am nation - panel not of invention).
10 FIG 28 ipg@greﬂ@ﬁﬁ,@}lgﬂt@%ﬁﬁﬂf nme graph for an insulation container of
the inventi guGf 25 4l tenfpeitirs 38016 Rriphsiot aishlatiopame fmed fidne 2iinake(soimm) ( 10

nm pol yet hyl ene, 2 inch (50 nmm)  pol yurethane, 3. mm polyethylene) DETAI LED
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properties of the insulation material by providing an airtight covering
over the comelyuraige.at mByPoketsisis) . 25 An insul ation panel is depicted in
figures 1 to 4. Each panel conprises a core of insulation material and

pol yet hyl ene foam The depicted insulation panel (1) is rectangul ar
al t hough it DRTALLER DESCRIPIIOMNOX THBANVENRBONT shapes depending on the

shape of 1§ he The invention is predicated on the finding that the insulation panels of the invention
can, when fitted together to form a thermally insulated container, provide a container
having enhanced thermal insulation propertics over that expected from a similarly sized
mass of foam insulation, such as rigid i)olyurethane or EPS insulation material. The
improvement appears to be as a result of wholly encompassing the core insulation material

20 within a polyethylene foam envelope. It is speculated that the envelope improves the
insulation characteristics of core insulation material by providing an improved seal at the
seams between interconnected panels. The envelope may also improve the insulation
properties of the insulation material by providing an airtight covering over the core
insulation material.

25 An insulation panel is depicted in figures 1 to 4. Each panel comprises a core of
insulation material and polyethylene foam. The depicted insulation panel (1) is rectangular
although it could be provided in a broad range of shapes depending on the shape of the
shipping container in which the panel is intended to be used. The panel (1) comprises an
outer polyethylene foam member (3), an inner polyethylene foam member (5), four

30 perimeter polyethylene foam strip or side members (7, 9, 11, 13) located around a foam

core (15). The outer member (3) of the panel forms part of the outer surface of an



shi ppi ng -contai ner in which the panel is intended to be used. The panel (1)
conprises an outer polyethylene foam nenber (3), an inner polyethyl ene

f oam nmenber (5), four 30 perinmeter polyethylene foamstrip or side nenbers
(7, 9, 11, 13) located around a foam core (15). The outer nenber (3) of
the panel fornms part of the outer surface of an -8- insulated container and
the inner nenber (5) defines part of the inner cavity defining wall of the
i nsul ated contai ner when the panel is ingarporated into an insul ation
container. The foamcore can be selected froma broad range of pol yner

I nsul ation foans exanples of which include polyolefins (such as
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has the advantage of filling the cavity and bonding the foam core to the polyethylene
envelope.

A closed cell polyethylene foam should be used for the polyethylene foam

envelope. Whilst cross linked polyethylene foam can be used, it is preferred to use non-

20 cross linked polyethylene foam as it is both cheaper and easier to work with when forming

the envelope. A large range of polyethylene foams are commercially available, and are

thought to be useable. The preferred polyethylene foams are those provided by Fagerdala
World Foams.

It is preferred for the outer polyethylene foam member (3) to be at least 5 mm

25  thick, more preferably of from 5 mm to 20 mm and most preferably approximately 10 mm.

The width of the outer foam member enhances the insulation properties of the core, by

both providing additional insulation and by providing the core insulation material with

additional protection from damage, such asr that which can occur during the transporting of

shipping cartons. A 10 mm layer of polyethylene foam helps to cushion the core from

30 damage and thereby the insulation reducing affect that the damage may have had on the

core. The density of the polymer is preferably equal to or greater than 15 kg/m’,



The wi dth of the outer foam nenber enhances the insulation properties of
the core, by both providing additional insulation and by providing the
core insulation material with additional protection from danmage, such as

t hat which can occur during the transporting of shipping cartons. A 10 mm
| ayer of pol yethylene foam hel ps to cushion the core from 30 danage and
thereby the insulation reducing affect that the danage may have had-on the
3 core. The density of the polyner is preferably equal to or greater than
15 kg/m -9- preferably of from20 to 40 kg/nB and nost preferably
approximately 30 kg/ m8_ When necessary, further protection agai nst danmage
can be provided by including a thin layer of a light weight resilient
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. . n
al ternati ve SRYSEMFARentt iBrereiawed thay tae, gt mepbsk fitier deusity of from 60 kg/m’,
15 preferably of from 80 to 250 kg/m’; and most preferably approximately 100 kg/m’.

