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 nethod 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 FrINSURATEDBOXBODN, REPRIGERNTORMAVING THE SOX BOIYY|
appliances, such as a refrigerator and a tel evision, has becone

i ncreasi ngl ANRMETHOD OFRECYCIING MATBERIAGIS FOR BNSULATED 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
addr ess t he cThvgites@mainvention relates to a refrigerator having an insulate box
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'



di sposal. of plastics, a new processing-technol ogy makes a proposition to

deconpose polyneric material, with supercritical, or sub-critical water
enpl oyed in the process. 5 For exanple, Japanese Pat&Recerabeg28Pen
Application No. H10-310663 introduces a nethod of recovering pol yurethane
resin through deconposing. In the dis@ osure, polyurethane resin is

subj ected to chem cal deconposition enploying supercritical, or
sub-critical water to recover raw nmaterial conpound and reusable raw

mat eri al cdavéviasnaibsbiried leumoly, Wied&angs halidk. 19 adaRARARE cBat@Rtion0-
2885673 introduces a nethod in which-polyneric material is chemcally .

treated wisgosalipsf pladticeala otevs glbrdééjséihg%cﬁ\ﬁ&l@éy SRaft8st 9 ?ﬁ)pogﬁﬁﬁ”@@sed
into oil conponents. As the need for energy saving grows, there has energed

a need f decompoyé dpsigneericl ma@ial OkvilRYishgeirahRn, | S UhH-&9hcal W aeency; a
| arger area 15 occupied by vacuuminsulation material, i.e., an extended

cover age eafplofed wathuprdcpsdll ation material to the surface area of the outer
box has been required. However, too-high coverage by the insul ation

materfal My FawsexaniplelThpinesd PROMONTa0d 0PN APPlicAsne MNEeHbidionss he
range from 30%to 40% has 20 no problem a coverage exceeding the range

may seri ontybueds acietlivd of ruedveiRlg Poln@thand bl {HISULAL déﬂ&nﬁ%n%n' t. In
e

the box unit, the outer box and the "inner box are integrally bonded with

rigid uréhhtheedisphizued, SpslgarbthehyeRBin B8 subjetb@18 SohehiB4AE M¥corhpsiglisy al

rigidity of the insulation box unit is remained. However, enploying a

di f f er enemiplowingfsupet@itiedl, or sub-critieal VAGHHD FdtpvéttdwP tARridR t&hbahnd N
| arger area in an insulation wall |ayer autonmatically decreases {he

t hi cknesandfretibsbleirgwdmutaislakeivaanrds ihhihe, pdlierdtBefe flsinl gi dity caused by
the thinned pol yurethane foamcan result in deformation in the insulation
box 1hit.' 5 DependerPad% 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.”



3 Particularly, the deformation of the box unit becones nmore pronounced in

a refrigerator having two or nore doors; the doors are not_allowed to
tightly fit to the body due to the distortion, whichDesraRerdfifesired gap
at the gasket, thereby inviting poor insulation efficiency. To avoid the
distortion, there is a well known neth& in which density of the rigid
urethane foamis greatly increased so as to provide |arge bending nodulus
that is an index of rigidity. The rigid urethane foam having an extensively

increased dengidiyiculQWEYIRS defoRil-RAREST GRIHACKY DebRiRbs W @B Driounked §P! 1 dS-

As '"a result, against 'the purpose of heat i1nsulation, the insulation 10

ef fi ci engyrdffighPftor habheves BaREoTPadrY e B60dsahB&iot Afdwsd &% @rry Bt .
F I at% o) OX unit

contri butes 0 decreasing insulation efficiency of the insul

that is thaLRSH&R} Hab to!iMeI@istoriiod, hﬁhﬁ:ﬁ‘c’) a{i%@ ﬁdés?l%ﬁ’%%“é@“thé‘?é%ﬁéﬂ, on'

materi al increasés, endotherm c anopunt e 1 nsu box uni

decr easegheAMSAG LIS Yoo idslation @gdes energy saving. However, the
ef fi cacy of the energy saving noves down al ong saturation curve, after all,

it issnot ratmgnaloid thé &istErtRn, %ﬁﬁﬂé id A%l kﬁmrxﬂs&m&pﬂ}wmgi@%w S

I nvest ment costs. Besides, when the coverage of vacuum i nsulation terial

IS incregpglrisfll 4b&hahB¥Baht i @Hﬁﬂyﬁ%cr%&seﬁe&f) Stg{ff@ﬁ&@ﬂ&gﬁob&{cﬁﬂ re the

material with 20 nonstandard sl ze and shape, an 0 necessary to dispose

the mat el that f! hitidohOof FMEARSC TR 1idid NrelRAME Gpdt hilinpr aF eSS ES.

The fac_ts have_ caused probl em of extensive crease In the cost f the
vacuum i gstdidivdly iBieaked!depitty, BoRieth ! BRr&RRESconltictie KBk irah@¥eled

i nsul ation section forned of the rigid urethane foam 25, and the vacuum

L s ) sl ik ! o, g
10  efficiency of the 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



result, an inconsistent filling or poor filling decreases the insulation
efficiency of 5 Decenmber 2005 4 a pol yuret hane foam | ayer. Therefore, the
insul ation efficiency of a nulti-layered insulationdHseesmbai2@®y be small er
than it was expected, or on the contrary; the insulation efficiency may
get worse. In particular, the structur® having an extrenely increased
coverage of the vacuuminsulation material has 5 a risk of decreasing the

i nsul ation efficiency, because that the hard-to-flow polyurethane |ayer

covers ahmgsflydfehhnoefofindayst t MEhémgarbat 0N BRulandl - effitidddyerdioRe, a

poor insulation efficiency of vacuum i nsul ation naterial itself further

decr easesilbElaivasdd RisubitiG@pedtion nay Bt addiled PRat & WhE expd@E&RYd QRed
decrease in the polyurethane part of the nulti-I|ayered 0 insulation

secti on. cowigary ith@'ihsulaﬂ:idﬁaéfﬁﬂiéhcﬁciﬁéﬁ\g@ﬂ worBOl | GEARHEAREHHY sBAwhng ef f ect
in spite of getting the coverage of the vacuuminsul ation nmaterial as high

as possi hkeingRi® Bxtiendly aneiaBéd 8bveraseef €8s yaviig RLdldtRaY flakdigal 110! oyi ng
the aforenentioned nethod disclosed I'n Japanese Patent Lai d- Qpen

Appl igat hofishicof dd&rebliRm3 16 GsationeemivRincy A Wesiise! iplt SRMPRYEE-Bhbwt he -
pol yuret hane resin and reusable raw material derivatives fromrigid

ur et hanepbaiikthhite 1apéNesierd ARy thelifinBPacBRIPIthe abllafion bbﬁ%ﬁ&li ng an
e .

i nsul ation box of a disposal refrigerator as its entirety; 't

supercri ti caFuvehedin@ep hoydordinRuRARSES efﬂ@éﬂt?t of DESIEAR! in¥uBRfRRRS&-A1 9i d
uret hane foam covered by the iron plate of 20 the outer box or ABS resin of

the inneitséifx fufthekrhalcidipioshahe, iMatlabieh Kedpdbili§’ RO! ¥aBition MR efbeal |
such as pol ypropyl ene resin for interior conponents, can be chemcally

deconposgfbrbiyentip@edr dbb@ake Oin Sthe cpdlyifdhanet phrt |Jf dRe MFuHlaléRa box
I nvol ving different kinds of nenbers is subject to chem cal deconposition,
nmat 0 al msudati@i BédtibrTo NAREdiaghEl RSha® 666 adliedbd @thdti@abldenergy-saving
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.



25 process are dissolved into raw material conpounds, as inpurity.
Therefore, such raw material conpounds having inpurity is not reusable as
rigid urethane foam 5 Decenber 2005 5 In order to ¥Peesmber 2% nateri al
conpound of the polyurethane resin and reusable raw material derivatives.
as reusabl e industrial resource, it ha® been the essential issue that
"pure" rigid urethane foamwth no different nenbers should be separated
and classified froman insulation box unit to be discarded. 5 Furthernore,

it has been wWghiopde @/ reddvdriwYeHeAbPEASAL ui®bPEh pAlyWRithin fRMh afidn be
recovered so as to achieve high recovery efficiency a5 a whole system As

anot her peaRiREHR Iaste@meq!ﬁfa&ﬂﬁestagfre%m@@ﬁ@&é&mgeé&lﬂc&%&a& Hen mﬁgﬁund

of the polyurethane resin and reusable raw. material derivatives,

are obt a'm@@Sgemmqggqleq;hﬁm‘ﬁafeﬂq%ar{ﬁ@%ﬂléﬂeomanﬁﬁ%wﬁé ﬁ'iff@x‘%ﬁﬁ’mgiﬁb%gﬁt 10

chem cal structure of the rigid urethane foamto be deconpose IS,

the chegheald 15 seiflrtifedl Sl EHRARAMPHAG AR IR hY Bbk gk BaRelgtapdedrasi ¢ raw

material formng the rigid urethane foam It becones therefore I nportant

that & reayEhdrdgordeithed adnt @atted K al DaphaR) Qiiﬁﬁ&éﬂ?ﬁﬁg?

loftin WRidH #gn "1 9 d
uret hane foam should be enployed. 15 Furthernore, it has been another
chal | enggah Pe 1BRGREEALS BE th AeHTdvk Mgh SYSHER biRkedSUS Q%Ho!ﬂ,ﬁﬁy"s%‘fﬁ.n'&t erial

I a

conmpound of the polyurethane resin and reudsable raw mater erivatives

obt ai ned t hr oughs diBE $RbbIAEE QENRSédrisibras, tﬂé"%%ﬂl%hiéﬂ%io{ﬁ%ﬁefahﬁﬁaa%’l{iala

refrigerator. Besides, "there has been a critical obstacle to pronote
recycl i ngoMipbtind! &t pBlyhiretipAMsY resiR 2RE re MBANRIE W mBEAFAS&NG tivee) d

ur et hane foam cannot be “specified wthout identifying the basic raw

tmﬁte e ;r:a ?L?ﬂ%%lﬁmfé\gﬁ ;d'r‘]t?;bjg}ceﬂ;ﬁgiﬁg ggg ;ﬁ}ﬁmlcﬂs Beeonfosifién) AP dRtdrHindtP by Whet as

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



refrigerator. 25 DI SCLOSURE OF THE | NVENTI ON To address the probl ens above,

it is therefore an object to provide an insulation box unit_capabl e of

of fering structural strength. and high insul ation 5 TRewmbsr 28505 6
efficiency in spite of an extended use of vacuuminsulation material. It is
anot her object to provide a new nethod, of producing reprocessed materi al,
and also to provide an insulation bo unit and a refri ger at or enpl oyi ng
the reprocessed material. This will enhance recycling efficiency of an

| nsul ati i 98 #shick o GnAbRERNAP dise® B VbRl Mb1ftibE SAUGSaL. AV | NO.

