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(54) Title: DOUBLE-WALLED CROCKERY PROVIDED WITH A POUCH FILLED WITH PHASE-CHANGE MATERIAL
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(57) Abstract: Double-walled crockery comprising a first wall (610) to be heated or cooled, and a second wall (620), wherein between
the first wall and the second wall is located a space (630) in which a pouch (640) filled with a phase-change material is accommodated,
wherein the pouch is arranged against the first wall of the crockery and wherein a thermally insulating layer is present between the
pouch and the second wall of the crockery.
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Double-walled crockery provided with a pouch filled with phase-change material

Field of the invention

The present invention relates to double-walled crockery with a wall to be heated or cooled, and in

particular to double-walled crockery provided with a pouch filled with phase-change material.

Background

The use of phase-change material as heat storage material in crockery, wherein the phase-change
material is able to absorb heat in a relatively short time and to relinquish this heat again over a
longer period of time, is known. An example of such an application is the use of phase-change
material in a plate on which hot food is served. By making use of phase-change material the plate
will cool less quickly and the food will remain warm for longer. A cavity filled with phase-change

material is typically provided in the plate.

Typical phase-change materials used for this and similar applications in crockery are solid at room
temperature and transpose to a liquid phase at higher temperatures at which they absorb heat.
When the phase-change material is in the liquid phase, there is the danger that particles of the
phase-change material can escape through the micropores of the crockery. In the liquid phase the
phase-change material can moreover move freely in the cavity under the influence of movements
of the crockery, whereby the release of heat to a wall of the crockery to be heated will decrease and
whereby an irregular and/or varying distribution of weight of phase-change material will occur in

the crockery.

Summary of the invention

It would be advantageous if there was provided a phase-change material as a heat storage material
in crockery that obtained a better exchange of heat between a wall of the crockery to be heated or
cooled and the phase-change material when compared to known applications of phase-change

material as heat storage material in crockery.

A first aspect of the invention relates to double-walled crockery comprising a first wall to be
heated or cooled, and a second wall, wherein between the first wall and the second wall is located a
space in which a pouch filled with a phase-change material is accommodated. The pouch is
arranged against the first wall of the crockery and a thermally insulating layer is present between

the pouch and the second wall of the crockery.

By providing the phase-change material in a filled pouch the freedom of movement of the phase-

change material in the crockery is limited by the pouch. Because the pouch is arranged against the
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change materigd in the crockery is Rudted by the poucd. Beowmsse the pouch fs srmanged agaiost the
first wall of the crokery, & hatter heat exchangs hotween the poweh and the finst wall fo be hoated
of sonled iy oblateed whern congpaned to known spplications of phase-change saaterial fa svockery
whergin 8 Urwraelly lnaalating layer, for fostonce s ady Yayer, by prosent betwoun the phasechangs
material and the Hoxt wall t by howted or cooled, The poud ix arranged sgaiost the finst wall of the
wrovkery, while a thesally insulating layer s prosont betweon the poach and the sevond wall of
the ovockery. This thermally fnsclating bever snsures that the st of heat leaving the cakeey
via & path other than via the first wall s lmited. This has the advsntage that so efficient and
tarpeted heat exchangs o take place betwenn thy phie-chungs siaterial and the fost wall of
erockery and thet the second wall of the cmckery does not heat ug, or only does so to Hinted

exient,

In o preforred endodiment the pooch i elastie and Jexible 1o an extont such that the pouch can
alsn stratoh when the phasschangs msterial cxpands during trausition frons the oo phase e the
other, and such that the pouch beeomes taat spain when the phase-change materis! contescts dutiag
# rverss phase fragsition, The fehility of e ponch Ristine cosurcs that # can be srrsaged
Httingdy apainst walls of differant shapes to be hoated or cooled withouws sir spaces fornuing

between the pouch and the wall,

B possitile anbodiment s st wal] past of the posch amanged apsingt the first wall is optionally
elustie, while s second weall part of the pouch feing townd the sevond wall Is clasticadty Hexible,
In sonther presibls wsboadiment thie sevond wall part of the pouch Sdag toward the seonad wall
of the crockery i not clustic, but hav & surface area such thal an expansios of the phasewhange

maderial is praxibde

In an embodiment the doulde-walled crockery is for instasee & plste sud the sbovs stated mcasurey
ensar that the first wall of the plate on which food » knwtexd Is kepd warm or heated by mesns of
the powch and that the sevond wall, for tostance the bottoss wall of the plate, romeins cond se that #
fs poasiiio to take hold of the plate by the botton wall withom e danee of busn fguvivs,
Although the example of 2 plate iy given hery, the described nrvssures can be applied to diverse
types of ervckery with ot Towat oneoweall for hoating or conling. Bxanplos thercof ais oven dinhes,
sups, desseet platey, soup bowls, dessert coupes, pleza plates, spoons sad 2o on,

in a proforsed embodiment of the dowblewatled crockery the pouch is filled with phwse-clange
material nod ascnmmodated in capmudes.
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The use of phase-change materisl accommuodated i ndere o mayo-capsaies ix knowa. A higher
heat capacity can howesy be obfatned by making e of phaze-changs saterial el accommodated
in capwides when compered to the sanwe amount of meterial soconmmodated in capsules. This s
Becaue iy iy often pressnd betwesn 1he nuicro- o macroecapsules, and this rosulis in s thormally
inndsting effeol. Phasechange msterial net accoramodated in capsalos osn morcover be placed in
stnpde and efficlent manner In @ pouch of appropriste form, whareby 3 mons sfficiunt contact
surface can be obtained for heat exchangs dhevwesn the phase-change materiad in the pouch and the
wall of the crockery o be hosted, when compared o creckery provided with phasechange safoniad

sovonunadeied in capadex:

In an sxemplary embodinens of the double-walled crockeny the thermally fusulsting layer is sn air
fayer. Alr iy a good thermal insudator and the insulsting air lover will cosure that the amount of heat
eaving the crockery via & path ether than wia the o wall fo by boated s Humited, Ths has the
advardage that su efficiont snd tergetad hoat exchangs van (ke place betvors the phasewhange
material and the Sest wall of the crockery and that the sevond wall of the srockery dins not hest up

it undestrable mannen

The pouch can be hald in different ways in the position stonged sgaiost the Sest wall. The
advardage of holding the pouch in position i that svements of the orovckery will hawe
substantially s effecd on the pouch and the pusition thereo! agalust the first wall, An efficiont and
tarpeted heat sxchange betveen the pouch snd the Srat wall of the crockery is thus posaible in off
orvuditions, By an sxemplary sabodinend of the dadile-walled crockery the pouch & phuad sgainst
the st wall of the creckery. Glueing the pouch againgt the Bod well of the crockery rewdis v a
give laver hotween the pouuh and the S wall, The resulting gloe bever typiuaily bas 2 thermudly
imedating offect, though it typically nsulates sonsiderably loss than ir, and this glue layer cug be
selativady thin, The glue laver will thorsfors typivally only bave ¢ delaying offool o the hent
exchangs botwenn the prasch srd the fest wall of the creckery, whils s wsulating air layer
bedwrren the pouch and the St wall of the orachery wondd seetiusty suterfors with this beat

exchange.

B s sostapdiry sbodiment of the doubde-waltied crockery the thormally avalsting layer

¥

comprises an chstic pressing material configured o press the pouch againet the first wall of the
ooy, As dosertbed sbove, the Sormslly aisting laver batween the poush and the ssoond
wall of the crockery bas bn the first place an nendating Rmction which congribates toward &
tavpeded and sificiont heat enchange hetwsen the poush and the Syt wall of the sxovkery. The

elastic pressing naterial by the themelly bsulating layer morsover snsures that fhe pouch s held
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in position against the first wall of the crockery. The elastic pressing material can thus be an
alternative to glueing the pouch against the first wall. Both measures can however also be
combined with each other. In addition, other attaching and clamping techuniques are also possible

which ensure that the pouch is attached or pressed against the first wall of the crockery.

The elastic pressing material preferably has a heat conduction coefficient of less than 0.9 W/(m K),
and preferably of less than 0.5 W/(m.K). Examples of elastic pressing materials which can be used
are wood, cork, pelyethylene ete. It will however be apparent to the skilled person that other
common elastic materials can also be used for the above described measure, The elastic pressing
material preferably has a heat conduction coefficient which is lower than the heat conduction
coefficient of the material of which the crockery consists, such as for instance chinaware,
earthenware, metal or glass. The elastic pressing material is for instance a foam. The foam
preferably has a heat conduction coefficient of less than 0.5 W/(m.K), more preferably of less than
0.3 W/(m K} and most preferably of less than 1.5 W/(m.K). Foam is light and the use of foam as

elastic pressing material will have a negligible effect on the overall weight of the crockery.

In a preferred embodiment of the double-walled crockery a high vacuum prevails in the filled

pouch, wherein a pressure of between 1 x 10” and 1 x 107 Pa prevails in the pouch.

Because a high vacuum prevails in the pouch, insulating air is prevented from being able to lodge
between the phase-change material and the walls of the pouch, or between different parts of the
phase-change material. The phase-change material in the vacuum pouch is moreover protected
from possible contaminants, possible degradation of the phase-change material, and igniting of the

phase-change material is prevented by the high vacuum in the pouch.

In an exemplary embodiment of the double-walled crockery the pouch is arranged against the first
wall of the crockery such that the layer of phase-change material has a thickness, as seen in a
direction transversely of the first wall of the crockery, of between 2 mun and 18 mm. The space
between the first wall and the second wall of the crockery is often limited. It is therefore
advantageous, with the smallest possible quantity of phase-change material, to obtain the most
efficient possible heat exchange which meets the needs of a specific type of crockery. A layerof a
suitable thickness can be selected depending on the type of crockery and on the desired heating or
cooling of the first wall.