For additional insulation the inner foam member may also include an aluminum
foil layer. The inclusion of a thin reflective layer such as aluminum may further increase
the insulation properties of the panel. The foil may be protected with a thin film layer of
polyethylene.

20 The perimeter potyethylene foam strip members (7, 9, 11 and 13) are preferably
located in the gap between the outer and inner polyethylene foam members so as to
provide a flush edge surface. An alternative arrangement of locating the strip members
against the edge of the outer and inner members will also provide a flush edge surface but
is less preferred. The edge portion of a panel is likely to be subject to stresses and damage

25 during its placement and it is thought that the alternative arrangement would not provide a
panel as resilient as the panel depicted. Another alternative is the use of corresponding
mitre edges on both the strip members and the outer and inner members, although this
arrangement is not preferred as it is thought to unnecessarily complicate the manufacture
of the panels.

30 The strip members (7, 9, 11 and 13) are preferably made of polymer foam having

the same thickness and density as the outer foam member as earlier described.



agai nst the edge of the outer and inner nmenbers will also provide a flush
edge surface but is less preferred. The edge portion of a panel is likely
to be subject to stresses and danage 25 during its placenment and it is

t hought that the alternative arrangenent would not provide a panel as
resilient as the panel depicted. Another alternative is the use of
corresponding mtre edges on both the strip nenbers and the outer and

i nner menbers, although this arrangenentais not preferred as it is thought
to unnecessarily conplicate the manufacture of the panels. 30 The strip
menbers (7, 9, 11 and 13) are preferably made of polyner foam having the

sane thickness a densi.ty .as the,outer. foam ne r. as rl,ier. described.
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around in the order of R-4 to R-5. The difference is a result of the cell structure in polyurethane
foams which is denser than in most other materials and the cells are filled with an inert gas
that has a higher R-value. Over time the inert gas leaks from the cells in polyurethane and
is replaced with air, resulting in a reduction in the R-value of the foam, to something in the
20 order of R-7 per inch after 2 years. The R value of polyurethane will then stabilize around
R-7, but can further decrease if the foam is damaged or cracked. The required thickness of
the core thus depends on the insulation material used in the core and the time period and
required temperature. The insulation panels when assembled into an insulation container
should be capable of maintaining the temperature within the container within a desired
25 temperature range for a required time period whilst the goods are stored and transported.
Typica! thicknesses of polyurethane cores are in the order of from 15 mm to 100 mm, more
preferably 20 mm to 80 mm, most preferably approximately 24 or 51 mm (1 or 2 inches).
The thickness of the core must be increased when EPS is used to provide the same
insulation properties.
30 The ability of an insulation panel to slow down the transfer of heat into the

container is dependent on the R-value of the panel. With the same thickness of panel, the



R-7, but can further decrease if the foamis damaged or cracked. The
required thickness of the core thus depends on the insulation nateri al
used in the core and the tine period and required tenperature. The

i nsul ati on panel s when assenbled into an insulation container should be
capabl e of nmmintaining the tenperature within the container within a
desired 25 tenperature range for a required tine period whilst the goods
are stored and transported. Typical thigknesses of polyurethane cores are
in the order of from15 nmmto 100 mm nore preferably 20 mmto 80 mm nost
preferably approximately 24 or 51 mm (I or 2 inches). The thickness of the
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t hermal perforna re > depi'cts an arrangenent of five insulation
panel s (3%, BR&mBS] tog@herrsd td R)rm B ingHativn| codtaingy ed herizansalrectangular gapel (35)