According 1O I'r St aspec present 1 nventi on, ere 1s provided an

insul ati gﬁbt@@% oBf¥ct & PIBFilS 1aNGew HethBRST pRBIuciAR rePtResRAmMACSARTREAL | g

the inner box therein; and an insulation |ayer disposed between the inner

box and glshetPWrehidao%n WRIISIOn b&E LmSUhAY | HNrdfaigeratbs dapiBen®fthe vacuum
insulation nmaterial and rigid urethane foamthat has a bendi ng nodul us of

at | eastreprfceshPd, mangidlaThis delisehilande aécyatiat dliciegclihi amndnsuladioar age of
the vacuum insulation nmaterial with respect to a surface area of the outer

box is nigdx heitso Hehdincadded acohtribitimgrie rebaurc8@esydingr eby provi ding t he

i nsul ation box unit wth both a high insulation efficiency and a_high

structural sthAemgding thhe firsyhspast of he@resenh inventipeidieny ivpyevidsd geat er

than 8.0 MPa allows a box unit of one exanple enbodi nent to have

subst antingilagierehex nit eoreprBingt HE WEer ekt anoFeBoox %m%&&s‘r&ﬁm
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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.

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 iﬂsulation 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%




i nsul ation box unit preferably does not cause any problemin its quality,
in spite of an extended use of the vacuuminsulation_material,_providing
an excellent insulation efficiency and therefore co?lgeF?ﬂ’quﬁaoﬁo ener gy
saving. A further insulation box unit of one exanple enbodinent is also
formed of rigid urethane foam and va(;f.lum insulation material. The coverage
of the vacuuminsulation material wt‘h respect to the surface area of the
outer box is determned not |ess than 40% and not nore than 80%

G eater - 000 th RAARL indlBoh £RUHAMER kPG BRI Ald0f

material w respec o the surtace area o t he outer box can enhance

ef fect O LRI HBR Ve -enBARE CstfedtCER! élﬂerrg?esavﬁﬁg‘.e BRGSO kdBpifg tihan 80%
can elimnate the need not only to prepare the vacuuminsulation materi al

Wi th outeRbrsteandithrei hanaB0%SEAPRlintinhtak® Heed wtitspwisetd peeprmbetbeal in a
hard-to-task section in the manufacturing processes, wth sufficient

i nsul at iveruehi itsdaciynmantdranedih Accof-dinglard dzsendnshaspdatt alsotioe
present invention, there is provided a refrigerator conprising: a) an

i nsul at i dspdexthenmtaténiak hep hardHtodiasy: seanionnnghe merufahuningqrrobesses,
acconmodating the inner box therein; and an_ insulation |ayer disposed
bet ween wib suffieienpinsudatdon kEficiemet madrxtaingter ei n the insul ation layer is

formed of a vacuuminsulation material and rigid urethane f,oamt,Haé has a
bendi ng noduldgsoptingtto| etesong. asPRAE0T e raRntEINEREPRY thire df PRISLCEE kgl nB,

and 2 Coverase of e uectun LasuaLion el Srial MAD CTREC o, surface
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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.
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



met hod of recycling materials for an insulation box unit including an inner
box; an outer box accomodating the inner box therein; and an_insul ation

| ayer di sposed between the inner box and the outer Slascempret¥®n, the
insulation layer is formed of a vacuuminsulation material and rigid

uret hane foamthat has a bending nodulus of at least 8. 0 MPa, has a
density of at nobst 60 kg/nB8, and a co¥Y®rage of the vacuuminsul ation
material wth respect to a surface area of the outer box is not |ess than

40% and not b an Bgty thereb%/ roviding the,.insulation box unit with
bot s iRt bet gt fﬁﬁ"éf;’én‘% GRS Heght i} B 12, PETCCTIRE aHGEeES Tore
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met al I'nc udlng resin I'ng process
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into powder; d) a reusable materi preparing process for 1) processing
the uret h@ﬂgam@aﬁraﬂe@mﬁepaﬂhg proéiisk GobY) (Bedsedd theapdthans foht)powder
deconposing the liquid nmaterial, by reactions using supercritical or
sub-critiingd Iivatiérby i dHe@m@:ﬁleeaEm&ﬁ | 21} decbiploditig@hé aliyGidMeatedinl ofhyt he
rigid urethane foamand a plurality of am ne groups; and e) a raw

nat eri al rpadduci ngipg osepercidical ) of r adi-critiahl ngatdre drtoderudmt mmitatialst o
obtain tolylene diamne, and ii) synthesizing tolylene diamne, tolylene
di i socyana@hdm\ur@mmnmdsmfyﬂlenegdi amhhenpcﬁoyatt hrd gpolywelity odmmirke

tol yl ene di am ne. Through the processes above, gi d urethane foam which
is for rrecgrelﬂpSatam%/ P)e ﬁel”adY ma:,t@wém@@@amgmssmr 1? dragsignesiegcthederaslet he
mat eri al of I’J ret hane foany, to be specific, de products,

whi ch ar SRSt %éﬂ Ry fghvl %n%rdéﬁ@é%e’u%ﬁﬁd%s ﬁl@ﬁ}ztlﬁl%épﬂﬂ?n%d%ﬁ’@ﬂl%l cal

wat er , racti.onated to
tglyflene 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.



polyol, which are synthesized fromtolylene diamne - one of the
fractional conponents. In this way, the two nateri afPegeabasBf@} ned and
enpl oyed, as renewed materials for rigid urethane foam BRI EF DESCRI PTI ON
OF THE DRAWNGS Fig. 1 is a sectional view of an insulation box unit of a
first and a third enbodinents of the Peesent invention. Fig. 2 is a flow
chart illustrating a recycling method. of a second enbodinent. 5 Decenber
2005 7b Fig. .ds_a perspective view.shawing a.refr]j at.or having not ch
of a fourih dHod BEnPe Hegtive WA IOV I8 GRS BRI PG DEHIR PF 8m t he
front si q,em%fh a r@%ﬁgeiéjgerat or of a fifth enbodinent. Fig. 5 shows a
cross-sectional 9? en fromthe side of the refrigerator of the fifth

mbodi t. 5 005 ' 0 ] - [ | e ML e
houl at fon’ ot o SB oyed o ParrRetE oeFoBa AFAY AR A L 08 e

Fig. 7 1 Sefisd08Se Begnahp¥issRf vacuum insul ati on material enployed
for a ref Fi é%atorac‘%? 1t he s})xtlh enbodinment. 5 Fig. 8 shows a

cross-secti ondtigVh aWow@al clds8Bebtien 1Bl Slederroh @he diBE bF RS AbRIgRhtd
seventh enbodi nent. Fig. 9 shows a cross-sectional view seen fromthe side
of the refthgéifei embodfmédie seventh enbodi nent.

i ment .




10 DETAI LED DESCRI PTI ON OF CARRYI NG QUT OF THE I NVENTION Hereinafter will
be described an insulation box unit, a refrigerator, and a nethod of
recycling materials of the present invention accordi%@e‘ie@lbteﬁ%oosexenpl ary

enbodi nents. The insulation box unit qf the present invention is forned of
i) rigid 15 urethane foamw th a bendi ng nodulus of 8 0 MPa or greater and
a density of 60 kg/nB or lower, and ii) vacuuminsulation material. .At

the sane tine, the coverage of the vacuuminsulation material wth respect
to the surfacEigréets afcrogsheectiohat viewxof sacetsr msnkdiagr eatteriat aployedo | n
spite of such an extended coverage of the vacuuminsulation material, the
rigid urérttheeefrigemtdyofthetfifth @@bodiménts 8. 0 MPa- or - great er bendi ng

modul us, can provide the box unit with a substantial strength. That is,
the box unit F.fT seafarosa-skefionabviesnsf vacsen imgulstioghmadérigbedpliedr ed
therein. For increasing stiffness, the rigid urethane foam has a higher
densi ty, fay refrigesatie pf the sinthlsembbdisggmi8, so that decrease in insulation
ef ficiency due to increased conductive heat transfer in solids does not 25
occurd Such aRid. n8uslewsna borssisdctional viewprsesh efroinn the sfrqutilside/, ofdaspi t e
of an extended use of the vacuuminsul ation material, providing an

excel | entefrigazatbaof aseeéhilcérebodinemd. t her ef ore contributing to energy
saving. 5 Decenber 2005 9 In another insulation box unit of the present

i nvention, t hBig Ovehaageaaiosstdeetivagiview seeul foiothamsiderdfdhe wefriperstopect to
the surface area of the outer box 1is greater than 40% and three or nore
door s aref thetseventh elDbodimentof the extended coverage of the vacuum
insulation nmaterial and plural doors, the rigid 5 urethane foam by virtue
of t.he increased bendi ng nodul us, can provide the box unit with a
substantial strength. That is, the box unit is free from deformations

caud®d by FHITAILED QESCRIFTION OFhSARRYINGORUN OFTHEIMEENTION

Hereinafter will be described an insulation box unit, a refrigerator, and a
" 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.




particularly essential to an insulation box unit having three or nore
doors; no deformation occurs in the insulation box unit structured above.
For increasing 10 stiffness, the rigid urethane foafmesemben?O8ber density,
but it is kept at nost 60 kg/nB, so that decrease in insulation efficiency
due to increased heat transfer of solids does not occur. Such an

I nsul ation box unit has no problemin its quality, despite of an extended
use of the vacuuminsulation material, providing an excellent insulation
ef fici ency andn hroidfeoriasabaion box ungt sfothenpragns anvagionl ThA @iédalge fofr t her
I nsul ation box unit of the present invention enploys the rigid urethane

f oam whi @i Yarummd ensnlatienchitegiad witls eeypasiatetitosméaeima of theBekeebox

tol yl ene di-isocyanate conpounds with b) pre-m x conponents fornmed of

pol yol , aisf greomtet dlvath i4086, and dhired st mondoard aaenateachednt Dekpipd of ithe

tol yl ene di-isocyanate allows the product obtained to have a structure in
whi ch 20. extended veveirage bf thavagnon paswhse yatritand sluaaDddirs, Ghe ir8d
thereby providing a resin having a high elasticity nodulus. Therefore,

t her e5i s wmethese feimdet virvge ofthy Rieedsadbeadeng molkidas, icangirotide the Bbe

uret hane foam Accordingly, the urethane foam has no undesired effect of
heat transiiér with sol susstantinhi stragethexc@®hhenis, i fisdll It amief fd GeanE@om AS a
result, despite of having greater-than-40% 25 coverage of the vacuum

i nsul at i oleforemetivns caisdd byspeightt of phwlssstoked aharsin. OfA gidie RiffRks hox, the

i nsul ation box unit enploying the urethane foamcan provide satisfying

st ruct ur epaticelagiih esseditial 3ol at iromlafibn doenaiit hikind tlgfeesdr 8085 Bocten®

