; HHJKe3eCCd 6T DESCRI PTI ON | NSULATED BOX BODY, REFRI GERATOR HAVI NG THE BOX
BODY AND METHOD OF RECYCLI NG MATERI ALS FOR | NSULATED BOX 5 BCDY TECHN CA

FI ELD The present invention relates to a refrigerator havi jﬂlllmwlulmmmllm

box unit formed of rigid urethane foam ang vacuum i nsul ati and
also 10 relates to a nethod of recycling terials for insulati*xoasdox unit.
BACKGROUND ART Recent years have seen various efforts to e h gy
savi ng and resource saving for protecting our planet. 15 Iqm%ﬂ@mgmm e
energy saving, Japanese Patent Lai dDFSGRIBTION/ - 96852 disc

t echni que of producing a highly insulation box unit. In the di S¢®®%ure,
vacuum insul ation material disposed between the inner box and the outer box
of an insulation box unit is integrally foaned with rigid urethane foam 20

From t he resouNSUSATED BOXBODY, RERRIGERAMIORJAVENGSEHERBOX BOEEE, such

as a refrigerator and a tel evision, has becone increasingly valued in
particul ar, asAND METH@Q@F&E&YGMN@IMA’EER&@E&FORIMSUM BQXn
made. In an insulation box unit that is the najor conponent of the
refriger@mtor netallic materials includi BDYon plates are recycl abl e
W thout great difficulty 25 Wereas, plastics, especially rigid urethane
foam nade of thernbsetting resin, which is enployed in quantity for the
insulation nmaterial of the refrigerator, cannot be nelted for recycling.
Theref ore, FRWCHMICAL FIELBave been 2 conventionally buried, burnout, or
used as a filler. To address the conventional disposal of plastics, a new
pr ocessi ng- t echnGhegyresesit inveriap velates o too refeigerpzehpdng nan iinsulatee boal |
Wi th supercritical, or sub-critical water enployed in the process.

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, recycling disposal appliances,
such as a refrigerator and a television, has 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,
metallic materials including iron plates are recyclable without great difficulty.

95  Whereas, plastics, especially rigid urethane foam made of thermosetting resin,
which is employed in quantity for the insulation material of the refrigerator,

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



5 For exanpl e, Japanese Patent Lai d-OQpen Application No. H10-310663

i ntroduces a nethod of recovering pol yurethane resin through deconposi ng.
In the disclosure, polyurethane resin is subjected to chem cal
deconposition enpl oyi ng supercritical, or,sub-critical water to recover raw
mat eri al conpound and reusable raw materi 4l derivatives in the pol yur et hane
resin. 10 Japanese Patent No. 2885673 introduces a nethod in which
polynmeric material is chemically treated with supercritical or sub-critical
wat er so ascanvepdiopadlyripuiest hurhoutyior usedpsrrefillsr. A addreseébe tarveaniongl/
saving grows, there has energed a need for providing a refrigerator having
hi gher i nsuflispoeal off plaistingy aa newr qeocesstng-téchomlegy evakes veaquuepositisn| &i i on
material, i.e., an extended coverage of the vacuuminsulation material to

t he surfacedecosupare tpuymerier materfeds betn sepprcritial, Home\sub;critica] hiwglter
coverage by the insulation material nmay cause troubles. Although

convent i onaémpdesedaigethei grocesst he range from 30%to 40% has 20 no problem a
coverage exceeding the range may seriously affect the structural strength
of the ifnsul ati oFob@xamyle, Japandse BateninLaid-OpenoApgalication Nod Hhe 316663
box are integrally bonded with rigid urethane foam di sposed between the two
boxes, wher Bidyodugescaunathad gof aecoyening pelyursthanie pesihobhrongh dezomgosinged.
However, enploying a different kind of material, i.e., the vacuum

i nsul ati on t;r/nat ischisure; palygeathane aesin s subgeted itocheatical dyemposition
automatical ly decreases the thickness of the rigid urethane foam Thus, the
| ack of ri gexipleyioguspdrdriticalecont sribnoriticabivaterctowecevdramw neaterial cdrhpound
deformation in the insulation box unit. 3 Particularly, the defornmation
of the box andtrebsaddreswmatemalolerivatiksiin the polywgthaiorediavi ng two or
nore doors the doors are not allowed to tightly fit to the body due to the
di st ort¥®n, whi clapahess Datbedi Ne.d28356@ intredyeeskatmethodr Bhyhicly ipplymgemoor
insulation efficiency. 5 To avoid the distortion, there is a well known

met hod i n whiathridbisschemically hreated mdthy superemitidad amsitk-cyiticad watense aatebe so
as to provide |large bending nodulus that is an index of rigidity. The rigid
ur et hane f odesdmeposed iato edlicomponents. i ncr eased density, however, increases
conductive heat transfer in solids. As a result, against the purpose of
heat i nsul ati on, Ashthd meaflafior cenergy edaviing egroywso fthere hasgethengat maneed dam
will be largely affected. This contributes to decreasing insulation

ef fi ci ency Broviding rasuefrigeratdyohavinig higher iinsulations effimienty:t ar peger Ased he
coverage of the vacuuminsul ation material increases, endotherm c anount of
t he i nskii at pevpiedk hshivacdunr dnswWatiancorateriglyi.es hs exterderrb woversge eofethy
savi ng. However, the efficacy of the energy saving noves down al ong

sat urati on ¥aewwn iiswatien imateriglstonghersuifagealarea afethes outerabgwihasnbeen
rewar ded outcone that offsets investment costs. Besides, when the coverage
of vacuum i FRAM®d.on material is increased hi gher than it should be, it
beconmes necessary to prepare_ the material with 20 nonstandard _size and
shape, and al so ﬁ%\‘-ﬁy@ér yoe-bigh sgeyeragenbyrether iinpulation anaterinll mayo-cansk
section in the_manufacturing processes. The facts_have caused ’g)robl em of

ext ensi ve i Houblese Althqugh coayentipnaleoveragawithia tharaege frenePOY to4086 has

20 no problem, a coverage exceeding the range may seriously affect the structural
strength of the insulation box unit. In the box unit, the outer box and the
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, i.e., the vacuum insulation

25 material in larger area in an insulation wall layer automatically 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.



production costs. In the nulti-layered insulation section fornmed of the
rigid urethane foam 25 and the vacuuminsul ation material, if arigid
urethane foamfilled wall has not enough thickness, the expandi ng foam
decreases its flow perfornmance. As a resulht) an inconsistent filling or
poor filling decreases the insulation efffciency of 4 a pol yur et hane
foam | ayer. Therefore, the insulation efficiency of a multi-Iayered

insul ation section nmay be smaller than it was expected, or on the contrary,
the insul ati on eParti¢waly, Hheydefermationsf the bpanmitbecomes more pransuneed in
having an extrenely increased coverage of the vacuuminsul ation materi al
has 5 a ri sk refrigeratembaviggttveo onmdratdoons;éheidsioenaye not adlowed:thdighthyefit
hard-to-fl ow pol yur et hane | ayer covers al nost the inner face of the

i nsul ati on boxheriody due thdhaolistortiopoavhichsnbkes amdesiredigarcat the gaskaim
insulation material itself further decreases the insulation capability in
addi ti on t othérebpfiovisingpaicrisduladionesflicienny.t he pol yur et hane part of the

mul ti-layered 10 , insulation section. Accordingly, it has not achieved a
noti ceabd e ener gfo savidtheedistentionn theiet is aweldinawiy methoddnerhigh defsith ef
vacuum insul ation material as high as possible. Fromthe vi ewpoint of

r esour ce- sathegigidduretbgue ifogm ésmgirestingnereased coeas toi providerdangebending

di scl osed in Japanese Patent Laid-COpen Application No. 15 H10-310663 can
recover rawnmmedtwns athatcdspaunohdek oheigidity.ur Thharigid ewethansl foaushating raw
material derivatives fromrigid urethane foam . The nethod, however, is
not appl i calekterfsively dugrelased) demsitys bowtever, inoreases sodiduptiveheagftrangderimor
as its entirety the supercritical water enploying process cannot chemcally
deconpose r sglids.uAst haresultpaagainsietbd pyrpase of deapl iamsulation Othehensslatéon box
or ABS resin of the inner box. On the other hand, various kinds of

pol yner1@ nefficiendy, obthehrigil poethenefoamnmwill beilargdy affacted.orThisepatrintes
can be chem cally deconposed by supercritical or sub-critical water. If _ an
i nsul ati on ltodetreasing ingulitidreefficienicy od ¢he insrdatien boxinitibhatcis the essential a
deconposition, materials containing nononeric substances obtained fromthe
25 process 4argadi ssolved into raw material conpounds as inpurity Therefore,
such raw material conpounds having inpurity is not reusable as rigid

uret hane foam AB Itheorctmeragxerego‘the waguwex einsilatienpauatersfl tihereases,
pol yurethane resin and reusable raw material derivatives as reusable

i ndustrial eadothermici ampunt fethe fmswationt bex unis udecreages? meeardinglyyi this
urethane foamwi th no different nmenbers should be separated and classified
f r om anl$ ns gngeuraged Gnepey savinghe Howevardsle effiqagytofetheoenergyt saving pwaes
waited for an inproved disposal nmethod in which iron can be recovered so as
to achi eve Ifogin aleagaatyratian ensiee pftex all, ihi Bokyatienal instexmetHacaBirtg &m
to be considered, the aforenentioned raw naterial conpound of the

pol yur et han@ewasded anteome v loffsetainastanent cogts:i vati ves, which are

obtained fromthe chem cal deconposition, are determ ned by the, .
Besides, when the coverage of vacuum insulation material is increased

higher than it should be, it becomes necessary to prepare the material with

20 nonstandard size and shape, and also necessary to dispose the material in a

difficult-to-task section in the manufacturing processes. 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 urethane 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