I nsul ati on cont.ai ner. A_hori t rect I QM

cont ai ner b&r?gﬁ?s\r/}/ﬁ? KoY 9\%{%&5%&% ifﬁg ‘%'{?]%\Lﬂegigdjq g{/i&%do‘g}?ﬁ%/% r tQL:Ft lggll ﬂgilﬁtéﬁ

(36, 38, 4Mmgand aA@N2). Aas depited e tehial partelscat Iquaed los tap ef thedasepanshwithp of
t he base panel with _the_quter.surface of t.he vertical .panel s$.bein |.i gned
with the perthevler sysface Et é’§§1°5§?i’§glf’%e'@gﬁ E“%‘F'é‘hﬁ‘&?&H e%pr)f) g\t/k}e %‘*S@ﬁ%
sane gener alomaaﬁﬁangéméﬁyéoamii%m Qith@pAkFal Sepdisublion cdflaihararepasitle t he
vertical panels can be arranged to forma tube _and the b

se panel fitted
therein & tHeatcxaopinibe vertietipapels sin b aaanged o orped fqbéé‘ﬂg fosbysg papel ftfed

conbi nation mqﬂfeia o fRat Qmagam%hz RA1NBcd BenRAUhRM finelsin GaiMiRIiBE withTihe

vertical panels are arranged so that panels (36) and (40) and panels (38)
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edge (and t hﬁ)uﬁgi.gaé\gﬁmist the inner polyethylene layer of panels (36) and (40). Alternatively, the
pairs of panels can be parallel but offset from one so that an outer vertical edge of each
panel defines a corner of the container. The other outer vertical edge (and the adjacent
vertical side face) of each panel abuts against the inner vertical surface of the adjacent
20 panel.
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 panels 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 1S

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



vertical side face) of each panel abuts against the inner vertical surface
of the adjacent 20 panel. The panels nmay be fixed together and fitted with
alid so as to provide a stand alone container or nay be arranged within a
shi pping carton or other container. Wen formng a stand al one contai ner
the panels may be joined together by commonly used fastening neans.

Adhesi ve, sealant and / or fasteners may used to hold and seal touching
panel s 25 together. Adhesives that do no{,damage the contacting

pol yet hyl ene foam | ayers are preferred. %A board range of fasteners can be
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ar r angenent e 1nsul ate ppi ng carton
i ncl udes a ¢®Rventional reinforced shippi ng carton conprising a horizontal
bottom \A?Sl ' (19) ’Thg ?rlljszﬂa\t/e%r éhllpcp?lllg cszelrt%?l in Lcliess a conventldnalzren?fgrceg s?xipgﬂlg 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 polyethylene
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



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
usi ng conventional fastening nmeans such as tape 20 or staples. An

i nsul ation panel (35) is laid horizontally at the bottomof the carton to
formthe bottomof the insulation container. The outer polyethyl ene nenber
of the panel faces downward and contactgsthe inner surface of the bottom
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and protects; nst danage caused by Ieakage The top insert also braces

t he panel s 8) and (42) and thereb revents
P (38) The t(gp 1n)sert can also be us%:'/d hold the payload (50) and the refrigerants (52) in

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

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



15 i nward novenent of the panels. The bracing action of inserts (44) and
(46) can be seen in figure 7. The top insert can also be used to hold the
payl oad (50) and the refrigerants (52) in a fixed position and thereby
reduce the |ikelihood of danmage to the payl oad due to vertical novenent
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_ggd thereby permt the use of the
dry ice in the USA as a coolant. The use of pol yurethane foaminserts (44)
and (46) al so has the advantage of placing additional insulation about the

payl oad. The, i nsul ated cont ai.ne t clecose oAl | ted
bancl (48) | b EBprosge gpo B &yt e VRIS BoBf P dolid G BN BC
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40 and 42). ThipSphdl idQs® & & h&skotal 3G RRINn A VBl panBBNeHRwed&, (6,
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the al t ebhatieovesiopagehadidamient !nglg%}f‘a| ler carton could be stacked
directly above tReyh Ho MBRAln MRS, a PlagticAllief, isGeHds vl jdtigneneffilinkan s ces

i nvol ved may be borne by the sealed top flaps (28, 30, 32 and 34) the

wei ght of t He usedild protestiegainst swills andoramaaged digividhalaseelp CaRy P BIUICRATIER 2oul d
10 nove downyagd and. dRIPASIIAC RALRRAY and A<t lof BRIpaRIEWIN SR Wilkitihes, 2
pl astic Ilné)r, such as a po’l yethyl ene filmcan also be used’to protect
agai nst spi lihsilaiod catwge.ant nitie inolrion pansiier ggn sbeapreach dedogdtecth within 2

pl astic Ib%ner so.as.tq I.acri litate the cleaning and re-use of the panels.