Decenber 2005 10 insulation efficiency is also given to an insulation box

uni t havideforrhat@en oceursrin thddnswatiod Horansk banaedredospivage Fof intasasmng

insulation material. In a still further insulation box unit of the present

i nvel®i orstiffweserthesrigid todhang fegattasef higher degisity, et #tds &epoanmber 66 ng t he

box unit generates carbon 5 dioxide gas by reaction with isocyanate for

f oam ng. kaméhe dwtelecremse inhasulation 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



smal | nol ecul ar wei ght of water provides a strong reactive bond in the

nmol ecul ar structure of the urethane foam obtained. Therefore, there is no
need of getting extrene increase in density of the $D@¢Q¥1W3995ane f oam
Accordingly, the urethane foam has no undesired effect of heat conduction
in solids caused 10 by the increase inl@ensity, retaining excellent

i nsulation efficiency. As a result, despite of having greater-than-40%
coverage of the vacuuminsul ation material wth respect to the surface

area of tiheuiatbAlefRG¥ncy Healsh B 100 RGO bpﬁqﬁ%iﬁ)}ihﬁ‘ﬂlgttﬂ?ee%teﬁfﬂ?@e f oam

can provide satisfying structure strength and insulationefficiency. The

hi gh str ggidafdthé BRtdn@el Q0vE ke ©f $AEYuMSIndLERiH ¥BRedal an i nsul ation box
unit -having three-or-nore doors and the extended coverage of vacuum

i nsul ation mayggrd sl fBed-faRsuBiel Kix ¢eitWrete rﬂ@h&@@%ﬂ%ﬁ &%W&%Uf es

safety in disposal work because the urethane foamr ases no hazardous

materi al fouhingh QA BT the Ga8d @%ﬂﬁﬁi@ BhAX iR BB THANRE wilit ben&atin8dho0 The

mat eri al - produci ng nmet hod of the present 1 nvention contains: i) a

crushi ng d6:a86 Sas By reAstIdH REtRNsbarh e Ef&yﬂf&&ﬁiﬂlrg)i t#%t d't hd sBm3CiRE

process for classifying the broken-down materials fe romthe ct E@%I ng
process istdll ihRculsRORdiSht VFS wikldproWidet o5 gﬁ%hgdk&&tfvé%gud apd¢hde

like; iii) a foamed material-handling process for breaki ng down urethane

foam bl ogkslecibi ShructurtofiBRANREEhd QR SMBiNED! OPhbiRf8AC iRy li?éwﬂe&d ocess

i t
into powder by grinding, crushing, or the [ike; 1v) a réeusable

mat eri al oPEeRAld SetrBiRCRSFedslin HenBit GTIRE Mibil NG th S R | ORdEbRHWJI;;{ into
| i qui d conmpounds through am nolysis or 5 Decenber 2005 11 gl ycol ysrt

react i onghe direfHalneCfoaR® ha¥ind Rt REffetUsThést EdudtioRCRSsdhis cgakdy and
crushed netal, fromthe conponents, and then 3) deconposing it into raw

mat ex0 al byahp WerdasOin Ababidy, 4etlilaeefRABh AW ALbA LI ABhAES ABY B8R cal

despite of having greater“thén-zi()% 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



reaction enploying supercritical and sub-critical water; and v) a raw

mat eri al - produci ng process for producing the material of pol yurethane by
fractionating crude products. Through the processestBQV@ﬁmfégﬁd ur et hane
foam which is formed of tolylene di-isocyanate conposition, .is now
recycled as the material of rigid urdilhane foam to be nore specific,
crude products; which are obtained through a process using supercritical

or sub-critical water, are 10 fractionated to obtain tolylene di-isocyanate
conpoundglyeolysisotexicE6fs, ) Hiltdieng At iR RAIME AR RAUNPhiechhbf st &nd

synt hesi zed fromtolyl ene diamne - one of the fractional conponents. In

this waycrushedt metdlatfesmallfe as@poHehhesiEdhends) aBRmYRInasit ifREYRE
materials for rigid urethane foam In a still further 7nsulfation box unit

of the preserhl compbihad of th8dr itHané flejalﬁlt Badey{ PAM ARiALY bs ARbLAiAS

tol yl ene di-isocyanate conpounds and tolylene diam ne polyether polyol.

The two raicoion"Rn@ilopldyy slpeectitiogetHRT WabLridical OfMet akhli 3Bra Raw
catal yst, a foam ng agent, are injected between the outer box and the

i nnes bomatéNalpRAvaitt Gibbddd RIrOpP6EESnEOLHR S tdIB1esf Hold wiethdried ibg
urethane foam In this way, the raw materials, which are extracted through

20 deconfastibhatin@ngudy Yirloaakss. PrEGesshS the YFoéddbd a¥6es hans fnaRamade of
tol yl ene di-isocyanate conpounds, are now reused for produci ng anot her

rigid ubabhaskichdaMorhbd iof t@llsubslep@ﬁfsbéﬂfaﬁlatte cORRIsiicH) ik s AlchABd ex unit
that encourages resource saving. A still further refrigerator of the

present theveatédal dbsgRl tRghhhatfodas t@baanbﬁétgﬂr,&iﬂé, cdrli@e PRUERS, SFhRhS Of
u

the rigid urethane foam enpl oyed for the insulation box unit of the

ref ri geraateoobtaffiyed/ ithtowgsloh pRRebAGsing RYPSAHiTiEMIObY bl critidal MREYC ! feWor K
can easily identify the raw material of the polyurethane foam5 Decenber

203%0@2 ﬁnfs«aﬁbﬂzaédttbeolftafﬂ t@l§ledieOdi-isocPendieConphpsundhsd @8y 16i6L 8lamding Proper
e e s(()aries 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



processing and raw material producing according to the materials recorded
on the tag, thereby encouraging resource saving. A still further
refrigerator of the present invention has a tag on whPepembeg 2080 of materi al
types of the rigid urethane foam are recorded. By reading the information,
a person involving the recycle work ca® deternmne a proper nethod of
processing the rigid urethane foam_ Still another insulation box unit of
the present invention is fornmed of rigid urethane foam and vacuum

i-nsul at i emedbethetefrikordthetdpy ra%»cued.t' MEhis k9n (RYEFARR: Mogte{l SheY RGP

i nsul ation materi al ranges f_rom4 %to 80%W|th_ respect” t t he surface'area
of the ogireteshing and rawshatdrid1%dubii é(é%:l%kﬂimg toNiHe! Ak RBLERHAY on

priority should be given to an area with larger conductive heat transfer.

The vacutihe k4 WhatdbgendBlifldia r@@ﬁ&@egmgage of about 40% or greater with
respect to the surface area of the outer Dbox can keep 15 endothermc

| oadi ng anountA siill Fustdet 18HiEE@ ey of ThAPELRGt SREEDN 0 N tap on which
Great er-than-50% coverage is nore preferable. Keepling the co%erage at nost

80% i evdats of Atutefifleipes bf tHE 1145 upbthah® foXACHEPLARINIAL IFRY e tha! from
reaching the saturated | evel, whereby the endothermc [oading arount is

ef fecti vehfirsuapiphess $rsoll dhveRin® MO¥dyald RRTEO X RCHUBL Y A bRy
material with its utility value increased can pronote energy saving. The

| ess-t ham&ﬁ%l@ﬁ?ﬁfe@élﬁn@'théfﬁg@&%%etlia!ﬁ%ffﬁéﬁli.e”Ci es that invite an -extrene
decline of the effectiveness as it was expected, such as needs to prepare

the vacuum i nStilladh@theFah8iladionVhdt veh of 30 FrsitZ Ao APRrmBA dft O
di spose the material in a difficult-to-task sSection. As a result, |ow

oper at i ngigab waetlidhebfoud HndYabhene MEhANtiSA hAr${ll UThUWHR BaY & (RedS @
counterbal ance to an increased initial production cost by introduction of

t he Itns utateirage fxthenvicud sy@itidn hAgridlNSidgaki BOnPROU Rbt8E Wil
present invention, the vacuum 5 Decenber 2005

respect to the surface area 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




13 insulation material is disposed on all the six planes - top, bottom
front, back, and both sides - of the box unit. D sposing the vacuum
insulation nmaterial on all of the six planes so thaESQQ%mE@\?QP%ge W th
respect to the surface area of the outer box is in the range from40%to
80% thereby encouraging energy saving3 According to a still further

I nsul ation box unit of the present invention, in an area of the box unit
where the tenperature should be kept at freezing tenperature, the

mul ti -1 ajgndetion SbihRkiad s sespobed ohalvelte efx pldriedi-didy, dobRAE Fdmbadyer and
a vacuuminsul ation material-layer has a consistent |ayer-thickness in the

range frafd20tigides -S6f tHB bést iinftheDexrBid Oe Ghculift iAuldeioh Snatesial bRNS. The
t hi ckness range above allows the rigid urethane foamnot to |ose flow

per f or maall @fwhé Rihparlea)Rrthat ke e&erEe WEik irBshdch o Thé blirfhay £e@bf the
I nsul ation section fromlow insulation efficiency due to poor filling and

i nconsi séee bokis ih ¢hd Shigy ﬁbﬂﬁ@/&fté;@ﬁ%,-Ehéf&fﬂlﬁ:ouhf@ng'éhéi‘gyl savhiged
i nsul ation section forned of the rigid urethane foamand t he vacuum

i nsulgati on 15As@irdingto aagtillhirthed tndHlR6hH HoxSehidlof Ahe gfrtaé@ittiﬂﬁémidﬂ, i's
thus possible to enhance energy saving - even in the freezing-tenperature

area havimgnaashaeePthd BoRaiit wirrgtadi eipdratireshdle Bwﬁéﬁea@ﬂﬁeﬁﬁg_ '
outside of the box unit - by taking advantage of the vacuuminsul afion

nat er i al teniperiabrd]oite, nitdtdhfsrendsultitidin8ssiied féfifed RSW Bbidbrdth¥ge 20
not - nore-than 50 mm except for the doors, can practically increase

vol unet rfoam-kiylerci @ity aofvacauel Nt ARA6R \WhhteriAdapst has t he comdiktedit Vol ume
of an insulation box unit. According to a still further insulation box

unit of laper-phiekesss imhothage froM INmahaRd SO rihewdxthinbtcephion ®f tthe
tenperature should be kept at 25 refrigerating tenperature, the

mul ti0- | adere’dseictisnb.at The thiheosywandd Aoviesallor4relte eifzidi ukéthide fdah haoe
foam | ayer and a vacuuminsul ation material -layer, has a
to lose flow performance 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




consi stent |layer-thickness in the range from20 mmto 40 mMmmwith the 5
Decenber 2005 14 exception of the doors' sections. The thickness range
above allows the rigid wurethane foamnot to | ose fI%Eﬁﬁ@Wﬁﬁ?Wﬁhce within a
| ayer, thereby preventing the nulti-layered insulation section from]low

i nsul ation efficiency due to poor fillldng and inconsistencies occurred in
t he pol yuret hane foam Therefore, the nmulti-layered insulation section
formed of the.rigid urethane foam and the vacuum i nsul ation material can