In a preferred embodiment of the double-walled crockery the pouch filled with phase-change

material releases per square centimetre of surface area a heat energy of between 50 joule and 200



4%

W

28

3

WO 2018/000055 PCT/BE2017/000032

Joule, proforably of hotwoen 1 joule swd 188 joale

In s oxewmplary embodiment of the doubleswalled vrockery the St wall of the crckary iy
substantinlly faf and the poucl & svvanged sgaimt & contrad past of the Frst wall such that 2 border
part of the Hrst wall iv leR clear. When the cxoskery is for lustancs & plate with & substantially Sa,
stivolar vt wadl, s advaniapoous o soompe the pooch against the centvad part of the fiest wall
sinen mom food will come & He in the onntral past of the plate than at the bonder part of the plate.
By leaving a border part of the Srst wall vloar the pouch has the oppovtunity fo steeich along the
firet wall froon the contead part to the border part whim the phase-change material in the pouch
melts, Thiz svords prossure being boill up tn the space batween the Sirst wall and the secomd wall of
the plate. & is morsover mowe advantagenus K the heot exchange with the Srst wall that the pouch
stretches slong the first wall fustead of away Som the Hrst wall

In another sxsmplary cnbodiment of the deablewailsd crockery the fivet wall of the arckary &
bowlhshaped and the poach comprises o pant formed o bow! shape which is conBigured to be
arvasigad apningt the fiesg bowdahaped wall, Becowse the posch hay @ paat formed 8 bowd ahape,
the paatch van be arvanged in afSolont manner sguinst the Sest wall of the enockery. In the case of &
soffes or 1o vup the ponph with the part femed @ bowl shape can Ry bstance be aranged @
sdvantagenus mann stonhanvousdy agatust 3 bottont part of the fivst wall and sguing s sanding
side part of e Batwadl, Bwill bhe appovent 1o the skilled porson that the same principde can he
applisd for any radont shape of the first wall, whiersin the pouch ows have x wall part with s

sorvesponding shape in seder to guavantse good contact betwesn the pouch snd the Sest wall,

In 8 prefivved enbodionnt the contas surfacs batwees the frst wall sond the poucls i lorger the g
third of the todad ower sinface of the poteh. Thiy gusrsntess that the muost sfficiont posaible heat
exchangs v teke place botween the pooch and the Srad wad], and the smoust of hest relessed by

the pouch in direptions sther thaw iy the divection of the first weall iy lwmited,

I o exemplary embodinsnt of the doubleswalled crockery the Sest wall &3 ¢ wall to be hested and
the phase-change material hue a welting tempersture of hetwen 0N and 88°C, preforably
hetwren RO and S0°C. Phase-change roxtorial with sach o meltiog tovponstuns is ighly suitebl
for use i crockery fntended for hot foody, The Foods will thus be kept at tempersturs without helng
onokest or fried any fsther. Typival phase-change mtorials used are paraifin, salt hydeaies andior

sutectc materials.

I s aliernative exsmphey sabodbnent of the doublo-walled evovksry the fird wall isa wall o ke
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hemtad sud thy phase-change matorial has 3 melting tompeeratire of botwesn H3°C and 93
preferably of betweow 7080 sud 3IPC, Phase-changs matertal with such g molting tomperatre &
highty saltalde S use bosvockery bended for et boverages such as colfes, tog, drinking

choonlate and 5o on.

By anothey exenplery enbodiment of the doubde-walled srockery the Bt wall i awall o be
sooked and the ghso-chongs material hoy o melting tonperatury of butwsen §5C and 19°C
prifersbly hotween 4%C and ¥°C. Phaze-change swicnial with such a selting fooperature s taghly

sisitabdy for e In orockery tntseudnd for cold dishes, sindt s fos doean, or for cold Tevseages.

I a proferred embodiment of the double-sealled crockeny e pouch comprizes & fiest and a sevond
film, whereln the phasechange materiad ix situsted berwsen the Sest and sevond Slms. The Blms of
the pooch can comprise different matorialy just a8 g as the pouch has the necossary flexibality
andlor dimensions and the flms can keep the phasechange matmrlidd encdosed, The frvedom of
movement of the phase-change material in the crockery 18 thus Baited by the pouch, At least one
of the first sod scomud fim i prefovaddy elastically Hoxible (o am oxtent such that the pouch can
slgey stretoly when the phase-change meteriad expands st the fransition fom the solid phase to the
Hguid phase, and such that the powsh becomes taut again when the phase<change matertal contracts
during & reverse phase change. In another possible smbodinont the second Blny of the pouch faciag
joward the second wall of the crockery ts not elastic, dut has 3 suefice ares such that an spansion
of the phase-change wsterial is possible. It will be spparent to the skifled person that difforent
wraterialy seet the above Matad regiiivements and that the flms can Ry instance be made ot
differen types of plagtio sexfor matal, sueh v slominiuns, Films morsover have the advantage thet
thaey can be leminated in advantageony manner, whorsby diffinsd soterial proposties e be
sorbined fn one floy A pouch can Ry instance thus be frmed in advaniagsons manner which
cumsists of 8 walding lver, for instane of polypropylens, lanunsted woitd s abminias il The

alurninbamn foil covures that the pouch iy substantislly inpermesbie io andevules.

v preforred embodinem of the doublewwalled srockery the frst il and sevond flm of the
poach are gt least 40 jon thick, preforsbly between 30w and 130 o thick, Filns of such
thivknees ensure (hat the pooch provides o Mgh degres of protection and stronpth, while the poach

remains Hexible

In 8 further prefornd sntbodisent of the double-walled crockery the St S and seoond Bl of

the pouch emuprise & welding layer and 2 barvier laver, whevein (he walding layver of the first Sim

i welded to the welding layer of the second Slm The berrder laper ty sofooted such e & dovs nat
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allow passage of molecules of the phase-change material, particularly at higher temperatuares at
which the phase-change material becomes liquid. The welding layer is selected such that it is
weldable in simple manner, whereby the first film and second film can be welded to each otherata
peripheral part of the first and second film. The welding layer preferably comprises polypropylene
and the barrier laver comprises polyamide. The first film and/or the second film preferably
comprises a layer manufactured from aluminium. A film can for instance thus be obtained in
advantageous manner which consists of a welding layer, for instance of polypropylene, laminated
with an aluminium foil as barrier layer. The aluminium foil ensures that the pouch is substantially

impermeable to molecules.

