DESCRIPTICN | NSULATED BOX BODY, REFRI GERATOR-HAVI NG THE BOX BCDY, AND-

METHOD OF RECYCLI NG MATERI ALS FOR | NSULATED BOX BODY TECHNI CAL FI ELD The
present invention relates to a refrigerator having afd RPasubertZ90hox unit
formed of rigid urethane foam and vacuuminsul ation material, and also 10
relates to a method of recycling materilals for insulation box unit.
BACKGROUND ART Recent years have seen various efforts to encourage energy
saving and resource saving for protecting our planet. 15 In terns of the
energy savi ng, Japanese Patent LIYHESOPIRTION S57-96852 discloses a
techni que of producing a highly insulation box unit. In the disclosure,
vacuum i nsul ation material disposed between the inner box and the outer
box of an insulation box unit is integrally foamed with rigid urethane

foam 20 FrINSULATEDBOXBODN, REFRIGERATORMAVING THERSON BOIFY|
appliances, such as a refrigerator and a tel evision, has becone

i ncreasi ngl AN METHOD OFRECYCLING MATBERIAZIS FOR BNSTH.ATEDI BOX _
ecol ogical efforts have been nmade. In an insulation box unit that is the

maj orgconmponent of the refrigerator, BOmWmYallic materials including iron
pl ates are recyclable without great difficulty. 25. \Woereas, plastics,
especially rigid urethane foam nade of thernbsetting resin, which is
enployed in quantity for the insulation nmaterial of the refrigerator,.
cannot bAREGHNECATOFIEELycling. Therefore, such materials have been 5
Decenber 2005 2 conventionally buried, burnout, or used as a filler. To

address the cThvaiesontinvalitifoealateto pl asfirigesatcd heving an insulate box
processi ng-technol ogy makes a proposition to
unit formed of rigid urethane foam and vacuum insulation material, and also

10  relates to a method of recycling materials for insulation box unit.

- BACKGROUND ART
Recent years have seen various efforts to encourage energy saving and
resource saving for protecting our planet.

15 In terms of the energy saving, Japanese Patent Laid-Open No.
S57-96852 discloses a technique of producing a highly insulation box unit.  In
the disclosure, vacuum insulation material disposed between the inner box and
the outer box of an insulation box unit is integrally foamed with rigid urethane
foam. |

20 - From the resource-saving point of view, récycling disposal appliances,
such as a refrigerator and a television, haé become increasingly valued; in
particular, as for refrigerators, various ecological efforts have been made.

In an insulation box unit that is the major component of the refrigerator,

metaﬂic materials including iron plates are recyclable without great. difficulty.

25 Whereas, plastics, éspecially rigid urethane foam made of thermosetting resin,
which is e_mployed in ‘quantity for the insulation material of the réﬂ:igerabor,

cannot be melted for recycling. Therefore, such materials have been'



deconpose polyneric material, with supercritical, or sub-critical water
enpl oyed in the process. 5 For exanple, Japanese Patent Laid-Cﬁ;n
Application No. H10-310663 introduces a nethod of reé8&eesmbeg288? yur et hane
resin through deconposing. In the disclosure, polyurethane resin is

subj ected to chemical deconposition eiploying supercritical, or
sub-critical water to recover raw material conpound and reusable raw
material derivatives in the polyurethane resin. 10 Japanese Patent No.

2885673 icohvatticesypbaEddsuimdutfiChisdiPhy HETlle:.  TohBATas the cBhesTEHal Y
treated with supercritical or sub-critical water so as to be deconposed

into oil digppahesft plasbiest he ﬁé@@dpfdéésﬁﬂgﬁﬁ}éhﬁ@%gﬁgmﬁk@%a bhgposithas tener ged
a need for providing a refrigerator having higher insulation efficiency; a

| arger ardesompbsedCpolyneGidymutain Wik Fupeferifdad i@  sub-EriticAlN Watkgnded
coverage of the vacuuminsulation material to the surface area of the outer

box has kegiloyéd®intlieghockyvever, too-high coverage by the i nsul ati on
mat erial may cause . troubles. Al though conventional coverage within the

rangesf r om 30%ok Cexd@iplaaFapafleseOPREG BAIA-DFRY A gu@at%;mi.! A30{8e68N9e
may seriously affect the structural strength of the insulation box unit. In

the box umirbduédie aonetliod@f rafifvelfify polfElethRe 368ni {H@UER! decobpdae: Wi th

rigid urethane foam di sposed between the two boxes, whereby structural

rigiditylnfthehdischsuté peliul@habididosii® i QE;ERE to HNMRYRAL dBERhSYHIRGh 2
different kind.of material, i.e., the vacuuminsulation 25 material in

| arger aemployingrsupesetitatalOnr s-britiRdPivadbl BIBddoPa Fatv HeAEERS 8SmbhEnd
t hi ckness of the rigid urethane foam Thus, the lack of rigidity caused by

the thi anddepsdhlerawhaneerdisalrbariveasul thel pblfefctha®d +&dini N the insul ation
box unit.' 5 Decenber 2005 3 Particularly, the deformation of the box unit
becalfes nore PapanesacBatentd No. 2885673 introduces a method in which polymeric
material is chemically treated with supereritical or sub-critical water so as to be
decomposed into 0il components.
As the need for energy saving grows, there has emerged a need for
providing a refrigerator having higher insulation efficiency; a larger area
15 occupied by vacuum insulation material, ie., an extended coverage of the
vacuum insulation material to the surface area of the outer box has been
required.
However, too-high lcovex_'age by the insulation material may cause
troubles. Although conventional covérage within the range from 30% to 40% has
20 o problem, a coverage exceeding the range may seriously affect the structural
streﬁgth of the insulation box unit. In the Vbox unit, the outer box and thé
inner box are integrally bonded with rigid urethane foam disposed between the
two boxes, whereby structural rigidity of the insulation box unit is remained.
However, employing a different kind of material, ie., the vacuum insulation
25 material in larger area in an insulation wall 1ayer autoniaticaﬂy_ decreases the

thickness of the rigid urethane foam. Thus, the lack of rigidity caused by the

thinned polyurethane foam can result in deformation in the insulation box unit.”



a refrigerator having two or nore doors; the doors are not allowed to

tightly fit to the body due to the distortion, which mkes undesired gap
at the gasket, thereby inviting poor insulation effﬁéﬁ%ﬁé@?z?gsavoid t he
di stortion, there is a well known nethod in which density of the rigid
urethane foamis greatly increased so & to provide |arge bending nodulus
that is an index of rigidity. The rigid urethane foam having an extensively
i ncreased density, however, increases conductive heat transfer in solids.

As 'a result, 1Ba@cORklt Bee BRORRSRIGH ofﬁéﬁdﬂ&%&i}t%&&ﬂés e DRt Rk @ih 10

efficiency of the rigid urethane foamw e largely affected. This

contr i bulefefribBrABE HadHIdErd B8 thétld @dorS] IEEEHSYarB ndtNAldWRAT RN, RPx uni t

that is the essential target. As the coverage of the vacuuminsulation'

materi-al thnte due @B 4PN §T83:¢i ATOWRIchOf e diftRishal l&?)%hé’?a%ket
g. However, the

decreases; accordingly, this 15 encourages energy savi.

ef fi cacy tRbrdb3andNei SpoRan-0th ey 5 AWy, al ong saturation curve, after all,
it is not rational in ternms of acquiring a rewarded outcone that offsets

| nvesgment cogbsydReehdmtorii]) thhse FOU Shn\ASHYE i HicAldeaRityREer i al

Is increased higher than 1t should be, It beconmes necessary to prepare the

mterial thbiigidAr0ARL MG s PréfilF hePNABA. s ) BRIEE I2B Bodding! SPOSE

the material Tn a difficult-to- sectionint ufacturing processes.

The fact snivasCAIAEeR aR’ B OPHARIENSTIR 1354 GASEhaAe HHEmCRingf ad Ne

vacuum-.i nsul ation material and produCtion costs. In the multi-Ilayered

i nsul at i @RtRGFIP inkRIaIEM défnsitgv? Hoketividr, Uik &8 élcoﬂﬂ'ﬁbtigié T hedl Grafiey EUUM

insulation matertal, if arigid urethane foamfilled wall has not enough

t hi cknesgelighe A@xpangdung éé’,ﬁf&@'%ﬁée?_ﬁfﬁosiet of THeAW RRLIALIRNAR: if¥uldtiod esul t,
an inconsistent filling or poor filling decreases the insulation efficiency
of SieceRfEndPObtHE rigid urethane foam will be largely affected. This contributes
to decreasing insulation efficiency of the insulation box unit that is the essential
‘target.
As the coverage of the vacuum insulation ~material increases,
endbthermic amf)unt of the insulation box unit decreases; accordingly, this
15 - encourages energy saving. However, the efficacy of the energy saving moves
. dow1_1 along saturation curve, after all, it is not rational in terms of acquiring a
| réwarded outcome that offsets investment costs.
Besides, when the coverage of vacuum insulation material is increased
higher than it should be, it becomes necessary to prebare the material with
20 nonstandard size and shape, and also necéssary to dispose the material in a
difficult-to-task section in the manufacturing ﬁrocesses. The facts have caused
problem. of extensive increase in the cost of the vacuum insulation material and
production costs.
In the multi-layered insulation section formed of the rigid urethaﬁe foam
25 ' and the vacuum insulation material, if a rigid urethane foam-filled wall has not

enough thickness, the expanding foam decreases its flow performance. As a

result, an inconsistent filling or poor filling decreases the insulation efficiency of



a pol yurethane foamlayer. Therefore, the insulation efficiency of a
mul'ti-layered insul ation section nay be snmaller than it was expected, or on
the contrary; the insulation efficiency may get mré@.ecmﬂb%ap&l cular, the
structure having an extrenely increased coverage of the vacuum insul ation
material has 5 a risk of decreasing thé insulation efficiency, because that
the hard-to-flow polyurethane |ayer covers alnost the inner face of the

i nsul ation box unit. Furthernore, a poor insulation efficiency of vacuum

i nsul ati an poljefdthhnt t $@drh-Thyét herTHGIARs ethd Nehdulsiibt bObiGapakjsl ity in
addition to the aforenentioned decrease 1 n the polyurethane part of the

nul ti - | ayeilediaydfbd sl Mo Be@RE AR e GAATIEH B it Whs BREedtol, U gxed a
noti ceabl e energy-saving effect in spite of getting the coverage of the

vacuum i pontraty, @he Tbekaitidh efficling) map RO Swrhs.e. I p2rtd18r, Whe WeRichireof
resour ce-saving and recycling, enploying the aforenentioned nethod

di scl osellavinglapaft@endlptinticabd GodiaBe OPPhd ¢ALHOR Meulation fhPer3AABR3 can

recover raw material conpound of the polyurethane resin and reusable raw

mat erd al adgigk vt d¥@atingthid GhsulutishhafRideiMbeddifie "BIdtOthe MAMPY&Flow S NOt
applicable for recycling an insulation box of a disposal refrigerator as

its ent i'p@ly}ﬁ:roﬂﬂﬁesluﬁ@f €dvielrs GBhoMaheinBEPERY I Fhe i@SHon bBR AL, Chem cal |y
deconpose rigid urethane foam covered by the iron plate of 20 the outer box

or ABS resi nFekrtidigndré)ar pdsXins@htidie efidi@icyNgN dacuiah | Wa]dtiondmat&ial
polymeric material, such as polypropylene resin for interior conponents,

can be ithelfi daitherdekernneed thy SHBEIa¢oh! | Gabitys Ui Chlllitiodl tat@e. | f an
i nsul ation box involving different kinds of nenbers is subject to chem cal

deconposaforementiphedi desrcaedt ai Nty pEIPEFRhhfe SPASE BICehe OBt @LAAFefcHOM t he
25 process are dissolved into raw material conmpounds, as inpurity.

Therl€¥ or msulstinh sé@wrrat LecoadingBROLAS sob avhidged BAMtideblsSeibykavinghl e as
rigid urethane foam 5 Decenber 2005 :
effect in spite of getting the coverage of the vacuum insulation material as high
as possible.
From the viewpoint of resource-saving and recycling, employing the
aforeroentioned method disclosed in J apaneoe Patent Laid-Open Application No.
15  HI10-310663 can recover raw material compound of the polyurethane resin and
reusable raw material derivatives from rigid urethane foam.
The method, however, is not applicable for recycling an insulation box of
a disposal refrigerator as its entirety; the suporcritical water emoloying process
cannot ohémically decompose rigid urethane foam covered by the iron plate of
20 the outer box or ABS resin of the inner box. On the other hand, various kinds
- of polymeric material, such as polypropylene résin for interior components, can
be chemically decomposed by supercritical or sub-critical water. If an
insulation box involving different kinds of members is subject to chemical
decomposition, materials containing monomeric substances obtained from the
25 7. i)rocess are dissolved into raw material compounds as impurity. Therefore,
such raw material compounds haviog impurity is not réusable as rigid ure.thane.

foam.



5 1n order to recover raw material conpound of the polyurethane resin and
reusable raw material derivatives as reusable industrial resource, it has
been the essential issue that "pure” rigid urethanes Peeambst 2005n0 di f f er ent
menbers should be separated and classified froman insulation box unit to
be discarded. 5 Furthernore, it has beén waited for an inproved di sposal
met hod in which iron can be recovered so as to achieve high recovery
efficiency as a whole system As another problemto be considered, the

af or enent i onedn LRReRLREGAT &P BRASAL éﬁm% cPBmeﬁ&E}ﬁP&hﬁﬁéféh@QHd _
reusable raw. material derivatives, which are obtalinéd fromthe chemnm cal

deconposirtigible 3@ 18tRIATARE f¥rekhie reQsahe %&aétrﬁl PHSIHEES, 191‘1a§1§tfen; I gid

uret hane foamto be deconposed. That is, the chem cal structure t he

conpound B8 dssitialabdusanad ﬁﬁf@’ ﬁ@dhﬁ%bﬁaﬂ@faan{raaa{ ha'dléfafefrlt ﬁh@mtb@? r ' gi d

uret hane foam 1t becones therefore inportant that a recycling rret

sui t abl e shenld iesdipshted A BBis8THd! frd Al 41 ﬁ%erét%?]ﬁ'})ﬁ% S %he a‘l&ﬁm&boul d be

enpl oyed. 15 Furthernore, it has been ano nge for encouragi ng

recychi N@Furlerhedhe! ftHas K63 WeithB%or' 'c?r‘.("uﬁﬁhﬁfe'dadlsﬁt%m%é'%oa in WhEe

h i
pol yuret hane resin and reusable raw material derivatives obt al ne ]5 t hr ough

chemi cal cAR4RTRENCIEH0 85 to HEAIYE igR BBHvBHY éfﬁcﬁé}icyaasrémio%eéyﬁﬁe‘ﬁ% Besi des,
0 pro 20

there has been a critical obstacle note recycling with

efficiency - Rs%th@??'i‘@lﬂ%n?fto HeO&RReddHed,” t1d Qfdf@ﬁiefi&{b%eﬁ%w 28094 be
specified w thout iden |fy| ng the basic raw material of the rigid urethane

foam  usegmbetind héf t]ibsgs BhiretheX réfiht aR@ rbligapre) f%[w%ﬁ?é%’i‘aﬂn&erﬁzfatﬁeg' sposal
refri gerator 25 DI SCLOSURE OF THE | NVENTI ON To address the problens above,

it is thensélreeashtafiedCrohf thE %Heﬂﬁcﬂn dedodSpis@libAN aROMetitlinsPBFOHR Of
of fering structural strength. and high insulation

10  chemical structure of the rigid urethane foam to be decomposed. That is, the
chemical structure of the compound and derivatives depend on basic raw
material forming the rigid urethane foam. It becomes therefore important that
a recycling method suitable for the basic raw material forming rigid urethane
foam should be employed.

15 Furthermore, it has been another challenge for encouraging recycling
system that reusing the raw material compound of the polyurethane resin and
reusable ra;w material derivatives obtained through chemical decomposition as
iﬁsulation mai_;eriél for a refrigerator. |

Besides, there has been a critical obstacle to promote recycling with high

20 - efficiency — prbper methods of processing rigid urethane foam cannot be

specified without identifying the basic raw material of the rigid urethane foam

used for the insulation box unit as the major component Qf a disposal

refrigerator.