mei ntai N f@pfibni SStHARIAR 8dionseNTHhel thilllGess! Hﬂégg?ﬁ@}é Qg%&? The .rr%t‘fr €

zone having a relative snalltenperature-gradi ent ween e i nsi and

the out sig®{Rhné #8ah BotUB! Ibse flbw! rtﬁgi"iﬁaﬂ&s@jiﬁhﬁ Oa\t gaaréa?,rﬁl\é&%\f}ir ﬁ%bv%?ﬁg%at hon

box unit having wel | -bal anced advant ages of an rgy-s t

brought  bghet ﬂmmqﬁm}iiﬂ%ﬁla@wno RelbA m{?qng&latﬁﬁh@ﬁﬁﬁ%y ?#grﬂg;ﬂog%

efficiency of internal space wwth respect to the entire

i nsul at i qmﬂﬁ@(aﬂ@iiheoréfs%@ﬁa'bﬂ%éﬁrg? hi tHe é@gﬁf&hahg%%ﬂ{i PhePPireltht Of

the present invention, thickness t he um i nsulatron materral s

det er Bi Negul@-19FereR ﬁ@mdt%w%ecﬁtgb gﬁ]ﬂ%ﬁf?f}% giegagl %%‘thgﬂf? i CKNPSRe ' ange

above allows the rigid urethane pert ormance Wrthin a
| ayer evemaduiim® iA8Glatidl RAEAA an WRhRithHE b ion efficiend; Eighkness
in the range frém 20 mmto 30 mn%%thgﬂgé%a%%%ﬁgnaﬁfgg%% \%Eitg t he

vacuum i %ﬂi?@ﬂa%g%élﬁtu&aﬂoﬁf ha Sefelativh hsrﬂgﬂkfg%%é}%téfé%%\@eh? R o

efficiency of the nulti-layered insulation section.

| ner easedet@esi e Hlsidd G BubSaW! & LRN BER! BRI TPRBANGESHdSBble 81 Ot
ation box uni (0]

on energy saving. According to a stitl further I nsul t he

Tt or 1 2l Tanq CaaThAne IR, AT I8 BAGR SRTPaRinced HAVARGES & &7,
: . Y,
the ¢Or e oiRk&f-batingS efffct MHASN by thel vacuum insulation material and an
' enhanced volumetric efficiency of iﬁternal 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



25 fiber aggregate. Enploying inorganic fiber can curb, with no change over
time, a generation of gasses in the vacuuminsulation material. In
addition, this elinmnates a step for filling the i nﬁ@“%ﬁ@e‘\mﬁ’% a powder,
which is a necessary 5 Decenber 2005 5process when a powder is used as
the core material in manufacturing the vacuuminsulation material, thereby
I mproving in production efficiency and working environnment. It is

t herefore possible to provide an insulation box unit wth enhanced

product i ®HoErs iwhency roavdlex isomged iaw theldoabithateyial iin spidufactriag thext ended
use of the vacuuminsulation material with an increased coverage. According
to a sti VRcRwmt ingulatien| matermalh dhersliyt impraviag pineparductioneslficiency tand

t hermal conductivity of vacuuminsulation material and rigid urethane foam
so as toWakingenvr¢wmentgiltgs therwfdre fostibld tdprovidd ah snsilhtion bet walt
conductivity of the. vacuuminsul ation material is determ ned in the range
from 10 it eohaneed prodwsdowefidiendyeand kelarigoiitheurcdiahility, fapitdas aa
thermal conductivity of 0.015WmK. The ratio above allows the rigid

ur et Hane eksded mse of she yseuwtincivsplatior manasabvvithian mckeyed cotdrageby

mai ntai ning preferable insulation efficiency as a nmulti-layered insulation
section despi fecastlimnio agstdl farther ihsylationtbaknaitsof the preséitisveassibl e to
provide an insulation box unit in 15 which the vacuuminsul ation. materi al

i s ext ensis dhgrmak gonduetirity of vatuum Timeulatioru ahatesiab ainds biged w@ettenmand t hat
the vacuyminsul ation material should be wused even in a section having a
rel ati vef‘&ﬂ% 8l s (el havehackatés sangolg Exdongl:16ao BSer fhasayj tie eidract]l as
expected.” According to a yet further insulation box unit of the present

i nvent i ofPndugtivitycaf theivasunm Drvlatioe materiad ie dbedndned in theizhgerfeshane

f oam at I nt ernedi ate section between the outer box and the inner box.

n
In thike SNQGPW%K 0 R.-Q030Whn K srthere dhabdgid, urdthaté dfoant das suthareed of t he

vacuum . ,
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.



i nsul ation material have an intimate contact with the rigid urethane foam
Conpared to the structure having a direct contact of the vacuuminsul ation
25 material with the outer box or the inner box of thBesarther 284%n box unit,
t he enbedded structure has no decrease in strength of an insulation box
unit due to peeling-off of the insulalbon material. 5 December 2005 16 In
particul ar, conpared to the structure in which vacuuminsul.ation materi al
is attached to the outer box, the aforenentioned "enbedded" structure

al l ows a proj dat pertiuder, bniigeliedt the anph@ard ehWeBicH RacauiSidalansh t he
inside of the insulation box unit -to be effectively covered at -a position

enbedded rhatdri@ iSattaehfRaetEOatiter R ShOkPire B tRABR doRM e THEHFCIHI@UAAN
i ncrease in-real coverage per coverage area. According to a still further

i nsul at i cilidu@xa peéjectell drbg o RS Mkt itAVETE) Pébwech tHY Si@iddamlbkdinsaddium
i nsulation naterial is enbedded in rigid urethane foam at an internediate

section hfttheafsdligo® BbL inPPto BOEFEASrdly B&erb@%4t isSpaiitibR asibelfedisgased on
a side plane of the box unit. That is, the side planes of the outer box

have B0 direidne GBMNACTh¥dfbrd, hehy AEMBRUAE UstdhibQite TBAAT iAdreadd) ihhgaD! her
hand, in a "direct contact" structure, a foam ng agent-of rigid urethane
foam aggbosmipaiped chveragdagedet ween the outer box and the vacuuminsul ation
material may expand or contract in response to changes in surrounding 15
tenperature, WWetaddiRgso QfstBNRFER frRdldtloBéP AR bftheqirebbift RVESHoP X N
contrast, aforementioned structure of the present invention, since it is
free froplahdid phedo@vam ¢asulationanhtdrild ik Beiledded In9% diethddecoBahavi ng a
poor side-appearance as a conspicuous structural defect, thereby
nai nt ai niatgn exehédiate getdiond Yeiifech HOGHRE boxlard $hé ihnéMbbDRY at least
refrigerator of the present invention contains an insulation .

10  disposed on a side plane of the box unit. That is, the side planes of the outer

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.



box unit introduced above, a cooling conpartment fornmed within the

I nsulation box unit, and a cooling systemfor cooling the conpartnent.

Enpl oyi ng the insulation box unit having high covera %Wh¥ﬁ&P acuum
insulation material wth respect to t surface area of the outer box can
effectively contribute to 25 energy saving. At the same tine, the structure
an enhanced volunetric efficiency of internal space even though its

space- savi ng mpact, body can_ provide an environnment friendly

refriger at or . Hereisadienevilb bgsdaserihed diheainsadatipn |bageunids she pelgigerasor,

i nsul ation box unit, the refrigerator, and the nmethod of producing

mat eri al andithefacthod of prodysingmmateriede of erpresent invensivarasrendingtottbei nent s
with reference to acconpanying draw ngs. FIRST EXEMPLARY EMBODI MENT Fig. 1
shows an®XeEBIayiesrbasBenss wibh refarenice te aceorhpanyimgtdrarangd.at i on box unit 1
I ncl udes synthetic resin-made inner box 2 and netallic outer box 3. In
space 4 forned between inner box 2 and outer box 3, rigid urethane foam5
and v cugqhg sulation material 6 are arranged in a nulti-layered structure.
10 1P th HAEMPLAR YL ENVRODIMENTS ul ati on box unit 1, vacuuminsul ation
material 6 is_bonded to outer box 3 in advance, and then the raw materi al

of rigid urefHadeshownns insulatjoschauniitef theduxst embodimest.adnswiatignal
expansion. . In_ the structure above, the coverage of insulation material 6
with resheeimiblapgdudgs sypthetiy sesiwmasie bmesdox2 wad webgllic eutarboxtd cases
of 5096@@% 80% 15 Rigid urethane foam5 is produced by nmechanical -m xing a
preni x BbABasfehloxRed bshween dyaembex 2 amsbester havad, Tigidrarpshate foamybene

di -i socyanate conposition. The prem x is prepared by m xing, by weight, 3
parts .ofa’egt‘féﬂcyg%n, inswation gaterizn® @@catﬂrralz@ed? irp qomlsrlayew%t gruciure;
foaming pagent, 0.5 parts of formgc acid as a chem cal reaction. regulator
to pﬁ?t eb?%é‘if@?ﬁmé?g PEPSRSE hefr insulation box unit 1, vacuum insulation

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

rigid urethane foam 5 is injected into space 4 to have an integral expansion. In
the struct}l_re above, the coverage of insulation mateﬁal 6 with respect to thé
‘.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 modulué greater than those of the

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



20 with hydroxyl value of 380 ng KOH g. The rigid urethane foam di sposed on .

a side of insulation box unit 1 of the exenplary enbodi nent 1 has physi cal
properties of : 45 Kg/n8 for density; 8.5 Ma for beREssPHdA us: and
0.022WnK for coefficient of thermal cqonductivity. Conpared to the physical
properties of prior-art rigid uret handd foam the pol yur et hane foam of
exenpl ary enbodinent 1 has 1.3 tines for density, and 1.5 tines for

bendi ng nodul us greater than those of the conventional one. As for the

t her mal Gandhet ovhdry hatdeyarosliag mastthehetaattre Snbedacdderin?2@REmpRiryn t he
ot her hand, according to the structure introduced in exenplary enbodi nment
2, the dendiodymbeat i)ctlensledsity 185itagéaddans 55 dhg/ai3nghy, adcbedinpbndhag
nodul us nmeasures 10.0 MPa and the thermal conductivity neasures 0.023W
K. - Bot hbbhéingt meduluse smeabumsen) aviPacahd dhoahesmil ansdubtisaly slgsust he
structural strength of the box unit and insulation efficiency. Another two
nor e i nsOlOE3WANBEX Bath shwistinctiidsaifanieniinsy ealbodimeetst 1 esd weatsfpr epar ed
as conparison exanples 1 and 2. In the rigid urethane foam of conparison
exan@ e theboesetwdabsireygiiasf thadogasdd ahd iduldgibadffiiendi ng nodul us and
thermal conductivity were neasured to be 13.0 MPa and 10 0. 026W nK,
respectivel y. Ahlbbthat ths idoire inddlatisn Gox ity siithadiffropep hiysical \Wropartieser i ous
degradation of insulation efficiency. On the other hand, the structure ' of
conpar i swere paepdied s dvesearitensddamples 1 oné2edIn eh8digid iwetldeerfeanad t he
structural strength of the box unit. Table 1 bel ow shows the results. 15