The crockery is preferably manufactured from ceramic material, for instance chinaware,
earthenware, glass and so on. In an embodiment the double-walled crockery comprises a first part
of ceramic material and a second part of ceramic material, wherein the first part comprises the first
wall and the second part comprises the second wall. The first part is attached against the second
part in order to form the double-walled crockery. The first and second parts can for instance be any
of the following: an upper part of a plate and a lower part of a plate; an inner part of a cup and an
outer part of a cup; an upper part of a spoon and a lower part of a spoon, and so on. In other

embodiments the first and second walls form part of one integrally formed double-walled article.
In an advantageous embodiment the crockery comprises at least two parts of ceramic material
which are aftached to each other in sealed manner, for instance by an attaching means, in order to

bound said space in which the pouch is accommodated.

Brief description of the figures

The above stated and other advantageous properties and objectives of the invention will become
more apparent, and the invention better understood, on the basis of the following detatled

description when read in combination with the accompanying drawings, in which:

Figure 1A shows a cross-section of an exemplary embodiment of an article of crockery, in
particular a plate, provided with a pouch filted with phase-change material according to the
invention;

Figure 1B shows a simplified cross-section of an exemplary embodiment of an article of crockery,
in particular a plate, provided with a pouch filled with phase~-change material according to the
invention;

Figure 2 shows a simplified cross-section of an alternative exemplary embodiment of an article of

crockery provided with a pouch filled with phase~change material according to the invention;
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Figae I shows 3 stmplified crossaasction of sy alfsrmative exsniplary cobodisment of su aticde of
crookery provided with 2 pouch fitled with phase-change materiad aconrding o the lnvertion
Figuoe ¢ shows g stnphified sroag-sontion of an slternetive sxomplary srbndiment of an anticle of

srackary provided with g pouch Hiled with phasechangs muterial sovonding to the ivention,

525

wherein the Sest seall of the crockery is substantinlly Bat snd the pouch is srvanged againat &
seniral past of the fest wall;

Figure ¥ shows 8 sross-soetion of su allomative exemplary smbodinient of sn asticle of emckayy
provided with o powcdh Bllad with phasochenge sateriad scconding o the hovention, whereiy the
fiest weall of the orockery s owhabaped aud the pouch oxpprises & pan fovmed in bowd shape
o which iy configured fo by arvanged against the eyt bowl-sheped wall and

Flgures 6A anl 68 show stmphificd srosesertivns of smbodiments of doutdo-wealiad srockery,

wherain the erockery comprises & first part sad a seeond part of cersmic material

ARRRIRARRRNAEIRIRASRRAIRIRRRIRRN

A Hrst sobodiment of au avtivde of duublv-walled crockery provided with s pouch Siled with

K,
W

phasechange mutorial fe Hhestmted in Figure 1A This is & double-watled seticle of srockery 106,
move spevificaliy o plate K, comnprising & finst wall 110 30 be basted or couled and o seoond wall
120, whersin betweeen Sest wall 110 sud seomd wall 130 & spave 130 ix presont in which a pounch
140 flled with & phase-change material 145 1 avoonumodated, Poach 148 is arrsnged sgainst frst

3
fons:

wall 110 of the crockery and 3 themnsily fnsulsting Taver 130 15 prosont botwoen powch 140 amd
sevond wall 120 of the orpclery. Figure 1B shows 3 stmplified view of the artivds of crockiery 18
of Figure 1A, and Figury 1B shows in partiosiar the part of erockery 1N indicated with the heoken
Hawe hovder K i Biguee 1A Figors 1B shows the sase olemants ss Figuee T, but sow withowt
thisen betng Haked fo 3 spectfic beps of crockery. It will e apporant i the skillod porson that the
35 gloments and moasures shown in Figeee TR can b applied in difforsnt tepoy and shypes of
srockery; such s oven dishen, sapy, desset platey, soup bowls, denvert soupes, plaws plates,
sponns and steon. foovder fo kowp the feres as clowr as possible, measares which sve untversally
spplicable iy diversy trpss of crockery will be lastrated on the Baxds of Hpres stutiar to Figues
1R, When deterndned measures appdy ondy to speeific types of crockery, this 98 be stated 1o the

R

Figpoes LA and 18 showw o St wall 110 and second wall 120 of the antiche of arockery [,

wheretn walls 1, 130 are subdtantially prralied 1o cach other, Tt will howevsr be sppavent to the

skithed person that the principles of the invention can Ikewise by applisd whon walls 118, 180 arw
35 orfonted fn other meny relative 1o asoh other, Walls 1IE, 120 any ahoser G the seke of sdmpliciy

as Hut wally. The skilled porvon will however approciate that e priveiples of the tnvention can
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Hikewine be applind when walls 110, 138 have a different shape.