10 chem cal structure of the rigid urethane foamto be deconposed. That is,
the chem cal structure of the conpound and derivatives depend on basic raw
material formng the rigid urethane foam It becones therefore inportant
that a recycling nethod suitable for the pasic raw material formng rigid
ur et hane foam shoul d be enployed. 15 Furthernore, it has been another
chal I enge for encouraging recycling systemthat reusing the raw nateri al
conmpound of the _polyurethane resin and reusable raw material derivatives
obt ai ned t hRomghywieshpnel fepsadayrssi t i Dhengforensthat insnlaten esficiengy of a
refrigerator. Besides, there has been a critical obstacle to pronote
recycling wmwthagarebinstiatéiore sesfion magw smallapthanit was expectad, o1 op the

ur et hane foam cannot be specified w thout identifying the basic raw

materi al of comigary, ¢he inselationceffiowmey snay fget wareei nBupartieHapohewgiractyze t he
maj or conponent of a disposal refrigerator. 25 DI SCLOSURE OF THE | NVENTI ON
To address hawing ablestemgdpincreased sovaragefobthe yacuwncmsulation mateabhas
insul ati on box unit capable of offering structural strength and high

i nsul ati®n a ®siskfef deereagingnthpilnsulationneiiciensye hecauseothatatheirhardgatilow on
material. It is another object to provide a new nethod of producing

r epr ocessedppbituwethane layer eovess almpstdhedangn faceqfithe innlption hextunihd a
refrigerator enploying the reprocessed material. This will enhance )
recycling ef fi cifawthemnorgn ai pean isudation efficiemest of yaprumi Hsalatden material
contributing to resource_recycling. In order to achieve the objects above,

t he insul at itsalfbbarthdn dgcreasesprideerinsulation i eapahilitior e d addifion r te)i the
urethane foamw th a bendi ng nodul us of 8 0 MPa or greater and a density of
60 kg/ m8 or af@werentioned idecveasquini bkell pelyurethamer ipirt ghethe gnultitayerede
foam wi t h bendi ng nodul us greater than 8.0 10 MPa allows a _box unit to have
subst ant@ al ir3ulafignisectier efgcordinglyyyit has ot achievedia naticrahle eneroyeavingised
by wei ght of goods stored therein. For increasing stiffness, the rigid

ur et hane fogHeelin spite ghesttingdhergpverage oftthevacupm irsulatien nmajgrabes highs,
so that decrease in insulation efficiency due to increased solid thernal
conductivit?sdﬁﬁﬁbkbt occur. Such an insulation box unit does not 15 cause
any probleminits quality, in spite of an extended use of the vacuum

i nsul ati on mat er Fxpm $he\Vigmpginin ob respyusaisaving | and secyslingeiaspplpying the
therefore contributing to energy saving. A further insulation box unit _of
the present aforemantinnedsmgthos &selﬁemi B Japapase Ratenh haid Openadeplicationivo.
insulation material. The coverage of the 20 vacuuminsulation material wth
respect 18 o #ht0-310663 canreeover rawematarial empoundef thenpolyyreidianeaesin and,
40% and not nore than 80% . G eater-than-40%_cover, age, of the vacuum

i nsul ati on AAveRhlarawy material derivatiyes feom ypeid wethane fogpm.ne outer box can

enhance effect op, ener vi ng. Besi des,  kegepi t he .coverage nqt re
than 80% can el | rbg-mEvarh §r,ﬁ6tn06mppl%§1§rl§§aﬁfévmg 3 igsdation box of
i nsul ati on %ri al \A/ifrth out - of - st andar d gi ze and. shg&e, but also to

di spose the Bogal refrigerafor ap 19 epHERtys he sBReLcHtionl Watek e VrpHFrocess
processes, with sufficient _insulation_efficien mai nt ai hed. 7 A
recycling méeRBat shemigally, decomposs yisidl; Wiet Wﬁ%:wmre& gYGQﬁi_‘FRj‘ plade € s

for crgigin an insul ati E#)ox,unit il) a screening proc ss(%or ¢l agsi fyi ng
the brofen- dBaputieh Bo¥ aF QB pesin of ShriAn Gk | 2 il QFhsTohRbosious dndé
crushi ng urethane fqQam bl ocks s%parated fr n1the.b%x unit, into powder iv)
of polymeric material, such™as polypropylene resin 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 éontaining monomeric substances obtained from the
25  process are dissolved into raw material compounds as impurity. Therefore,

such raw material compounds having impurity is not reusable as rigid urethane

foam.



5 a reusable material -preparing process for deconposing the urethane foam
powder into raw material conpounds of rigid urethane foam and vari ous

am nes and v) a raw material -produci ng process for producing the materi al
of pol yurethane by fractionating crude prgducts. Through the processes
above, rigid urethane foam which is fornmed of tolylene di-isocyanate
conposition, is 10 now recycled as the material of rigid urethane foamto
be nore specific, crude products, which are obtained through a process

usi ng supercriti SAPrERT touBceYarmaramatexial coapeund af theopelyurethans wesinand
tol yl ene di-isocyanate conpounds and tol yl ene di am ne _pol yet her polyol,
which are s%‘t‘*ﬂiﬁ? yavw material deyivativediagrensable sndusirial yesdurge tit baabeen
conponents. In this way, the two materials are 15 obtained and enpl oyed, as
renewed mat &he gesentigd 195ugithat r parel rigid gwetham fornpwitrneiffarent mpsgbers
DRAWNGS Fig, 1 is a sectional view of an insulation box unit of a first
and a t hi r dsbhablddeareenarated and classifiedtfromaminsutati®obex ynitota ke dis¢ardedchar t
iIIustratin%hf recycling method of a second enbodinent. Fig. 3 is a

per spectd ve Buréhersenei rtgw@ heehrwaied for amimpreyed dispedal mhethoddumlich iron
enbodi ment. Fig. 4 shows a cross-sectional view seen fromthe front side of
a 25 refrigéepnibgrregpvesed 5o ap te asbitivedingh regqyerseffiviency-asca sdwle sxstémnal
view seen fromthe side of the refrigerator of the fifth enbodi nent. 8
Fig. 6 is a cros@ssarethenaroblesytetbeyeansidareds theyafenementioried rasnmatesiadl f or
the refrigerator of the fifth enbodinment. Fig. 7 is a cross-sectional view
of vacuum i gewPaundnoirbhe polurethang sesinoand negsablgeraw omaseriah dervatives,
enbodiment. 5 Fig. 8 shows a cross-sectjonal view seen fromthe front side
of a refri g&hichraref obtainede from dhehemical degcampaositinniere, dstersined iy thel
view seen fromthe side of the refrigerator of the seventh enbodinent. 10
DETAI LEE pEshemical atrarturprithed gidmrethamesfoary/ enbeclecoimnoisads t Thatwis) thee
descri bed an_insul ation box unit, a refrigerator, and a nethod of recycling
mat eri al s ofhemdcalr sagture nofe the osprapeundiiang derivasives edenend, oanbesic maw s.
The insulation box unit of the present invention is formed of i) rigid 15
ur et hane f o&dtgiiah formpiagdhagigiddinethang foany Nibdbegpmge sheraforgrimportparishay of
60 kg/nB or | ower, and ii&}vacuun1insulatLon material, At the same tinme,
the cover ag@ ¥yeles wethod suitable forthehasieiraw matpriak foyeeing vgidherethanece
area of the outer box is determ ned greater than 40% In spite of such an
ext ended co@@ﬂ&@@loib%énW%@ﬁﬁh1insulation material, the rigid urethane

f oam bY virtue 20 of its 8,0 MPa-or-greater bendi ng nodul us, can provide
the boxnit wit A ustRemsrarantt bassheemgbrthemehallenge: fr easouraging recyelieg
from def ormati ons caused by wei ght of goods stored therein. For increasing
stiffness, EHetem ghat reusing the rawmaterial somprmdiahthe polymgethaneirgsipegnd at
nost 60 kg/ nB, ? t hat decrease.in. insulation effi iipcy due to increased
conducti ve ﬁ%‘é%eﬁ{?éfﬁg’f patgraldgrivat tagedthrgugh chenijenl decompogitian as
box unit has nq roblen1%ﬁ its &Fality, despite of an extended use of the
vacuum i nsulatylgHongnaterial fora gefrigeratoXn excel | ent insul ation efficiency
and therefore contriputi.n 0 energy saving. 9 I n anot her insul ation box
unit of the pr esg‘r?ts“ﬁﬁv ?f%w,sett%@ % ev&lﬁaggb%acle fte RrQEGenTe g1ty high
nateria%omjt rrespect to the surface,area of the qQuter box is greater than
40% antf t hPECIERCY oy PTARYr Loetheds: ph Piecessigs gigid yrethapee fqash Jeannob vk age

of the vacuum i.psul atj on nmateri.al an Lural doors, the rigi,d 5 urethane
foam by vi speeitiad Wlﬁi%omeﬁ&@agﬁiﬁﬁ? ot angterial g tgﬁaﬁéeu&eﬁ@%@am
used for the insulation box unit as the major component of 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



unit with a substantial strength. That is, the box unit is free from

def ormati ons caused by wei ght of goods stored therein. A great stiffness is
particularly essential to an insulation box unit having three or nore doors
no deformation occurs in the insulation X unit structured above. For
increasing 10 stiffness, the rigid urethane foam has a hi gher 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 ins,uhat' on box
unit has ncefficiemicirin Apite sofgam gxtondefb nspt @f yacyEMel daatepaly hig 1s
vacuum insul ation material, providing an excellent insulatiop efficjenc

and t her ef oarothenobjastite Pyovide anveyymeadef produging ranowﬁ%fﬂgratﬁﬁé 138 on
box unit of the present invention errgl oys the rigid urethane foi\m, which is
made by rea@lspntp @yrovistscyaandnenlagiepoheri 4nito ardd doreirigeyatore empleyang yihieat e
compounds with b) prem x caonponents_fornmed of palyol,_ a foamstabiljzer, a
cat al yst) arepracdssedrimaterialnt Thisvwillyenhance) %Céfﬁ]éniefﬁ@%‘?/aggla@ L Ik he
product obtained to _have a structure in which 20 rea(ijti ve functional groups
cl osel y Jexi bex unit tathendiscardefnepntribatingtogiesourredgcy¥clgsi n having a hi gh

el asticity nodulus. Therefore, there i s no need of gemﬁi ng E))étrerr,e incl{pgase
in density of thEn ordey tarachieve the hiecks cahayvendghy, nsylations begnwnit pfntheas
no undesired effect of heat transfer of solids, retainjng exgellent

i nsul ati on Bresent éanention is fowmad of jdeis wretbane foamgvigh & ending arecubus of
coverage of the vacuuminsulation material wth _respect t{o the surface area
of the outeB-0oMPa arrgreatenand pstenssy of 80keimdiosJower pmd i) vacHuReineB N
provi de satisfying structure strength and  insulation efficienc T&a hi_gh
strengt h anthatetigli fEhe aigidnuesthpae dpam mﬂal@@dgmém@‘&uargrﬁﬁéﬂ 'noﬁ%box
unit having_three-or-npre doors and the extended coverage of vacuyum

i nsul atl®bn Mtz ellaws a boxusit;to| hWr&qb@Fan%hﬁtawﬂi?, Eb%regﬁitge boxupit igfeeent
invention, water  as a foam ng agent of the rigid urethane fo formng the

box unit gefromdeformations sawseskbneveight 9§ goeds steved thereins o Kornncreashe
foam ng. At the sane tine, the smgll | ecyl.ar ight of wate rovi des a
strong reacttiffaesp rtheirhgldh‘ér%ﬁ@g&’adp rdy 1&9@\,\@?119(1%%&‘? at F?dk%&'f npore

obtai ned. Therefore, there_is no need of getting_.extre i ncrease in ..
density of then 60gkgmis sorfdat destanse Arcimeniatym, etfigengy: dve fa dogrgasadiselido
undesired effect of heat conduction in soljds caused 10 by the ingrease in
density, rethempalgcendugtiatit dpops nokt ‘PCGHr-efgf;P?S:]F i ynslation chay PP‘tdg%eﬁi pat of
havi ng ﬂr{eat er -t han-40% cover age of . the vacuurgi nsul a{y}lg mtogéilal W t h
respect 18 o £#ese apy dexoblgraanoits qralyy: ¥ spHR, ok AR &%te M8% e fcpum