[ Tabl e 1¢orRpyriconl exaigpler 1iwhowf dengitgQerat iinyreaked e 76 oKgandit beidihane

f oam nsul ati on box unit

conposi t immdsihe sasid Bdesinad TewidwmetiSityf fwases hieishiaéd oo 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 density 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 | Stiffness | Insulation
modulus | conductivity efficiency
: (kg/m?) (MPa) (W/mK) -
Exemplary | Tolylene i 45 8.5 0.022 OK | "OK
Embodiment 1 | di-isocyanate .
Exemplary ' 55 10.0 0.023 OK OK
1 Embodiment 2 _ ,
Comparison | Tolylene 70 13.0 0.026 OK - No good
example 1 di-isocyanate : ‘
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)




Exenpl aryTol yl ene458. 50. 0220KCK Enbodi nent 1di -i socyanate . -

- Exenpl ary5510. 00. 0230KOK Enbodi ment 2 Conpari sonTol y? PEeeres 28% 0260KkNo
good exanpl e 1di -i socyanate . Conpari sonD phenyl met hane355. 50. 022Def or mredOK
exanpl'e. 2di-iscyanate Note) The qual ity of the insulation box unit was
eval uated on the structure having 80% coverage. The structure having 50%
coverage has al nost the same result. To conplete a refrigerator (not

shown) , GRS TRMEIRET bifid( @treﬁgm%@aggg%%gwg@ﬁo%ﬂ) | el udagg ghel ves

and a refrigerating system (not- shown I nsul ati on xunit 1

of the -fihadhtiBADRAGART Eﬁ?ﬁgjﬂf@?%ﬁd deBor®{ Sfibo t‘égﬁ -k In"\ﬁ’%&lﬂ% check _

def ormati ons occur or not, the refrigerator conple as a

subj ect edyHe@har 860hFhIBHLALIdut 65 hot,%g_rafr;ga%gt&e&rnaggtéﬁé a g%;,\%&tf&’e?sds put

on the 5 shelves. For the doors, opening/tlosing operation re perforned

over and s@¥REtcAIR Qreﬂg&ﬁgﬁg%ﬁt}eﬁﬁiﬁl@ﬁ?ﬁ@aﬁﬂgi}wﬁwﬂﬁff&f%t% Q%' a gap

bet ween a ‘door section an ange was observ 'S ap ent om t he

resulg s t ' lati.on P - i COND
EXENP?_AR\E?HEEIA‘;I%SGDPFN%JNEI!%JFFS&% ?‘f?ﬁggﬁ({%ﬂgtﬁ %ﬁ%%e 3?2?98%%9%08’%%“%

met hod obvéhgeRAC gg‘groﬁé‘ﬁ” eHé TBas -ablové Seithel €etih 5860 Hor NEap BethRefl SPOsal

process is descri . )
. door section and a flange was observed. It is apparent from the results that

the insulation box unit has an excellent quality.

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.



|

| nsul ation box unit 1 to be recycled undergoes crushing process 200 and 15

t hen screening process 300. In process 300, the materials broken down in
process 200 are classified by weight and recl ai ned adleeseaibsg2d0s
predeterm ned material groups. In foaned material -handling process 400
processing light (in weight) wastes, 240i gid urethane foam5 and bl owi ng gas
of a refrigerator are recovered. Uethane foam5 fed from process 400 is
brought into reusable 20 material -preparing process 500 to obtain the

mat eri al - conpRuAESlyHrushel hyUWhRIRASTEAME BNPrid:) e rSaNESf AR08 QRROSI ti on
products. Now wi Tl ygfe descri bed l?ﬁe éet al I%pg? tﬁg srocegs W tpgﬁr’cetpgrence

to Fig. astdsthretfRd idto af hifdalter Zn stdif24oshese 9h dgﬁ&qﬁmlg%gwjbhsl
f ed’into crushind.

brought into the waste disposal facility are f ‘process

200. VhepmaslielisoRnher cRhbs theGuslenid ShilBeRAREsT N the ref riger at or
(0}

shoul d be renoved before being fe Into the process. The wastes are then
0

carried to a B @tsRsdaeyitt VEY&, whilhSise dPulFGeRe g
Roughly crushed be}ht he pre-sh(%“‘érg%gir ?‘ng‘rrl?lnarﬁ %rs sei .nlé of Féﬂtée%egg)?ét he

wast & agtiofdofl fHedcar BRAGIRE, bdhatheR A wABRICIRD HRARY %sté@ﬁfégmggeces

singl e-axis .car shredder further crushes the wastes into sma

In step #bn shdMdH-BlrPbis GRAYEYRA lighPwaltdsotle? RRSE fubmsdsr aﬁ&‘@ache@gislﬂm

section of the car shredder, separates the wastes I nto heavy was

| ncl udi nef thiewedtad i GRiddEby Qb1 Bhdbyd 6k fHedilke HRSEEDE0t her than rubbers,
and each group of the wastes is carried by a belt conveyer or the like in

step 26. Thr OlouEH R EAkchicSRPREAPin berPbPPa Fbratory cBhedi in sORURYEr 10

step 28, a drumtype nmagnetic Separator in step 29, e wastes are

PR P i S s B M o ek CEPY A
col lect egroapd according to the wastes include metal of iron group or not.
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



carried to a dust-collecting process (not shown). A conveyer in step 30
carries the wastes separated in step 29. In step 31, _the wastes on the
conveyer are now separated by hand-screening into anspﬁﬁﬂﬂmﬁ%mﬁbste and. a
non-iron waste. The scrap iron is nnveggonto a carrying cart in step 32,
whereas the non-iron rubbish including'scrap notor and cables are nanually
separated. In conveyer-carrying, specifically. between the steps 52 and
step 54, nop-ferrous netal undergoes hand-screening step 53, where

non- f er r JEthang foam . | QQ@m@uheﬁmaudeﬁﬁommgoagemt@mm threonraibanefoais om
step 29. The rest of wastes left on the conveyer are collected as scrap

i ncl udi ngSraapbared, pegeshen with smaHepipeassefimrethare foaom, bps bes fittebel thdove,
crushing process 200 includes step 21 through step 24, screening process
300 i ncl ydelonetsspapator imstaigho st Bpsed, thanvgh hbe éiltesr the foactingfagenbpas? to
step 54. 25 In step 33, rigid urethane foam5 separated in crushing process
200 is dadkddntatipamingsgente sae sallactor  invitepddét sin ithef eameethat carbon
mat er Lal - handl i ng process _400. The cycl one separator in step 35 catches

r el at Pvel4jo¥ide ggaspisgurploped forythe foameghbentogns the gaseishaokefeldate Bhe On t he
ot her hand, foam ng agent gas in the urethane foam is captured, together
with smaloellgetesesOBithe osherahand orhen byclapertgngiis uwed dor the foanyiog agent
separator in,step 36. Passed through the filter, the foam ng agent gas 1is
fed int o FagaHishgulthbneollpstedthy nsollector of exidpsion:pronfedeysteme t hat carbon 5
di oxi de gas ii enpl oyed for the foam ng agent gas, the gas is not fed into
the collectod gapthb idenblockamd, rigitmre H@pgmmr\@ fed Tnewd tifeocydlome
foam ng agent gas, it should be collected by a collector of :

expl osi oSEPREWPEH sippt3Bapndsmallayr meces ofdhp forkscapturadghyl the bagilter froam 5

fed omthe_cyclone  separator in step 35, and smaller pieces of the foam
capt tf ed ngp {3§ @g&gn’m&d tep yolume reduction device. The reduction device, which

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.




10 step 36 are carried to a volune reduction device. The reduction device,
which is forned of a pressing nmachine and screwtype conpressor, reduces
t he volune of the blocks and the small pieces of t he Dgr@rbrarloF oam and

crushes theminto powler by shearing force occurred in conpressing. In
grinding with conpression, the applic¥ion of heat vaporizes the foam ng
agent gas dissolved in the urethane foam This can be an effective

coll ection nmethod. As described above, foaned material -handling process 400

i ncl udes st epIn3dep AB0ualelSdentiAd tobex rerdoRes Wafte dnd LAABLHR Wi dPFrord 91 d

urethane foam5 fromfoamed material-handling process 400 is carried to a

react i onthesdighid 0obRAREDOLIAGURR! Y¥hiS RBSMBbYIERLY PrdcdBact iTHgusl W ch the
pol yur et hane foam powder m xed with ethylene glycol, nonoethanol am ne, or

tolyl ene afiremdigidedenpeth rakmabaiat aﬁnF@eﬁa 0P Riid dr@thhd Bh§l 53nd S
obtained. In step 43, a filter filters out inpurity solid particles in the

i quid mangihe@rogpsarabldindd.step 42. After that, the liquid material is
fed into a reaction vessel,.together with, highly heated and pressurized

water5 Wth t ReusybRsglatéBhPpripaethd Précedl RV dst HERERE ShReC ihdlh g
condition, the material undergoes déeconposition process In step 44. 5

Decenber s@904 erduphsdtep 445, a dehydrating tower renoves water and carbon
di oxi-de from the I'iquid obtained through the deconposition process.