The phass-change material 145 osed fnpouch 148 can be any kuown phastchange raterial awd,
depending on the typs of srogkery, 8 spexific phasechange materisl miy be preforred to anothee
phass-change materiad. A phase-change material may thos be selected Ry fnstance on the basis of
the meliing point thersod| sings 8 Bigher or Tower melting polat saw be advantageous for optimad
hagting or cooding of Hguids or fioeds, Organse phese-changs nisterials based on paraffing we

particelary suftable for use in o poush 140 filled with phase-change materidd 143 for wee i double-

walled crovkery.

By prosdading phase-change materiad 133 in & pouch 140 the Bresdons o movinmmg of phasswhage
smaterial 145 fnsrockery HIO s Hmitod by the pouch. Pooch 146 {s crnhadied for fnstae inan
clastivally flexihle material sucd thar pouch 144 can slso streteh when phase-change material 143
expandy during tasition fom the ons phass 1o the other, and sueh thad pouch 140 hoompes tawt
again when phase-chenge naterial 145 contracts during a reverse phase fransition, Bevause pouch
140 o wrvnnged against ot wadl 110, & bedter howt exchiange & obtalned betwenn pouch 140 snd
the wall 110 to be heated or cooled when compared o known applications of phase-change
nateiyd B crockery whereln an fnvalating hever, such as for fnstanse an air layer, is presest
betwean the phase-chungs material aud the wall to be hoated or cooled. Pouch 140 can moveover
be positioned i abvantagiows manner againgt the fing wall of the srockery, whereby g way
tarpoted hest oxchunge can take place. In sddition, » themally inselating layer 183 s situnted
betwesn porch 130 and second wall 120 of the srockery. This thermally insnlating laver 150
ensures that the sesat of heat leaving the crockery vis o path other than via Sestwall 110 R
Himisad. This hus the sdvantegs that sn efficient and targeted ot sxchange cun take place betwaer
the phsse-change materisd and the first wall of the wrockery and that second wall 120 of the
craoksey Jdoes not heat up wnnesensarily, ot only doos s i Hovted oxtent. A fing wall part ofithe
ponch arrsnged agninst fest wall 110 can be optionalty elastic, while v second wall part of powch
140 Scing fosvard second wall 140 i prefivaldy elastic and Hexible. In another possible
suabodimaent this sovord wall prrt of poucl 140 feing toward second wall 120 of the wrovkery is
not slastic, but has § surface s such gt s expansion of phase-change material 143 is poysible.
Thermally tosalsting haver 1M e shown it Figures 18 and 1B s & laver ditusted sgainst ssoond
wall 120 Thermally lnsulnting layer 150 oo however also be situsted oloser to or agsinst powch
{48 In an embodiment the whole space 130 betwenn pouslh 140 and sevond wall 120 ix filled with
a thermsally insulating materdal, for instancs air. This materisd, for fnstae gir, hen forms the
thersoally insulating faver. by the shows embodiment of Figure 1A the double-walted orockary s

for fostanon & plate 100, and the sbove stated mreasures ensure that By wadl 118 o the platy,
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whenin the food is on the upper stde of Sret wall 1, ix kept wavm or hested by means of poch
140 located against the poderside of Srst wall 110, whilys the sevond wall, for lostnos the bt
wall of the plats, remains cond 50 that # & possible to take hold of the plate by the bottom wall
withoot the denger of s inguries,

In 8 preforred ewbodinent of e double-walied enxckery the pouch 140 3s Slied with phase-
changs material 145 not acomamoduted fn capsuies, whereby 8 more efffoiont contact surface can
b obtatned o heat exchangs between phasechangye mutorid 148 i posch 180 and the wall 110
of the crockary to be heated, when compared 1o orockery provided with phase-change materiad

sovonunodated In aapaides

In a proferred snbodiment of the double-watled srockery 3 high vecomem grevails in poueh 148G
filted with phess-changs material 145, A pressuns of hetween 1 x 107 and T x 17 Pa then prevails
in pouch 140, Beosuse a high vacuum provails in poach 140, fneudating aiv is provented fom being
abde o fodps hatween phasechange material 145 and the walls of poush 1490, or butwesn differmt
puarts of plase-change material 145 Phase-changs matovial 145 in vacoum powch 14 3 moveswey
protecied Suen possible cotninants, possible degradation of the phase-chunige material, andd
iguiting of phase-change material 145 s provanted by the bigh vacuum in the pouch,

I ssc xermplary simbodinent of the doutdeswatiod crockery the pouch 140 is smngesd sgainst first
wall 110 of the crockery such that the faver of phasechange matenial 143 has ¥ thickosey, as seen
i & diveotion ansversely of Bext wall 110 of ersekary 100, o hetween 2 mm and 10 pus. The
space §3 hetween Sret wall 110 and sevond wall 120 of the croxkery s oflen Nudted, It is
therefore sdvantagomss, with the smaliont possible sguantity of phase-vhangs materig, 1o obtain the
most effiotent possible host exchongs which ments the reguirements of & spacific type of orockery,
A fayer of g sulteble thickaess can be selesind depending o the type of erackery and on the

desived heating o vooling of frstwall 110

In s preforved embodiment of tay double-wallad erckery the pouch 140 Slad with phease-changs
matsrisd 128 rolesses per square contimstiy of srfare ava 2 heat snergy of hetwsen $ e and
200 jouls, prafivably of between HEI foule amd 180 jouls