enpl oyi ng the urethane fgam can provide sati sfyi Strygture strength., and

i nsul ati on é‘?s’rqlé?l%c’??‘tel"ﬁé’ proyding éﬁgﬁ’ﬁ’eﬁﬁﬁt il%%‘ﬂgH‘PPo#ﬁ‘é‘Ff’F%iaé‘ﬁc@’ FEO%E so
given 15 an insyl ation box unit. having three-or-nore doors and the extended
cover age of CORITIRHHRHEQUPRRIES P& ri al . Besides, such structured rigid

ur et hane foam assufes, safety i.n di sposal rk because the urethane fo

rel eases no hazaidéﬁ@%i‘é?‘ﬁ%m%ﬂloxa‘?@?éﬁfrﬁ?i RFSSEIE LT YRIRIOR; ’gx?lﬁgr}%régemn
it is crushed. .20 The eri al -.produci n t hod of, the present invention
contai ns: i )ngédc‘f‘%ﬂ?ﬂgafﬁ?@cégg YR dg’ﬁ}qﬁagfl% materialt | i‘ﬁe e &iisiat Oﬁ't F?e a
screeni process for_classifyi.ng the broken-down terials,.f,ed fromthe

cr ushi ngg pr Jageum; msylation, H}at%‘ﬁ?f"’éﬁf Bweﬁ’éf%?}?e Wég?t%g% ar¢e P, %&utP’é?f’ﬁ 18 and
the like iii) a foaned terj,al -h | i process for aki own _urethane
f oam bl oc ks,demnﬁlﬁeagm?g?%%p%a&} e@q/g rad’%gtnﬁ& RaLs éEaPngéﬁe g’ﬁgggﬂr%a r4g)c}]%ss
into powder b rinding, crushin r the like iv) a reysahble

mat eri al - pr 88%?’11 #§ rtggevsascuflﬂjr "?L%ilf)ﬁ%é%%ﬁeﬁ&‘ t KJF@?%Eﬁg%BS%r%ME‘Fa %ht o
| i qui d conpounds t hrough am nol ysi s .0r 11 al ycolysis rgactions, 2
filtering ogﬁei?’?ﬁﬁﬂtﬁ‘?’g§?ns AREE Ff‘fﬁ? Bpegléélt fs?%@ign al%e&lf%%sugﬁgan'#epé?,
fromthe conponents, and then decomposing it into,ra terial conmpounds
of rigid uré& ﬁ%ef%nﬁnz?ﬁ%%%?iﬁgfg C&Hin%g&"b%ec%n?%eﬂs P(\ga A %??BPB%%
supercrjtical and sub-cr.itica ter,and v) a raw,5.materigl-prqoducin
proces sbéor VBFBHM: Iy atien n‘B?Lﬁxg\@I Wi o 9{?%5@ $%° PPQC%aéﬁaﬁﬁuﬁgﬂ%(? fe
products. Through the ocesses ,abqve, riqgid.urethane foam which is fornmed
Dt Lol y1 ene DA dbe TBbETE s v tark SEiph b BP ana e R hE BedPare

ri gid urethang fogm.to be te specific, crude products, which are obtai ned
through a pﬁ%‘?@%‘%&?‘ﬁg‘@ﬁ&%‘&?&\%ﬁwﬁa%ﬁl ftical water, are 10
fractionated to obtain tolylene di-isocyanate conpounds and tolyl ene

di am ne series pol yether polyol, which are synthesized fromtolyl ene

diam ne - one of the fractional conponents. In this way, the two materials
are synthesi zed and enpl oyed as renewed materials for rigid urethane foam
In a stl Il furt he»rm! nsul ati on__box un|t gf tl_he: present [ r]\_/_enti on, t_r-lglri gid

.- S R T T e I ) o T R



20 deconposition and synthesis processes fromrigid urethane foam nade of
tol yl ene di-isocyanate conpounds, are now reused for produci ng anot her
rigid urethane foam It is thus possible to obtain an insulation box unit

t hat encourages resource saving. A still further refrigerator of the
present invention has a tag that has a 25 record of the raw material s of
the rigid urethane foam enpl oyed for the insulation box unit of the
refrigerator. By virtue of the tag, a person involving the recycle work can
easi |y identify t#haeeysglingamethed é’ﬁ theorpeentyinvetinn fcoakainsi1d) gsedshing t he
refrigerator to be recycled. This can determ ne prqoper nethods of

processi ng ardcasawforaceushing pandirswgtioncbesi ugitt dik e seseenring| pracessorferd
on the tag, thereby encouraging resource saving. A still further

refri ger at orclagsifying fhecbroken: dovemmateriads i) vafpamedvmatarisl-handliog precees i al
types of the rigid urethane foam are recorded. By reading the information,
a person i mfor orushingurethane feamobleckssentaatedinom the boyamitnthpowder; iv)
processing the rigid urethane foam Still another insulation box unit of

t he pres@nt a meusahlenmaterialrpnepasing ipgoeesar forhdeconprsing nihey agehane foam
insulation material. In the box unit, the 10 coverage of the vacuum

i nsul ati on rmevalerainte araye smatemali cosmmpousds, of rigid caypdbane ofoppe andr vavieusr ea
of the outer box. In_ipnstalling of the vacuuminsulation material, priority
shoul d be giaminespand viperawimaterialpepduanguuoress foeproducingithe matesial @€ uum
insulation nmaterial whose coverage of about 40%or greater with respect to
t he surf ace rolyaresthand by oiraetionsding snude ppodwtendbhreugh the paeeassesaplaves i n
a desired | evel) enhanci ng energy saving. G eater-than-50% coverage is nore
pr ef er abl e. m@dpurethane feamewhieh as fommed 86 dolylanecdl isocyanaiefeompoasitionhds use
of the vacuuminsulation material fromreaching the saturated |evel,

wher epy 10he navdaecysled as theatiatgriahofinigid urethamet foartitoshemoze seecifiGieande s,
enpl oying the 20 vacuum insulation material with its utility value,

i ncreased carrogneisot whicherayp shtaingd theouglssat pagressopeng raperaitioal nar es
inefficiencies that invite an extrenme decline of the effectiveness as it
was expect ecubseriticalsvatesdare fragriapated tonebtaie Geldenes di-rorvanatatcempannds t h
nonst andard si ze and shape, and to dispose the material _.in a

di fficul t - t anhdrlylene: diamings palyethen polyobwwiveh arpngynthesized stromoiplrensy

t he energy-saving structure can serve as a counterbal ance to an increased
initial prodliemias-—cmetofitheifraqtionad cowmponentsne InAhin weyothedavo meterials gre
yet further insulation box unit of the present invention, the vacuum 13

i nsul at 16n rehtained) andsemployedcas saneyed miaserials for wigad urethgge foaims om  front,
back, and both sides - of the box unit. D sposing the vacuuminsul ation
material on all of the six planes so that the coverage with respect to the

surface area of the outer_h S| 09 0% thereby
encour agi ng energy savi n@Rﬁfﬁiﬁéﬁﬁig%Iéﬁ;gft%&%ﬁﬁwG sul ati on box
unit of the present invention, ln,an rea of_the Box uni t ,where tge .
tenperat ure shoul¥8bé 1k&@pseckional xiew of angmsulatiqn byx pmat pf, pirst apd @ethird
i nsul ati on section for

.8#9 ur et hane foam/l ayer and a vacuum

of arj
i nsul ati on ey <¥¢%§§&Kﬂ@§$§ﬂ% ©pEO8nt | ayer-thickness in the range
from 20 to 50 ym wi t.h thg excepti of the 10 doors' sections. The
thi ckne@d range dU8ve dF| SuloWhebaTty INSFRERENE TEAAIRG! MEERIbAE f1555ond
per f or mance mﬁg&én a |layer, thereby preventing the nulti-layered insulation
section frorfMBMIMMIN ati on ef ficiency due to poor filling and
i nconsi stency in the_pol yurethane fQam Therefore,.the nujti-Ilayere
i nsul ation secti oﬁ?gf &r PEFSDEREVE i PW SHOXIRE refsigaratar Lﬁ%ln’g Gateh of a

insulation 1 na;erhaﬁ@gan mai ntai n proper insulation efficiency It is thus
possi bl e t o BHREheBPEHMGY- saving - even in the freezing-tenperature area

the box uni t - byl Bad 1Mo AnHAS SPOPRE VERUenatrE: (0h HAEGAGR of &
50 . SBcoeTERAOL B CARBEGER | cal 1y | ner ease vol umetric ef {1 o ency
O e o o B S BT -Bui e S chEA B

st 25 ror i b OSI PeRpdiiSH e, {he mul Tl 1ayered |medl ation Section,
which is forned of a rigid urethane foamlayer and a vacuum insul ation

mat eri al -1 ayer, has a consistent |ayer-thickness in the range from20 mmto
40 mmwi th the 14




exception of the doors' sections. The thickness range above allows the
rigid urethane foamnot to | ose flow performance within a |ayer, thereby
preventing the multi-layered insulation section fromlow insulation
efficiency due to poor filling and inconsdstencies occurred in the

pol yur et hane foam Therefore, the 5 nmulti-layered insulation section forned
of the rigid urethane foam and the vacuuminsul ation material can maintain
proper insulation efficiency in the refrigerating-tenperature zone having a
relative smal | tEigpdr it acaosysagtional H@W@gﬁaﬁ‘ﬁ'éni Hﬁ“&%tl%dn@qqélagﬁf@l%@ f
the box unit. It is thus possible to provide an insulation box unit having
vel | - bal anc®y thavahigayatorf the fifth embediment;i ng effect brought by the
vacuum i nsul ation material and an ephanceq volunetri¢ efficiency of

internal space wFigh 7 @s@é@@sa'ﬁﬁctlﬁeaﬂmqwe yaPuHE isulationurteriabemrleyashi ¢
According to a still further insulatiqgn box unit of the present invention,
t hi ckness ofortaheefvigeratar phthg sixtloambedupent. is deternined to be in the
range 15 from 10_mmto 20 nm The thickness range above allows the rigid

ur et hané f oam noFig. 08| skews | aveness-seatinnad evight rieanafrony cthee feont; sidg eb@ i on
having a relatively thin wall, i.e., a thickness in the range from20 nmto
30 mm Thi srefsigepatoneén sewenth embpdingnteh t he vacuuminsul ati on materi al
can be disposed with no |loss of insulation efficiency of the multi-|ayered
i nsul ati on sect i Big- Sehows a qresgisectionpb vieyt perm depre éi;ersa&e()%thet Fedrigerationn
insul ation material enhances the effect on energy saving. According to a
still furthefthegayenath embedimgntt of the present invention, the vacuum
insulation material is formed of a core naterial and gas-barrier film
covering the core material. Specifically, the core material is an inorganic

25 fiber aggregate. Enploying inorganic, fli C r | e over
fime, slQener 9PaAILET pRRCRITGN TTARREINGT Ouft bhhaitn VRN HON
addition, this elimnates a_step for filling.the inner bag with a powder,
whi ch is a necesEgrginaftes wilbbedescpthed an insidation boyswut, asrefrigerader, and a
mat erial i n manufacturi nq_ the vacuyminpsul ation material, thereby inproving
in product i Bethed ef areyclingd materialy ehfhe oprassnt mvendionn gcegrdime t8sthe) e
to provide an ingulation _box unit with enhanced production efficiency and a
| ong-tine r&x¢mplaryigmbedimgntse of an 5 extended use of the vacuum
insulation materjal with an increased coverage. According to a stjlJ . .
further insulati g‘ﬁeb’&@“ qn Broxy Wé‘tquegl%ﬁ)r??ﬂf@n’cqvﬁﬁprhg ‘H’@%‘%@a?g D rigid
conductivity of vacuuminsul ation nmateyi al igid urethane foamso as to
have a Fati &mt&wgrﬁrféamrwﬁaﬁ@nﬁmw ubpgof % M or igepater Aschaidersiey of of
the vacuuminsul ation material is determnped in the range from 10.