25 DISCLOSURE OF THE INVENTION
To address the problems above, it is therefore an object to provide an

insulation box unit capable of offering structural strength and high insulation



5 Decenber 2005 6 efficiency in spite of an extended use of vacuum

insulation material. It is another object to provide a new nethod of
produci ng reprocessed material, and also to provi ded Beeembetti on box uni t
and a refrigerator enploying the reprocessed material. This will enhance
recycling efficiency of an insulation box unit to be discarded,
contributing to resource recycling. Aé%ording to a first aspect of the
present invention, there is provided an insulation box unit conprising: an
i nner boXs. ut er X o] ! t i r. herein..:an
insulati%ﬁmﬁﬁf rﬁbfgggsgggﬁegagggé#ﬂgmiEﬁgﬁb 0X 5ﬁ§ﬁa%ﬁ§1§hﬂg?é%g§?&

wher ei n, %ﬁ(ﬂﬁek Bﬁjélcﬁ?{)) g?ﬁ)ytiﬁé( & ndw n&éﬂhﬁﬁ%fﬁiro&u&ﬁg‘i‘éﬁidc@%ﬂdaﬁlia@&iamtrﬁr i al

and rigid uret hane at has a bending nmodulus  of at least 8.0 Mra,
and has gsgdepsigiyvide ah MRR1aB6nKBLMuni@NEnd@ £OrMdgrigemtof dhplovas Uihe
insulation material with respect to a surface area of the outer box is not

| ess t hapré@dsad dn atdridl0Mhis Rall 8ARanddheéwhlingrefticidiney dfihwen iinswlaatonon box
unit wth both a high insulation efficiency and a high structural

st r engt hboxTheitrtodiedliscailbdn@rtnhotinigt th tesmalicagecppdimigus greater than 8.0 MPa
allows a box unit of one exanple enbodi nent to have substantial strength,

t her eby t he béscouding iosa fireeaspastol she presangrinveniisdhsye we pgerided agoods
stored therein._ For increasing stiffness, the rigid urethane foam nmay have
a hi gherinsglation hox mupit comprsigpRINBMeRtoE aRaAED bRy Aspomupdaging thecr ease
ininsulation efficiency due to increaseqd solid ther Lﬁcondu tivity does
not occumnesher thgrein, apfan YisuRbiony Xerp<fl1éP%§e %}W&Bgzt dPnF,ﬁ??Qé

bl in it lity, | it f t. d f the v
00 e LB ol A B B3 o S,
th f At i bt A f : | [ |t of
(ner el or e BIE LY AAR B ERTE By gty M LR w0

| nsul ati g MG hal o BBEsED'6RIAIBAL doNBe/mPACHiT,l AREEAL B tHRNACL A W L

respect 1o the surface area of the outer X
insulation material with respect to a surface area of the outer box is not less

than 40% and not more than 80%, thereby providing the insulation box unit
. with both a high insulation efficiency and a high structural strength.

The rigid urethane foam with bending modulus greater than 8.0 MPa
allows a box unit of one example embodiment to have substantial strength,
thereby the box unit is free from deformations caused by weight of goods stored
therein. For increasing stiffness, the rigid urethane foam may have a higher
density, but it is kept not more than 60 kg/m3, so that decrease in insulation
efficiency due to increased solid thermal conductivity does not occur. Such an
insulation box unit preferably does not cause any problem in its quality, in
spite of an extended use of the vacuum insulation material, providing an
excellent insulation efficiency and therefore contributing to energy saving.

A further insulation box unit of one example embodiment is also formed
of rigid urethane foam and vacuum insulation material. The coverage of the
vacuum insulation material with respect to the surface area of the outer box is

determined not less than 40% and not more than 80%. Greater-than-40%




determ ned not | ess than 40% and not nore than 80% G eater-than-40%5
Decenber 2005 7 coverage of the vacuuminsulation material, w respect to
the surface area of the outer box can enhance effec? D§Re ?é@s savi ng.
Besi des, keeping the coverage not nore than 80% can elim nate the need not
only to prepare the vacuuminsulation material w th out-of-standard size
and shape, but also to dispose the terial in a hard-to-task section in
t he manuf acturing processes, wth sufficient insulation efficiency

mai nt ai gp%gerzfg%cﬁ H‘jengacnﬂm? iﬁ&ﬁﬁﬁgnaﬁﬁ%ﬁal‘%ith*}%rﬁé&% hei M%e' %l},ratieer eis

provi de refrigerator conpri sing: an 1 nsulation box unit r

| Nl udi o BAtdBBk cHPEnIARDHctDOX SSGAITDAGKENBdites), NERDIBEXHENeT €i

and an insulation layer disposed between e inner box and the outer box,

wher ei n doheridisHbaindB (haneB0% sarl elifEidatd the Y@cauBt tslyl &f pesparatidei al and
rigid urethane foamthat has a bending nodulus of at |east 8 0 MPa, and
has a densiuizyn Ghsdhtionsinabdikighith outiof starclavérdge aafd shepeydontualsbnisul at i on
material with respect to a surface area of the outer box is not |ess than
40% and disposeothe tiakeri80X & Hearedbip-fsb\dediing intthe mapufactiongprocesses, wit h
both a high insulation efficiency and a high structural strength; and b)
at - | eastwishesuBeienhindvdation efficiensy mdntagged.-ati on box unit; and c) a
cool ing device. According to_a third aspect of, the present .inventi gn, t here
i s provided @\cossliRgdos secend@sPag MeitherRapentiigwentionntharais &EOHEIRY éni t

i ncl udi ng,an i nner box; . an.outer box. ac ommda*(:}lirrn t he .i nher. box therein;
and an iTGEUESRALEN CPBPEISing]; YR dgs iRBeROT HEL, AHARCD AR 1 RREr box.

and 1 gl ARG OY AerRiponib® heHERek Ry Phskit i AL b8P TR
and 1 gitf™ . vea,
mat or el ap o aiesBelf Uit el Hpl Rnd THE dhue BHE\ARGR hT @RI RLT BT

40% and ;0G%,1BA & LN BT oin S RGERRY mBEQN 4104 rIg€ urethane foam that has a

bending modulus of at least 8.0 MPa, and has a density of at most 60 kg/m3,
and a coverage of the vacuum insulation material with respect to a surface area
of the outer box is not less than 40% and not more than 80% thereby providing
the insulation box unit with both a high insulation efficiency and a high
structural strength; and b) at-least one cooling box formed in the insulation box
unit; and ¢) a cooling device.

According to a third aspect of the present invention, there is provided a
method of recycling materials for an insulation box unit including an inner box;
an outer box accommodating the inner box therein; and an insulation layer
disposed between the inner box and the outer box, wherein, the insulation layer

- is formed of a vacuum insulation material and rigid urethane foam that has a
bending modulus of at least 8.0 MPa, has a density of at most 60 kg/m?, and a
coverage of the vacuum insulatioﬁ material with respect to a surface area of the
outer box is not less than 40% and not more than 80%, thereby providing the
insulation box unit with both a high insulation efficiency and a high structural

strength, the method comprising: a) a crushing process for breaking down an



insul ation box unit with both a high insulation efficiency and a high
structural strength, the nethod conprising: a) a crushing process for
breaki ng down an 5 Decenber 2005 7a insul ation box (hPEceRRST P ri gi d

uret hane foam b) a screening process for classifying the broken-down
wastes into iron, non-ferrous netal and rubbish including resin; c) a

f oamed material - handling process for éushing the rigid urethane foam
separated fromthe broken-down wastes into powder; d) a reusable material -

D P e JnPUREER? Pl PR SenC et Tty B o CEraCRIng RFocssgati ane
i cd ti b-criti ter. int d teri al i di
aw conpaikaty e Phe HroBH e hERies Buh nt BOpTEHERR TG T mubBEPoupe”
and e) a;haWaimt oLt roﬂﬁ%%ﬂ oIR8 % abQlink) pide % !ﬁﬁn@ltds%?né @ﬁe Ghude

materials to obtarn tolylené diam ne, an |1|n§ %yn esi zing tofylene

di am ne, uOhMERS i h%ﬁ%@tﬁoﬁomﬁmﬁﬁ%v&rpwﬁag i%@r‘ﬂ&@dé}@!d’)?%\her
T t he

polyol from the tolylene di am ne. roug processes above, rigi

ur et hane rbaaiBle Whatehidi orbpsag Tp@f)(_:es!'s Qbyi)%}%c@ﬁsiﬁ§mamh@neqms§&&da}3 i's
now recycled as the material of rigid wurethane toam to be nore specific,

crude prddtgtiguidhbg helameicabtrebéiehs, t 1) AltgbmdoRin@Cehs NGty satReiat  iblyi cal
or sub-critical water, are fractionated to obtain tolylene di-isocyanate
conpoundsreactiorisol ydirge sdpartritieapoby esldecripiehy oWwaterwhintb areds ymbbhedalzed
fromtolylene dianmne - one of the fractional conponents. In this way, the
two mat enheluding vawitoaipmthdsnef heptigicdrethsnedoewednd rapbinadity of aminegi d
uret hane foam BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a sectional view
of an i n&liPuRY smdek aumv mAtesialpreducing nrroedasrigr is omeking Bfe ervsle
present invention. Fig, 2 js a flow. chart illustrating a reicycl j.ng .nmet hod.
of a secdndterials to obtain tolylene diamine, and i1} synthesizing tolylene diamine,
tolylene diisocyanate compounds and tolylene diamine polyether polyol from
the tolylene diamine.
Through the processes above, rigid urethane foam, which is formed of
tolylene di-isocyanate composition, is now recycled as the material of rigid
. urethane foam; to be more specific, crude produéts, which are obtained
.through a process using supercritical or sub-critical water, are fractionated to
obtain tolylene di-isocyanate compounds and tolylene diamine polyether polyol,
which are synthesized from tolylene diamine - one of the fractional components.

In this way, the two materials are obtained and employed, as renewed

materials for rigid urethane foam.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a sectional view of an insulation box unit of a first and a third
embodiments of the present invention.
Fig. 2 1s a flow chart illustrating a recycling method of a second

embodiment.



refrigerator having a notch of a fourth enbodinent. Fig. 4 shows a
cross-sectional view seen fromthe front side of a Pf&ecempeardf®r of a fifth
enbodi ment. Fig. 5 shows a cross-sectional view seen fromthe side of the
refrigerator of the fifth enbodiment. 5 Decenber 2005 8 Fig. 6 is a
cross-sectional view of vacuuminsul at¥ln nmaterial enployed for the
refrigerator of the fifth enbodinent. Fig. 7 is a cross-sectional view of
vacuum i nsul atj.on_naterial enpployed .for. a refrigerat af the sixt

enbodi ment . 5 g3 8 & RETEPeSLNP ST NATIBRA ToATiaR AINIRYIEM ROt BhE si de
of a re&gig&gatﬁrdfﬁe seventh enbodinent. Fig. 9 shows a cross-sectional
vi ew seen tront TREEIEE of the refrigerator of the seventh enbodi nent. 10

DETAI LED DESCPTION; G CARRINGCHT, OF IEE LAVENTL QN Kl sl patieroi | be

descri bed an inSulation box unit, a refrigerator, and a nme recycling

mat eri al $effisdAeonPsEs Rt éA%EMmHt. according to the exenplary enbodinents.
The insulation box unit of the present invention is formed of i) rigid 15

urethane foampigt b shol@nHbiGsToetibE bbwSBnMPemOheiiBa bE EhaRefrascliffty ty Of
60 kg/nB or lower, and ii) vacuuminsulation material. .At the sane tine,
the covefahe fdth tadodacemtn i nsul ation material wth respect to the surface
area of the outer box is determ ned greater than 40% In spite of such an
ext ended




coverage of the vacuuminsul ation material, the rigid urethane foam by
virtue 220 of its 8.0 MPa-or-greater bendi ng nodul us, _can provide the box
unit with a substantial strength. That is, the box 3Resembter 298 £ r om

def ormati ons caused by wei ght of goods, stored therein. For increasing
stiffness, the rigid urethane foamh a higher density, but it is kept at
nost 60 kg/ nB, so that decrease in insulation efficiency due to increased
conductive heat transfer in solids does not 25 occur. Such an insulation
box unit has Big.@¥ thhewpsnsdctiongluiemt yf vdespint msolfatam nestesadedployedof t he
vacuum insul ation material, providing an excellent insulation efficiency
and t her &rdhe refmgariabon ofithetfitleemmbgginsavi.ng. 5 Decenber 2005 9 In anot her

i nsul ati on box unit of the present invention, the coverage of the vacuum

i nsul ati on malw.iAls aidrbssesponsl vew bhbvacnhmcmsalammmdttdabanpioyedx i S
greater than 40% and three or nore doors are attached. Despite of the

ext endedicreveafeigeraibr pfithe/sizsthiembndisheit. on material and plural doors, the
rigid 5 urethane foam by virtue of the increased bendi ng nodul us, can
providde the bBig. 8nshowstd aosubstiontl atiest seenyt fromTithe front tdide bifxaunit is
free from deformations caused by wei ght of goods stored therein. A great
st i f f nestefrigerator ofalsaveythesusbodinmntt 0 an i nsul ation box unit having three
or nmore doors; -no deformation occurs in the insulation box unit structured
above. For i nBige&sshays a@ressidettionsl vieWwesedrgfidmutlet sideeffthamefriperatobi gher
density, but it is kept at nost 60 kg/nB, so that decrease in insulation
ef fi ci enefithgiseventh dementheat transfer of solids does not occur. Such
an insulation box unit has no problemin its quality, despite of an

ext ended use of the vacuuminsulation material, providing an excellent
insulation_efficiency and therefore contributing to energy saving. 15 A

sti 10 furt mTAIhEDa%E&CIHBTIGN DR CARRY BYERUT OF VAL INVENFIONS t he
ri.gid urethane foam which is made by reacting a) isocyanate conponents
forned of tollleeinaler kgl dealeacbed apdusakation boxoynity @ refrigecaiwpoeha s

f or med

method of recycling materials of the present invention according to the
exemplary embodiments.