The payl bad RRPEHIVE Alashe line

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 panels (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



I nsul ati on container and the insulation container per se can each be

| ocated within a 15 protective plastic liner. Wiilst a single insulation
box has been shown, it is well within the scope of this invention to vary
t he nunber of the sandw ch panels, the correspondi ng sizes thereof or even
t he nunber of conpartnents so as to provide a wi de range of insulated
shipping cartons. Figure 9 depicts a four conpartnent insulation shipping
carton of the invention. 20 Insulation pphels (58) have been assenbl ed
within a shipping carton (56) to provide the four insulated conpartnents
each with a plug lid (60). One conpartnent is shown open wth the plug lid

(60) placed on.t of .t he adjacent c art t The u rise
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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. Once 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.



bl ade. 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 tenperature for
specific time period. Once heated for the required tine, the hot air

di scharge bl ades withdraw to the sides of the apparatus. The strip 15
menbers (9) and (11) are then noved 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 seal ed together the partiglklly conpleted frane is then
flipped 180 manually to the opposite side as shown in figure 13. Once the
partial frame is secured in the flipped position, another strip menber (13)

I's clanped into 0 positi l.aced agajnst the b nd si.de per
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pol yet hyl ene foam ( Fawol am FS-100; 3 nmthick) _over the open face _of, the

f oam cor &0 ( 1531ng e PHRSISIORT SHPHY hryempresied dpsuiayomprpErtics dye tothe effctiyfy
13). The appapatiSrused is that of figure 14 and it is operated in the sane
manner. 5 The apparatus shown in figures 10 to 14 can be nodified for use
in heat sealing Figwed bt toci rplateetp shansd eanrly ofdtbe inyepfiasy iineh sangvach pasgl basi on
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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. Thisis a

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



10 sealing the panels together should have inproved insulation properties
due to the effective renoval of seans. Figures 17 to 20 relate to shaped
panel s of the invention. Each sandw ch panel has been adapted to engage
the adjacent (non-lid) panels so that they inter- fit and / or inter- |ock
together. The panels are forned from shaped form cores of pol yurethane 15
enconpassed within a pol yethyl ene foam envel ope. The nethod of form ng the
panels is substantially the sane as thaty, 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 / fenale engagement W th adj acent side panels Each

si de panel ) ndi n from vert i I :
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cont ai nd®0. grepgescdd mad JOSk have yerdsal AT fieay verHE fenle It REWRE I s
of the cont Q)%t?fﬁfm HnQlY grtg.'@é inSR A IntS Y bRBmP el 3s Be pahdS (94 asfRA fftéd iny t he

i nt ernal i ppl ng carton. The panels are side panels (90, 92,
94 and 96) amehdl&§QEd to engage the bottom panel (101) by havi ng tongues

that extend {1 oMy 5Ln R9L RO, SHASRRRAPR NS n shid 19, TROWHUN SughaRtes

(102, 104, 106 3¢t e I'nner tace the bottom panel near the
perinmeter of110het4) ﬂinoaanbstaﬁhﬁymediy emdqxgcgvms (1.@9212210m)heameer|faf@1 i ned
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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 fqrther side panel is

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



correspondi ng angl es. As above, the incline can be omtted with sone 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 permt 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 arrangenent is shown in figure 19. Two of the side
panels (110, 114) have two substantiallygvertically extending grooves
(120, 122) in the inner face, 15 a groove |ocated near oppose side edges
of the panel. Two of the side panels (112, 116) each have two side tongues