I & proferned snubodiment the opmtact surfion batween Sesthwall 110 and pouch 140 s largse than
a thind of the tetal outer sefoce of pouch 148, The vontact surface betvoen the frst wall and the

poich is typically larger than 8.4 times the total outer surfios of pouch 188, and for lostance adous
hadf the total onter sucfsce. This ghurantees that e meat offciont possible bost exchangs san teke

~

place between pouch 180 and firgt wall 118, and the amount of head released by pouch 140



i

1

S
E%

30

WO 2018/000055 PCT/BE2017/000032
i

direotions other than in the dircotion of St wdl 110 s Batted, The contaet surfaoy bebwsen first
wall 11 and pouch 140 ca B Srepunebly infloenced by providing 2 powsh 140 Afked with phages
shange material 145 of sultable thickneay andvor by advaniagsous shaping of & paet of pouch 140,

Figure 3 shinws an oxcmplary cmbastinsent of the dovhleswaliod crockey wherstn poweh 240 &
glued against first wall 310 of the crovkery. Pouch 240 can be held tn diffeoront alternative ways in
the position amvaaged agadast Heet wall 21 The advantags of hedding pouch 240 o position I that
movements of the crockery will have substantially no influenoe on pouch 240 and the position
theveod sgainst frst wall 210 Ao efficiont snd tacgeted hust sochange Debwons porsch 288 and fiest
wall 310 of the crockery is thus presilie in all ronditions, Gluctng pouch 24 sgainst the flrst wall
of the crockery renulix in 8 glue laver 241 betwsen powed 240 and st wall 210, The resulting glue
Tayer 331 typically has o thermally inseloting offoct, though 8 typioally fnsulates considernddly less

then alr, and this glue Taver 241 cun be sulatively thin

In the smbodiment of Figure I thermally tnadating Toyer 250 iy an air loyer prosed tn space 33
bevweon pouch 240 and S wall 210 of the crockery. As indicated sbove, alr i3 & good thermal
msudator snd thermally Insalating air nyer 130 will cosure thet the smouet of hoat leaving the
grockery via & path other than via the fiest wall 210 to b heuted s Boxited. This has the advantags
that s efficient aad targeted hoat exchange can take place betweasn phase-change matorial 345 and
fieat wall 218 of the convdenry and (hat sevond wall 330 of the srockery dues not hest up in

wndesirable manusr,

Figawre 3 shows in stoplified manner a preferred embodiment of the double-wslled erockery
whernttt thevmially fosulating lover 350 compristy an slastio pressing material 350 configurad i
pross pouch 340 apsingt st wall 310 of the ovockery. As doseribed ahove, thonmally insulating
layer 350 hetwenn pouich 348 and sceond wall 330 of the crockery has i the st place an
rssulsting function which contributos toward & argeted and offictont beat cxchangs berwsen pauch
340 and first wall 110 of the crockery. The elastiv pressing materiad 3530 in thermally inasdoting
Tayer 330 woroerenr cnsures that pouch 340 I held iy position agatast Sext wall 3B of e
srockery. Elaxtic prossing rastorial 350 cnt thus be an slgrnstive s glucing possh M0 sgainst the
et wall as shown o Figuee 2, Both muvasures can inewsesr alio be coardsingd with cach other fn
advaniagsous maner. Blastic prossing matorial 3580 proferably hay o hewt conduction soeflicient of
fony than 6.8 Wi K, and more preforabhy of fese than 8.3 Wi X} Bxamples of elastic prossing
saterials 356 which aan b usad sre wouod, cork, polystivione ate, Jowill however be appanas
he skilied porson that other common elastic saturindy can alyo be e fiw the shove deseribed

measure. The elastio prossing materidd profersddy has s heat conduction voeiliciont which is lewey
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than e host conduction esefficient of the matoral of which the srockery conststy, sush a8
Hatanee chinmware, curthenware, motal o gloss. Blastic provsing material 130 can alesr by s foam,
The foam used profesably has & heat conduction coefficieont of less than 0.8 Wiim K}, more
profirably of Tess than 8.3 Wi K} rud most praforably of lesw than 1.5 Wil K} Foum s Hight
and the nee of foant e clastic pressing material 330 will have » negligible effect on the oversl)
weight of the crovkery. It s horeby posaiide to avond the erockery bevoming too hewvy, whorely &
weould no fonger e eusy 1o handle. Typload foures witich can be veed ay slastic prossing mnterial
350 are fowr Inglanes PU fomn, EVA foam or polystyrens foam.