0,001 OW m KEDKETB ETTANEEREDDEN PREUR] Hisilapien materiada &ge SAPNechimg) the

conductivity of 0.015Wm-K. The ratio abgve all.ows the rigid urgthane fgam
ot o | osebpTRsAR At AP TARUBTRSHIFHON PUERal LR 6P4 tATHE SURGCH ABSE PhDI o

el 00 SLC ST B9 e o SHSESSU LR L 356 D% o
o2 o e e B B S DS RSH: okl i e
e LU 8 AL Pl 00 LSS 8 FusPELRT AR B o
Cxpect e, PSSR ReSalE!, AL Thd V) SRR AR B o
e e B S oL R e e T8, S ek,
osul o0 TR o Tt Ty FERASCh D O Fe R IRRRRSE T,
R T

it dug_t lipng-pff of the i | at.j terial. . .16 | n.panticul
orar 2P t o OBHE: s DGR eulainm Bi¥ vt s AR utiob o ik apRift Resrith Fan
to _the out er geox, t he afgrﬁ{‘raenti oned ."e dded" gqtjrag_ctur eifﬁl I ows a
proj ected af® dy pise hehtthey FAcHum Jog Iy afiiiali JEroXing nan; feellents

t he insul ati.on ;bax U?% to be %flfeiti vel é.éotvere%d at_a gosi tion enbedded in
the 5 uret hanelABamethsiensy apd thenelore (oRARIDE 10 6RRFEY S8 ™ ncr ease i n-r eal
coverage per coverage area. According to a still further insulation box
unit of the present invention, a plane in which vacuuminsul ation materi al
is enbedded in rigid urethane foamat an internedi ate section between the
outer box and the inner box is at |east 10 disposed on a side plane of the
box unit. That is, the side planes of the outer box have no direct contact

e . o,



20 A still further refrigerator of the present invention contains an

i nsul ation box unit introduced above, a cooling conpartnent formed within
the insulation box unit, and a cooling systemfor cooling the conpartnent.
Enpl oyi ng the insulation box unit having ki gh 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 sane tine, the structure
an enhanced volugetric, efficiency of internal space even though its

space- savi ng conggﬁn%h%wnz%ﬂaﬁ%hoaeu% of rhie RIS ReM: 1rvienEiemy ﬁ%@ &pyargae &f or .
17 Hereinafter will be described the insulation box upit, the_ refrigerator,
and the net {Bg vaeu\pmdaaefa#@mma&ma witdy respectdodbe suriage axea ghthecQBREPAg t o
t he exenpl ary enbodi nents with yeference to acconpanying, draw.ngs. 5_ FJ RST
EXEMPLARY E%@P%Emtﬁ“gfm%’ M@ﬂ%ﬁe PF 2092t foRTooese AHPChed. (Mestie of the
enbodi nent. | nsuj ation bofo%;t 1 includ s,synthetjf rgsin- e inper, hbox 2
and net al | i @XKRAGEA qoygrage etitheyacuum B gatesal ppdpiu 09r$ ke St

O b S B 5 SR BT e B
oA A, S ICH AT g

B T LT O T T
Ayt RTINS RN T TR D o T
O i e St B e PR o

tabili . 2. t f .wat f i t,. 0.5 ts. f i id
S B B sk e 05 e ARER Dy s hep e obolth
P R R Pt A e

ti f... 45 Kg/ nB f ity 8.5 MPa f di | us~ d..

0 SQS{N K f%ehd&ée?s et %‘i?_t“?'rr)f gﬁﬁ@'ﬁﬁéme@&mifqﬁrm %naedwp@' pBFoRleman dfaTuality,
Poam of - exerieRiy b iemted wa ofiie Phiusnr Sieulaan dyateiin) Proypgeen or
A T I R e M R

di to th tr. i nt i nbodi t 2, th
onel ty 185 P ncr edb st bR i Do CHRACAGhE TreRamnBYERAG T SmBioTS the
nmeasures 10. 0 .NPa d the thernal condu%tivit ngasures 0. 023W m-K. Both
the st r uct uTaBIGoRTCHREREI DR TR demeds B Feacking; O jsosypiates TponATLp
strength ofglhe apf Lj&jt apd insul ation efficie cg Anot her two rmr&

i nsul ati on BYYREROf LOKIEE Hilpoeyauate B‘P&‘QPBE@S Bvrlﬂb )rP’feeg‘l?ﬁ/é’P’@‘PﬁP%té armed
conparison e analelz 1 and 2'1: I.E. t he riqqciij gret aneffoa.m of co aEi sin.
exanpl e 1 wiosBo8 s?t@a%sg ahilizen s 488186 REAE, TRMRe, FeRBYy HHPlovine
th I ti Vi Y. d.to be 13.0 M 10 0.026W m:K, .
oepoet i vol ORI f OB AT e e Br L o PR 3 BaYE 4 sEtet IS which
d dat f J.nsul at,i ffici On the.oth hand, t t f
Compar + 200" aSankife kot Erkhls ElbhBrshaiR o ha5e o eaahy FEdifers

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



structural strength of the box unit. Table 1 bel ow shows the results. 15
[ Tabl e 1] Physical properties of rigidQuality of thel socyanateurethane
f oam nsul ati on box
uni t conposi ti onsDensi t yBendi ngTher mal St i ffd1essl nsul at i onmodul usconductivity
efficiency(kg/ n8)(MPa) (W nK~Exenpl aryTol yl'ene458. 50. 0220KOKEnbodi nent
1di -i socyanat eExenpl ar y5510. 00. 0230KOKEnbodi nent
2Conpari sonTol yl ene7013. 00. 026CKNo goodexanpl e ) .
1di - i socyaninsataiipaefftiemiypisalse gwendasscmsstatinebex unitdidiag dhysemr-more
2di -i socyanate Note) The quality of the insulation box unit was eval uated
on the strudoorsanthtliextanded ooearage of Taenwnrinsulationtmaterinls0% cover age has
al nost the sanme result. To conplete a refrigerator (not shown), conpartnent
parts (not shownjn a stdl futhedimsplatien\bex wmitl of the prespatanventioysvaer @sa
shown) are added to insulation box unit 1 of the first and second
enbodi nent s foaming agemttod thé eigid whrethame fdefioforming nbe box umibgemsratestchebon
refrigerator conpleted as a product was subjected to a refrigerating test,
and a | dad- dinxide:gasdsyt readtion wathidsqeyanate farefomnsimgl véd. theosambdimeotlse
openi ng/ cl osi ng operations were perforned over and over again. Through the
tests aboveg trhelecalafirometglitoof noater gapvides va estrenglareactizet band andtlhe
fl ange was observed. It is apparent fromthe results that the insulation
box unit hamclacdar etﬂueturecpjagb turetliarerioanDolraing. AFfhdavRoR) VERT ismigneal
illustrates the procedures of a recycling nethod of the second enbodi nent.
First, the ofigkiting eXtreme inarstasedn By of the eigidiwrethane fosou. Aaerdinglyon
box unit 1 to be recycled undergoes crushi ng process 200 and 15 t hen
screeni ng ptheawstlzoe. foom basowsyndexired hffectaafcheat! eprstuskion itosolids wapsetess
200 are classified by weight and reclained according to predetern ned
mat er i al0 gr byghe inerense i density retdiningheitdeHgnpinzsdation efiqencyes 45 agresitlfht
(in weight) wastes, rigid urethane foam5 and bl owi ng gas of a refrigerator
are recover ddspite ef havimef greatdr-theth-#0%moyeragesef theovacsiupr oagytatipmmaterial
reusable 20 material -preparing process 500 to obtain the material conpounds
of rigid ur&itareespecintatbe ssnnfiecey avep vfathed eutarpbeki ithe ipsuladionsboxNowmity | |
be described the details of the process with reference to Fig. 2. In step
21 of Fig. emnplawngatheairethangsiiamicom peovideisatisingugfuctiure sstrangtheand
di sposal facility are fed into crushing process 200. Wen a refrigerator 25
is recycl ed,lni?llalﬂ%/lpg&fﬁﬁ?nﬂh {he high stgengihoand hnsnlation ¢ffniensy ipakorgiverei ng
fed

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 wurethane foam releases no hazardous material but
aforementioned carbon dioxide gas when it is crushed.

20 The material-producing method of the present 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; iil) 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



into the process. The wastes are then carried to a pre-shredder by a
conveyer in step 22. 20 Roughly crushed by the pre-shredder in primary
crushing of step 23, the wastes are fed into a breaker in step 24, where an
approx. 1000-hp single-axis car shredder iurther crushes the wastes into
smal l er pieces. In step 25, a vibratory é nveyer, which is di sposed under
the feed-out 5 section of the car shredder, separates the wastes into heavy
wastes including iron and non-ferrous netal and |ight wastes other than
rubbers, arglyedgsisgeactions, ) Hiteving out impeaitiésegubly as tinyt piecenvéyesin and: he
like in step 26. Through a magnetic separator in step 27, a vibratory
conveyer i rersished 28¢etal, dram thepeomngnenise asabdhenod) deconegsing, ittintd wawt es
are separated into two 10 groups according to the wastes include netal of

i ron group watemal competngs 2f Ajgitli yrethane tfoam anddvanoushasuges dyeghenbealand
27 is collected and carried to a dust-collecting process (not shown). A
conveyer i nresicipn3@mployings superorticals arebasab-eritical sweperp9andn vt ap raw,
the wastes on the conveyer are now separated by hand-screening into an iron
15 wast & armhagerahpradeeing girecesthfors pragudingn thes meateyiplonf payerethanedycar t
in step 32, whereas the non-iron rubbish including scrap notor and cabl es
are manual | fracemaating cerude woduetser -Tamoughnghe qrecasses aboye beigig arethane
steps 52 and step 54, non-ferrous netal undergoes hand-screening step 53,
wher e non- f fsangushivht izl fopmed oftalylend di-isakpanatet confipdsitéomds-navo meayeletless
fromstep 29. The rest of wastes left on the conveyer are collected as
scrap i ncl udienmatesibkof rigid urethagetfoamt do hrecmone specifint drude produeiscwhinhd
above, crushing process 200 includes step 21 through step 24, screening
process 300armobtained sthepugls & progegh wdiing smqermticaglher @uEmMmﬁenf amt ep
52 to step 54. 25 In step 33, rigid urethane foam5 separated in crushing
pr ocesslO200fragtionated to obtain tolylene di-isocyanate compounds and tolylene diamine