(124, 126) extending from t.he sj edge f the. panels. The. tongues .of the
banel s (112 consapndie sxosibdns bt i AnttoBnge el b BORHGRI%e o
panel s (110,thdtlfs tordgleLamefobvestofah®hdihteat sidd @apan edrsinfet i (G)1af) slide elowal e /

mal e and are adapted to fit and engage the grooves of the female / female
si de panel s [p'PEesition g} The 20 side panel s have downward extendi ng tongues

(128) which fit imhQeds PRYES dbdidOhe QGRS of tcsﬁﬁ% tHenaNitldprogdeds dfldkddrtedThe
steps involved in the assenble of the panels of figures 17 and 19 into an

i nsul ati oh dpwlapheentainess ferged drany eerppayptinerpanals f(Figsrdsto133, 2ade 20) anthgom
assenbl e net Bgsi)?tgeﬂ‘)&ﬁ gﬁé&rzm{cfgsi.‘“s of panels. 25 As shown at (A,
e

t he tongue a si pane sSbéing Tr'tted in the corresponding groove of
t he bottom panel Thedtegtssihad ®adudiat using bditbioggedlB 4400 Rocketi Heggenl(Bang t he
groove, but hé-ecs négr ically held within the groove. Wen this step has been
compl et ed t HEJEESMBIy will 1ook like (B). The tongue of an oppose side
panel is slide alThgolydfetRpasnt Rid Hddoiveof(g)kghe groove, until it was

satisfactorily paositioned, (D). A further sjde pane|l is 3Q.positioned (,E)
for 1ocal?on int ohemelygdylens fesmsyus £ ?‘Bﬂla‘g‘c}(ﬁj‘ﬁ@? Qo e?‘btﬁbﬁggoéthﬁp@% s of

adj acent si dgwRaRel Sokghhesd the inrRPdaSyaRt palelsyy the bottom edge tongue of the
fits within a 18- correspondi ng groove in the bottom panel (F). Another

si de panel is théfepgestipendnatresessemblad inthdnsulatign doxesmandghitrsly with grmpepbure
Figar oo 21 (E9E adme by 848 bddby oy, 30Ke i AF (0R"Teohf RoP S SR of
assorted 5 temperhtateeditivothechoxevs rianwes dveotmeonpar ati ve panels (Figs. 21
to 23, 2?5 to 27) ’I%gq'esfu[itg rc?f 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
20 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

25 of Fagerdala Fawolam polyethylene to polyurethane 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.

30



panel s 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 with 5 kg of gel
ices (Techni Ice) and the internal tenperature within the box was

nmoni tored over tinme. 15 The results of th®-tests show that providing a

- pol yet hyl ene foam envel ope around the pol yurethane core nmateri al
significantly inproves thermal insulation by as nuch as 21 hours, conpared
to 100% pol yTHEa@®SWWERNNINGTME INVENTIHNSARE N¥8 BOLBOWSEhi s can be seen
froma conparison of figures 21 and 24, and 25 and 28. The results appear
to go beyond a nere additive effect. A significant inprovenent 20 in the
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~was noted fromthe tenperature tinme profiles shown in figure 24 over 23
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i nsul ati on over the core a Thi s 'i's apparen froma conparison of -
Figs, 21 and 23, and 25 and 27. Surprisingly, the addition of a |ayer 25 of
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f oam ( conpap@ystyhes ¢rgwfiettalene eerephaktepoahibleek. of the graphs of Figs 22 with
23, and also Figs 26 with 27) and despite the |lower R value for the

pol yet hyl ene foam 30 -19- THE CLAI MS DEFI NI NG THE | NVENTI ON ARE AS
FOLLOAS: 8. An i nba iakilatonpminell off 4imu3 evhiereird terosed bomprivesi b globairadieabnar s
assenbl ed fr@g1a plurality of separate panels, the panel conprising a
rigid. core %9 thermal insulation 5 material, the core being wholly
enconpassed within a pol yet hyl ene foam envel ope. 2. The insul ati on panel of

claiml wherein the core conprises a polyurethane, ) ]
4. he insulation panel of any one of claims | to 3 wherein polyethylene foam is a

closed cell foam.
15
5. The insulation panel of any one of claims 1 to 4 wherein the polyethylene foam is a

non-cross-linked foam.