Figure ¢ shows an endodiment of the doublevwalled crockery wherels first wadl S 10 of the
wrockery i substantially Sat and pouch 440 is armnped sgeiast 2 contral pany 41 1 of fivsh wall $16
such that & hordey part 312 of Tt wadl 41 s lelt clear. For the sake of clerily the seforenee
munerals 411, 412t Flgare 4 are ploed st the wpper stde of Sest wall 410, although #twill be
apparont that pouch 448, contral parl $11 spaiust which pouch S84 18 seranged sad the free bosder
part 412 are situated aguing the wadersdds of Hest wall 418, When the article of srockery §s for
tastance & plats with & substantially Sat, cirouler frst wall 418, 8 is advantageous ko arvsnge pouch
440 against portenl part 411 of fest wall 410 stace e food will come B Hie in the cxntrad pat of
the plate thas at the border part of the plate, and 8 & therefore more asefid (o have the hest
soichange take ploce af the contee of Srst wall 410, By keaving 2 border prot 412 of fist wall 418
clear the pouch 444 has the cpportursly o stretch slong first wall 430 from contral part 411 o
border part 413 when phesechange material 440 in the pouch melia, This svoids pressurs belng
Bailt up in spece 430 betwosn the firgt wall and 1he seeond wall of the plate, B ix morsover more
sdvantagenus Tor the beat exchange with fiest wall 41 shat prueh 441 stratches along st wall

418 fnatend of sway Fom frst wdi 410

I an exemplayy cododiment of the double-walled crockery the frst wadl s 5 ool to b hested and
the phesechange matnisl bas & mellng tomperatuge of betwesn 0% and 83°C, profenshly
betwenn 0% aad 80°C, Phase-change romterial with such 3 melting temperature is highly sublable
for use in ovockery tnendad for bot fads. The foods will thus be ket ot tempersture withous baiug
cooked or frisd any further. For other types of cravkery swheran higher temperatiees are destrable,
such as for bustante ovan divhes, phase-chengs matoriads oo be used with & melting podnt Leing
between 130°C and IF°C. B will be gppareat i the skilled person that the prinviples and
messures anewrding o sdodiments of the Invention ven be applied for differat types of phase-
changs materiad, whereln the melting tanperstuns of 1he respactive phass-change materhdy s

wrry Sroan 4300 6 HERQL
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Figure 3 Husines an suindimen of the doutde-walled srockery wherels first wall 310 of the
erackery i howlshapad 831 wnd whertin pouch $40 comprises & pant formed in bowt shape whish
is comfigured to e arranged againg Srst howlahaped wall $18, S{3 Beovause pouch S48 has z past
frmed in bow! slaps, povch M0 can bo weanged in efffeiont manner against Srat wall 310, 312 of
tha svockery. T ihe cuse of a colfie or ten oup the pouch 840 with the pant Formed i1 bowe! shaps
cw Sor fstnor by arranged o advantagrous msoney siimnltanecushy agsinst s bottons part 383 of
fiont wall 310 s agsanst & standing aude part STd of the fewt wall It will be appires 1o thealolied
person that the ssane principle can be appliad for any random shape of Hest wall $10, whasein
poteh $40 can Boer » wall pagt with @ corresponding shape i order 10 guirantes good aontmg

botweon pouch 340 and frst walt 310

I & proforrad snhodiment the vontsot surface bebwean first wall 10 and posech 590 §s larges than
& thind of the total outer sueface of poweh 3400 The contact e bebwess Bt wall 31l and
poush 340 o be favourably influcnced by providing = posich S8 flled with phase-change

materizl $43 of suttable thivkeuess andior sdvantageously shaping o part of poach S

I s exowplary embodinmom of i dosblewalled crockery the ot wall 510 v g wall o he heuted
and phase-change material 345 has & melting tenporsturs of between 630 and 980, prafersbly of
botwaen 7000 and 8070, Phase-changs materiad 5485 with such o melting temporatre is highly
suitable for use in ovnkery intended for hot beverages such as coflfes, tea, drinking chocudate and
S0 on.

In an shernstive sxemplery cmbodiment of the doulde-walled crockery the fvst wall SREs a wall
to be ooisded snd phastechange materiad 845 has 2 medting renperature of betweon 090 sud 1490,
praforably butween 49C and 3°C. Phasechange material 545 with such 2 melting tempesature s
highly suilalde for wee tn crockery tended For cold dishey, sueh g8 joe wresns, or for cold

heverages.

T & preferved ernbodinst of the doublewvalled erockery the pouch 148 compriscs s Srgt sl &
sevend filim, wherein phasechange materisd 143 s situated botween the Brst and second flms. The
filioy of the pouch can comprise Sifforent mstoriale fust ax long ss the pouch has the necossary
Hexibility, clostioity sadior dinenstons aad the filmgs can keap the phasechangs material anclosed.
The fresdom of movensent of the phasechange matevia in the crovkery s thas linvited by the
pooch, B will be spparent to the skilled porson thet differant materials most th above stated
requirements and that the films can For insdtancs be made of difforeat types of plastic or sluriuan.
Fibes moveover have the advantage that they can be Teninmied fn adwirdagetus miangey, whorshy
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Jifferent muterisl proporties o be combined i ons S, The e can have ong o more of the

above desoribed properties,

Figove 84 Hhestrates 3 plate with srouppor fest part $61 substantially with e dhape of ¢ Ynonmst”™
sdte, apainst which a substantially Hat rmd second lower part $02 s aitached, First part &1
sonprises st wall $10 and second part 502 covnprises seoond wall 620, Pouch 848 is armanged,
praferably substantially cevdradly, spsingt an underside of st wall 610 of fret pant 601, The wpper
first part 641 {s provvided on the underside thersof with & round suppont odge 611 which makes
sontact with the sorfoe onowhich the plate s placed. Provided on the lnner side of suppovt sdge