series polyether polyol, which are synthesized from tolylene diamine — one of
the fractional components. In this way, the two materials are synthesized and
employed as renewed materials for rigid urethane foam.
In a still further insulation box unit of the present invention, the rigid
15  urethane foam mainly contains tolylene di-isocyanate compounds and tolylene
diamine polyether polyoi. 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 reused for producing another rigid
urethane foam. It is thus possible to obtain an insulation box unit that
encourages resource saving.
A still further refrigerator of the present invention has a tag that has a
25 record of the raw materials of 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



sucked into a cyclone separator, via ducts, in foanmed material - handl i ng
process 400. The cyclone separator in step 35 catches relatively |arge

bl ocks of rigid 21 urethane foam 5. On the other hand, foam ng agent gas
in the urethane foamis captured, toget h';l? with small pieces of urethane
foam by a bag filter of the cyclone sepafator in step 36. Passed through
the filter, the foam ng agent gas is fed into foam ng-agent gas coll ector
in step 37. In the case that carbon 5 dioxide gas is enployed for the

f oani ng agensedyfog, thetrefjgerater trobe freeyclat. o liie canldetertrome @opeh medhodsr of
hand, when cycl opentane is used for the foam ng agent gas, it should be
col | ect ed bpraxessingentdbrawimatepial produgingodcedrdingtterthel masemgplsatcortded on

bl ocks of rigid urethane foam5 fed fromthe cyclone separator in step 35,
and snal | erthe tage shefebylemcouagiogpesmede byvinge bag filter in 10 step 36 are
carried to a volunme reduction device. The reduction device, which is forned
of a pressing nmadhstik farthes cebvgarpper obthe prewent inventies hasea tag wmewbicht he
bl ocks and the snall pieces of the urethane foam and crushes theminto
powder By sdate ofmpatenialetypes of thelrigid voethanefoan. averregordedi nPBywieading the
conpression, the application of heat vaporizes the foam ng agent gas

di ssol ved lformatienyreetpeasen fiovelvingithec aecyicle avorlf tant determané ec piraper
nmet hod. As descri bed above, foaned nmaterial -handling process 400 incl udes
step 33 t hr meaghod péprocessingthe rigid sirethade foate powder of rigid urethane
foam 5 from foaned material -handling process 400 is carried to a reaction
vessel to under gStilloanethes| ipsikatimdbgk wodt wiithermasentd myvantioshis forted of
pol yur et hane foam powder m xed with ethyl ene glycol, nonoethanol anm ne) or
tol yl ene di aigiheietharenfean aid owghunhdnswationomeatetialyuile bheg dok ainit, sthe
obtained. In step 43, a filter filters out inpurity solid particles in the
| i qui d Hhat eeoedrage rdr theeyratwum apswlationf matenislarangese fitong 1406 ntat 80% awiths
fed into a 25 reaction vessel, together with _highly heated and pressurized
wat er. Wt hrespectydosédie gurfacaiared ¢fhthe omter hoxt i énl installing- ef ithé¢ gatuum
condition, the material undergoes deconposition process in step 44. 22 In
step 45, a mw@wlanimgtemleprmuhmbguldg&a givendtocam sgea dvish ilaeger condudiive

| iquid obtained through the deconposition process. Through the _
af or ement i oheat sxanséer. a Thevwararen iinsulasiopomatenidl whgsel coveragared aboat8%and
am ne groups are obtai ned. 5 Reusable material -pr eFari ng process 500, as
descri bed apbvereater: |widhsrespegt 4@ tthe osgitfaes eqreasor |thes apers doxonami keep i n
raw mat eri al - produci ng process 600, the breakdown product undergoes
fracti obal ehdethermie gnadlm amountote sy  desineda lvel,r anhancingi ahegy gavdngced
fromtolylene diam ne that is a conponent obtained 10 through the
fractional Hireaterthansi% coveragady maypaseferablet ol yl ene di-i socyanate
conposition is obtained through synthesis in step 47A, and simlarly

tol yl ene di ani neleepingstherguarage abangsh 80% pisvantsethe pHetioel thenuseeefi thei n

step 47B.
P vacuum insulation material from reaching the saturated level, whereby the

endothermic loading amount is effectively suppressed. That is, employing the
20  vacuum insulation material with its utility value increased can promote energy
saving. The less-than-80% coverage eliminates 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
dispose 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.

In a yet further insulation box unit of the present invention, the vacuum



TH RD EXEMPLARY EMBODI MENT 15 An insul ation box unit of the third

enbodi nent is described with reference to Fig. 1. Rigid urethane foamis
produced by nechanical -m xi ng a prem x conponent, which has the tolyl ene

di am ne obtained in the second enbodi nents,as a parent material, with an

| socyanat e conponent fornmed of the tolyl éne 20 di-isocyanate conposition

al so obtained in the second enbodi nent. The prem x above is prepared by

m xi ng, by weight, 3 parts of catalyst, 3 parts of foamstabilizer, 2 parts
of wat er asmaulgmn mpterjehis dppeseshen albthe sxnplangs utops batiopbfrent back,
reaction regulator to 100 parts by weight of tolylene dianine series

pol yet her puoid/botlweides hyefrtheyhoxvanite Bispesmethaaqupm 28sptiop material g

i nsul ation box unit is to be produced as is described in the first

enbodi ment . alfbfithe six plames souhat HancoRsragn vith setnschée the suaes appgioftheand
outer box 3 to which vacuuminsul ation material is bonded in advance. After
23 that, rigitdr boetisimthd vangesfrom 40% ée B8O, itherghwcancouprging enersin@vingx 2
and outer box 3 to forminsul ation |ayers therein. FOJRTH EXEMPLARY |
EVBODI MBNT 5 Fi gAc®rdingwto a still furghemingulationdosrwritof thetnresent inyention,
enbodi ment. Refrigerator 12 in Fig. 3 has rigid urethane foam5 as )

i nsul ati on maapracea. ofrthe Box st edhedtenpenasarye ghowddre kept phdregzingcor d
of the material type of rigid urethane foam5 used in the refrigerator. The
mat eri al t yieepdragues, Heenfultinayeredbinswdatien iseetiory formegdtafcmrigid roethensr ded
intag 13, as a nenory card including SmartMedi a, or bar-code. Reading data
stored in tfgniayer oand o at heacsiuas hingplptione snatgrideyen bper & ofonsistend] ect
a method suitable for the urethane foamin the refrigerator. FIFTH
EXEMPLARY Elvgepthickness imithe rengatfrom Hdmmnta 58manwith the ezeapiionneitheand
a refrigerator having the insulation box unit wll be described,

r ef er erld) ngdearshiegtions; hThadhidkneserangrphevy allows the wigid rethpne fpagypots
has insulation box unit 102 including doors 103. Insulation box unit 102 is
formed of stmnldsetflewrparformante within a layer, thereby preventing the multi-layered

insulation section from low insulation efficiency due to poor filling and
inconsistency in the polyurethane foam.  Therefore, 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 energy saving — even in the freezing-temperature area having a steep
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 should 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



I nner box 104 and netallic outer box 105 made of iron plates and other 20
materials. In space 106 forned between inner box 104 and outer box 105,
rigid urethane foam 107 and vacuuminsul ation nmaterial 108 are di sposed in
a nulti-layered structure. To manufacture 4 nsul ati on box unit 102, vacuum

i nsul ation material 108 is bonded to out e1' box 105 in advance, and then the
raw material of rigid urethane foam 107 is injected in space 106 to have an
i ntegral 25 expansion. Insulation box unit 102 has vacuum insul ati on

mat eri al 10&xoeptsan ofiche dwors’twctiones, Theghicknass rboge ahovarallaoothe gkl
The coverage of the vacuum 24 insulation material with respect to the
surface ar eairefhand foanbaxnt 10 losecliorgerdmanceswithin araper tharabylpeventogi ns
freezer conpartnent 109, refrigerator conpartnent 110, and veget abl e- st ock
conpar t ment thé muRidsyered cosgatibnesectiofSrom et insulatién edficiegey dupdo goor e
zone (approx. -15 Cto - 25 5 C). On the other hand, refrigerator

conpart ment filbagamt wegasmbdnriet ocdurcedparthegulywrethase doamy oMherkfore, dhe
refrigerating-tenperature zone (approx. 0 Cto 10 C). The cooling system of
t he ref rbgemnulti-layerédrinsaladionc segrcrs fomdd 2f thendigid arrethine doruhiangl the
devices 114 and 115. Refrigerator 101 is formed of i) insulation box unit
102 havi ng fvaeanar in€ulatiopanabenmal ¢0® mabftaingpreperr insodation refficieng0in dhel
veget abl e-stock conmpartnent 111, and ii) a cooling systemfor cooling the
conpar t nent sefiigaratingtieniparathnedesne dayins sorelatige smoallceseperathire-gradienhg
devices 114 and 115. In Fig. 6, vacuuminsul ation material 108 is forned
such that i)bdtwatedthenihside @ohdi tlor gatisidef ofbtle hoyr enidt e I 16 thus| passibde dgbass
wool is inserted in 15 covering material 117, and then ii) the openings of
materi al 1l1pravidesenl cnsulstion thox iunibr hevingf well-balaaxiced 1 adrantagas nefd amder
© vacuum As for vacuuminsul ation material 108 of the present invention,

i nor ganil® ficnergaggvingateéfedt] branght sby i ther vacanwm dnsulatipmgmeterial and oan. 0
Vim The thermal conductivity of the vacuuminsulation material is )

det er ni ned temlzmcod ocdBmetrik effinienny oft intermalnspacehaith erespectc tin doe tendire y
of rigid urethane foam 107 is determned to 0.015W m-K. The adj ust nent
provi des a ivalomemfiacimsmlativgsubext wolt- material to rigi d-urethane-foamratio
in thermal conductivity One side of covering nmaterial 117 is formed of a
surface protectiVAcdording to a still further insulation box unit of the present invention,

thickness of the vacuum insulation material is determined to be in the range

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 the multi-layered insulation section. As