The insulation box unit of the present invention is formed of 1) rigid

15  wurethane foam with a bending modulus of 8.0 MPa or greater and a density of

60 kg/m? or lower, and ii) vacium insulatioﬁ material. At the same time, the

coverage of the vacuum insulation material with respect to the surface area of

the outer box is determined greater than 40%. In spite of such an extended

coverage of the vacuum insulation material, the rigid urethane foam, by virtue

20  of its 8.0 MPa-or-greater bending modulus, can provide the box unit with a
substantial strength. That is, the box unit is free from deformations caused by

weight of goods stored therein. For increasing stiffness, the rigid urethane

foam has a higher density, but it is kept at most 60 kg/m3, so that decrease in

insulation efficiency due to increased conduective heat transfér in solids does not

3 .2-5 ‘occur.  Such an insulation box unit has no problem in its quality, despite of an

| extended use of the vacuum insulation material, providing an excellent

insulation efficiency and therefore contributing to energy saving.




of polyol, a foamstabilizer, a catalyst, and a foam ng agent. Enpl oying
tol yl ene di-isocyanate all ows the product obtained to have a structure in
whi ch 20. reactive functional groups closely exist v Psesher3085 r | ng,

t hereby providing a resin having a hi %r; elasticity nodulus. Therefore,
there is no need of getting extrenme intrease in density of the rigid
urethane foam Accordingly, the urethane foam has no undesired effect of
heat transfer of solids, retaining excellent insulation efficiency. As a
result, despiti afiotheyiingubptiat kox uhdinef0 RReseay éhageais, theeovaseyor

i nsulation material with respect. to the surface area of the outer box, the
i nsul at i othebacumm inedatioy inngtetiad witle tdmeaes fooliv aatfady Mehdf the adtes byk N
structure strength and insulation efficiency. The high strength and 5
Decenber B0gfeatér thsml4I’hoanéfihireé @pcyors dabsd agk @tadhedan Degsitd afitha box
unit having three-or-nore doors and the extended coverage of vacuum

i nsul at i cextended caterage ofitlsd vadui ihentibn suh el modoplueal dod2é, thbeigg esent
invention, water as a foam ng agent of the rigid urethane foamformng the

box ubit verbant Emmabypoirtud ofitloxintec ged beydigaaidduluy)idah pre0@¥anabex f or .
foam ng. At the sane tine, the small nol ecul ar weight of water provides a
strong rear#ti vetlbomdsilsthhtial retkesgthar  Shaticis)r thofbdheunit eihdre Faam
obtained. Therefore, there is no need of getting extrene increase in
density oleformatiogs ¢aused hynwefgdamf fealr stored therdine W gtdwangithRagifas no
undesired effect of heat conduction in solids caused 10 by the increase in
densi ty, paatmiduriyessentidlantan irslatiow borfuriit haring theedor @61 Heorsdgspi t e
of having greater-than-40% coverage of the vacuuminsulation material with
respect tdeforeation bemesdndhedhsulationogrudio xtricberddnshdvat | ®or hmﬁeam%
enpl Oéi ng the urethane foam can provide satisfying structure strength and
i nsull8t i iifbfdsscihenugid Treehhneg ot tergt highed densitydbuion iekbptiemneyt 66 al so
given 15 an insul ation box unit having three-or-nore doors and the extended
cover age k#fm3yacthah deosedsetindnsaktm efficiency due to increased heat transfer of
solids does not occur. Such an insulation box unit has no problem in its quality,
despite of an extended use of the vacuum insulation material, providing an
excellent insulation efficiency and therefore contributing to energy saving.
15 A still further insulation box unit of the present invention employs the
rigid urethane foam, which is made by reacting a) isocyanate components
formed of tolylene di-isocyanate compounds with b) pre-mix components formed
of polyol, a foam stabﬂizér, a catalyst, and a foaming agent. Employing
tolylene di-isocyanate allows the product obtained to have a structure in which
20  reactive functional groups closely exist via aromatic ring, thereby providing a
resin having a high elasticity modulus. Therefore, there is no need of getting
extreme increase in density of the rigid urethane foam. Accordingly, the
urethane foam has no undesired effect of heat transfer of solids, retaining
excellent insulation efficiency. As a result, despite of having greater-than-40%
25  coverage of the vacuum insulation material with respect to the surface area of

the outer box, the insulation box unit employing the urethane foam can provide

satisfying structure strength and insulation efficiency. The high strehgth and



Besi des, such structured rigid urethane foam assures safety in di sposal

wor k because the urethane foam rel eases no hazardous material but
af orementi oned carbon di oxi de gas when it is crushed® Depepmiggs 2005
mat.eri al - produci ng method of the present invention contains: i) a crushing

process for crushing an insulation boxl@nit; ii) a screening process for
classifying the broken-down materials fed fromthe crushing process into
iron, non-ferrous netal, wastes including resin, and the like; iii) a

foamed nR&@ktish-AAChENS: Me0EHEh fooin HMRAM;HS bIQWhit hetHaNrdd@ibLocks,

which is 25 separated fromthe wastes in the crushing process into powder
by gri ndidegrs afd ¥8& bRENdRH cb@@rdgbl%?%rabﬂl%mainéﬁ}é&ﬂ f4TBig1 1 @l -preparing

process for 1) processing the urethane foam powder into [iquid conpounds

through am nOlys StiRffupepGREPRkIAULR dritdNthe! yekent BREREIASwarek ddd L OF 1 NG
f crushe

out inpurities, such as tiny pieces of resi-n a netal, fromthe

conponentfsamaiFagdiiibidhe $850 TRGEALNE fohnl erBJhigl ngg {’B%B{eliﬂi@ ehGRR i

rigid urethane foam and various am nes by c reacti on enpl oyi ng

supersr i dicdate 3@ By esétidn GRkh WBi& anat forv fosfn A@aﬂgr 5@ e R REUEHET

process for producing the material "of pol yurethane by actionating crude

product s spiHIl GHEMRCURE RIISRE TS wABYY rovideh dauﬁﬁ%ﬁgn?e(j{cgfg@ P?']Keu GH tRe fOr med

of tolylene di-isocyanate conposition, 1s now recycle mat eri al of

rigid urehdlendaf eamictéR SRAhERLRLERRAAREobIGEASIE PTRANESS, (i .fého ab&d

obt ai ned through a process using supercritical or sub-critical water, are

10 fract bppafthil étrRiedinbrdsabihaesfl -Jrens YinatfcERIMOMMES. amof(ﬁhgiggne

di am ne series polyether polyol, which are synthesized fromtolyl

di ami ne theRRetane! ffnl hagtiPAAHcGRIPETEA 6f hédt EdHductRY: inf ffidk \WausEd eri al s
are synthesized and enployed as renewed materials for rigid urethane foam

[ I8, Ly Syttt sk SRRt DSy AT 11
t ol yl enedespite of having greater-than-40% coverage of the vacuum insulation material
with respect to the surface area of the outer box, the insulation box wunit
employing the urethane foam can provide satisfying structure strength and
insulatibn efficiency. The high strength and insulation efficiency is aiso given
15 an insulation box unit having three-or-more doors and the extended coverage of
vacuum insulation material.

Besides, such structured rigid urethane foam assures safety in disposal
work because the urethane foam releaées no hazardous material but
aforementioned carbon dioxide gas when it is crushed.

20 o The 'material?producing method of the prese;nt invention contains® i) a
crushing process for crushing an insulation box unit; ii) a screening process for
classifying the broken-down materials fed from the crushing process into iron,
non-ferrous metal, wastes including resin, and the like; ii) a foamed
‘material_-handling process for breaking down urethane foam blocks, which is

25  separated from the wastes in the crushing process into powder by grinding,

crushing, or the like; iv) a reusable material-preparing process for 1) processing

the urethane foam powder into liquid compounds through aminolysis or



di am ne pol yether polyol. The two nmajor nmaterials, mxed together with a

foam stabilizer, a catalyst, a foam ng agent, are injected between the
outer box and the inner box. Foam ng and curing proé@%e&bef B t he
material into rigid urethane foam In this way, the raw materials, which
are extracted through 20 decorrp05|t|or11and synt hesi s processes from rigid
ur et hane foam made of tolylene di-isocyanate conpounds, are now reused for
producing another rigid urethane foam It is thus possible to obtain an

| nsul at i glycbly¥isiiiaktibat?) fGeNE AE RGNS %u@ﬁ\ésrlﬂiy Picebé b rdsit hRGT
refrigerator of the present invention has a tag that has a 25 record of the

raw nat e¢ivahsdofetdle i ﬂleue&hbaﬁ@nisoadﬁ@rfabﬁyg)d db&mpdeng | m%&é@%&n box
unit of the refrlgerator By virtue o tag, a person involving the

recycl e mitérisBBo@psuhils ioflaadilf ¥rdthens %ﬂahﬁﬂ'@drl&fs 5&1@11@:9%}‘%@%@&16 foam
5 Decenber 2005 12 used for the refrigerator to be recycled.  This can

det er m neaetdACeniFIoRHRES Rper@ifEASSIAD SA-cHdWalBwatdra! aRHOGYCh NYaw
according to the materials recorded on the tag, thereby encouragl ng

r esour Ca:rﬁwlélg%roﬁtﬁ:iﬂé fpr bedssheir pebdhafsatis Mhtdig Bf GoPRiretMRNB,ON has

a tag on which data of material types of the rigid urethane foamare

r ecor dedfraBlon £ NGutlb prod0ER! MIHQGghatRe r;ﬁe&bsls.@é/ Qb EIriche rehunke work
can determne a proper nethod of processing the rigid urethane foam Still

anot her foast)!vahichris fe¥mbodiof tﬁ?vléd@dﬁs@éﬁiﬁatb Beeipdsfion, Ss W RyQbd o gi d
ur et hane foam and vacuum i nsul ati on materi al In the Box unit, the 10

cover agethef maberixloefitiEld Bfdthahe Famnte Ibbeihoféigﬁﬁl&iﬂé r&ﬁ&é%@&&@%%t h
respect to the surface area of the outer box n installing of the vacuum

i nsul at iz obtathéd/thréudiOnl hrocsE® Wsthd &uipey@ititl &nsﬁﬁ-@ﬁti@al hedté a8t
conductive heat transfer. The vacuuminsul ation material whose coverage of

ﬁbouﬂ 4Factivnged abeshtld olyhaRedt-isbeydmeteStinhpetndy 87d Abljl&e #dhehebOX can

=ep series polyether polyol, which are synthesized from tolylene diamine — one of

the fractional components. In this way, the two materials are synthesized and
employed as renewed materials for rigid urethane foam.

In a still further insulation box unit of the present invéntion, the rigid

15 urethane foam mainly contains tolylene di-isocyanate compounds and tolylene

diamine polyether poiyol. The two major materials, mixed together with a

foam stabilizer, a catalyst, a foaming agent, are injected between the outer box

and the inner box. Foaming and curing processes form the material into rigid

urethane foam. In this way, the raw materials, which are extracted through

20  decomposition and synthesis processes from rigid urethane foam made of

tolylene di-isocyanate compounds, are now reﬁsed for producing another rigid

urethane foam. It is thus possible to obtain an insulation box unit that

encourages resource saving.
A stil further refrigerator of the present invention has a tag that has a
25 record of the raw materials qf the rigid urethane foam employed for the

insulation box unit of the refrigerator. By virtue of the tag, a person involving

the recycle work can easily identify the raw material of the polyurethane foam



15 endot hermic | oading anbunt in a desired | evel, enhancing energy saving.

G eater-than-50% coverage is nore preferable. Keeping the coverage at npst
80% prevents the effect of the use of the vacuumin Deatls 268 eri al from
reaching the saturated | evel, whereby the endotherm c |oading amount is
effectively suppressed. That is, enpl o ng the 20 vacuum i nsul ation
material with its utility value increased can pronote energy saving. The

| ess-t han-80% coverage elimnates, inefficiencies that invite an -extrene

decline afsellfor thd REtHEMRABS o BS rbbydas eﬁﬂ@%&ﬁ‘ﬂetéﬁﬁih@ﬁro?@?%tﬁ&ﬂsﬁf pare
the vacuuminsul ation material wi th nonstandard size and Shape, and to

di spose tpecesairgy il raw-Bathiridl Iﬁx*e&dhcﬁfg’ A@BKAiREGh! (MR mA%eRalsGtrled bAW

operating 25 costs brought by t energy-savi ng structure can serve as a

count er b#hangg therebdbricHar 4308 %eddlirké 8hvipgoduct i on cost by introduction of
the insulation box unit. In a yet further "insulation box unit of the

present | nvenid offll fhfthey 36R4EGA(L6E T hrelhip ifvohiSH 1B 2TafRhSGhRR | S

di sposed on all the six planes - top, bottom ftront, back, si des

- of 5 hedaex ofiftidieridl §PeS oPthd HRrid AFE MR TS Mhat e QR AR | ﬁg RAdind!theof the

six planes so that thé coverage wth respect to the surfacé area of the

out er boinfosmiabichhe: pPRRGH fiﬁ@ﬂ}?l’vﬂ@%/oth@- BO1dl RRARDYa s n&&gg@?ﬁ{%eﬁgﬁ%gy

saving. According to a still further insdlation. box unit sent

i nvent i omethb® o8Praeb&insthé bRrid wrethdine bRy e the tenperature shoul d be kept
at freezing tenperature, the nmulti-layered insulation section fornmed of a

rigid urethangtilloggthay ¢hedladion M€ Wit b $Hb HrbQht Bkl isaﬁ%ea%g a
consistent |ayer-thickness in the range from20 nmto 50 nrmwth the

except i ofighl vrbchakd fR0E Snd SaLHAAS ins8tibAI GLAREA. ' F9hABOY GuniY, 'tﬁﬁ’s t he
rigid urethane foamnot to |ose flow performance within a [ayer, thereby

pr eviént i eayeiclige rofl thie- Y ROATE dinshlkgtid s trh QfbreACEd s’ frof 1409, ithSatoatv e
efficiency due to poor filling and inconsistency in the polyurethane foam
Ther ef or sgspebie touthei sludy® @flea of the outer box. In installing of the vacuum
insulation material, priority should be given to an area with larger conductive
heat transfer. The vaéuum insulation material whose coverage of about 40%
or greater with respect to the surfaée area of the 'outer box can keep
15 endothermic loading amount in a desired level, enhancing energy‘ saving.
Greater-than-50% coverage is more pre'ferable.

Keeping the coverage at most 80% prevents the effect of the use of the
vacuum insulation material from reaching the saturated level, whereby the
endothermic loading amount is effectively suppressed. That is, einploying the

20  vacuum insulation material with its utility value increased can-promote energy
-saving. The less-than-80% coverage elimirates. inefficiencies that invite an
‘extreme decline of the effectiveness as it was expected, such as needs to prepare

the vacuum insulation material with nonstandard size and shape, and to
dispos_e the material in a difficult-to-task section. As a result, low operating

25  costs brought by the energy-saving structure can serve as a counterbalance to

an increased initial production cost by introduction of the insulation box unit.

Ina yet further insulation box unit of the present invention, the vacuum




I nsul ation section forned of the rigid urethane foam and the vacuum

I nsulation 15 material can nmaintain proper insulation efficiency. It is
thus possible to enhance energy Saving - even in thé [?qcé’@?‘?fr?gogenperature
area having a steep tenperature-gradi ent between the inside and the
outside of the box unit - by taking d8vantage of the vacuuminsul ation
material. Furthernore, keeping the thickness of the insulation |ayer 20
not - nore-than 50 mm except for the doors, can practically increase

vol unet r irsul&tién ehepeial 6§ didpossd ah HPdes sid piades SPaS, bobtobl) €rai! bsdk, vol une
of an insulation box unit. According to a still further insulation box

unit of &hhé batlesalds 1 6F & beX uniti NDashoaieated vhhauAaxsulatibn Migefial be
tenperature shoul d be kept at 25 refrigerating tenperature, the '

mul ti -1 ayBrofdhé Reuhiincosdat the covdiaet wish roipR t0khe stifibdareheifhnae
foam | ayer and a vacuuminsul ation material-layer, has a consistent

| ayer - t hbuierdos ik in the raRpRoly £20% 20 Sm%,ttﬁeﬂébﬂﬁmigihg%nérg%ﬁeiﬁger 2005

14 exception of the doors™ sections. The thickness range above allows the

rigid urethafgedraaip bOh difll FagRed IBMIRE6H HoXBRsie ofith8iptesentan@intidd)er eby
preventing the nulti-layered insulation section fromlow insulation

ef fi ci enfiy adUereaOoPEY bok iddit Rthedd Ghitegtifdrat@RCElesul@ Waukémdal feblifg
pol yur et hane foam Therefore, the multi-layered insulation section forned

of the rieghperateid)aie fmdtiiapstein@suBRiBHsbOsod Fimed BRlLHgal ubaRafBi Ntai n
proper insulation efficiency in the refrigerating-tenperature zone having

a relatifoanslgtert eiEr at Weughddiwdiilatibet WRgteridldayasi Bes and chhsis@utsi de of
the box unit. It is thus possible to provide an insulation box unit having

vel | - bal lageethizliviesd &gehe Ghngd fildn GUEAGH -tHN0 MEmEkiBCthdeeptibn RY thbe
vacuum insul ation material and an enhanced volunetric efficiency of

i nt téJOnaI dapgaectivhs. r'ehpehickhess fthgenibove alletsibie sigidRréthaut &am hoboX
R to lose flow perforfnance within a layer, thereby preventing the multi-layered
insulation section from low insulation efficiency due to poor filling and
“inconsistency in the polyurethane foam. Thei‘efore, the multi-layered
insulation section formed of the rigid urethane foam and the vacuum insulation
15 material can maintain proper insulation efficiency. It is thus possible to
enhance eﬁergy saving — even in the freezing-temperature area having a sfeep
temperature-gradient between the inside and the outside of the box unit — by
taking advantage of the vacuum insulation material.
Furthermore, keeping the thickness of the insulation layer
20  not-more-than 50 mm, except for the doors, can practically increase volumetric
efficiency of internal space with respect to the entire volume of an insulation
box unit. |
According to a still further insulation box unit of the present invention,
_ in an area of the box unit where the temperature ghou_ld be kept at
25  refrigerating temperature, the multi-layered insulation section, which is formed

of a rigid urethane foam-layer and a vacuum insulation material-layer, has a

- consistent layer-thickness in the range from 20 mm to 40 mm with the




According to a still further insulation box unit of the present invention,.
t hi ckness of the vacuuminsulation material is determned to be in the
range 15 from 10 nmto 20 nm The thickness range abb¢eenherdQ® the rigid
uret hane foamnot to | ose flow performance within a |l ayer even in a section
having a relatively thin wall, i.e., a4thickness in the - range from 20 nm
to 30 nm This can broaden the area in which the vacuuminsul ation

mat erial can be disposed wth no loss of insulation efficiency of the

mul ti -1 aysfeptibASH BHel ANorseEddRAs. AT H %Otlﬁﬁﬁﬁéslé' #angehsbdx}bcaﬁ@%%&%%&age of

the vacuum insul ati on material enhances t on ‘energy sav

Accor di Ngufe@hans fbdh fdtrbNese ﬂa&%é}%ﬁﬂ?jﬂ & witih aofar?’tg?et}féﬁr?&ﬁﬁfdevbﬂﬁﬁ tion,

the vacuuminsulation material 1s formed of a core gas-barrier

film covefHenghliflgas&icd PRUBIIA secPRECHbLE & anﬁl@%fo‘ﬁbéﬁc@tcf rdlu@ltolli\i?\ln()? h no