Through the B OspENMG WOAEhiBEEPH ﬁ&amf_@mﬂ-b%dmgogﬂ%egé 60091 the
uret hane foam 5 an am ne groups are obtained. 5 Reusable

mat er i al bpsaitaiin grod et aasdd?fbes AtcH684Y 1ReMaBPAY € In ithe! 1@68ss, sdRbIb2
t hrough step 45. In step 46 contained in raw material - produci ng process
600, theraw material is produced 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



br eakdown product undergoes fractional distillation. In the. process,
reusable raw material is produced fromtolylene diamne that is a
conponent obtained 10 through the fracti onal distill%F*@%@ﬁ¥8O%% nor e
specific, tolylene di-isocyanate conposition is obtained through synthesis
in step 47A, and simlarly, tolylene %} ani ne-series pol yet her polyol is
obt ai ned through synthesis in step 47B. TH RD EXEMPLARY EMBODI MENT 15 An

i nsul ation box unit of the third enmbodinment is described with reference to

Fig. 1. Rhgtdigidairbthend am 53s pijecieddd spyicira HedweeR inérdhdig2 anfbabdrx
conponent, which has the tolylene diam ne obtained in the second enbodi nent

.as a pabeat3 webeniiakulasichHagerd theesianat e conponent formed of the tol yl ene
20 di -i-socyanate conposition also obtained in the second enbodi-nent. The

prem x above is prepared by m xing, by weight, 3 parts of catalyst, 3 parts
of foamstabilizer, 2 parts of water as a foam ng agent, 0.5 parts of

form c a@OURTH EXXEMPIARY EMBODIMERID| ator to 100 parts by weight of
tol yl ene diam ne series polyether polyol w th hydroxyl value of 380 ny

KOH.g6 25 Aft @ligtBahowana irBfidarhtaninda¥cordihcd witld the fRnatustbodmens.
described in the first enbodiment. That is, the insulation box unit is

formed ofRefrigeratbox2 2n FAQB haskidid esthankdoxi 5 As hkilaibh RSatesihl oMapat eri al
i s bonded in advance. After 5 Decenber 2005 23 that, rigid urethane foam5

is injectet attadpice thdedfwgeralionnelt oxaZeand eliley matt@ﬁaBtjgﬁ oforigad
i nsul ation |ayers therein. FOURTH EXEMPLARY EMBODI MENT Fi g. shows a

refri ger atrethane fageol dasdin thd reftigerdtorir t h enbodi ment. Refrigerator 12 in
Fig. 3 has rigid urethane foam5 as insulation material. Tag 3 is attached
to the refri g@thet matetial hase of neethaheofoahanapties nedgreyieallyf orr oytichlly

10 recorded in tag 13, as a memory card including SmartMedia, 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




urethane foam5 used in the refrigerator. The material type of urethane
foam nmay be magnetically or optically 10 recorded in tag 13, as_a nenory
card including SmartMedia, or bar-code. Reading dat & Deearplsy 2005 tag 13
prior to the crushing process allows an operator to select a nethod
suitable for the urethane foamin the 2#frigerator. FIFTH EXEMPLARY
EMBODI MENT 15 An insul ation box unit of the fifth enbodi nent and a
refrigerator having the insulation box unit will be described, referencing

o195, ndl1 WA BPLANORERREY O SI0UR B e 1OF s
10 OBORY ek 80 R0 DAEa 00K AL ) 6o CHiGEe R, 10
B S T B At
e ectusphOik a1 193 095 UL e R VAS DR Gl 1S
or 1 hane-tparelORd Suhd) SSHAS ARRAES SRR Y A ST el o
s acescobuliion] 99 88 cA%hn AOHLOR A0S DO udOndBpFRLETAE° ©
surf ace 5130 €) O DR 0% EAPORE roRBRU PH ALAEN P By,
ve9etab!Sustetls AT bl A RREER | ORIt 109 15 set 1n

refrigerator RERRALLENY0LLQ Bifled 9S) IRETLELACHox SN EOS Tolting! Arbehd

controlled in a refrigerating-tenperature zone (appr ox.
10 compartment 109, refrigerator compartment 110, 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'uni tlﬁck high denéity

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



to 10 C). The cooling systemof the refrigerator is formed of conpressor
112, condenser 113, cooling devices 114 and 115. Refrigerator 101 is
formed of i) insulation box unit 102 having freezer 5DPgcabgsdPehent 109,
refrigerator conpartnment 110, and vegetabl e-stock conpartnment 111, and ii)
a cooling systemfor cooling the conmpa¥® nents above, which includes
conpressor 112, condenser 113, cooling devices 114 and 115. In Fig. 6,
vacuum i nsul ation material 108 is fornmed such that i) heated and dried

i nor gani dofmbéof aggirégateroldbivenalud bﬂnghﬁ%;aidkolsﬁl%;éﬁlynmér@ﬂatma%&
covering material 117, and then i1) the openings of material 117 are

seal ed, i tfim U&eeri B eFlieh e R bRle 3 15ARIMNEIECR asthyReRFviMAC HlGholAS f or
vacuum i nsul ation material 108 of the present invention, .inorganic fiber

aggr egat @opdBmwirt fesih édipswst REE bS¥aybABHbvehddaledaliu@nihuh;Andlatinkher mal -
conductivity of the vacuuminsulation material is determned to 20

0. 0015W il of B0-hhietintlbBighasubity elybilriemd a§ QRHehAVidal I8ferr | 9i d uret hane
foam 107 is determ ned to 0.015W m)<f The adj ustnent provides a 1 to 10

vacuusit i nsul atBeitedpteFdrag binteiigl d19riedhans/1bRa8inhdbyer bler QY Silface
conductivity. . One side of covering material 117 is tormed of a surface

prot ecti yeoteryiot la t8findrdase thd £dsiftehvebienafi®rophidwhat e; 6-1, m thick
alum num foil disposed in a mddle section; and lam nated filmof 50-m

thi ck hi gh derMdiet jhsubgiotelfelasfeindalaid HoRBINiE W2 hay ifferbhe tRickAssssi de of
covering material 117 is 5 Decenber 2005 25 formed of a surface protective

| ayer of ranges t hiceordpgd Y @b hwheneafpegRhtioakat eiemperhtda® | 8% il WheCh the
i'nner ‘side of 15-mthick ethylene-vinyl alcohol copolyner resin conpound
has a | afseziriz-tanaypaaeinRizotlel i1k ) Fdezan corh g tAdd R AL 0K ihdTudingbibe Beéthdnek hi gh
density polyethelene as a thernmal seal |ayer.

10 having a thin wall at the openings, (with the exception of doors 103), the
thickness ranges 25 mm to 50 mm. * In the -réﬁ'igerating-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.




5 Besides, covering material 117 has a nylon-resin | ayer over the surface
protective layer to increase the resistance of the surface to scratch. The
i nsul ation | ayer of insulation box unit 102 has di f f 8asembeii 20RMess ‘ranges
according to the aforenentioned tenpergture zone; in the
freezing-tenperature zone, i.e., free conmpartment 109, including the
sections 10 having a thin wall at the openings, (wth the exception of
doors 103), the thickness ranges 25 mmto 50 mm In the
refri ger ati nglrempéhaitmgreon ortwyvej am extersivd govertsge emoqeaingréft {withand
veget abl e-stock conpartnent 111, the thickness ranges 25 mmto 40 mm Each
i nsul at i &PsHeg} & thesudacararespiautey douulds) nf vhenmnnsalaiommaldSlt108: ei n.
Besi des, the insulation |ayer. is so 15 designed that rigid urethane foam
107 can RaBpng Hengen enhgneditbrnbsslatiomtefficianty tetawse it nhassresghediciaum
insulation material 108 with an extended use so as to increase the
cover age Satunatechdevied’s sifhag isn teo-high coerage of $he unatereal, amothe, coptisby,e s
arise - there is_a need for preparing the material- with nonstandard 20
si ze @ndhemayess she tupravementain mswlativneffidemgonent s (not shown), at
sections with irregularities, or sections having pipes and drain hoses. In
such sectionslo addrweshinthe pfdblernenbyveannairdbeg i toc rtheas etirucBesi dfsthei n
terns of a_projected area of conductive heat transfer, even if vacuum
i nsul at i 8Mbeditaenty|the 0@ veragex obvaeuinn onsulationdymtefial AO8sisrkept @6, most5
noti ceabl e i nprovenents in insulation efficiency would not be expected in
some secBPWwithagspedtdotbe snfacesueatcfontdrdxohds. 1The vacdutmhiesslepianat i ng
sections Dbetween freezer conpartnent 109 and veget abl e-stock conpartnent
111. 5 DeExdaHal candbugeffactivelyhsuppress endbtheemianloads evithowt fadiirer age
exceedi ng 80% (with respect to the surface area of outer box 105) of
vacuth i satratedeandition, thes:by enhancing energy-saving effect.

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



can no | onger enhance the insulation efficiency because it has reached "a
saturated |lever'. That is, too-high coverage of the nmaterial, on the
contrary, hanpers the inprovenents in insulation efﬁDé‘FeéﬂP@S/?OOfo addr ess
t he probl em above, according to the structure of the enbodinent, the
coverage of vacuuminsul ation material27108 is kept at nobst 80% wi th respect
to the surface area of outer box 105. The vacuuminsulation material can
thus effectively suppress endothermc | oads without falling into 10 the
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decreased operation cost by the energy-saving eftect ge ves as a
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(with respect to the surface area of outer an appr ox.

cover agehé&ighit 8T $n HARS ladd GG AR id JepBsul ation effect, with sone
constraints on efficiency in attachnment operations. That is, in the
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around the perineter of each surface. (approx. 50 mm away from cenber
2003027 larger temperature gradient. The coverage of the insulation material exceeds

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 insulation box unit 102 is

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



each edge), or at the dividing section between the conpartnents. The

I nsul ation material can be di sposed so as not to overlap with each ot her,

because such overl apped sections are out of the t herhRecead86edy on

projected area. Simlarly, consideri n%%proper filling condition of rigid

uret hane foam 107 5 at the perineter s®ections of the openings, the |ocating

poi nt of vacuum insulation nmaterial 108 can be shifted inwardly fromthe

perinmeter sections. Insulation box unit 102 of the enbodi ment has

di mensi orfb¥aaBon instlptionaiafierial dP8. misideseribied adiet, B50insmltiordepeh. The

insul atiQn material should be disposed in order of sections having a 10

| ar ger t dinsedatieneat gihicknrass ranges cancordige ¢f thiee témpetattirenzomet ani she

exceeds 40% (with respect to the surface area of outer box 105) can

ef f ect i vdFspzangseraperadntrordne; iiec frerads cohpahtménts10Q tindudinxthersertionder eby

enhanci ng energy-saving_ effect. H ger-than-50% coverage is further

pr ef er ablf@aving ot $himwvald sata the| enaniegs; witdl the eampeptivur ef goexti 68, bles ween

the 15 outside and the inside, conpared to other sections in insulation

~ box . uPi t thigknesgjs iorthermange fieomn €5nby todimex hatke eefrigeoatingripmpesdire 112
and condenser 113. Besides, doors 103 need strength enough for hol ding

goods putzoBf, t-fe refiigevator campartapat 410 aatdevegetablesstddo compartasktitt i1,

vacuum insul ation material 108 di sposed on the doors may peel off the

surface dyduding throsactions having a-thwe walb st tos openioge;s withotte. exCepidordef i ng

the facts above, elimnating vacuuminsul ation material 108 from doors 103

can be adears dfd) thepthieknessnangea s wmive th iduman.i oBackiesulatiodilspaskas on t he

rest sections of insulation box wunirt 102 increases the insulation ,

ef fi ci endyp man ¢hihansunm msulatien apateniod 168 theeeinnaiBesides, tne irsalatior

sectjons, In such a structure, the optinmal coverage of 25 vacuum

i nsutQit i faverdsapidesicned that rigad vapthane f0829d 07 eantkeeptthedilling thiskphss

conpart mept (ff i nsul ation box unit 102 is _surrounded by an insulation

| ayer, whAt&hleastilgrmay ofhe thickmaseranges allaymthe Figid 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