20  a result, 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

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



25 of 12-~umthick polyethyl ene terephthalate~ 6-~, mthick alum num foi

di sposed in a mddle section and lam nated filmof 50-mthick high density
pol yet hel ene as a thernmal seal |ayer. The other side of covering materi al
117 is 25 formed of a surface protectivg | ayer of 12-,mthick

pol yet hyl ene terephthalate~ a filmlayer in which the inner side of 15-.m
t hi ck et hyl ene-vi nyl al cohol copolyner resin conpound has a | ayer of

ted al umi d | aminated fi f, 50-m thick hi.gh density .
ot yet hel enbrHEss WhHER pPREF Sayerd S e s bl il omiaet B ing then o

a nylon-resin | ayer oyer. the surfa otective |layer to j.ncrease the
resiyst ance ORCUYR nsuiafon tIBaE‘?}a{lt gﬁ?‘pei’ﬁelmmll%il nPH“OQ%S{ZIOBfe HenFREmh
box unit 102 di ff.erent thi.ckness ranges .accordi ng,to the af.orenentioned
{enper at ur o "OERBE SHYITHURPRL o AF ity AIR{FEP JORPIBIS, BreroVide,an IRsdgtion box unit

openi ngs. (Wt enhaResik aptihishany cianey 1) & tong wrecreebiiaihsete gt M o
compar t bt SXEBGa A% 68 SbApe R U TR b RpIRAREIAL Tith A St EhRe R ERTEE anges
mator i 108t hergratding bo Al n@hEr mndardh o, Hhit o 86 SseRcingRBHO na
[ usi g vaBARPHER SPPORCHATE /ST AR PEHISre (HERBED A1es T defipne
or abl o ar 1R0ES 56, ARI1R PaVE, iy el FAPEYIE M o LD b o/ gt W dhe theral
Chown) - at COUMEHEPL e VAGER ITRUED Topiecialts SRCTAHDR gh ApEREenoRk ai n
Bost destd' nOODIAEY Rk EPORTRARK sfben theobicl Foehoos oepL e et theperl |
ot | coabl o FAGOMRBHEE XTSRRI, (A BRGP cMBYey IS thenBiichareb0e (6%
Secti ons. boldbdR Preaber HEEREmAETIRSD Sty Vobr ) et Uam R AT ALN
e T e e e
108 oo 10 SRSl SPURRIRbL® 135 P PReB L ERRte RE° BTl DL R
AT B SR e N T S R
ot he-surt SERCHIE SR & pRRAGGh&L-hh8 ekl Tl e orie bhana 0°"
e, Lot ek 4o RSB RS  Dg L00 Wl BB, Mt B,
enpl oyi ng | @ﬁ&eg'ysé-a(z‘?xqg‘é?f‘éb't“ﬂ &H?el&eqfi on material 108

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 structure having a direct contact of the vacuum insulation

25 'material with the outer box or the inner box 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.



enough for covering each surface - the side, top, rear, bottom front
(i.e., doors 103) - can contribute to an inproved efficiency in installing
wor k. Therefore, the structure above can elimnate the aforenentioned 15
inefficiencies - the need for preparing t material w th nonstandard size
and shape, and the need for installing t material in a difficult-to-task
section in the manufacturing processes. At the sane tinme, the structure of
the enbodi nent provides an optinmal operation cost in the life cycle, That

i s, the decreaselinqmntieulam comparpg tohthe sérupfursinnyhichf ¥acuawr insylation
counterbal ance 20 to the initially raised production cost of refrigerator 1
t hat enpl oysnatesial is agachesktothe outer box| theafpmementionpd dembaddeditstranives
the structure having an 80% coverage of vacuuminsulation material 108

(wi th respeallows & hrojecteflarea of dhe gﬂeab transferhetyo®n, theroutsideoand thminside
coverage achi eves the alnost the sane 25 insulation effect, with sone
const r ai nt s of thehisudatior hox mniit tocseffectivebe conared sit aTpesition embeddedin the
insul ation box unit, the thickness of the insulation material overlaps at
around the paethuseerfomn. eTbareford, athe (eappedsded ssirmpturaaganr increaskty inaenl
edge), or at the dividing section between the conpartnments. The insulation
mat eri al cawgoverage pposeverage aseamot to overlap with each other, because such
over | apped sections are out of the thermal conduction projected area.
Sinilarly, considecordgngtopetill furtheminsulation box umif pfjihe¢ presentnwentiom 207
5 at the perineter sections of the openings, the |ocating point of vacuum
i nsul ati on phare imwhigts vaeurhdnsnliationdmateraalisenbestdedria yigid weethane foam
sections. Insulation box unit 102 of the enbodi nent has di nensi ons of 1800
nm i n hei ghtat savintarmediate de¢tiombhatwsm the onterdphandithe iinser hox shahileast i al
shoul d be di sposed in order of sections having a 10 _|arger tenperature

gr adi enlQ Tidispased oaga side plaae;j ofsthiechdxonnitat éfgliaélls,etme‘agg Maneq of the quepect
to the surface area of outer box 105) can effectively suppress endothermc
| oads of théoixrkayeana direplosontact withhdrecracuarmn ansulatioarmatgrialay Ongthefgther .

Hi ger-than-50% coverage is further preferable. Doors 103 has a relatively
smal |t enpetang; dngr Adireet: cantaoie sstractaresa Joawing agast haigidsurgshaneofpsm ed
to other sections in insulation box unit 102, which are affected by _heat
exhaust ed f ragglanenated sisr a1g2p hriwesndtls cuten boxpanfdthe vassum 1omlafden
strength enough for hol ding goods put on the shelves and trays attached to
the door. | matkdiali oyay \eapanéh ¢hsenirdcsninraesponge toschangessty wwramdingor s
may peel off the surface due to repeated 20 door-openi ng/closing

oper at | 4s. temmperatanengrhipk hascofienmesulted| imidaformagion 6 thei orter doxonln
material 108 from doors 103 can be a rational option instead, the

i nsul ati on reanEashl afarerpentieneshstreture of the pressnt ipyentinny sipseoty ihBge fipm
102 increases the insulation efficiency.to conpepsate fof the absence of
the mat eri althgnpheromens, santprayent |thesipsulation, pex jprit frpm §}ﬁ‘1%|a poor
coverage of 25 vacuuminsulation material 108 w || 2e approx. 53% In.the
structure, E349T2PPPRFANCAEAS Bf COREUCUAYSOPtHturA] defesd, |thetelhy oUAMEHIYE an
insulation layer, which is fornmed of rigid urethane foam 107 28 and
vacuum i nsule¥cebentriadity s aprpdugt descri bed earlier, the insulation |ayer
has different thickness-ranges, according to the tenperature.zone. in_the
freezi né9t enper atthf ?fﬂﬁé?rF?é#?”ﬁ?géfége&HﬁﬁﬁFﬂﬁﬁggmﬁﬁg?nVﬂE?GBFWﬁﬂ?%%n

o5 ons DN RaVe e hegBRRR A i e B oA B hniths3
refrigerati %%_xt Squ?ra%Elug ecooling 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 an enhanced volumetric

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

provide an environment friendly refrigerator.



zone, i.e., refrigerator conpartnent 110 and veget abl e-stock conpartnent
111, including the sections having a thin wall at the openings, with the
exception of doors 103, the thickness ranges 25 mmto 40 mm Each

insul ation | ayer has 15-mmthick vacuum ijgsul ati on nmaterial 108 therein.
Besides, the insulation 10 layer is so designed that rigid urethane foam
107 can keep the filling thickness of at |east 10 mm The thickness ranges

[ h igid .h f I fl f ithip. th
oL o the 191 0 HERRaRe: AAh sk bR el bBUAEH FETSE, W ik Ser
75 ne qoour iBR4hetBod ofpradhitl AR b e b ar R VenBom AR B e
t hi ckness of_ vacpum .insul.ation materd al 108 to provi.de ti.mum i nsul ati on
b1l anay SremBiry enthodidenf st i@ nen 18 G Bt RE SRR, "of ol ord

uret hane foam 107 to a sufficient level, so that the nultiple insulation
| ayers formed of the two materials above can provide high insulation

f1ici . . Coul arl , ble | h
Freesi ng: 1 oRUBSTURREMIEt Y ENBOPIMENT. 271 L' or ati ent betveen the

i nsid dth t si.dg of .ef rj tor. I f t t
has arelat vel yF i 0% BraRpUlatBubey uprcidhe ke b GERRE CRPRRHA
As describeg abovel.a Iggs-th n]ﬁornn125 (pic%p SS QT t eeiqﬁuI%%i Q)! yer
al lows the PPRESEY1IBABSPE SEREICHOTEN RARAS HHeL 8T 2 oMMl i PSRN Hpact
o e, ERPe R RER Abe SELPRES ALY pod 4 bub A B000 Bl v

i nsul ation ’ . On

h h h , I - - i gk f [ | at i I
br ovi de- vl B0V ERAED ok ARPA Raters! 6 0BG raherd g of MU R Rb % e
f ' | at i terjal 108, . L d._i. -yol .effici

o o AU B MR TR ook OB R, BYE S, ATl e
reratively kbl SRUMMGCHOCT W 5 SHARALIRT Sod TSR Gy GRLER of

vol ume of ~t A& I'gerator conﬁ%c , rove

Fef 11 gor ot oftbidh MFetiife Boal"Eid M5LEA LS, JFRLE Y B el dChol BsBEAL BSfandiod
o SR oAl B SRR P e
L0 2L BP0 b BBRIR ol B SRR SE BRI 2
sectiomgs not giyen LASNECkICRSs A LIGIAN0R,! LESHALNSE SuighD: A premix

not - more-t han 10 ess vacuuminst on materia ranage

el ot bl Pauppnfyiohdh iR Erffontfal B AN BRIM L phfahl
Tayers. al Dot PRARE Lo el R prondie B it by b, SpErkA Ay
ot her hand. 3 ReRsat oy Skiurrs & ParEor et FAI¥ Ml SRR, 0 Spakior
further pr e?ﬁﬁnfrﬁi?'hag:id Rsyl &IEeIn?i@aF{«{dcﬁoﬁ%g t WEY £60 pARELHY gxgeﬁ%lgd ?@f;%ﬁl}%ﬁ Con

exceeds 20 I nsul ation efficienc r one plane re

| evel tQﬁhlhyah?ﬁ[ggﬁéfggﬁgﬁqggqggggﬁfxpected. It is preferable to share

the 25 thickness”wtl ~plane Fro 'the_reason above, the proper
Lhickness of vacyyiaulathalk ke Hiclosd® Bn'sSsiil - dI1BN8R HokAlhid P ofd O
20 mMm Vacuum insulatton material 1 has 1 norganic fiber aggregate 116 as
a 30 core 1413 emBOGinidie] Had tHad BRbSertied diess ®Roms i5:0MRit}; 8 L O
1.0 ~.m Cbﬁ%%%géi aﬂ?he tﬁ%rnalabiﬁgﬁcfigﬁt ]bf rigid urethane foé 107

(=0. 015W mykp i RsSu 1 . i S t €0 VLY
o 0. 0015w MLk, i iAE (Rt IR G o g O At
Ther ef or e, } } n V. ; i aki Lol @bt Y can
provi de an g?(%@%%?ﬁ?l’ ygjhoit g ali%ﬁsﬁ{ g%’l(ag%&%l%&?g%dﬁgt@g gggbefli]%r %’Eti ﬁ%ldel%grﬁgaﬁec
savi ng. o&ur , fe b RO ! i : Ss
2 gener 28 1 ot HhE AV bR SR o e BALARE} O IS AR
el i m nates f fidl s t | Pt inP @ j r i I
necessary ;gegéﬁgeggavw}één_ Igﬁ%gv\ggrr I's dggdﬁggﬁﬁ% %or\ggre}a%hg\rﬁ!ngpg?eln%fathe
manuf act ur | Bop¢difiotft Wad) | ASUoR(hRHEBRA! kBhdudtiES Dhel THEONLIML b same.
production efficlency and working environment. It 7Ts therefore possible to
provide insulation box unit 102 wi th enhanced production efficiency and a
long-tinme reliability, 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