I norgani c 25 fi ber aggregate. Enploying 1 norganic can curb

change ov@llidd #8d inéorSRRASAAELE QFEL&}e@‘iﬁ%% %alghﬂf@ch&ﬁgtfp 'rlnil‘iJﬁ?éfb&”

material. In addition, this m nates a gt & TAnere bag

with g p%ﬁi@ﬂidaﬂﬂeﬁhnﬂsﬁléldlﬁ%t@&ﬁﬁ{ Yoﬁnpt?%t %?(QSulje%hQﬁé) G655 MIFLE

powder is used as .the core material in vacuum i nsul ation

mat eri al Véd&@tb?tiirisﬂlﬁﬁbﬁvin@geﬁﬂ %ﬂgﬁﬁfﬂtgﬂl ?&%%e%ﬁaﬁaﬂl (ﬂﬁﬁ E&)ﬂgn the .

envi ronment . I's therefore possi e to pro an | nsu OX Uunit

W th enhakes Lﬁﬁ:ﬁféufeﬁﬂl%} o Eérf‘é’%évﬁ%i rélgfget éﬁﬁﬂrﬁhﬁﬁ%akﬁlrey alifdpg P! te

of an extended use of the vacuuminsulfation material W an inhcreased

cover age.bebesh WHiddde a3id the B%éﬁi@rof PR k! ARiOOX ‘iQ'tthug eprcIs 1Pgsent

i nvention, the thermal conductivity of vacuuminsulation ma and rigid

ur et hane prboRI S AU ot Ritlit ChARRY! Reeli-bAlnked aHQaﬁtages Thatay s, the

thermal conductivity of the. vacuuminsulation material Is determ ned I n

the tengerksamafing. QELAWHHuLR: P ORQWAulhaRsiiti] Chekehlf! BANC, 0am

has a therma ctivity o ratio ovea ows the rigid
ur et hane enb@fced volumetric efficiency of internal space with respect to the entire

volume of an insulation box unit.
According to a still further insulation box unit of the present invention,
| thickness of the vacuum insulation material is determined to be in the range
B 15 from 10 mm to 20 mm. The thickness range above allows the rigid urethane
foam not to lose flow performance within a layer even in a section having a
relatively thin wall, i.e., a thickness in the range from: 20 mm to 30 mm. This
can broaden the area in which the vacuum insulation material can be disposed
with no loss of insulation efficiency of fhe multi-layered insulation section. As
20  aresult, the increased coverage of the vacuum insulation material enhances the ,
effect on energy saving.

According to a still further insulation box unit of the present invention,
the vacuum insulation material is formed of a core material and gas-barrier
film covering the core material. Specifically, the core material is an inorganic

25 fiber aggregate. Employing inorganic fiber can curb, with no change over time,
a generation of gasses in the vacuum insulation material. In addition, this

elim_inates a step for filling the inner bag with a powder, which is a necessary



not to | ose flow performance within a layer, thereby maintaining preferable

I nsulation efficiency as a nulti-layered insulation section despite of
having a small |ayer thickness. It is thus possibl e5ﬁ9°%ﬁ}éﬁ¥i28@$an

i nsul ation box unit in 15 which the vafium insulation. material is
extensively used in the box unit. The “'Structure satisfies a demand that
the vacuuminsul ation material should be wused even in a section having a
relatively small_wall thickness, achieving the energy-saving effect as
expect ed Progessrahery 2 poavdest isf usedhers thes wbet imatebiaX innitaroffadtheingr @pent

i nvention, 20 vacuuminsulation material is enbedded in rigid urethane

f oam at &fcunm: wrwdation angterialothhmibye mprdwing uineprddaxtiandeffibienty e box.
In the insulation box unit structured above, all the outer surfaces of the
vacuum i NeWking envisenwentl ltas cheweforetpasaibde toptavide s tihsulagion bgk dnitr et hane
foam Conpared to the structure having a direct contact of the vacuum

i nsul at i Sftlesnhaneed aroduation hficienar abdx hng-timei roliabilbiyx i pitdef an

i nsul ation box unit, the enbedded structure has no decrease in strength of
an i rdul gkiended ssewfithe yaeunm inpekbitiongmotérialf withear inewasedeovarageri al . 5
Decenber 2005 16 In particular, conpared to the structure in which vacuum

i nsul ati on réAcearding te agstilh fhether dnstdationtlsox hoit,oftthe @hesanBREhIGHEd
"enbedded};%structure allows a projected area of the heat transfer between
t he out sthr thermeheondustiraty off varewimsimsalstiom hoaterial tartd rizéd efré@cinevel v
cover ed ?t a position enbedded in the 5 urethane foam Therefore, the
enbeddediofm §6t &% dochavd acratas eanging fitom colBrtagk5pe Thao\ier sge thorasal
According to a still further insulation box unit of the present invention,
.a  pl aneendycivityrofithe vaenuns inswdaton meateriad s ilsteemtirett ful thewariggiféorr et hane
foam_  at an_internediate section between the outer box and the inner box is

at Hhst 00910WmoKetp 900308V e Kovelmn 6he titigidburethane fodimbak %, thereadi de

pl anes of tdhe outer ,
conductivity of 0.015W/m-K. The ratio above allows the rigid urethane foam

not to lose flow performance within a layer, thereby maintaining preferable

| insulation efficiency as a multi-layered insulation section despite of having a

small layer thickness. It is thus possiblé to provide an insulation box unit. in

15  which the vacuum insulation material is extensively used in the box unit. The

structure satisfies a demand that the vacuum insulation material should be

used even in a section having a relatively small wall thickness, achieving the
energy-saving effect as expected.

According to a yet further insulation box unit of the present invention,

20  vacuum insulation material is embedded in rigid urethane foam at an

intermediate section between the outer box and the inner box. In the

insulation box unit structured above, all the outer surfaces of the vacuum

insulation material have an intimate contact with the rigid urethane foam.

Compared to the struéture having a direct contact of the vacuum insulation

25 material with fhe outer box or the inner béx of the insulation box unit, the

embedded structure has no decrease in strength of an insulation box unit due to

peeling-off of the insulation material.



other hand, in a "direct contact" structure, a foam ng agent of rigid
uret hane foam agglonerated in a gap between the out®Pe 545 he vacuum
insulation material nmay expand or contract in response to changes in
surroundi ng 15 tenperature, which has Hiten resulted in deformation of the
outer box. In contrast, aforementioned structure of the present invention,
since it is free from the phenonena, can prevent the insulation box unit

from havi ng alpopdrtictile cBR{RALANGE tRE ArE@REDIiAURUSCES vauah AlsullRiget |
t hereby maintaining excellent quality as a product. 20 A still further

refriger ahgteritfl i$ Retaphe® eNthd BURIHRD the BiRbMSnAidnk A SEhded@ed” PRt
i ntroduced above, a cooling conmpartnent formed within the insulation box

uni t,  andilbwo pisjected Hrefof the 1Ak itPAhOELONERA tHEN tsid RhOYAO ThidE
I nsul ati on box unit having high coverage of the vacuuminsul ation materi al

Wi th respfehe bigsliigos ok e & BefMictiVidy esdeebd R4 @isﬁ feetiddd&d ¥h the
contribute to 25 energy saving. At the sanme time, the structure an enhanced

vol unbt rivretlefdd abemcyThérdfoeSr ¢ SRBEAIAY eftrhBRIEN chhS iSHREGR: SAMLAD
conpact body can provide an environnent. friendly refrigerator. 5 Decenber

2005 17 Hetetapahpleovdrhke Reedlescri bed the insulation box unit, the
refrigerator, and the nethod of producing materials of the present

i nvention acc@rdhring €o b Reill REHRN RIMIATROBS MRS D8Rl BRERID a
acconpanyi ng draw ngs. FI RST EXEMPLARY EMBODI MENT Fig.. 1 shows an

i nsul at i pllakwin whidh vicvule ihéwlatioa YaaiENE enAded!ihQRgIONrelilide fatC! udes
synthetic resin-nmade i nner box 2 and netallic outer box 3. "In space 4

formed beiltveemtennediabdsectioiNBetwied! thO¥uRr HoxGhel Yheihagebboaratdleasnd
vacuum insul ation material 6 are arranged in a nulti-layered structure. 10
In the mdisgoaed vhiDgiderslaas Hftheiboxihiagti OThhoxs, Whetside placdbish theDukéyt i on
box have no direct contact with the vacuum insulation material. On the 6ther
hand, in a “direct cont_act” structure, a foaming agent of rigid urethane foam
agglomerated In a gap between the outer box and the vacuum insulation
material may expand or contract in response to changes in surrounding
15 temperature, which has often resulted in deformation of the outer box. In
contrast, aforementioned structure of the present invention, since it is free from
the phenomena, can prevent the insulation box unit from having a poor
side-appearance as a rconspicuous structural défect, thefeby maintainjng
excellent quality as a product.
20 A still further refrigerator of the present invention contains an insulation
box unit introduced above, a cooling compartment formed vﬁthin the msulation
box unit, and a cooling system for cooling the compartment, Employing the
insulation box unit having high coverage of the vacuum insulation material
with respect to the surface area of the outer box can effectively contribute to
25  energy saving. At the same time, the structure aﬁ enhanced volum.etric'

efficiency of internal space even though its space-saving compact body can

provide an environment friendly refrigerator.



material 6 is bonded to outer box 3 in advance, and then the raw materi al

of rigid urethane foam5 is injected into space 4 to_have an i ntegral

expansion. In the structure above, the coverage of b Pecamahter 0%t erial 6.

Wi th respect to the surface area of er box 2 was conpared in the cases

of 50% and 80% 15 Rigid urethane foam5 is produced by nmechanical -m xing a

prem x conponent with an isocyanate conponent that is nmade of tolylene

di -isocyanate__conpqsition. The prem x is prepared by m xing, by weight, 3

parts of cat aﬂ%’?ma%eﬁa‘f"%l% bgf dessaibedt disi inspdation hear waitotheaekigeraion _

f oam ng ag«a i‘ﬁ %gp arts of formc acid as a chemi cal reaction. regulator

to 100 pahfdhgym @m f g %ngem@mieo%hemmanbmenmmceﬂlmtﬂn@ KOH g.

The-rigid urei}%gne f oam di sposed on a side of insulation box unit 1 of the

exenpl ar §XERP meass Ptk refarense épacearapanying dBwWgENs for density;

8.5 MPa for bending rmdul us; and 0.022WnK for coefficient of thermal

conductivity. Conpared to the physi cal properties of prior-art rigid

ur et h ur et hane foam of exenplary enbodinment 1 has 1.3

tine foFIﬁgier%. V] ﬁgﬁlEMBomm bendi ng ‘modul us greater than those of

the conventi one. As for the thermal conductivity, they are al host the

same. 5 Dece Meenenswémmuhemf thedanst eimkpdimentie Iaswlationr e

i ntroducgd.in_exe 3 enbodi ment 2, the density is increased to 55 Kg/ n8

and accoP@¥ mgit 11 nﬁé‘ ep srathaiiaram madeeimer dwx) B andvpgtallig outes howed.nal

conductiyity rreaz_ores 0. 023W nK. Both the structures of exenplary

enbodi m?i/ﬂ sbacef dormed betwoen snnersbax 21%@9‘aﬂer§m¥e3sgltlﬁldolﬁr€tth@1&3fﬁﬁﬂu fit and

insul ation_ efficiency.. Another two nore insul atl on box units with different

physi cal aBﬁidﬁSPFP’ekns%Fl@n pRaparialde aze @@mge & e xuHblegeredagitnciurd.n ¢ he

r| g| t}:Z‘ge foa conpari son exarrpl e 1 whose density was increased to
dFRgu Wif&ﬁmgs papepsshel pesulabom ke wnly Leyacuwmdoswdation be

13 0 I\/Pa and

material 6 is bonded to outer box 3 in advance, and then the raw material of

ngld urethane foam 5 is injected into space 4 to have an integral expansion. In
the structure above, the coverage of insulation materlal 6 with respect to the
surface area of outer box 2 was compared in the cases of 50% and 80%.

15 Rigid urethane foam 5 is produced by mechanical-mixing a premix
component with an isocyanate component that is made of tolylene di-isocyanate
composition. The premix is prepared by mixing, by weight, 3 parts of catalyst,
3 parts of foam stabilizer, 2 parts of water as a foaming agent, 0.5 parts of .
formic acid as a chemical reaction.fegulator to 100 parts by weight of polyether

20  with hydroxyl value of 380 mg KOH/g.

The rigid urethane foam disposed on a side of insulation box unit 1 of the

exemplary embodiment 1 has physical properties of : 45 Kg/m? for densityy 8.5

MPa for bending modulus; | and 0.022W/m-K for cbeﬂicient of thermal
conductivity. Compared to the physical properties of j)rior'art rigid urethane

25 foam, the polyurethane foam of exemplary embodiment 1 has 1.3 times for
: density, and 1.5 times for bending modulue greater than those of the

conventional one. = As for the thermal conductivity, they are almost the same.



10 0. 026W nK,
i nvites
the structure

Kg/ ms decreased the
shows the results.

serious degradation of

structural
15 [Table 1] Physi &8l

| socyanat eur et hane foam nsul ati on box unit
conposi tionsDensi t yBendi ngThermal Sti ffnessl nsul ati on
nodul uscOndubiei viliore Hangl, eneyrdikg/ o8)thvPa)fubtid€) introduced in exemplary
Exenpl aryTol yl ene458. 50. 0220KOK Enbodi nent 1di -i socyanate
Exenpl ar yﬁﬁlbﬂuﬁ@nﬁ 28 QKK denbiogi iwehicreadsdmpar 53 dgialdy hededddadiagly) 266KNo
good exanpl e 1di -i socyanate .
exanpl e. beddimgstivdnhienidaka)es TTROMPlal 4ivd ahetthermak vhadiotiviiyometmtoswas

eval uated on the structure having 80% cover age.

Conpar i sonDi phenyl net hane355. 50. 022Def or nedCOK

respectively. The structure with such a physical

I nsul ation efficienc
of conparison exanpl e 2 whose den5|ty
strength of the box unlt.
properties of

property
01 the ot her

hand,

P to 35

Tabl e 1 bel ow
rigidQuality of the

The structure having 50%

cover ageQle3Vel Kt Boeh shostretulds. of exeesplalebmbadiménisgb batl @ sitidy

shown) ,

conpartnment parts (not shown) 5 Decenber 2005 19 includi ng shel ves

and & r ethié genatual siyapanfthetboxhavip aindlifsalagiod dfficiehgisul ation box unit 1

of the -first and second enbodi nents.