5 Decenber 2005 28 and vacuuminsul ation material 108. As descri bed
earlier, the insulation layer has different thickness- ranges according to
the tenperature zone; in the freezing-tenperature zdRecemnbes2005reezer
conpartment 109, including the sections having a thin wall at the
openings, with the exception of doors 123, the thickness is in the range
from25mmto 50mm In the refrigerating-tenperature zone, i.e.,
refrigerator conpartnent 110 and veget abl e-st ock conpartnent 111,
includi ng th@pagghéns having a thin wall at the openings, with the
exception of “doors 103, the thickness ranges 25 mmto 40 mm Each
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ef fici encygen; hFdEl\E &2l SO enhances the insulation efficiency of rigid
ur et hane foamﬂ%&; t,og%ll s%}t?i cient level, so that the nultiple insulation

I f d pf; MRLaLIBL S, ' high i | at |
efti crency. 1n S0 parE PR R e JpPREVS GaE o IR Gk oPBlafh bR, ¢ ne
f i ng- : ] ' t t di bet th
st de. and - na e o gane VGunt oshcfne B SR e bR R Gt B o
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As descri bed above, the insulation | ayer

al | ongot he freeggirs q@@ﬂféetdn? Bfredi@th ERoUAY forPholding goods put on, for example,

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 material 117 in 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.



| arger interior wthout inpact on the appearance of the refrigerator. It

w Il be understood that insulation nmaterial 108 is effecti vela/ enpl oyed in
the 5 Decenber 2005 29 conpartment. On-the other hahBecembasddlX han- 40 mm

t hi ckness of the insulation | ayer can provide well-bal anced advantages: an

ener gy-saving effect enhanced by the usgyof vacuuminsulation material 108,
and i nproved inner-volune efficiency in 5 the refrigerator in the :
refrigerating-tenperature zone having a relatively snall
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the insulation efficjency as intended. On the other hapd,. increasing.vacuum
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oI 1 ol ency LERUEier, ance the Ll chnces, exsaods 20 ey DSULELLGD
| 10  process when a powder is used as the core material in manufacturing the
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



so that further effect cannot be expected. It is preferable to share the 25
t hi ckness with other planes. Fromthe reason above, the proper thickness of
vacuum insul ation material 108 is in the range from $®ereme® 2685 nm Vacuum
insulation material 108 has inorganic fiber aggregate 116 as a 5 Decenber
2005 30 core material. The fiber has addianeter in the range fromO0.1 [ah
to 1.0, [tin. Conpared to the thermal conductivity of rigid urethane foam
107. (=0.015W nK), vacuuminsulation material 108 has a thernal
conducti vigy;.af QR I n- 'Iﬁﬂni stef01 RhBhid Be speloxudg et hane
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ener gy saving. ernore, e Use of Tnorganic fibéer aggrega can

suppress i @%% i n the vacuum insul ation material. In
addi tion, %tnﬁ?g}ngé\?i%g;@gegéag ggedfor filling the inner bag with a powder,

which is a necessary 10 process when a powder is used as the core materi al
i n manufacturing the vacuuminsul ation nmaterial, thereby inproving in

producki o I%ﬁﬁ? ' EQQYM‘ p‘ﬁig hronment. It is therefore possible to

pr ovi dg inrssu a prn_. gox_u_ni K ? W Mnhanced production efficiency and a
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i norgani c g .lﬁ]{?ﬁ %9Eregate 116 having different fiber dianeter can be

enpl oyed SO at the thermal conducti vi ty of the insulation material ranges
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



from0.0010W nK to 0.0030W nK (at the ratio of 1:15 to 1:5). The ratio

above allows the rigid urethane foamnot to |lose flow performance within a
| ayer, thereby maintaining preferable insulation 255 Peeamhesgeds as a
multi-layered insulation section despite of having a small |ayer thickness.
It is thus possible to provide an ins#lZati on box unit in which the vacuum
I nsulation material is extensively used in the box unit. The structure 5
Decenber 2005 31 sat i sfi es a demanq t hat . t he vacuum | nsul ati on nateri al
shoul d batdicBRies BY vifugof bRedlle® ebhRRmDATiBIcen hRARLKE YR grm! val |

thi ckness, .achi eving the energy-saving effect as expected.. 5 SI XTH
EXEMPLARY EVBARENENTS AD ¢S Ukt Ba, Q%Xdéﬂ&fbeﬂf. l%cfl% Hit DY tofnd a
refrigerator having the insulation box unit w be. descri bed,
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easily. agitushut&] desidrgdurin- t hi ckness by being stacked up one on anot her
- for .exanple, three-layered, or five-layered as required, whereby

di fferently shapRah¥aes! Wiy HRUhed R hoRdis i%{chcf’d}eﬁ%f%% & dathifyvacuum
|nsulat|on nater!al strgctured above can €nhance "t he insulation efficiency
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of rigid urethane foam 107. 20 Besi des, ty all ows vacuum
i nsul at i gihaiEh@urBlg b88kst Anel @féifsfna “stacked-without-adhesives” structure 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



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. A poor bonding of the insulation material and th®eoemesr280% can create
a gap therebetween. The form ng agent for expansion of rigid urethane foam
25 often aggl onerates in the gap, expdding or shrinking in response to
changes in surroundi ng tenperature, which has often resulted in deformation
of the surface of the outer box 105. In contrast, the aforenentioned

sheet - t ypgl 3s eeenBa to280ar 3dxSI08)Ghe @nbdidedl sthHEuPE 28GRI 4 eMlductive
conformability, can address the problem According to the structure, as

descri beHeabaygnsfel pifiédtblCardReveth BR! tRABAALMLAL iROSInSRIR BE @@si |y
created fromone core material. Furthernore, the nmulti-layered structure

of the coisilsMéeHox uhftPtOURS BY@ | QRefedl b % 'f)osi%io%e@ﬁnibeﬂd%ﬂ"i!ﬁrth%acuum

This contributes to an inproved productivity and" cost-reduce
manuf act ukéthane AbaddineThise iRy B WiesbdRl BOULINe &a¢inkAYEE Whctifq core

material; however, in terns of mnimzing the generation of gas, and of
redud ngedh@agdBrad act uring costs and steps, a "stacked-w thout-adhesives"
structure is 10 preferable. SEVENTH EXEMPLARY EMBODI MENT An insul ati on box

unit of the seweghd SHBOPIARAL o AsBIAtRI QT AnY 1202 Wdtbubl SnbaRoAL | ON
box unit will be described, referring to Figs. 8 and 9. 15 The expl anation

bel ow W hiatbfalil ¥ Bha@ e difect ebiifalt With tHb fshifate fof OMdBéx 9058 "en dhef th
enbodinment. In Figs. 8 and 9, vacuuminsulation material 121 is_enbedded in

the i deiterdfadd)en! 2Y8iresf cohtacet HraLAABCa [BAMIAD hoeki K ridi® usbthagbure in
the fifth enbodinent, the insulation nmaterial used on doors 103 ‘and on the
rear surfoa@eagglomerated in a gap between the outer box and the vacuum insulation
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.




20 of insulation box unit 122 is directly attached to outer box 105. In the
af orenenti oned structure, the outer surfaces of vacuuminsulation nmaterial
121 have an intimate contact with rigid urethane. foametenber 29%eref ore,
conpared to the structure in which the vacuuminsul ation material has a
direct contact with outer box 105 or idwer box 104, the enbedded 25
structure above prevents insulation box unit 122 from decrease in strength
caused by peeling-off of the insulation nmaterial. Besides, conpared to the

st ruct ur gNIVUSPRIA 1 VEAPPEICARS Y1 on nmaterial 5 Decenber 2005 33 10 121 is
attached to outer box 105 t he enbedded structure all ows a conductive heat

transfer proj qefeefhed ﬁﬂlttwrﬂéléﬁ\l?g&@ﬁgveﬁl%n' %5 cﬂﬁleﬁf rr]i) 13gl(§1| n t he

i nsul ati on box unit to ectlve ered at a 03| lon e

th Ty
cover age ‘%?%?“e&aghﬁﬁlfﬁeﬁé?ﬂa‘ﬁan%ms Boé’?ﬁﬁ%?ﬁ PUEALERLEA 0 MPE39A PHARLLES
i nsul ati @p ndfaﬁﬁﬁé 112 0 a‘zld,r tva%%'ﬁtfﬁﬁ%laﬂa,ttﬂnt Hﬁit?xﬂﬁlf aeﬁ:leoin ter :

box 105. On the rect con strucfure, a
agentsof peh@ifd &f tﬁ@ awe?ﬁﬁﬁ@ttﬁgm gbv'i‘d&aﬁxebﬁ{ ‘Q@fﬂo& BSXQHﬁFr bOX
and t he vacuum | nsu ation erl al may “expa or contra In response to

changes ks ur sesdrdhig sﬁ%ﬁgﬂg Alrp Srof il ‘ét}%ﬁ“ﬁi thE kL thgt Fiﬁée %}E%%é)pf of the

outer box. In contrast, f orenentibne ructure pres

i nvent i ORhe $haRGRN inétﬁ&tﬁ&ﬁ%éﬁe‘i’fﬁ (QFPT Q%egzﬁoatlﬁgvﬁlrfaf&noﬂh% (ﬁ{k r B3R
i nsul ation box unit from having a poor e-appear ance as a structural

def ect, tRaIARYSOMR me%%eﬂ%lﬁé%e}é £ %ﬂfn& i caed W@giﬁﬁj fE lBodiPor s

103 and the rear and t anes |nsu at1 on box “uni
- accommodated therein. At the same time, the proper density (less-than-60

‘10 kg/m?® can suppress the increase in thermal conductivity in sohd, 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



the insulation material is directly attached to the surfaces. This is
because, for doors 103, the enbedded structure often provides the area
close to a door surface with a poor filling of the 8Recerab® 208am For the
rear and back planes 20 of insulation box unit 122, the enbedded structure
may conplicate the design of piping £6r the refrigeration system and the
drain hoses for cooling devices 114 and 115; and al so because that the
rear and back planes are assenbled integral with the vacuuminsul ation

mat eri al thosuefaoy enbengechenodibe bR efctividy dhotesRet cheas Heindg t he
af orenenti oned advant ages, the enbedded 25 structure of the vacuum

insul ati 4 theteimeltind ltheeyiriguedRinoyHahded Reluhadiiiereffisiexcyusf intdAzal where
possible.. 5 December 2005 34 | NDUSTRI AL APPLI CABI LI TY The insul ati on box
unit of bpscepvesetioughVeNspLB-dabiioédiBfactibddy dandhbvidy £k BaRoh@antaM th a
bendi ng nodul us of not-less-than 8.0 -MPa and a density of not nore than 60

kg/ n8, afidendly refesiatdisul ation material. The high bending nodul us of the

rigid urethane foam provides the insulation box unit wth a substanti al
strergth.- Therefore, even in the case that the coverage of the vacuum
insulation material (with respect to the surface of the outer box) exceeds
50% the box unit is free fromdeformati ons caused by wei ght of goods
accomodat ed therein. At the same tine, the proper density (less-than-60 10
kg/ n8) can.suppress the increase in thermal conductivity in solid, thereby
mai ntai n proper insulation efficiency. Such an insulation box unit has no