6. The insulation panel of any one of claims 1 to 5 wherein the panel has an inner
20 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.

7. The insulation panel of claim 6 wherein the thickness of the polyethylene foam
25 forming the inner surface is less than the thickness of the polyethylene foam forming the

outer surface.

8. The insulation panel of claim 6 or 7 wherein the outer polyethylene foam surface is

a thickness of from 5 mm to 20 mm and a density of from 20 to 40 kg/m’.
30



pol ystyrene or polyethyl ene terephal ate foam bl ock. 10 3. The insul ation
panel of claim2 wherein the core conprises a polyurethane foam block. 4.
The insul ation panel of any one of clains 1 to 3 wherein pol yethyl ene foam
is a closed cell foam 15 5. The insulation panel of any one of clains |
to 4 wherein the polyethylene foamis a non-cross-linked foam 6. The

i nsul ati on panel of any one of clainms | to 5 wherein the panel has an inner
20 surface, an outer surface and edge surfaces, the inner and outer
surfaces conprising a layer of polyethyhgne foam the density of the

pol yet hyl ene foam form ng the inner surface being greater than the density
of the polyethylene foamformng the outer surface. 7. The insul ation panel
of claim®6 er ei fhel; ' S : I : f ] he
“nner surface | 5 |Senyon TGS By e IRBE NS Pk O 1oy shSRnt
the outer sfpemdayer hes a thivkngssofiframilonmpadeim efd & Betisity 6f BemBOWBH&kgint he
outer polyethylene foamsurface is a thickness of from5 mmto 20 mmand a
density of from20 to 40 kg/nB. 30 -20- 9. The insulation panel of any one
of clainms 6 t® 8 Tieemsilatidrhpariehérang odneedhylapme 6 fooRnvhieagierthbasga stfficckness
of froml.mmto 5 and.a.d ity.of from.@80 to 250 kg/ 0. The

“nsul at 1 of PO iy oAUy SR Eeoffe aviRs 5 e ERRreE R e iepe ity e uers
conpri se a | pylesthyénefodny &iybiy/| ene f oam havi ng the sanme thickness and density
as the outer polyethylene foamlayer. 11. The insul ation panel of any one
of claimse 1 to 10 wherein the rigid core of thermal insulation material is
pol yur et hanei Bnd ‘hasindildtidh kad S8 ady &P cE2 M | @ 10 An8Rin thO rikd cofe SM@EMR | Y

i nsul ated contai ner which includes at |east one insulation panel of any

one of cl ai niisulaes materiaf 3 potpethansapd hase Biskness fem Brmey @ilAY Fmwhi ch
includes ;3 plurality of insulation panels

12, A thermally insulated container which includes at least one insuiation panel of any

one of claims 1 to 11,

13, The insulated container of claim 12 which includes a plurality of insulation panels
15 of any one of claims 1 to 11 assembled intc a square or rectangular box with
interconnecting sides and a closed bottom.
14, An insulated shipping container which includes at least one thermally insulated
container of claim 12 or 13.
20

15.  The insulated shipping container of claim 14 which also includes a reinforced

cardboard carton in which the thermally insulated container is located.

16. A process for the manufacture of an insulation panel for use in thermally insulated
25 containers comprising the steps of:-
(1) providing a first, second, third and fourth rectangular polyethylene foam
sections, each section having two opposed ends;
(i)  joining the sections together at or near the ends of the sections so to provide

a substantially square or rectangular frame;