In order to check whether

def or mat i ons A@etlierowd iore bilagbh ilpenaiies witnpiferes plysiclmdpaticvas

subjected to a refrigerating test,
on the Wwesder¥esredrey conifaritoar sxanoplesiIngnd 20s In ghe pid uiretisinedogmpdr f or med

over and

and a | oad-bearing test,

wi th foods put

comparison example 1 whose density was increased to 70 Kg/m3, bending

modulus and thermal conductivity were measured to be 13.0 MPa and

10  0.026W/m‘K, respectively. The structure with such a physical property invites
serious degradation of insulation efficiency. On the other hand, the structure
of comparison example 2 whose dehsity was lowered to 35 Kg/m3 decreased the
structural strength of the box unit. Table 1 below shows the results.
15  [Table 1]
Physical properties of rigid | Quality of the
~ Isocyanate urethane foam insulation box unit
compositions | Density | Bending | Thermal | Stiffuess | Insulation
modulus | conductivity efficiency
(kg/m?) | (MPa) (Wm*K)
Exemplary | Tolylene 45 8.5 0.022 OK 0K
Embodiment 1 | di-isocyanate .
Exemplary ' 55 10.0 0.023 OK OK
| Embodiment 2 | _ ,
Comparison | Tolylene 70 13.0 0.026 OK - No good
example 1 di-isocyanate : ‘ 7
Comparison | Diphenylmethane 35 - 5.5 0.022 Deformed OK
example 2 di-isocyanate

Note) The quality of the insulation box unit was evaluated on the structure having 80%

coverage.

The structure having 50% coverage has almost the same result.

To complete a refrigerator (not shown), compartment parts {(not shown)




a door section and a flange was observed. It is apparent frogmthe results
~that the insulation box unit has an excell ent quali?{PecembesEND EXEMPLARY
EMBODI MENT Fig. 2 illustrates the procedures of a recycling nethod of the
second enbodinent. First, the outlinel®hf the waste-di sposal process is
described. Insulation box unit 1 to be recycled undergoes crushing process
200 and 15 then screening process 300. In process 300, the naterials

broken deufluiiihg RHARRSS & go ARG %gst@ﬁll ﬁ&;&htsha%ﬂ) r el ahag&'“n i ng

according to predeterm ne mat erral groups oaned materi al - ha

process 4QQ:1RfOA BRI 0gt!1 BPELE st %h@ﬂa&amyevgﬁ}b%?ueztn%h%.d mro%hg@pggﬁgcﬁkg 5 and

bl owi ng gas of a refrigerator are recover ane foa m

. R ol : 0
process 4g{bthsr Béﬁlk&ﬂghohﬁtd&gﬁf Hf ﬁrg{l;,glhgql%g?%e?ﬁtcﬁj c];oglgﬁlfé@éd 29 a O8G0 1O

obtain the material conmpounds o et hane and ani'ne groups as

deconpos ishbjéﬂte@f&dz&'?éﬁ-igzé_}'ﬁﬂln# ﬂetEt, %disigédﬁpg&i%g %thgtvm Sodis J)]t;l.ﬁeouof cess

with reference to Fig. step 21 o wastes i nsulation

box uni t sheREQUIMY tHY AcbRE oﬂ@ﬁﬁglgfasﬁ{éoﬁ ralftg:?sl év%# Yebtokfofla! Ve LHdishi ng.

process 200. Wien a refrigerator I'S Tecyc , Fgerant in the

ot oJCLBve ag DAl dLPSu LI TRY SLIOVE AN dfSnhBbA ol ALERRRE, H'E

wastes are then carried to a pre-shre by a conveyer i

Decenber d300SectdnRond Al MafbySHEd oBYervBE, p&%ﬁg@%&% fg&h& bRENES fikahi ng of

step 23, the wastes are fed into a breaker ere an appr ox.

1000- hp %@ﬂsﬂﬁﬁ&boﬁﬁﬁ%@ﬂﬂ%&c&ﬂﬁﬂt%&h .ushes the wastes into smaller
pieces. In step 25, a vibratory conveyer, ich is disposed under the

feed-out section of the car shredder, separates the wastes into heavy
wast es including

10 SECOND EXEMPLARY EMBODIMENT
Fig. 2 illustrates the procedures of a recycling method of the second
. embodiment. |
First, the outline of the waste-disposal process is described.
| Insulation box unit 1 to be.recycled undergoes crushing process 200 and
15  then screening process 300. In process 300, the materials broken down in
process 200 are classified by weight and reclaimed according to predetermined
material groups. In foamed material-handling process 400 processing light (in
weight) wastes, rigid urethane foam 5 and blowing gas of a refrigerator are
recovered. Urethane foam 5 fed from process 400 is brought into reuséble_
.20  material-preparing process 500 to obtain the mateﬁal compouﬁds of rigid
urethane foam and amine groups as decompdsition products.
Now will be described the details éf the process with reference to Fig. 2.
In step 21 of Fig. 2, the wastes of insulation bbx unit 1 brought into the
‘waste disposal facility are fed into crushing process 200. When a refrigerator
25. ~ is recycled, refrigerant in the refrigerator should be removed before being fed
into the process. The wastes are then carried to a pre-éhredder by a conveyer

in step 22.



|

iron and non-ferrous nmetal and |light wastes other than rubbers, and each

group of the wastes is carried by a belt conveyer or the like in step 26.

Through a nagnetic separator in step 27, a vi bratorﬁ@W@?O%n step 28, a

drumtype magnetic separator in step 29, the wastes are separated into two
10 groups according to the wastes incldde netal of iron group or not. In
step 27A, light dust stirred up through steps 26 and 27 is collected and
carried to a dust-collecting process (not shown). A conveyer in step 30

carries the WRsheBlyS@Rahad 99 the proUhrédded @ pHERS brushile oMREHSS3 QRet he

conveyer are now separated Dy hand-screening into an iron 15 waste and. a

non- i r onwaatdseare Had 66 APhidaRBy i k. f 32,
wher eas the nonr-ei ron rubbi sﬁl i]r:mI Sﬁgg’s@%fpb %Ir)lt P&gjﬁgﬂ)cggglﬁ%gmraé}e:&ﬁﬁanual |y

separ at eghr dHire8QEW AMEhe LA UHbl The %@Eésfi%@éﬁ%ﬂepﬁié%ggn the steps 52 and
step 54, non-ferrous netal undergoes hand-screening step 53, where

non-ferrous ngi 8tep 28, LSvIRAHAY! dnbBKED Whikh ok &@ﬁo&ﬂnﬁhﬁﬁggﬁ%ﬁﬁ%&r om

step 29. The rest 'of wastes [|eft on” the conveyer are co as scrap

| ncl i NgeotidhbeT theASEOCH ek 0odiEaRIsLAR Mkl Mgy sSC TG ingbOve,

crushing process 200 includes step 21 through step 24, screening process

300 i ncl #gg andteih-Farohd HHaNa R ﬁ?h@ %ras thid® tRAN ShbIRNGM Qefchsér%ﬁp 52 to

step 54.. 25 In step 33, rigid urethane foam5 separated 1 n crushing process

200 is cliglarhdtts s dueid BYE RRARNILPEr orVilR K Ssteh D6l 0amed
mat eri al - handl i ng process 400. The cycl one separator i1 n step 35 catches

rel atively | arg@uphos ktagtetid Spdratoles 8EPLT 20 PibratorycehiiéRe id o o8, On the

ot her hand, foam ng agent gas in the urethane foam T1s captured, "together

Wi th smed draineee SlaghbaicRpardeaTh Jdp 29088 Idd&d aff sdfiRatediato Bho _
Separator in step 36. Passed through t%e tilter, the foam ng agent gas is
f ed 10nt azrbapsuserdaantio daswastdsaatiRide Mol @Pirdh grbllp bRGogase that carbon
In step 27A, ]ight dust stirred up through steps 26 and 27 is collected and
carried to a dust-collecting process (not shown).
A conveyer in step 30 carﬁes the wastes separated in step 29. Instep 31,
the wastes on the conveyer are now sepérated by hand-screening into an iron
15 waste and a non-iron waste. The scrap iron is moved onto a carrying cart in
step 32, whereas the non-iron rubbish including scrap motor and cables are
manually separated.
In conveyer-carrying, specifically- between the steps 52 and step 54,
mnon-ferrous metal undergoes hand-screening step 53, where non-ferrous metal
20  1s manually taken out of the non-iron wastes from step 29. The rest of wastes
le'ft on the conveyer are collected as scrap including rubber.
According to the present invention, as described above, crushing process
200 includes step 21 through step 24, screening process 300 includes step 25
through step 32, and the other branch of step 52 to step 54.
25 In step 33, rigid urethane foam 5 separated in crushing process 200 is

sucked into & cyclone separator, via ducts, in foamed material-handling process

400. The cyclone separator in step 35 catches rélatively large blocks of rigid



5 dioxide gas is enployed for the foam ng agent gas, the gas is not fed
into the collector. On the other hand, when cycl opentane is used for the
foani ng agent gas, it should be collected by a col | &Pggmhs 2005

expl osi on-proofed system In step 41, Pe bl ocks of rigid urethane foam5
fed fromthe cyclone separator in ste% 35, and small er pieces of the foam
captured by the bag filter in. 10 step 36 are carried to a vol une
reduction deyice, The reduction device, which is forned of a pressing

machi ne a@thanaipanyfe Omiheceider handd fousinghegand gasein Gfe utethinefies and
the smal |, pi eces of the urethane foam and crushes theminto powder by -
shear i ng ¥#sapbursde tegesber witdospalgseers, off wreghameifoamnby ta bapfitteesfitha, t he
application of heat vaporizes the foam ng agent gas dissolved in the

ur et hane GY6KMe SpRpEaten in Bternab.ef Passedvthrough she ifgternﬁldqmmg agent gabed
above, foaned material -handling process 400 includes step 33 through step
41. Next siigdsindp faamingiagensnges collectogiin stept BZneln dhm caskr that foazhem
mat er i al -A;an_dl ing process 400 is carried to a reaction vessel to undergo
am noPysidiogide gasyissnplozed dow the feammanagait gam thel gas ist heinfedfintorthowder
m xed w th_ethyl ene gl ycol ,  nonoet hanol am ne, or tolylene diamne is .
heated. CPHeglglh ©ndhe etken bard, Wh@pmicﬁdﬂn@mainaliS_iusedtfglatlnmﬂ}amingsﬂgent 43, a
filter filters_out_ inpurity solid particles in the liquid materi al

gener at e@a&snitshegldbe collectsd by atcolletter of expldsiontinoped systémad i nto a
reaction vessel, together with, highly heated and pressurized water. Wth
the vessel naingtaprtl the blos:kpeqfcn'gui/ aapthames fiare 1§ tfed dromotii tydone t he
materi al undergoes deconpqsition process in step 44. .5 Decenber 2005 22 In
step 45, SEPEEHQHERSteRPD: snd smallanpiscesafdhe dormcapbureddby Kheibag filber int he
quui&eobt ai ngd t hrough the deconposition process. Through the o

af or efrentteihel ase egrried te gvyalumerteductionpisiing. ofThe rrdmctiontdexive, whach 5 and

is formed of a pressing machine and screw-type compressor, reduces the volume
of the blocks and the small pieces of the urethane foam and crushes them into
powder by shea_ring force occurred in comi)ressing. In grinding with
compression, the application of heat vaporizes the foaming agent gas dissolved
- 15  in the urethane foam. This can be an effective collection method.
As described above, foamed material-handling process 400 includes step
33 through step 41. |
Next, in step 42, the powder of rigid urethane foam 5 from foamed
material-handling process 400 is carried to a reaction vessel to undergo
20  aminolysis and glycolysis reactions in which the polyurethane foam powder
mixed with ethylene gly_coi, monoethanol amine, or tolylene Vdiamine is heated.
Through the reactions, liguid material is obtained.
In step 43, a filter filters out impurity solid particles in the liquid
material generated in step 42. After that, the liquid material is fed into,‘a
25  reaction vessel, together with highly heated and pressurized water. With the
vessel maintained in a supercritical or sub*cﬁtical condition, the material

- undergoes decomposition process in step 44.




am ne groups are obtained. 5 Reusable material -preparing process 500, as
descri bed above, includes step 42 through step 45. In step 46 contained in
raw.mat eri al - produci ng process 600, the breakdown p?gﬁﬁﬁﬂmﬁﬁegigoes
fractional distillation. In the. process, reusable raw material is
produced fromtolylene diamine that is24 conponent obtained 10 through the
fractional distillation, to be nore specific, tolylene di-isocyanate
conposition is obtained through synthesis in step 47A, and simlarly,

tolyl ene di afihngesesi ﬁ&idl@ldkfﬁﬁiﬂ%réo%i%@hmivés Qhittat R bW AbxERBRSI S N
step 47B. THI RD EXEMPLARY EMBODI MENT 15 An insul ation box unit of the third

embodi nehei $iqdedCcobhgedM (Hvoukhl @hNGRcoAPEEGion] pribdisd Ur@ihane figamis
produced by nechanical -m xing a prem x conponent, which has the tolyl ene

diam ne effdreifgdidded Siepses ead AFBAGANBRhpoudd of riad RRbtEBIEhal 5 Md h an
I'socyanat e conponent fornmed of the tolylene 20 di-1socyanate conposition

al so obt ainfigd groupHars esangeenbodi nent. The prenix above is prepared by
m xi ng, by weight, 3 parts of catalyst, 3 parts of foamstabilizer, 2

parts5 of wat eRe@sablel AleASl-BEPArind pPodedt (5D Tas QEdEHbeACARLRS ifclugdlem cal
reaction regulator to 100 parts by weight of tolylene diamne series

pol yet hestapody ohratighhstby dsoxyl val ue of 380 nmy KOH g. 25 After that, an
i nsul-ation box unit is to be produced as is described in the first

enbodi nent . That siep. 46h@ohbsinbat i®NrHROX midtelial pré®iciRe pfoceBNeoP0M2. and
outer box 3 to which vacuuminsulation material is bonded in advance. After

5 Decenbbrealdd%? rodadt, uridedbOed frabHans] 8R8Ma%ions 'Eﬂjtﬁﬁ.tglﬁ‘écédﬁ, PARGEI?

bet ween i nner box 2 and outer box 3 to forminsulation’layers therein.
FOURTH Exédivih AR AMBGholNGEd from tolylene diamine that is a component obtained

10 through the fractional distillation, to be more specific, tolylene di-isocyanate
composition is obtained through synthesis in step 47A, and similarly, tolylene

diamine-series polyether polyol is obtained through synthesis in step 47B.

THIRD EXEMPLARY EMBODIMENT
15 - " An insulation box unit of the third embodiment is described with
| reference to Fig. 1. |

Rigid urethane foam is produced by mechanical-mixing a ﬁremix
component, which has the tolylene diamine obtained in the second embodiment
és a parent material, with an isocyanate coinponent formed of the tolylene
20 di“isocyanate composition also obtained in the second embodiment. The
premix above is prepared by mixing, by weight, 3 parts of catalyst, 3 parts of
foam stabilizer, 2 parts of water as a foaming agent, 0.5 parts of formic acid as a
qhemical reaction regulator to 100 parts by weight of tolylene diamine series

polyether polyol with hydroxyl value of 380 mg KOH/g.
25 After that, an insulation box unit is to be produced as is described in the
first embodiment. That is, the insulation box unit is formed 6f inner box 2, and

outer box 3 to which vacuum insulation material is bonded in advance. After



Fig. 3 shows a refrigerator in accordance with the fourth enbodi nent.
Refrigerator 12 in Fig. 3 has rigid urethane foam5 as insulation material.
Tag 3 is attached to the refrigerator. It has a r ecdPgeasber Be05mmt eri al
type of rigid -urethane foam5 used in the refrigerator. The material type
of urethane foam may be magnetically 3 optically 10 recorded in tag 13, as |
a nmenory card including Smart Medi a, or bar-code. Reading data stored in
tag 13 prior to the crushing process allows an operator to select a method
sui t abl e that, rigid uregidranfeahps iy infettad ihehhtdamteten Miickthd}ENREL ARYer

EMBODI MENT 15 An insul ation box unit of the fifth enbodi nent and a

refri ger &loar3 foafsimdnstibeionriaybai fhefeigox unit will be described, referencing
to Figs.4 through 6. Refrigerator 101 shown in Figs. 4 and 5 has

i nsul ation box unit 102 including doors 103. Insulation box unit 102 is
formed of synthetic resin-made inner box 104 and netallic outer box 105
“made of FOURIREEEMPLARYEMBODIMENT al s. I n space 106 formed between

i nner box 104 and outer box 105, rigid urethane foam 107 and vacuum
insul@tion magi 3lshdG8 arefritapnicth htcordaned with 8 fasrtht sibddiint TO
manuf acture insulation box unit 102, vacuum insulation material 108 is
bonded t Refrigeratbpx2 10Fige. B By aiped urdthdnk fommt 1 8s hidmlafith @idtRriaDf Tdggi d
urethane foam 107 is injected in space 106 to have an integral 25

expansi ol isl asadtaid antiorefyerath? hatay aceusid of thatiQeriabtaid ¢ rigld8 on
surfaces of its sides, top, rear, bottom and doors 103. The coverage of

t he vacuwrethapedeained udéiDm e refbigbRitoan material with respect to the
surface area of outer box 105 reaches 80% Insulation box unit 102
contains freeZhe mat@dasl A of QRetHabler @@l ahay be anmaictidally drlépticilly

veget abl e-stock conpartnment 111.. Freezer conpartnent 109 is set in a

f r eed) ngréeenped ahutay AN aas( ap pidixory- ¢ardCihdiuding BmartMedia, or bar-code.