problemin its quality, despite of an extended use of the vacuuminsul ation

material, providing an excellent insulation efficiency and therefore
contributing to energy saving. 15 According to the recycling nmethod of the
present invention, rigid
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uret hane foam fornmed of tolylene di-isocyanate conpound, which serves as an
insulator in arefrigerator to be recycled, is nowrecycled as the raw
material of rigid urethane foam to be nore specific?lixﬂﬁbﬂﬁpgﬁucts, whi ch
are obtained through a process using supercritical or sub-critical water,
are fractionated to 20 obtain tolylene diamne, and tolylene di-isocyanate
conpounds and tolyl ene diam ne pol yet3&r polyol are synthesized fromthe
tolylene diamne. Inthis way, the two materials for synthesizing rigid
uret hane foam are obtained as a re%ﬁL&Iﬁf t he recycling nmethod of the
present invention. The refrigerator e present invention contains an

i nsul ati on bo nit, 5 refrigerati.ng conpartnment formed within the

i nsul ation bo :%ﬁﬁnﬁykéﬁﬁgb?ﬁFP#@E?%R?%%QUevice for cooling the

conpart ment . Enghqﬁéng 5he i nsulation box unit having high coverage of the
vacuum i nsul ati on ?epfﬁl Wi th respect to 5 Decenber 2005 35 the surface

area of the outgp fik 6ANLELLEELINALY FOUALHEEIQeANGLGY Saving. AL the

sanme tinme, the structure an enhance ric etffircrency of internal

space even though jhiSlSRACRTeRidhse8 TReFbeP O 123 PEO0%hA]h8Muter box,
environmental friendly refrigerator. 5 10 5 Decenber 2005 36 CLAIMS 1. An

i nsul at i hekeh, Whiet ingQIEMdYS T4kr isafbrhdddesf ROMicudi AHEETateXmageaaRdat | ng
the inner box therein; and .an insulation |ayer disposed between the inner
box and tiped aubeitarkofdam 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.

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.



wherein, the insulation layer is formed of a vacuuminsul ation material and
rigid uret hane foam that has a bending nodulus of at |east 8 0 MPa, and has
a density of at nost 60 kg/ M3, and a coverage of tHeD¢smdeR?%sul ation
material wth respect to a surface area of the outer box is not |ess than
40% and not nore than 80% thereby providing the insulation box unit with
" both a high insulation efficiency and3a high structural strength. 2. The

i nsul ation box unit of Cd ai m 1, vvherei n the vacuum insul ation rrateri al is
di sposed on al |l anes - are a front, a botto nd bo si des
O P the ©nsaPat Tesn eatitn: B0 ththet Histmar ORbeGIn.tHa. Lickeres 1he

wh t.h I b d d t hi ck f h
et AR Bl BRSSPl R
i nsul ati %Ppox nHQ' flmmazdl?l%gg? ﬁE)om 20 mrmto 50 mm 4. _The i nsul ati on

box unit erein &Bess of the insulation | ayer
surroundi ng a free2|ng tenperature zone, except for the door, 1is in a
range from20 mn to 50 nm 5 Decenber 2005 37 5. The insulation box unit

of daim3, wgerghd ihbglkidnCkpessnf id @%coﬂd%ué %wﬂn ah§Y6he HT COHAGI RO a
refrigerating-tenperature zone, except for the door, is in a range from 20

mm to 40 thfdugh CHigh 5WHbAdinGhe RBXckRES of ﬂa@@ﬁ&[ﬂﬁﬂﬁ@ul@iﬁdﬁ @AYer9dleisdh
Claims 1 through Caimb5, wherein the thickness of the vacuum i nsul ation

mat eri al a ange frémridngen t6 20mdA. nMmto 20 nm 7. The insul ation box unit of
Claiml1l, wherein the insulation box unit has at. |east three doors. 8. The
i nsul ation box unit of Caim1l1, wherein the rigid urethane foamis

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.




a reaction product generated by blending a) an i socyanate conponent
including tolylene diisocyanate conpounds with b) a pre-m x conponent
including polyol, a foamstabilizer, a catalyst, andPgcemakg?f® agent. 9.
The insulation box unit of Caim8, wherein the rigid urethane foamis
produced by using water as a foam ng agent. 10. The insul ation box unit of
Claim1, wherein the vacuum i nsul ati on38material contains an inorganic

fi ber aggregate and a gas-barrier filmthat covers the inorganic fiber
aggregate. 11. The insulation box unit _of Caim 10, wherein the aggregate
isa nmulti-I| aVePlﬁtf t}?@%@Xi%F gafilgim jlp gyhersimihermal, copglystisgy o The
i nsul at i box. unit .of C.aim.l, erein thermal conducti vj. of,. the rigid
ur ot hane PeaEid Waptianestoaet g’ ! ety HdDancs pf doest iltked el oy ol
conduct i Vi acuum ihnsul at i on terial. 13, The insulation box unit
of 0 at mete LRI Tl S e RS HatefLposed on both surtaces
of the vacuuminsulation material of the insulation |ayer. 14. The

i nsulation box unit of daim1l1, wherein the insulation |ayer on a side of

the insul ati om$Pophdifstiidiiel B niNEr COSW At LeRrbiQYEle AN AfkthRge rf'tl,gﬁadA

ur et hane foam on both surfaces of the vacuuminsul ation nateri al .

refriger at @isgRBR binSHItl su@diaces of BisdIl3é1haA iRSXlatidint mhtkriflesf theGhygliafdn an
i nner box; an outer box accommobdating the inner box therein; and an

i nsul at i day¢émyer di sposed between the inner box and the outer box, wherein
the insulation layer is formed of a vacuuminsul ation materi al
14. The insulation box unit of Claim 1, 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.



and rigid urethane foamthat has a
has a density of at nost 60 kg/nB,
material with respect to a surface
40% and not nore than 80% t her eby

bendi ng nodul us of at least 8.0 MPa, and
and a coverage of the vacuum i nsul ation

area of the outerd bssemlergfes | ess t han
providing the insulation box unit with

both a high insulation efficiency and a high structural strength; and b)
at-1east one cooling box fornmed in the3®nsulation box unit; and c¢) a
cool ing device. 5 Decerrber 2005 39 16. The refri gerator of Caim 15,

wherein the refri sur on.which a,material type
of the rigid Blihs f? afar ph iy =1’fv e191%%1 ?ﬁe&é%%ﬁaé?r &’rascw&. th 15

wher ei n the refri erat has st t e do 18.. A net haod

recycl i néur %’rl !ﬁ% allﬂgﬁﬁréfiﬁ A’Reﬁ’giﬁﬁﬁﬁl |uﬁsﬁbt?&]ienf83ma’r§ TeRRE® box; an
out er box acconmodat i ng the i nner box therein; and an insulation |ayer

di sposed between the inner box and the outer box wherein, the insulation

| ayer is for 0 | n ] oam
t h)e/lt has a brenr%gl gglenoé(?%s ¥ rlﬁ‘”él?hh 5, ”ﬁh@félﬁ tH Pﬁﬁig@i‘ﬂo&' 2480 Geqds

east 8.0 MPa, and has a density of at
nost 60 kgfdBjoged a coverage of the vacuum insulation material with
respect to a surface area of the outer box is not |ess than 40% and not
nore than 80% thereby providing the insulation box unit with both a high
insulation efficiency and a high structural strength, the method
conpri si ng; al8aAcmesiwdgf pecychag haterialedki mg whewhutam bors winat irorhudiog uni t
having rigid urethane foam b) a screening process for classifying the
br oken- dennimegt bexii apnoouferohox revnemensdatsngrehal inmed barbBhsteinhcinddiang
resin, c) a foanmed material - handling process for crushing the rigid
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/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




ur et hane foam separated fromthe broken-down wastes into powder; d) a
reusable material - preparing process for i) processing the urethane foam
powder into liquid by chem cal reactions, ii) deconpi)g??@lbceﬁ%oml iquid
material, by reactions using supercritical or sub-critical water, into
crude materials including raw conpounds of the rigid urethane. foamand a
plurality of am ne groups; and 5 Dece#éber 2005 40 e) a raw

mat eri al - produci ng process for i) fractionating the crude naterials to
obtain tolylene diam ne, and .i|) synthesi zing %ol | ene, di am ne tol yl ene
di i socyanate conf lﬂ'nagwaﬂjc?‘tf’ﬂf“lipé AR&RTREColFetn @CBBPi‘/Engt}}’Sn?r‘{‘%e

tol yl ene _diamnpe., 19.. Th t hod,.of .recycli.ng for. materia for.,an.

nsul ot B BRI e ohipta G ES iSyS AR ol PR tBT AR PheeS ibfhine,
regener at]j C r i o]l retihane foam fromthe tol vl ene
i sooy anab e BE85YALRte ROBRISHIY phd JoB e ARG JARher SR Sithar nea
in the r%We@@l&%r%ea&'hH{iﬂg.UCi ng step. ABSTRACT  An insulation box unit and
a refrigeratof o t]he present invention enploys i) rigid urethane foamwth
a 8.0 MPa-or-greater bending nodulus, and a 60 kg/ nB-or-lower density, and
ii) a vacuuminsul ation material. The proper bendi ng nodul us provides the

i nsul ati on boX9uMiHe Miethod of ¥b&icdIMY fr Ebtangkhor AY eRsulBtibASaaRitt st t he
coverage of the vacuuminsulation naterial with respect to the surface of
t he out elClaom B cdedmethéd flnchepr ipdliddbe nStdeynepittve pirscdsh efoir nasldatingn box
unit frompoor insulation efficiency due to wundesired solid thermnal

conduct i vigig urBdspiet foaof fram ¢he dolgbrhaudgsw@fatie compounds and the tolylene

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



vacuum i nsul ation materi al , the insulation box unit offers an excell ent
i nsul ation efficiency and therefore accel erates energ;i savj n%. According to
the recycling nethod of the present invention, rigi @F\’Fé 80% oam f or me

of tolylene di-isocyanate conpositi-ogy which was separated from :
refrigerator wastes, is recycled as a material of rigid urethane foam

ABSTRACT
An insulation box unit and a refrigerator of the present invention .

einploys 1) rigid urethané foam with a 8.0 MPa-or-greater bending modﬁlus, and

a 60 kg/m3-or-lower density, and ii) é vacuum insulatioh material. The proper

5 bending modulus provides the insulation box unit with a substantial strength,
even in the case that the coverage of the vacuum insulation material with
respect to the surface of the outer box exceeds 40%. The proper dénsity
preirents the insulation box unit from poor insulation efficiency dﬁé to
undesired éo]i'd thermal conductivity. Despite of an extended use of the
10 iracuum insulation material, the insulation box unit offers an exéellent
insulation efficiency and therefore accelerates energy saving. According to the
'recy_cﬁng method of the present invention, rigid urethane foam formed of
tolylene di-isocyanate composition, which was separated from refrigerator

wastes, is recycled as a material of rigid urethane foam.

15