S ix s suppon Hange H12 agatnst which & pevipheral adge 622 of sexond part 602 i attached, fov
instanee by glocing, When scoond part 82 is attached sgatnst fiest part 601, a space §¥ in which a
thermally insulating layer, By mstancs an air fayer, s prasant Hes betwesn poush 640 sl sevond
weall 620 of second purt 12,

Figure 68 ilustrates » shmtlar article of srockery us that of Figpwe 84, with the difference that gt
pper pwt 801 i Figure 88 hae 2 sobstantiaily Sat botton side sad iy altached 1o a0 apper adpe

23 of & seoond lower part SU2. Second part 602 comprises second wall $30 and has 3 battom adge
921 on which thy plate s supported.

In other smbodimenty the first and the second wall can form part of one fdepmlly formed douhie-
walled ploos which s finished with Suther parts 5o 3% 1o fornt the artivde of wrockery, Nods that the
shilled perron will spprecinle thet the variants shown In Figares 1A snd § ave typicsily slso
manufactured Fom ten or move parts which sre altached to cach ther 3o as to form a closed

article of cruckary in whith the pouch s secommadated.

The shilled parson o] appreciate thet the drvention i not hrodted 1o the shove described
srnbadiments, and that tany modifications aud vardants ars possible within the scops of the

ieationy, whick is defined solely by the following olains.
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Claims

1. Double-walled crockery comprising a first wall to be heated or cooled, and a second
wall, wherein between the first wall and the second wall is located a space in which a pouch filled
with a phase-change material is accommodated, wherein the pouch is arranged against the first
wall of the crockery and wherein a thermally insulating layer is present between the pouch and the
second wall of the crockery characterized in that a high vacuum with a pressure of between 1 x
10" and 1 x 107 Pa prevails in the filled pouch, and in that the pouch is glued against a central part
of the first wall of the crockery such that a border part of the first wall is left clear.

2. Crockery as claimed in claim 1, wherein the pouch is filled with phase-change material

not accommodated in capsules.

3. Crockery as claimed in any of the foregoing claims, wherein the thermally insulating

layer is an air layer.

4. Crockery as claimed in any of the foregoing claims, wherein the first and second walls

are manufactured from ceramic material.

5. Crockery as claimed in any of the foregoing claims, wherein the crockery comprises at
least a first part of ceramic material and a second part of ceramic material, wherein the first part
comprises the first wall and the second part comprises the second wall, and wherein the first part is
attached against the second part such that they bound a closed space in which the pouch is

accommodated.

6. Crockery as claimed in the foregoing claim, wherein the first part and the second part
are any of the following: an upper part of a plate and a lower part of a plate; an inner part of a cup

and an outer part of a cup; an upper part of a spoon and a lower part of a spoon.

7. Crockery as claimed in any of the foregoing claims, wherein the thermally insulating
layer comprises an elastic pressing material configured to press the pouch against the first wall of
the crockery; and/or

wherein the elastic pressing material has a heat conduction coefficient of less than 0.9

W/(m.K), and preferably of less than 0.5 W/(m.K).
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8. Crockery as claimed in claim 7, wherein the elastic pressing material is a foam.

9. Crockery as claimed in any of the foregoing claims, wherein the pouch is arranged
against the first wall of the crockery such that a layer of the phase-change material has a thickness,

in a direction transversely of the first wall of the crockery, of between 2 mm and 10 mm.

10. Crockery as claimed in any of the foregoing claims, wherein the first wall is bowl-
shaped and wherein the pouch comprises a part formed in bowl shape which is configured to be

arranged against the first bowl-shaped wall.

11. Crockery as claimed in any of the foregoing claims, wherein the first wall is a wall to
be heated and wherein the phase-change material has a melting temperature of between 40°C and

65°C, preferably between 50°C and 60°C.

12. Crockery as claimed in any of the claims 1 to 10, wherein the first wall is a wall to be
heated and wherein the phase-change material has a melting temperature of between 65°C and

95°C, preferably of between 70°C and 80°C.

13. Crockery as claimed in any of the claims 1 to 10, wherein the first wall is a wall to be
cooled and wherein the phase-change material has a melting temperature of between 0°C and

14°C, preferably between 4°C and §°C.

14. Crockery as claimed in any of the foregoing claims, wherein the pouch comprises a
first and a second film, wherein the phase-change material is situated between the first and second
films; and/or

wherein the first film and second film of the pouch are at least 40 um thick, and preferably
between 50 pm and 150 um thick.

15. Crockery as claimed in claim 14, wherein the first film and second film of the pouch
comprise a welding layer and a barrier layer, wherein the welding layer of the first film is welded
to the welding layer of the second film; and/or

wherein the welding layer comprises polypropylene and the barrier layer comprises

polyamide.

16. Crockery as claimed in any of the claims 14-15, wherein the first film and/or the

second film comprise a layer manufactured from aluminium.
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