Reading data stored in tag 13 prior to the crushing process allows an opérator

to select a method suitable for the urethane foam in the refrigerator.

FIFTH EXEMPLARY EMBODIMENT
15 An insulation box unit of the fifth embodiment and a refrigerator having
the insulation box unit will be described, referencing to Figs.4 through 6.
Refrigefator 101 shown in Figs. 4 and 5 has insulation box unit 102
" including doors 103. Insulation box unit 102 is formed of synthetic resin-made
inner box 104 and metallic outer box 105 made of iron plates and other
20  materials. In space 106 formed between inner box 104 and outer box 1.05, rigid
urethane foam 107 and vacuum insulation material 108 are disposed in a
multi-layered structure. To manufacture insulation box unit 10;2,7 vacuwm’
insulation material 108 is‘bonded to outer box 105 1n adv_ance, and then the raw
matenal of rigid. urethane foam 107 is injected in space 106 to have an integral
25 - expansion.
Insulation box unit 102 has vacuum.insulation material 108 on surfaces

of its sides, top, rear, bottom, and -doors 103. The coverage of the vacuum



5 C. On the other hand, refrigerator conpartnent 110 and veget abl e-stock -

conpartnent 111 is controlled in a refrigerati ng-temgerature zone (appr ox.
OC to 10 Q. The cooling systemof the refrigerator iDecerab g H0Df
conpressor 112, condenser 113, cooling devices 114 and 115. Refri ger at or
101 is formed of i) insulation box uni24 102 having freezer 10 conpart nment
109, refrigerator conpartment 110, and vegetabl e-stock conpartnent 111,
and ii) a cooling system for cool ing the conpartnents above, which

i ncl udeslﬁgﬂgﬁeﬁsﬁf tehd 21 weaD ?@sﬁ&%@t{ tolége IS@?%SF%SQ%@ Cl&?ﬁj} X ])%%Hf&g{’g%s andr

Fig. 6, vacuum | ns atron m such
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has g | ad’cﬁﬁpé?ftnfé&ﬁpoﬂﬁﬁedrwﬂdm c%ﬂﬂ)dr@ﬁqeﬁ@t ®40, and vegetable-stock

compartment 111, and i1} a cooling system for cooling the compartments above,

which includes compressor 112, condenser 113, cooling devices 114 and 115.
In Fig. 6, vacuum insulation material 108 is formed such that i) heated
and dried inorganic fiber ag'gregate 116 including glass wool is inserted in
15  covering material 117, and then ii) the openings of material 117 are sealed, with
the interior of fnaterial 117 mamtained under vacuum.
As for vacuum insulation material 108 of the present invention, inorganic
fiber aggregate 116 with a fiber diameter ranging 0.1 pm to 1.0 ym. The
~ thermal conductivity of the vacuum insulation material is determined to
20  0.0015W/mK. On the other hand, the thermal conductivity of rigid urethane
foam 107 is determined to 0.015W/ mK. The adjustment provides a 1 to 10
vacuum-insulation-material to rigid'urethane-foam ratio In thermal
conductivity.
| One side of covering material 117 is formed of a surface protective layer
95 of 12-pm thick polyethylene terephthalate; 6-pm thick aluminum foil disposed
| in a middle section; and laminated film of 50'un:I tlﬁck high (Ienéity

polyethelene as a thermal seal layer. The other side of covering material 117 is



filmof 50-mthick high density polyethelene as a thermal seal layer. 5
Besi des, covering material 117 has a nylon-resin |ayer over the surface
protective layer to increase the resistance of the sdiPeareber @08t r at ch. The
i nsul ation |ayer of insulation box unit 102 has different thickness ranges
according to the aforenmentioned tenper&ture zone; in the
freezing-tenperature zone, i.e., freezer conpartnment 109, including the
sections 10 having a thin wall at the openings, (with the exception of

doors 103prmbdef at dirtResstddiRedayeb ofMR4en FRidpolyéthiyléhe terephthalate;
refrigerating-tenperature zone, i.e., refrigerator conpartnment 110 and

veget abl ex filacRageniardhiEnt thblinndreidet bf AkA@SSthick osthyRherfmfioatghsim Each
i nsul ation | ayer has 15-mmthick vacuuminsulation material 108 therein.

Besi des, copélynixitdesin €inpeual hhs aSlaydb oflesdiatbd Maiminhugh;thidl Ribdiaagdf oam'
107 can keep the filling thickness of at least 10 mm |In using vacuum

i nsul at i dilni'ef 50-pal tHiLIB hitH derdityepdIoBEiRdetS 8s 8 3hasmbPsedl Iyfe@ase the
coverage of it as possible in a refrigerator structured above, problens

ariseb- there Begidesneebrigf nftitefial i1Ng Kdiea BHehradin\lalBr boas tiangaifske 20
si ze and shape at sections having various conponents (not shown), at

sect i ons pavidetive 1@gHH taMhéde8Se IS r&R6ain0d 6f flayéidade tdeeraH. drai n hoses. In
such sections, attachment efficiency cannot be increased. Besides, in

terms of a prdircimedlaicnlffer cGiitistildtich beRtuit A0S Bas def@Rnt fthickagdsum
I nsul ation material 108 is extended to each edge of the surfaces, 25

not i ceablrangedr avesrdiigs it itheul aforemetioned e NenpitteenObokte dxpegiecd in
sonme sections: each corner of insulation box unit 102, and the separating

sect i ons fréeeingetimpdracdey zaneThay, frseaky a&ﬁgmemgmwhmu;&mgcdhe @eeaist ment
111. 5 Decenber 2005 26 From the reason above, an extensive coverage

exceHlli ndha®Dy (@nithin wadh pecthet opéhiagsu(fitbetlid eacafticitofrddaex 108R) thef
vacuum i nsul ati on material 108 -
thickness ranges 25 mm to 50 mm. '~ In the refrigerating-temperature zone, i.e.,
refrigerator compartment 110 and vegetable-stock compartment 111, the
thickness ranges 25 mm to 40 mm. Each insulation layer has 15-mm thick
 vacuum insulation material 108 therein. Besides, the insulation layer ié 50
15 designed that rigid urethane foam 107 can keep the filling thickness of at least
10 mm.
In using vacuum insulation material 108 with an extended use so as to
increase the coverage of it as possible in a reﬁ‘igerator structured above,
| problems arise — there is a need for preparing the material with nonstandard
720 size and shape at sections having vérious components (not shown), at sections
with irregularities, or. sections having pipes and drain hoses. In such sections,
" attachment efficiency cannot be inereased.
Besides, in terms of a projected area of conductive heat transfer, even if
vacuum insulation material 108 is extended to each edge of the surfaces,
25  noticeable improvements in insulation efficiency would not be expected in some

sections: each corner of insulation box unit 102, and the separating sections

between freezer compartment 109 and vegetable-stock compartment 111.




can no | onger enhance the insulation efficiency because it has reached "a
saturated lever'. That is, too-high coverage of the material, on the ‘
contrary, hanpers the inprovenents in insulation ’efﬁiQ,elcéfﬁb‘?.ZO% addr ess
t he probl em above, according to the stiéljcture of the enbodinment, the
coverage of vacuuminsul ation materi al®108 is kept at nost 80% w th respect
to the surface area of outer box 105. The vacuuminsulation material can
thus effectively suppress endothermc | oads without falling into 10 the
sat urat ed con&‘rf@lmoﬁﬁe tgepebyatmvearasi regtemseregrosendgeg enddedimg 8PYr (withnor e,
enpl oyi ng | arge-si zed vacuuminsul ation naterial 108 . enough for covering
each surfagrect tg bre swface avgn of ewtier howt 105hpf Faomm(inselaticoomserid BB - can
contribute to an inproved efficiency in installing work. Therefore, the
st ruct ur 6aBbaw donger enhaneattbet nsudd o efiicicnee betdusadt fhas eseched “a t he
need for preparing the material with nonstandard size and shape, and the
need for Spbizraged levels hdhadt isr ited-high eodiragd ofiithe tmatasil, acthiecontmary,t he
manuf act uri ng processes. At the sanme tinme, the structure of the enbodinent
proovi¥es hamness theimprosements iv dssulationefidieniey. cycl e. That is, the
decreased operation cost by the energy-saving effect serves as a
count er bal ancéo 28ddxess hthé nprabdémy abaveedcgrdihg t foortheostristureedf i ther at or 1
that enploys .i.nsulation box unit 102. Al though the enbodi nent introduces
the strugmhodiment, the novestss ebvacuun insulationumstesial 3080is kept atimost108
(with resgﬁect_to the surface area of outer box 105), an approx. 75%
cover ageSddh spéns talthesturfave arearwi2@témison 205.0nThe fecnuminshlasione
constraints on efficiency in attachnment operations. That is, in the
i nsul at | Bitpral gam tthus redfectivelsneuppreks temdothermistloads vaitbeutafalling éntoaps  at
around t&;tperi met er of each surface. (approx. 50 mmaway from5 Decenber
200507 satapyienl copditinn, ttherehinentiangingendrgy-swingeffecthe conpart nent s.

The Furthermore, employing large-sized vacuum insulétion material 108
enough for covering each surface — the side, top, rear, bottom, front G.e., doors

103) — can contribute tb an improved efﬁciericy in installing work. -
Therefore,‘ the structure above can eliminate the aforementioned
15  inefficiencies — the need for preparing the material with nonstandard size and
shape, and the need for installing the material in a difficult-to-task section in
the manufacturing processes. At the same fime, the structure of the
embodiment provideé an optimal operation cost in the life cycle. That is, the
decreased operation cost by the enérgy-savihg effect serves as a counterbalancé
20  to the initially raised production cost of refrigerator 1 that émployé iﬁsulation

box unit 102.

Although the embodiment introduces the structure having an
80%-coverage of vacuum insulation material 108 (with respect to the surface
area of outer box 105), an approx. 75% coverage achieves the almost the same

25 | insulation effect, with some cohstrai_nts on efficiency in attachment operatioﬁs.
That is, in the insulation box unit, the thickness of the insulation material

overlaps at around the perimeter of each surface (approx. 50 mm away from



I nsul ation material can be disposed so as not to overlap with each other,
because such overl apped sections are out of the thernmal conduction
projected area. Simlarly, considering proper fill i%@e%ﬂ’éﬂqoén of rigid
uret hane foam 107 5 at the perinmeter sections of the openings, the |ocating
poi nt of vacuum insulation material Y8 can be shifted inwardly fromthe
perineter sections. Insulation box unit 102 of the enbodi nent has
di mensi ons of 1800 mmin height, 675 mMin width, and 650 nmin depth. The
insul ati eacHedde) alorshoUld ReyvidiapPasedoh NbOkARM Qhesgﬁg?%éﬂé/ Ingyg 10

| arger tenperature gradient. The coverage of the Insu lon nateria

exceeds flQfativh tatses tie t f f ' )

ef fecti vél y suppresas eﬂgg%%e%mdggq%ggs&g?&s? ggitﬁsﬁ%{lﬁﬁ%x&gﬁi gL)@%’?’hereby
enhanci NPe @AM d1d ionEl BE1 5 I AR UCEi

preferabl?a. Doors 103 ha%ﬁgﬁgpgv%?yoiﬁf@gﬁn‘%%%ure-dgﬁggﬁ%ﬁaé%gt ween
the 15 g8 dGnaNH LiAskde. ﬂ}qﬁ% shar. ' 1N £l lyat i on
box unit 102, whi chigrg gélél}é#lggtpggﬂgxg ea E%(ﬁ%ﬁ@t%ﬁé%%ﬁ#%&@&@ 112

and gpndgpsgie %ﬁme@?sééﬁﬁnsdgprtﬁelgﬁelg%%g Sthéeﬂﬂhﬂgggpb'ﬁ#nf)fégamﬁﬂi ng

goods put on the shelves and trays att d to the It1on,

vacuum i fifelatio® mARren fig 198 1 %@@ﬁdiw HAR" e BAriREEr égcf;io%ge.

surface due to repeated 20 door-openi ng/closing operations. Considering

the fact maloMen Kx MnRHDA%Y B dRHIAeAL 111 BRh&hdiBhs Jo%égpomnaiq rs 103

can be a rational option; instead, the insulation material sposed on the

rest sechéighs, Of5 hitd dh UK HI650'Rirh idWpkkCr €ases the insulation
ef ficiency to conpensate for the absence of the material on the door

sections. |n FHEinguldtioHGhHfiall SHoulP b MBkpsed §had@eP bf séRidiRMNRe a
I nsulation material 108 will be approx. 53% In the structure, eac

conpar t ﬂla@geﬁ_f;eﬂlPéicﬂt@Eé QPadiiit.UNhe &Qéerage of ¥hE SHEMEHi0RYmaeridl S4bdidson
| ayer, which is formed of rigid urethane foam 107 5 Decenber 2005 28
40% (with respect to the surface area of outer box 105) can effectively suppress

~

endothermic loads of the insulation box unit, thereby enhancing energy-saving

effect. Higer-than-ﬁo% coverage is further preferable.
Doors 103 has a relatively small temperature-gradient between the
15  outside and the inside, compared to other sections in insulation box unit 102,
which are affected by heat exhausted from compressor 112 and condenser 113.
Besides, doors 103 need strength enough for holding goods put on the shelves
and trays attached to the door. In addition, vacuum insulétion matelrial 108
disposed on the doors may peel off the surface due to repeated
20  door-opening/closing operations. Considering the facts above, eliminating
vacuum insulation mgterial 108 from doors 103 can be a rational option;
mstead, the msulation material disposed on the rest sections of insulation box
unit 102 increases the insulation efficiency to compensate for the absence of the
material on the door sections. In such a structure, the optimal coverage of
25 vacuum _insul'ation material 108 wﬂl be approx. 53%.
In the structure, each compartment of insulaﬁon box unit 102 is

surrounded by an insulation layer, which is formed of rigid urethane foam 107



and vacuum insul ation material 108. As described earlier, the insulation
| ayer has different thickness- ranges according to the tenperature zone;
in the freezing-tenperature zone, i.e., freezer conpBf¢ 2999, i ncl udi ng
the sections having a thin wall at t openings, wth the exception of
doors 103, the thickness is in the range from25mmto 50mm In the
refrigerating-tenperature zone, i.e., refrigerator conpartnent 110 and .
veget abl e- sf ock conpartnent 111, including the sections having a thin wall
at the opeHl Wegumiingilatien axzteptal df8of Asdlssesbadsarlidrethdinsibesm lagages 25
mmto 40 .mm Each insulation |ayer has 15-mmthick vacuuminsul ation
mat er i al bess differeat nthigossgwenges eadensdingt tortheo témperatiuse smnsesngtler t hat
rigid urethane foam 107 can keep the filling thickness of at |east 10 nmm
The t hi c{rregang temperatireowne a.er,ifgiaten compartméntald ancluding tpesettions
performance within the |l ayer, which can prevent the insulation |ayer from
decr ease hayingsa| thin onaldfdti the enerdogs,t withodhe féxdeptign aofl dooxsod83,stlency in
t he pol yurethane foam 15 As described above, the structure of the
~ enbod? nethigkiess i insthe nanep drom 2hinuktedneh. bathe refrigprhtinpdempetanial 108

to provide optinmuminsulation efficiency. The structure al so enhances the
i nsul at i GANES §-f¢ refpiggratior comipartmenhdie arvhnegkddblecstacls néhpaitardnt| Hiel , so
that ‘the multiple insulation |ayers fornmed of the two materials above can
provi de ARgmding thessactions iraving adipin walbet pbe openings, withethef éxeeptiors of
particularly noticeable in the free zing- tenperature zone wth a' |arge
t enper at §eergy L83 et thicknese ranges i25singe tartd mive. oBach deswiktian laydr hager at or .
Gener al l)i a freezer conpartnent has a relatively snmall volune ratio wth
respect &b thiskivasuyny inswlation atewind 0Bethentiny e Besidess the malditonrm 25
t hi cfnes of the insulation |ayer allows the freezer conpartnent 109 to
havel® | agarisisatdesiemed\fhat sigid vrpthanesfoanh 404 spudreepabedillingdhickness
refrigerator. It will be wunderstood that insulation material 108 is
ef f ect i vEf ¢t deast dPerrm.n The thickoessrbangesogbw the rigid urethane foam not to

lose flow performance within the layer, which can prevent the insulation layer
from decrgase in insulation efficiency due to poor filling and inconsistency in
the polyurethane foam.