Al t hough the structure of the enbodi nent enpl oys vacuum i nsul ati on materi al
108 with a thermal conductivity of 0.0015W mK in the use of rigid

uret hane foam 108 with a thermal conductikygity of 0.015W m-K, it is not
limted 20 thereto inorganic fiber aggregate 116 having different fiber

di aneter can be enployed so that the thermal conductivity of the insulation
mat eri al ranges from 0. 0010W m-K to 0.0030W m-K ( .at the ratio of 1:15 to
1:5). The r@ni ¢habetherahapds acserding tp (thet KENEt R inHeduced | s @Xpmplary

performance within a |ayer, thereby maintaini ngﬁ)gr ef er abl e i nsul at ion 25
ef fici ency embadiment 2, 2her dansity; UBaincseasedc to AP dea/mt ands aecoriingln thea) |
| ayer thickness. It is thus possible to provide an ingulation box unit in
whi ch the vbendingi mednbisi meaguresr 140 MPacgnd thetheymal eandwetivity mpasuras .
The structure 31 satisfies a demand that the vacuum.insul ation nmaterjal
shoul d be d0£28¥¥dmekenBoth she etruictiaresaofi exgmplary smbpdimentamll |anga® satisfy

t hi ckness, achieving the energy-saving effect as expected. 5 SI XTH
EXEMPLARY ENBOSIrNgiurahstrengid @gﬂ:@rbomdxmtmnd igsulagiongfficigngibodi nent and a
refrigerator having the insulation box unit will be described, referencing
to Fig. 7. The eApbtherttvnmese sosulationhexginitswath diffarent physicalprorgrtieser s
fromthat of the fifth enbodi ment. 10 Vacuum insul ation material 120 in
Fig. 7 enpl wgge preearedyasecampatison examples hapd &yaie thegigid yrethang pmsef
wool . In the enbodinent, a lam nation of a 5-nmthick sheet-type aggregate
118 is i nsegemparigen erampler i whose\densiy wasehicagasedote /@ Mméd%@nég}g
vacuum Such a thin sheet-type core material can easily adjust to desired
15 t hi cknesmasinlne ard stherkial condunsivity averenhapeasurgd éXabﬁ)U@,-O MPa and
three-layered, or five-layered as required) whereby differently shaped
vacuum }ths uPA265W/ ik, aespactively. b@@rgﬂu@é‘ée wikle syl @uphysiealinreDenty Anyises al
structured above can enhance the_insul ation effjciency of the nultiple

i nsul ati on Fexiews degrastationmefinspiatipn pEioengy pOhr thevather kand,ithe stinctirgane
foam 107. 20 Besides, the flexibjli t%q al | ows Yacuuga\é&@yﬂgg&n&t eéd | 120
to confor m phcemparinemexample@ whese dansshy was lewexe Freag a'f‘fg
the coverage of the insulation materjal _wih respect to the surface area of
out er box 1&truchuysd stremghlyohhepox walt; ng\é\h&tl Bﬂloﬂ‘h% WatheesW{tie outer box
can create a gap therebetween. The form ng agent for expansion of rigid
uret hane foam 25 often agglonerates in the gap, expanding or shrinking in

response to chanﬁzs in surrounding tenperature, which has often resulted in
def or metd on [Bable

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/m*K)
Exemplary Tolylene 45 8.5 0.022 OK OK
Embodiment 1 | di-isocyanate
Exemplary 55 10.0 0.023 OK OK
Embodiment 2
Comparison | Tolylene . 70 13.0 0.026 OK No good
example 1 di-isocyanate -
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)



surface of the outer box 105. In contrast, the aforenentioned sheet-type
32 structure, by virtue of excellent conformability, can address the

probl em According to the structure, as described above, an infinite nunber
of pattern variations can be easily creatlgd fromone core materi al .
Furthernore, the multi-layered structure*df the core material inproves
evacuation ratio in 5 sealing under vacuum This contributes to an inproved
productivity and cost-reduced manufacturing. An adhesive may be used for
bondi ng eacindadiag shelvhe andeanmefrigexhtingowpstem (nott shomnbfarei added i tog

t he generation of gas, and of reducing the manufacturing costs and steps, a
"st acked- wi insmlidtiadbesiumt 'l of thecfivsteand sédnpl efndodivh entsSEVRNTHeEXEMRICARY
EMBODI MENT An insul ation box unit of the seventh enbodi nent and a

r ef ri ger at owhedhemdefolmationsibatiroor hoty the réfrigeratdreodgdetddoada praduet wasg t o
Figs. 8 and 9. 15 The expl anation below will be given on a structure that

di ffers frosubjeetedabo 4 befrigeirating tbsigiameda loddabdargng t&stamdtl® foodauiton the
insulation material 121 is enbedded in the mddle of the layer of rigid

ur et hane f oaliel¥ey.. Forkthd deoss, rapehimg/closinghepdriations ewbrelipeefoimed ower and
i nsul ation material used on doors 103 and on the rear surface 20 of

i nsul ati on bwer agdih. 17Rrowghithiecddty above atetther alefortnestibnmnok @5gap betivieen a
af orenenti oned structure, the outer surfaces of vacuuminsul ation materi al
121 have andoot sevhion anwditaaflange twas dbsedved.ettaseappzasnd @rom The rreéut< that
conpared to the structure in which the vacuuminsul ation material has a
di rect cont tlod insuddtionubex uhitxhd<én excéllemt quiabiky. 104, t he 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
structure in which vacuum insul ati on materi al
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 reusable
20 material-preparing process 500 to obtain the material compounds of rigid
urethane foam and amine groups as decomposition products.
Now will be described the details of the process with reference to Fig. 2.
In step 21 of Fig. 2, the wastes of insulation box 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-shredder by a conveyer

in step 22.



33 121 is attached to outer box 105, the enbedded structure allows a
conductive heat transfer projected area between the outside and the inside
of the insulation box unit to be effectively covered at a position enbedded
in the urethane foam Therefore, the enbgegdded structure can increase
practical 5 coverage area. On the side pl"anes of insulation box unit 122,
vacuum i nsul ation material 121 has no direct contact with the surface of
outer box 105. On the other hand, in a "direct contact"” structure, a

f oam ng agent of Roughly arnehédiby the gre adykddenr it primaryarysipinigedfisbem 28 hthe
outer box and the vacuuminsulation 10 material may expand or contract in
response towaktesgas fed into acredkerin etareR4s where whi agproayl0@khp tsingle-axis
deformation of the outer box. In contrast, the aforenentioned structure of
t he pr esentcamalgnddenfurthercerushes thé wastdsioto staller pidcess above, can
prevent the insulation box unit from having a poor side-appearance as a
structural defecln stde26py wiiratay niomyegex; svhieht isqdisposed nndas the fecstioat .
In doors 103, and the rear and the back planes of insulation box unit 122,
t he i nsdl at seetiomnofethekcar shoeddert sepaaatesc thed wiagteshints thelaay egastehiigcluding
because, for doors 103, the enbedded structure often provides the area

cl ose to a Donramsimémderrons metaband light wasteodthelréhan eubbers, AndrackFgrouphe
rear and back planes 20 of insulation box unit 122, the enbedded structure
may conpl i cof thetwastdsss garridd by pibedt domveybror tie ligeimsiep26Gyst em and t he
drain hoses for cooling devices 114 and 115 and al so because that the rear
and back pl anes Theouglsembhgneticsepgratoruntdtep BE, aathnatoryrconveyéron step &8; al
for convenience in the manufacturing processes. Considering the

af or enent i oaettuatvype apesneticheeparbieddadstep 29, thetwastesfire iseparadediinto two
insulation material 121 nmay be enployed in insulation box unit 122, where
possi bl  g®@upsNDoSTRhglto ARPm st incidermetaladiren grompomaatni t of the
present invention is formed of i) rigid urethane foamw th a bendin

modul us of not - | bs steph2ifA dighthdustatisred dprtbroyghstepe26rand27 hneolloctedgnd
and ii) vacuuminsulation material. The high 5 bending nodulus of the rigid
ur et hane f oeanrpadoto aldust-pelldcting process ok shewn).wi t h a substantial strength.
Therefore, even in the case that the coverage of the vacuuminsul ation
material (with rAspaveyerintstep Srdaaries the wastesusenarbted)insstep@8s  bostept fib
box unit is free fromdeformations caused by wei ght of goods accommpdat ed
t herei n. At thérwastereonithe conveyqn arsenovwesepiargted g}; hamdzgergming ikey aB)irgun
suppress the increase in thermal conductivity in solid, thereby maintain
proper lhsuwasteoandfd nondney vstes abhe serAminoonisbmevedonthascagtyipg eprein i n
its quality, despite of an extended use of the vacuuminsulation naterial,
provi di ng aﬁte@xag,I wereas she snansivonfriubbishdyclading verapr syasor endr¢ables ate t o
energy saving. 15 According to the recycling nethod of the present

i nvention, mapuplly sapaaaedt oam f orned of tolyl ene di-isocyanate conpound,
whi ch serves as an insulator in a refrigerator to be recycled, is now
recycl ed as the rhwcenverarzgarsying; specifically hetwesantheo stipsnp? caand starr 154,
crude products, which are obtained through a process using supercritica{ or
sub-cri ti caropgEemous snetal undergees band scresning step D8y Yher ngndwraws mata

tol yl ene di-isocyanate conpounds and tolyl ene di am ne gol yeLher pol yol are
synt hes?@ edis memually takep anoldha monsironvasies fxoay stemé9+ whhegedral ayastes,
synthesi zing rigid urethane foam are obtained_as a result of the recycling
met hod of tEﬁfﬂBﬂéb@ﬁPHYWrﬂrP@ﬁﬂeCFﬁ@aﬁ@ﬁ?@@&‘%\‘ﬂ@mgdfubbﬁ’é present invention
contains an insulation box unit, 25 a refrigerating conpartnent . forned
within the insul Ace@ingio the Presend ipentigerag Aascrikad alkoveefr § REPCERR
conpartnent. Enploying the _insulation box unit .having hi coverage of the
vacuum i nsuP8Pi18aludes esteR 2 I 1ipugh siier 124, ereesyngHRr O8RSt iadludespteph?s
outer box can effectively contribute to energy_saving._ At the sane tine,

t he structuf@rong ﬁﬂr‘i’@eangégﬂﬁﬁhﬁ‘l’lb}"ﬂ‘@ﬁh iSEﬁR:§§(§‘P stap @t-nal space even

t hough its space-savi ng _compact bod an provide an .environnental frjendl
refr iggeg%t orP 5 1 step %3, rgd arethane foam' 5 separated in crushing process 5003 7

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

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



36 CLAIMS 1. An insulation box unit conprising: an inner box an outer box
accommodating the inner box therein and 5 an insulation | ayer disposed
bet ween the inner box and the outer box, wherein the insulation |ayer is
formed of a vacuuminsulation material amd rigid urethane foam and a
coverage of the vacuuminsulation material with respect to a surface area
of the outer box is not |less than 40% and not nore than 80% 10 2. The

rsul ot R lneh, £ ke SOBESpol AalG B AN Dbl
wher el n { net FEERCoioERer R et iS5 or Ukt Ty e & ygd Bl O ehe
o o e S RORS e} s PSP PR, AR B B bt o
box um 1 of gl TuR, pherel 0 LNE ADSHESSE ok hexd S DL YR e
i cknosd ofpge B85 in catelbydsh it s S i Airgda, e ghs 1o MO iheo e
U TR N TR MWL T R R PR A AT
EE ST R R e RRILE R A T
Gaiml, wherei nIItlhs'etelgiﬂ,dth%r Eiob:ﬁg eoff 191%{8 urethane foam 5 fed from the cyclone
separator in step 35, and smaller pieces of the foam captured by the bag filter in
10 step 36 are carried to a volume 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 shearing force occurred in compressing. 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 glycol, monoethanol amine, or tolylene diamine is heated.
Through the reactions, liquid 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-critical condition, the material

undergoes decomposition process in step 44.