15 of any one of clains | to 11 assenbled into a square or rectangul ar box
with interconnecting sides and a closed bottom 14. An insul ated shi ppi ng
contai ner which includes at |east one thermally insulated container of
claim 12 or 13. 20 15. The insul ated shi pping contai ner of claim 14 which
al so includes a reinforced cardboard carton in which the thernmally

i nsul ated container is |located. 16. A process for the manufacture of an

i nsul ation panel for use in thermally insulated 25 containers conprising
the steps of: (i) providing a first, secamd, third and fourth rectangul ar
pol yet hyl ene foam sections, each section having two opposed ends; (ii)
joining the sections together at or near the ends of the sections so to
provide a subst ghpi a:(phyiicﬁﬂg«larfﬁthoﬁolfe@%@fﬁ%bxﬁrse&[o%%d joiding thi iffainePdn@\théi ng
a fifth polyethylene fgoam section and joining the frane and the fifth
section together so t difigrsesficadosethes pe 4 Meyidnagonigne hayissasiased beitamaaw &
cavity therein; (iv) RiaMitiBg; thermal insulation material and locating the
material within the 5 cavity so to fill or substantially fill the cavity;
(v) providing a g%t hppoidieg fgrmeddnsubaiionsaeeiia mndiecatiog thenmatetiel wishinghser
and the gixth sectionR,g: -al.ner and provide the
insulatioﬁ panel . 10@T§8g§h£ﬁgnggégﬂﬁﬁbﬁﬂgvﬁg%%gaherein the sections are
joi ned together Wtth @ravidighe sixth pelyethiilgoe Tam prooessl pinicg diemobBirer add

wherein the sections e.]l.0i ned t.oget her eat . wel di .1 9. r ocess
for the manufacture o eaSIthﬁé’Fér%rlaolnlt?/&%hesr 3 3%% n?ocr?fﬂﬁfnr%?“%@rv H%nt%‘f Hﬁﬁ\ag?’? on

panel s of any one of egh@&ilns | to 11 are joined together to provide an
i nsul ated shipping container. 20. The process of claim 19 wherein the
panels are joined together with airtight joins. 20

10 17 The process of claim 16 wherein the sections are joined together with airtight joins.

18.  The process of claim 16 or 17 wherein the sections are joined together by heat

welding.

13 19 A process for the manufacture of a thermally insulated container wherein insulation
panels of any one of claims | to 11 are joined together to provide an insulated shipping

container.

20.  The process of claim 19 wherein the panels are joined together with airtight joins.

20
21.  The process of claim 19 or 20 wherein the panels are joined together by heat
welding.
22. The insulation panel according to claim 1, the panel comprising a rigid core of

25 polyurethane foam having a density of 85 kg/m’, the thickness of approximately 25 mm or
50 mm, the panel having an inner surface, an outer surface and edge surfaces, the inner
surface comprising a layer of non-cross-linked closed cell polyethylene foam of a density
of approximately 100 kg/m’ and a thickness of approximately 2 or 3 mm and the outer and
edge surfaces comprising a layer of non-cross-linked closed cell polyethylene foam of a

30 density of approximately 30 kg/m’ and a thickness of approximately 10 mm.



21. The process of claim19 or 20 wherein the panels are joined together by
heat welding. 22. The insulation panel according to claim1, the panel
conprising a rigid core of . 25 pol yuret hane foam having a density of 85

kg/ n8, the thickness of approximately 25 mmor 50 mm the panel having an
i nner surface, an outer surface and edge surfaces, the inner surface
conprising a |l ayer of non-cross-linked closed cell polyethylene foamof a
density of approximtely 100 kg/ n8 and a thickness of approximately 2 or 3
nm and the outer and edge surfaces conprixsing a |ayer of non-cross-|inked
cl osed cell polyethylene foamof a 30 density of approximately 30 kg/ n8
and a thickness of approximately 10 mm -22- 23. The insul ation panel
accordi ng to2gl ai Thd irSuleGéRpdnePhdc¥rddsy HaNAN BRfsAhfalHesCidrdlf Geford Bdkcribed
reference to the figures, 24. The.insul ated container according to claim 12
substantlalI?“%%E%EW@?WtB%ﬁ%Fﬁ 5 described with reference to the figures.
25. The insul ated shipping container according to claim 14 substantially as

herein before described with reference to the figures. 10
24, The insulated container according to claim 12 substantially as herein before

5 described with reference to the figures.

25.  The insulated shipping container according to claim 14 substantially as herein

before described with reference to the figures.

10