15 As described above, the structure of the embodiment maintains a proper
thickness of vacuum insulation material 108 to provide optimum insulation
efficiency. The structure also enhances the insulation efficiency of rigid
urethane foam 107 to a sufficient level, so that the multiple insulation layers
formed of the two materials above can provide high insulation efficiency. In

20  particular, the effect is _particularly noticeable in the freezing-temperature zone
with a'large temperature gradient between the inside and the outside of a
refrigerator.

Generally, a freezer compartment has a relatively small volume ratio
with respect o the entire structure. As described above, a less-than-50 mm

25 thickness of the insulation layer allows the freezer compartment 109 to have a

‘Iarger interior without impact on the appearancé of the refrigerator. It will be

understood that insulation material 108 is effectively employed in the



29 compartnment. - On the other hand, a | ess-than-40 nmthickness of the

i nsul ation |layer can provide well-bal anced advant ages: an energy-savi ng
ef fect enhanced by the use of vacuuminsul ation nateﬁﬁEHﬂM8820&¥d i npr oved
i nner-volunme efficiency in 5 the refrigerator in the
refrigerating-tenperature zone having a2%el atively snal |
t enperature-gradi ent. Furthernore, nmaking the entire volune of the
refrigerator conpact, with the inproved inner volune efficiency by the use
of the insgbabhnémt erial 108 maintained, allows refrigerator 101 to have
a small footprint. 10 Doors 103 need a strength enough for hol ding goods
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ot her planes. Fromthe reaso ove, the prope vacuum

o 0o ! b Bt SO AR, P
the shelves and trays attached to the door. Furthermore, doors 103 have some
attacﬁment with irregularity — a handle, an operation panel for temperature
control, and.a display. This is the réason why the insulation lajzer used in the
door section is not given the thickness in the range like others.

15 A not-more-'than 10 mm thickness of vacuum insulation material 108 can
manage to keep not any the “heat bridge” effect via covering maferial 117m a
negligible level, but also the msulation efficiency as the insulation material
‘alone. At-least-20 mm wall thickness of the multiple insulation 'Iayers allowé
the vacuum insulation material to keep the thickness of 10 mm, thereby

20  providing the insulation efficiency as inteﬁded. |

On the other hand, increasing vacuum insulation material thickness can
obtain further preferable insulation efficiency. However, once the thickness
exceeds 20 mm, the insulation efficiency for one plane reaches a saturation level,
so that further effect cannot be expected. It is preferable to share the

25  thickness with other planes. From the reason above, the proper thickness of

vacuum insulation material 108 is in the range from 10 mm to 20 mm.

Vacuum insulation mat_erial 108 has inorganic fiber aggregate 116 as a.



5 Decenber 2005 30 core material. The fiber has a dianmeter in the range
from0.1 [ah to 1.0, [tin. Conpared to the thermal conductivity of rigid
uret hane foam 107. (=0.015W nK), vacuum insul ati on> PgeembesP0X08 has a
thermal conductivity of 0.0015W in-K which is only one-tenth of the
pol yur et hane foam 107. Therefore, 5 incggasing the coverage of the -

I nsulation material to 80% can provide an exceedingly high insulation
ef ficiency, accelerating energy saving. Furthernore, the use of inorganic

e 20 SRR S EPE 55 iRenGh M SRR O LT
used as ¢ ot aeab e b AR AER R A5 e acknn ot Ut G BN al -
e PR A e S R, Mt SRR e
Use of 15 EHE.vEbHimi® 0V LenecHth: BF (thF. Do wHrenACReRE ol b oy BRSBTS o
torm At nOMIREAE. Gt GRYGIRES oF Hite lBHUBHPRERRORIRY 59 SUA HRPrIRS 241 on
material 108 wi,th.a thermal., conductivity of 0.0015W nK in the use of rigid
ur et hane f SXFRELIEN ¢ ¢ HeFRaRoBon Elidis Rt y ¥fcelsratingy eRengy | FayiBenot
limted 20t hereto; inorganic fiber aggregate 116 having different fiber
di anmet er cgh‘rﬁl?%l Béd,ug‘b Phapoxge I‘ﬁb%lag%‘?ﬁﬂf@t il‘}gt ARt sHmess a
Ul oLl on TBLSELAl o 0055 LT 0, 00100, Hte 0, 0000 K (Al Lnetatl o
25 of | o1 cHUPUREIes tiepiior GO 4bs RURPbIGM doa T BT R TRRPAT &
smal | jlaver, Lhickness, Lt e thus gossiple Lo provide; an insyl ation,box
| - vacuum insulation material, theréby improving in production efficiency a;xld
working environment. _
:It is therefore possiblé to provide insulation box unit 102 with enhanced
' produétion efficiency and a long-time re]iabﬂity, in spite of an extended use of
15 the vacuum insulation material with an increased coverage. As a result,
refrigerator .101 can contribute to energy saving over the long term.
| Although the structure of the embodiment employs vacuum insulation
material 108 with a thermal conductivity of 0.0015W/ m-K in the use of rigid
ure_thane foam 108 with a thermal conductivity of 0.015W/ m-K, it is not limited
20  thereto; inorganic fiber aggregate 116 having different fiber diameter can be
employed so that the thermal conductivity of the insulation material ranges
from 0.0010W/ m-K to 0.0030W/ mK ( at the ratio of 1:15 to 1:5).
The ratio above allows the rigid urethane foam not to lose flow
performance within a layer, thereby maintaining preferable insulation
25  efficiency as a multi-layered insulation section despite of having.a small layer

thickness. It is thus possible to provide an insulation box unit in which the

vacuum insulation material is extensively used in the box unit. The structure



vacuum insul ation material is extensively used in the box unit. The
structure 5 Decenber 2005 31 satisfies a demand that the vacuum i nsul ation
material shoul d be disposed even in a section havi n§Degcerabai2fQ®| y snal |
wal | thickness, achieving the energy-saving effect as expected. 5 SIXTH
EXEMPLARY EMBODI MENT An insul ation box 3dnit of the si-xth enbodi nent and a
refrigerator having the insulation box unit wll be. described,
referencing to Fig. 7. The explanation below will be given on a structure
that differscheom Ynatadf gdienld B
mat eri al 13®5§n E%g.ﬁ#nga%ﬁﬁbgkiﬁée - ;%%g%norgg%%%nx?iger aggredate 118
I ncl udi ng S . [ L nat | a 3 {.ck
eedt ﬁl"&’ggctﬂ@ Eékﬁngg%‘r’@e![é ﬁﬂu}l %yoéabﬁ“h)%‘ﬁ PRk es? achicWHd h&!

sheet -t ype' aggr ega s 1 as-barrier covéering terial

119 and s . Q‘gj%r i athin . sheet-type core material can
easily. agajﬂtﬁ'g%go gse:f%gggg}f tﬁélaékness by bei ng stacked up one on anot her

- for .exanple, three-layered, or - five-layered as required, whereby
differently shaped vacuuminsul ation mnmaterial can be produced. The vacuum

i nsul aki o ' : an enhance the insulation efficiency
of thegwﬁmgﬁﬁﬁ%ﬁgﬁﬁgﬁgﬁ%ﬁ%ut hanpering the fl ow performance
of rigid ureth . -10 . ' t .exj hi | it ] I

i nsul ati on nmat Z%?g&?%&?go%on t(?’?%hgt% %{tphgelgg%al%@fa lrﬁdhé/er%llggﬁl}ﬁéﬁ/% X
unit, therghy: L:L1ating e vera fh the 4 I,an teria it
respect totﬁ?hclag'%g}?l g}éebg)?egmc%)f ngt g’% ggﬁ&gl?%{’] Kefsg%#h%ntgi r%&_()?,th‘gh\é" :

| nsul at | onpb ekl 1AM AIELEUNEH BOK FARGHEAE AffeliRobi e REINER The.

-

f'orm ng agenht Tor expansion o gl ane 1 oam ten aggl oner at es
in the gap,, R 'itng or shrinking in response to changes i-n surrounding
tenperature, I ch has often resulted in deformation of the

10 - Vacuum insulation material 120 in Fig. 7 employs sheet-type inorganic

fiber aggregate 118 including glass wool. In the embodiment, a lamination of a

5-mm thick sheet-type aggregate 118 is inserted into gas-barrier covering

material 119 and sealed under vacuum. |
Such a thin sheet-type core material can easily adjust to desired

15  thickness by beihg stacked up one on another — for example, three-layered, or
ﬁve-layéred as required, whereby differently shaped vacuum imsulation
material can be produced. The vacuum insulation material structured above

] can enhance the insulation efficiency of the.' multiple insulation layers without
- hampering the flow performance of rigid urethane foam 107.

20 Besides, the flexibility allows vacuum insulation material 120 to conform
to the shape of the insulation box unit, thereby facilitating the coverage of the
insulation material with respect to the surface area of outer box 105. i

A poor bonding of the insulation material and the outer box.can create a
gap therebetween. The forming agent for expansion of rigid urethane foam

25  often agglomerates in the gap, expanding or shrinking in response to changes in
sﬁrrounding temperature, which has often resulted in deformation of the

surface of the outer box 105. In contrast, the aforementioned sheet-type



surface of the outer box 105. In contrast, the aforenentioned sheet-type 5
Decenber 2005 32 structure, -by virtue of excellent conformability, can |
address the problem According to the structure, as® Beewnheedabove, an
infinite .nunber of pattern variations can be easily created from one core
material. Furthernore, the multi-layed?2ed structure of the core materi al '
| nproves evacuation ratio in 5 sealing under vacuum Thi.s contributes to
an inproved productivity and cost-reduced manufacturing. An adhesive may

be used phucbRIbLDIiARAE RS leﬁ(%!‘ﬂfen‘ﬁfcoﬁ%gn%f%ﬂ?tgggﬁﬁ hi&ess the fm, 1N terms of

m nirm zi ng. t he geheration of gas, a cing the nufacturing costs

and steps, a ‘A - £HAO Wt~ sivesa Hc i 1.6 |
AEVENT Y EXENP R SARE 1) (HiOMhuBElNRS kO doocibEHCANIR, I, iffhibl SuEIRY ot

odi S VENT AN T el e . ;
enno '”eﬂhtﬁﬂg @r{&fdﬂs&%ﬁ%@éasﬂ%ﬂgﬁ%& ﬁ‘%g& Q_ﬁb’ cBtd {i\'&b&‘?ﬂ U THMr Qr%e be

described, referring to Figs. 8 e explanation bel ow w

gi ven ontRe Shiifidyefed Retuctidd 6f Shd LOF g:f?ctﬁ%i .iﬁa%%%ési é&d{}uﬁﬁ?ﬂ%ﬁ%"i&r In

Figs. 8 and 9, vacuuminsul ation naterl i's“enbedded 1n the mddle of

the '@yeéeﬂﬁn%ixﬁidér%&éd@ﬂ? ORE b fribhibde 16 Slh{;!rli%gé% ?djoﬂuét'ﬁﬁtg leffdh

enmbodi rent, the insulation material used on doors on theé rear

surface cg@-1R{iubdd HAldmARae unit 122 is directly attached to outer box
105. In the aforenmentioned structure, the outer surfaces of vacuum

i nsulation  MREeh iRl bR YR b M AR EnBOMAP gtk UF dheidle uhpichape.  f oam

107. Therefore, conpared to the structure’i the vacuum i nsul ation

mat er i al hoRase idi b G b u 1 ' ; t he
enbedded 35, S?Fuctﬁe?gisaggve preé\éiel%[tslﬁi %ﬁ%ﬁ&gngﬁggg’u%#(?%‘2%9??%%&90rease

in strengidhuffavshil %s@e%hﬁngtéi;sf P st h@dtithdtit-aAh88YES dructure is
10  preferable. |

SEVENTH EXEMPLARY EMBODIMENT
An insulation box unit of the seventh embodiment and a refrigerator
having the insulation box unit will be described, referring to Figs. 8 and 9.
15 - The explanation below will be given on a structure t;hat diﬁ'ers ﬁom that of the
fifth embodiment. |
In Figs. 8 and 9, vacuum insulation material 121 is embedded in the
" middle of the layer of rigid urethane foam 107. Like the structure in the fifth
embodiment, the insulation material used on doors iO3 and on the rear éurface
20  of insulation box unit 122 is directly attached to outer box 105.
in the aforementioned structure, the outer surfaces of vacuum insulation
material 121 have an intimate contact with rigid urethane foam 107.
Therefore, COmiJared to the structure in which the vacuum insulation material
has a direct contact with outer box 105 or inner box 104, the embedded
25 structure above prevents insulation box unit 122 from decrease in strength
* caused by peeling-off of the insulation material. |

Besides, compared to the structure in which vacuum insulation material



Besi des, conpared to the structure in which vacuuminsul ation material 5

Decenber 2005 33 10 121 is attached to outer box 105, the enbedded
structure allows a conductive heat transfer projecté®eaenberB@feen the
outside and the inside of the insulation box unit to be effectively
covered at a position enbedded in the 33urethane foam Therefore, the
enbedded structure can increase practical coverage area. On the side

pl anes of insulation box unit 122, vacuuminsulation mterial 121 has no

di rect caml dstatiichBattenalr RKELOY, (Bt ERbARIdHBuctaRe WMBwsOf BSsahaRd. i n a
"direct contact" structure, a foamng agent of rigid urethane foam

aggl oner kgl trifsfRr IBREREICEFbA HRLRUERT (RO A et RA Y fitd URkidRs Bf lhon
mat eri al may expand or “contract 'in response to changes i n surroundi ng

t enper at uigilatibi HdxTaMit" 65 Yet effébtﬁ%iprda%féan affa oGt BmbRAded iR @@Nt rast,
the af orenmentioned structure of the present invention, since it is free

from t heupsthahefoadh OV Thetafdrd) &Y '@mﬁé’tﬂeﬂn%hehix%ncm)in%ahef prafkfgvi ng a
poor side-appearance as a structural defect ereby mai ntai ni ng excel | ent

qual iy agverdge ard¥,0duct. In doors 103, and the rear and the back planes of
I nsul ation box unit 122, the insulation material is directly attached to

the SUffaCGS-OBhitﬁeiﬁdQe?PéEe% of GnsuBRfIS bbR3 unkih g 20Megsded, %w&%m&e often

provides the area close to a door surface with a poor filling of the

ur et hanenia@a¥thl £21 Hadend aﬂec@e&lé&%ﬁ kvibh 306 Sutfaceloflouged Bét 205 bO@nLtht 122,
t he enbedded structure may conplicate the design of piping for the -

ref ri ger afHe@rhamid i “aiidct Bontdee frlieaRs, hFoafRRf BEntIOY reE u}éﬂaan@nd 115;
and al so because that the rear and back planes are assenbled integral wth

the vacufoan Bghlodidrabed ™ & £ béSrediPINEBIRR IR dnd FRe FRAMLAGhYIaEEn

processes. Considering the aforenentioned advant ages, the enbedded
10 material may expand or contract in response to changes in surrounding
temperature, which may'result in deformation of the outef box. In contrast,
the aforementioned structure of the present invention, since it is free from the
problems above, can prevent the insulation box unit from having a poor
side-appearance as a structural defect, thereby maintaining excellent quality as

15 | a product. | |

In doors 103, and the rear and the back planes of insulation box unit 122,
the insulation material is directly attached to the surfaces. This is_ because, for
doors 103, the embedded structure often provides the area close to a door
surface with a poor filling of the urethane foam. For the rear and back planes
20 of insulation box unit 122, the emi)edded structure may complicate the design of
piping for the refrigeration system, and the drain hoses for cooling devices 114
and 115; and also because that the iear and back planes are assembled in_tegral
with the vacuum insulation material for convenience in the manufacturing
processes.  Considering the aforementioned advantages, the embedded

25  structure of the vacuum insulation material 121 may be employed in insulation

box unit 122, where possible.




25 structure of the vacuuminsulation material 121 may be enpl oyed in

I nsulation box unit 122, where possible.. 5 Decenber 2005 34 | NDUSTRI AL
APPLI CABI LI TY The insul ati on box unit of the present5iDegenbardl03 s forned of
i) rigid urethane foamw th a bending nodul us of not-less-than 8.0 MPa and
a density of not nore than 60 kg/n8, &l ii) vacuuminsulation material.
The high bending nodul us of the rigid urethane foam provides the

i nsul ation box unit wth a substantial strength. Therefore, even in the

case thaNINESTRIATAQPPRICARIEFRCUUM i nsul ation material (with respect to
the surface of the outer box) exceeds 50% the box unit is free from

def or mat i ons q%s%l@gtigﬁi%t uRfe gpgg% pfgg i Wod INehGl Oftépe{‘i%ﬁlc sane

time, the proper density (less-than g/ can suppress Fncrease
i n_ther mylre oRRUhY Widh F%e&xﬂkﬂ%m&dﬁﬁﬁ? B% no%éééttihﬂbq% i) ahﬁ%ihéﬁ%%ﬁy

efficiency. Such an insulation box uni as no problemints qualit

despite of s Sekedad H5Ct g M35 WINLAS Hhaklfn HBLELE! Mk gYhel N an

excel l ent insulation efficiency and erefore contributing to. ener

saving. bendafpfidiud Of e ARG RINETHAA R AR BRAMHATEERNRD,

rigid urethane foamforne yl'ene di-1'sbcyanat e conmpound,

sl at : - t Led, i | th
5 2N ¢ LAl 4L 0ibdeBnfial ShERORL 2 Blerbyle olBR YA B crbe OMCEYELEk g8 e

raw nmaterial of r foam to’ be nore Specl cru ts,

Whieh Lo T1¢ o cl i D e cal
I ch ar %h&%éﬁﬂﬁdmsidg%ﬁltﬁg 'hé%teg a%?gl%ﬁﬁ} gﬁé bt ZtH b Cddrfd B %Oﬁ/thé ‘rfl{gk)t ' ca

water, are fractiona I'am ne, an

di - i socyaRa@leds T ot ql kA ne,: i r
synt hesi %ed f rsom t’ﬁ@%@%ﬁﬁﬁéﬁﬁﬁg %e%;&%@s@?#ﬁg%ﬂhg?gﬁ?g s for

STt S URLBS AR She ey BRI Ollpigrc 1
cont gy NS kand) Nk AlupPRefOX¥héNhbrease in thermal conductivity in solid, thereby '
maintain prbper insulation efficiency. Such an insulation box unit has no
problem in its quality, despite of an Vexi:ended use of the vacuum insulation
-material, providing an excellent insulation efficiency and therefore contributing
to energy saving. |
15 According to the recycling method of the present invention, rigid
uréthane foam formed of tolylene di-isocyanate compound, which serves as an
insulator in a refrigerator to be recycled, ié now recycled as the raw material of-
nigid urethane foam; to be more specific, crude products, which are obtained
_through a process using supercriticél or sub-critical water, are fractionated to
20 obtain tolylene diarﬁ_ine, and tolylene di'isocyanate compounds and tolyleﬁe'
diamine polyether polyol are synthesized from the tolylene diamine. In this
way, the two materials for synthesizing rigid urethane foam are obtdined aé a
result of the recycling method of the present invention. -'
The reﬁ:igerator of the present invention contains an insulation box unit,
95 o a reﬁ'igei'ating compartment formed within .t]-1e insulation box. unit, and

refrigerating device for cooling the compartment. Employing the insulation

box unit having high coverage of the vacuum insulation material with respect to



25 a refrigerating conpartment formed within the insulation box. unit, and
refrigerating device for cooling the conpartnent. Enploying the insulation
box unit having high coverage of the vacuum insul ati éfesembi2805 wi t h
respect to 5 Decenber 2005 35 the surface area of the outer box can
effectively contribute to energy saviﬁé. At the sanme tinme, the structure
an enhanced volunetric efficiency of internal space even though its
space-savi ng conpact body can provide an environnmental friendly

refri ger shosurfacd Girba Eahebaite? 002 3h eifédtiely bonfiibutesty ahérgh HR%agini t
conprising: an inner box; an outer box accommobdating the inner box

t her ei n; Agrtthe. siimé nhbé afheOstrhetyies a6 eRhsedbedlvasitrit heftiongf obintepid t he
outer box, wherein, the insulation layer is formed of a vacuum i nsul ation
mat eri al spave evengilbughdidgnreiasing fhphasolydenthingidesh kisirgimahtdleast
8.0 MPa, and has a density of at nost 60 kg/ M3, and a coverage of the
vacuum i fsendltirefrig@teid al wth respect to a surface area of the outer box
is not |ess than 40% and not nore than 80% thereby providing the

i nsulf@tion box unit with both a high .insulation efficiency and a high
structural strength. 2. The insulation box unit of Caim1, wherein the
vacuum i nsul ation material is disposed on all planes - a top, a rear, a
front, a bottom and both sides - of the insulation box unit. 3. The

i nsul.ation box unit of Caim1, wherein the insulation box unit
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has a door, and a thickness of the insulation |ayer disposed on the planes,
except for the door, of the insulation box unit is in a range from20 nmto
50 nm 4. The insulation box unit of Caim3, whereiARagemb#iZORhess of the
i nsul ation | ayer surrounding a freezing-tenperature zone, except for the
door, is in arange from20 mn to 50 mm 5 Decenber 2005 37 5. The
insul ation box unit of Caim3, whereid36the thickness of the insulation
| ayer surrounding a refrigerating-tenperature zone, except for the door,
isin arange from20 mmto 40 mm 6, The insulation box unit in accordance
with any one of Cainms 1 through 0%1\38 wherein the thickness of the
vacuum i nsul aii%nr“mat rial, is i a range from10 mmto 20 mm 7. The
i nsul ati on box (M PSHREHILPAF I GIMREOERe i nsul ati on box unit has at.
| east three door %.im%.rThe i nsul ation box unit of Claim1, wherein the rigid
ur et hane foam i §™'8"Fedeti on product generated by blending a) an isocyanate

component i ncl udpige{ BLy L& Abh3AGKIRE S GOBROUIS I B) a pre m x

conponent including polyo oam Izer, a catalyst, and a foam ng

agent. 9. The i A3ULSHIRMORY el Widpdibd Hell S thdiEh&! o R4 lthdiothtd BéH1ane

foamis produced by using water as a foamng agent. 10. The insulation box

unit of Qh’.ia!r@inl,th\éﬁ@il’saldftidrh@adyvéqéufﬂrbdbﬂubﬁbixpa[buu@tiﬁéﬁﬁltioﬁoﬂia@éﬂﬁl aid .
i norganic fiber aggregate and a gas-barrier filmthat covers the inorganic

fiber aggigedairethahk. fohhethdtshhahibendbax moduluobf 4 Ragt 30) Mihgraidhidhe

aggregate is a multi-layered sheet-type inorganic fiber. 5 Decenber 2005
density of at most 60 kg/m3, and a coverage of the vacuum insulation material
with respect to a surface area of the outer box is not less than 40% and not

more than 80%, thereby providing the insulation box unit with both a high

insulation efficiency and a high structural strength.

2. The insulation box unit of Claim 1, wherein the vacuum insulation
material is disposed on all planes - a top, a rear, a front, a bottom, and both

sides - of the insulation box unit.

3. The insulation box unit of Claim 1, wherein the insulation box unit
has a door, and a thickness of the insulation layer disposed on the planes,
except for the door, of the insulation box unit is in a range from 20 mm to 50

mm.

4. The insulation box unit of Claim 3, wherein the thickness of the
insulation layer surrounding a freezing-temperature zone, except for the door,

is in a range from 20 mam to 50 mm.



38 12. The insulation box unit of Claim1, wherein thermal conductivity of
the rigid urethane foamis at least five tinmes and at nost fifteen tinmes of
thermal conductivity of the vacuuminsul ati on mat er i%aPecember 208 i nsul ati on
box unit of daim1l, wherein the rigid urethane foam is disposed on both
surfaces of the vacuuminsul ation material of the insulation |ayer. 14.

" The insulation box unit of Claiml, wh&tein the insulation |ayer on a side
of the insulation box unit includes the insulation |ayer having the rigid
ur et hane foam_on _both surfaces of the cuuminsulatigon material. 15 A
refrigerator Conftd dPfiyatiop o it o Climb o Wherep fhendhickness, af ﬁg@ an

[ box; .out b dat i the i box therein;, d

e SRR B eSS HERTR A e ak Sloe R 1R AR Yo i
the insulation.layer iesfrg; ordred Ofb?’r% yaguum insulation material and rigid
ur et hane c%oaimt At &S aIBend‘fnﬁ%; gtlﬁlus of at least 8.0 MPa, and has a

density of at nost 60 kg/nB, and a coverage of the vacuuminsul ation
material with respect to a surface area of the outer box is not |ess than

40% and not @DIend NABL BN BEL SNt PO e a9kl S ithS Unt 590 JPORIARst Wi t h
both a high insulation efficiency and a high structural strength; and b)

at - | east tBRpughO0ldiR05bAKefAhTRE thitkiess bRk ahéAina¥ulétidn makeialCk ia
cool ing device. 5 Decenber 2005 39 16. The refrigerator of C aim 15,

wher ei n taheangeffrogdlanes thd8,m@n a surface, a tag on which a material type
of the rigid urethane foamis recorded. 17- The refrigerator of claim 15,
wherein the refrigerator has at | east

7. The insulation box unit of Claim 1, wherein the insulation box unit

has at least three doors.

8. The insulation box unit of Claim 1, wherein the rigid urethane foam is
a reaction product generated by blending a) an isocyanate component including
tolylene diisocyanate compounds with b) a pre-mix component including polyol,

a foam stabilizer, a catalyst, and a foaming agent.

9. The insulation box unit of Claim 8, wherein the rigid urethane foam is

produced by using water as a foaming agent.

10. The insulation box unit of Claim 1, wherein the vacuum insulation
material contains an inorganic fiber aggregate and a gas-barrier film that

covers the inorganic fiber aggregate.

11. The insulation box unit of Claim 10, wherein the aggregate is a

multi-layered sheet-type inorganic fiber.




three doors.. 18. A nethod of recycling materials for an insulation box
unit including an inner box; an outer box accompdati ng the inner box
therein; and an insulation |ayer disposed between th®epaps 288k and t he
outer box, wherein, the insulation layer is formed of a vacuum i nsul ation
material and rigid urethane foamthat has a bendi ng nodul us of at | east

8.0 MPa, and has a density of at nopst380 kg/nB8, and a coverage of the
vacuum i nsul ation material with respect to a surface area of the outer box

is not |ess than ,40% and not nore .th 80%_ thereby providing the
 nsulati on_ boxi e WSHABeR RoR ‘mlt;;ﬁ? Chaimm e iohErert ?{}eﬂ?ré?@ywngﬂatlal% %

structur strength,. the . nethod c rising; a) a.crushing.process for

br eaki ng BWHESh SRt A doeCRpt ekt ek el reeitanBers difes oty
screenin or. ¢l assihfying the broken-dqwn wastes into iron,

on- for r SHEEREEnd R alE R e R b g UG HERERlTT et er a1 -
handl i ng process for crushing the rigid urethane foam separated fromthe
br oken- down wastes into powder; d) a reusable material- preparing process

for i) processifiqHdmsutdsd:186€ POt PRIHLN, WhePein! el ol ufdi8ThEFbam

reactions, ii) deconposing the liquid rmaterial, by reactions using

super cri tik GadpdRkd Subdthidulrfates WRLIRS vadiihiA i65WIG onRbETiAl oF theGhyglafihn’ aw
conmpounds of the rigid urethane. foamand a plurality of am ne groups; and

5 Decenbday@005 40 e) a raw material -produci ng process for i) fractionating
the crude materials to obtain tolylene diam ne, and ii) synthesizing

tolyl ene diam ne, tolylene diisocyanate conpounds and tolyl ene diam ne

pol yet her polyol from the tolylene diamne. 19. The nethod of recycling
for material s ¥orTheninsnlation bonubxofiiaimol, wherein the insulation layer on a

side of the insulation box unit includes the insulation layer having the rigid

urethane foam on both surfaces of the vacuum insulation material.

15. A refrigerator comprising:
a) an insulation box unit further including:

an inner box;

an outer box accommodating the inner box therein; and

an insulation layer disposed between the inner box and the outer
box, wherein the insulation layer is formed of a vacuum insulation material
and rigid urethane foam that has a bending modulus of at least 8.0 MPa, and
has a density of at most 60 kg/m3, and a coverage of the vacuum insulation
material with respect to a surface area of the outer box is not less than 40%
and not more than 80% thereby providing the insulation box unit with both a
high insulation efficiency and a high structural strength; and

b) at-least one cooling box formed in the insulation box unit; and

¢) a cooling device.



Claim 18, the nethod further includes a regenerating process for producing
rigid urethane foamfromthe tol yl ene diisocyanate conpounds and the

tol yl ene diam ne pol yet her polyol obtained in the r alepenplest 2892 pr oduci ng
st ep. ABSTRACT  An insulation box unit and a refrigerator of the present
I nvention enploys i) rigid urethane foamwith a 8. 0 MPa-or-greater bending
modul us, and a 60 kg/nB-or-lower dens3®y, and ii) a vacuum insul ati on
material. The proper bendi ng nodul us provides the insulation box unit with

b i al h, . ' h hat. th f, th
e, Sunstant 21 Bt 00t e SYED LP " sl 1 SOHSSEHSP  SulBCLT
40% Th Pty. ts . the i | ati. b it f
0% T R PR e e S8 TR el LR cocp o

of an extended use of the vacuuminsulation material, the insulation box
unit offers an excellent insulation efficiency and therefore accelerates

ener gy savi ng17Aqer fbitek S hﬁt(gﬁg@yfé),i AfeFBRNAR AliBPaREORRNLt IaYNt | on.

rigid urethane foamforred o ene di -1 socyanate conmposition, which
was sepatptdddgrgm refrigerator wastes, is recycled as a material of rigid
ur et hane foam

18. A method of recycling materials for an insulation box unit including
an inner box; an outer box accommodating the inner box therein; and an
insulation layer disposed between the inner box and the outer box, wherein, the
insulation layer is formed of a vacuum insulation material and rigid urethane
foam that has a bending modulus of at least 8.0 MPa, and has a density o.f at
most 60 kg/m?, and a coverage of the vacuum insulation material with respect
to a surface area of the outer box is not less than 40% and not more than 80%,
thereby providing the insulation box unit with both a high insulation efficiency
and a high structural strength, the method comprising;

a) a crushing process for breaking down an insulation box unit
having rigid urethane foam;

b) a screening process for classifying the broken-down wastes into
iron, non-ferrous metal and rubbish including resin;

¢) a foamed material-handling process for crushing the rigid
urethane foam separated from the broken-down wastes into powder;

d) a reusable material-preparing process for i) processing the
urethane foam powder into liquid by chemical reactions, ii) decomposing the
liquid material, by reactions using supercritical or sub-critical water, into crude
materials including raw compounds of the rigid urethane foam and a plurality

of amine groups; and
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e) a raw material-producing process for i) fractionating the crude
materials to obtain tolylene diamine, and ii) synthesizing tolylene diamine,
tolylene diisocyanate compounds and tolylene diamine polyether polyol from

the tolylene diamine.

19. The method of recycling for materials for an insulation box unit of
Claim 18, the method further includes a regenerating process for producing
rigid urethane foam from the tolylene diisocyanate compounds and the tolylene

diamine polyether polyol obtained in the raw material-producing step.