has a bendi ng nodul us of at |east 8.0 MPa, and has a density of at nost 60
kg/ n8. 8. An insulation box unit conprising: 10 an inner box an outer box
accomodating the inner box therein and an insulation | ayer disposed
bet ween the inner box and the outer box, gherei n the insulation layer is
formed of a vacuuminsul ation materi al ar‘% rigid urethane foamthat has a
bendi ng nodulus of at least 8.0 MPa, and has a 15 density of at npbst 60
kg/ m8. 9. The insulation box unit of Claim8, wherein coverage of the
vacuum i nsul at i dm steipedd,ca dehydratamptover remoeas Water and sadfont dioxiset Brombox
Is greater than 40% 20 10. The insulation box unit of Claim$9, wherein the
i nsul ati on thex ligaid hdgabted adwoughnr tiee ddecanpdsitiomherogess) at Thmouglx the t
of Claiml or Claim8, wherein the rigid 25 urethane foamis a reaction
product genafoatrmentipnbd etehsig wgw amatesizd yampeinah np oigehuréthanedioam dand ene
di -i socyanate conpounds with b) a prem x conponent i ncluding polyol, a foam
st abi | i zer , amivagedust areanbdamedoam ng agent . 38 12. The insul ation box
unit of Claim1l, wherein the rigid urethane foamis produced by usin
wat er a$ a foani Rgusajdat materidl:preperingspiraces® 000 xasudescribéd Gilaivey indugﬁi aim
8, wherein the vacuuminsul ation material contains an inorganic fiber
aggr egat e astepatptderonghrstey 45i | m t hat covers the inorganic fiber aggregate.
14. The insulation box unit of Claim 13, wherein the aggregate is a 10
mul ti-1ayered shbketsteppd6i rontmined i beaw diateiibbproducing i prochex 600, t thef
Claim1l or Caim8, wherein thermal

breakdown product undergoes fractional distillation. In the process, reusable

raw 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 premix
component, which has the tolylene diamine obtained in the second embodiment
as a parent material, with an isocyanate component 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
chemical 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 of inner box 2, and

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



conductivity of the rigid urethane foamis at-least five tinmes and at-nost
fifteen times of thermal conductivity of the vacuuminsulation material. 15
16. The insulation box unit of Claiml1l or Claim8, wherein the rigid

uret hane foamis di sposed on both surfac§$ of the vacuuminsul ation
material of the insulation layer. 20 17. "The insulation box unit of Caim1l
or Claim8, wherein the insulation |layer on a side of the insulation box
unit includes the insulation |ayer having the rigid urethane foam gn both
surfaces of thate rigid unethanedpam 2is inieeteflan spaee 4%emeem genet box 2 angoutehg:
25 a) an insulation box unit further including: a-1) an inner box a-2) an
outer box abew@rtodenmagsulasiondayersitbrrainerein and 39 a-3) an insulation

| ayer di sposed between the inner box and the outer box, wherein the
insulation layer is fornmed of a vacuuminsul ation material and rigid

uret hane foam__and a cove&g&g of the vacuuminsulation material wth

respect to FQURTIEEXBEMPLARY FMBQRIMENT i s not | ess than 40% and 5 not

nmore than 80% and b) at-least one cooling box forned in the_insulation box
unit andc) a cobig.ny shewisce refrigeranr inepegaydanerwith the fowithgembpdiment. t he
rigid urethane foam has a_10 bendi ng _nodul us of at |east 8. 0 MPa, and has a
density of &HefrigenataolXdn fig. Pbas Tigad peethoperfoamy 5 ap igpwptipnanaterial.aj Tagl 9,

wherein the refrigerator has, on a surface, a tag on which a material, '_t&/pe
of the rigi & israstached foothe refrigeratogedlt has airecordref bag materiad yxpe akrigi

materials for an insulation box unit,
urethane foam 5 used in the refrigerator.

The material type of urethane foam may be magnetically or optically
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 operator

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.
Refrigerator 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 105, rigid
urethane foam 107 and vacuum insulation material 108 are disposed in a
multi-layered structure. To manufacture insulation box unit 102, vacuum
insulation material 108 is bonded to outer box 105 in advance, and then the raw
material 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



conprising a) a crushing process for breaking down an insulation box unit
having rigid urethane foam 20 b) a screening process for classifying the
br oken-down wastes into iron, non-ferrous netal and rubbish including resin
c) a foaned material -handling process fo? crushing the rigid urethane foam
separated fromthe broken-down wastes in 3 powder d) a reusable

material - preparing process for i) processing the 25 urethane foam powder
into liquid by chem cal reactions, ii) deconposing the liquid material, by
reactions usisniptiomperaterial oth aesped-torite setfasmnees of nuterchoxid0faeachesl s

I ncl udi ng raw conpounds of the rigid urethane foamand a plurality 40 of
ami ne gr oupd0%ndIegulatioavboxausiti 02 pontdins figeperocespartment)109, aefrlgmatorng
the crude naterials to obtain tolylene diamne, and ii) synthesi zing

tol yl ene di empextnierity| dh@, danidsovegetable- stodpowod@aa'hnhenbl yldne diEreeres

pol yet her polyol from5 the tolylene diam ne. 22. The nethod of recycling
for materi atompantneenti 10Qiisddtdn bireerinigt teaipethtinm 2he (appromet-HEL G tor + 1286r

i ncludes a regenerating process for producing rigid urethane foamfromthe
tol yl end di %bo@mrt&beoﬂmrpbamﬂsrefm@etdrhertamb;@Mmehﬁ Hilaandevegetahde istock

pol yol obtained in the raw material - produci ng step. 15 20 25

. Al . Ayn. AH. dihp@rtAténsH 14 is Abhtralledym aAefrigdtdtingvtefipeaFurdFzohe. (ApprdkFO AL, An.
A. AH. AF. Al . An. Aynl . AH. Ayl . An. Ay[ . An. AL' . Ay. ASY. A5. Af . AnY Dx"i x) wf H:

-~} xsni d_Z] wa)l@4&Cta] The wapling cpjteai oﬁtlma}-eﬁimiltm]ls dbméd af cainpadssal dd2cal ¢

aJca] ca] ca]ca]calca]calcalca]cTa]cTa! Cq"_Jz[ WOQ

}xsnid_Z] cac}mni]emiar:i]%,adoohhgal}wm}esaléahda]]@a] cal ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! 4! ~!I'!"# ###Si $$$

Refrigerator 101 is formed of i) insulation box unit 102 having freezer

10 compartment 109, refrigerator compartment 110, and vegetable-stock
compartment 111, and ii) 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 aggregate 116 including glass wool is insérted in
15  covering material 117, and then ii) the openings of material 117 are sealed, with
the interior of material 117 maintained 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 um. The
thermal conductivity of the vacuum insulation material is determined to

20 0.0015W/m'K. On the other hand, the thermal conductivity of rigid urethane
foam 107 is determined to 0.015W/ m-K. 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

25  of 12-um thick polyethylene terephthalate; 6-um thick aluminum foil disposed
in a middle section; and laminated film of 50-um thick high density

polyethelene as a thermal seal layer. The other side of covering material 117 is
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H: ~} si KL3F1tbddkneyps ranges 25 mm to 40 mm. Each insulation layer has 15-mm thick

vacuum insulation material 108 therein. Besides, the insulation layer is so
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 refrigerator structured above,
problems arise — there is a need for preparing the material with nonstandard

20 size and shape at sections having various components (not shown), at sections
with irregularities, or sections having pipes and drain hoses. In such sections,
attachment efficiency cannot be increased.

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.
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y) 3109 () i‘éslpzeg‘:i? 184 e N Y N 0 Lo W5 OM acuum insulation material 108

can no longer enhance the insulation efficiency because it has reached “a
saturated level”. That is, too-high coverage of the material, on the contrary,
5 hampers the improvements in insulation efficiency.

To address the problem above, according to the structure of the
embodiment, the coverage of vacuum insulation material 108 is kept at most
80% with respect to the surface area of outer box 105. The vacuum insulation
material can thus effectively suppress endothermic loads without falling into

10 the saturated condition, thereby enhancing energy-saving effect.

Furthermore, employing large-sized vacuum insulation material 108
enough for covering each surface — the side, top, rear, bottom, front (i.e., doors
103) — can contribute to an improved efficiency 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 time, the structure of the
embodiment provides an optimal operation cost in the life cycle. That is, the
decreased operation cost by the energy-saving effect serves as a counterbalance

20  to the initially raised production cost of refrigerator 1 that employs insulation
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. 756% coverage achieves the almost the same

25 insulation effect, with some constraints on efficiency in attachment operations.
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
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because such overlapped sections are out of the thermal conduction projected
area. Similarly, considering proper filling condition of rigid urethane foam 107
5 at the perimeter sections of the openings, the locating point of vacuum
insulation material 108 can be shifted inwardly from the perimeter sections.
Insulation box unit 102 of the embodiment has dimensions of 1800 mm in
height, 675 mm in width, and 650 mm in depth.
The insulation material should be disposed in order of sections having a
10 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-50% 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 insulation material 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 material 108 from doors 103 can be a rational option;
instead, the insulation 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 insulation material 108 will 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
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zone, i.e., refrigerator compartment 110 and vegetable-stock compartment 111,
including the sections having a thin wall at the openings, with the exception of
doors 103, the thickness ranges 25 mm to 40 mm. Each insulation layer has
15-mm thick vacuum insulation méterial 108 therein. Besides, the insulation

10 layer is so designed that rigid urethane foam 107 can keep the filling thickness
of at least 10 mm. The thickness ranges allow the rigid urethane foam not to
lose flow performance within the layer, which can prevent the insulation layer
from decrease 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 to 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

larger interior without impact on the appearance of the refrigerator. It will be

understood that insulation material 108 is effectively employed in the
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5  the refrigerator in the refrigerating-temperature zone having a relatively small
temperature-gradient.

Furthermore, making the entire volume of the refrigerator compact, with
the improved inner volume efficiency by the use of the insulation material 108
maintained, allows refrigerator 101 to have a small footprint.

10 Doors 103 need a strength enough for holding goods put on, for example,
the shelves and trays attached to the door. Furthermore, doors 103 have some
attachment with irregularity — a handle, an operation panel for temperature
control, and a display. This is the reason why the insulation layer 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 only the “heat bridge” effect via covering material 117 in a
negligible level, but also the insulation efficiency as the insulation material
alone. At-least-20 mm wall thickness of the multiple insulation layers allows
the vacuum insulation material to keep the thickness of 10 mm, thereby

20 providing the insulation efficiency as intended.

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 material 108 has inorganic fiber aggregate 116 as a
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working environment.

It is therefore possible to provide insulation box unit 102 with enhanced

production efficiency and a long-time reliability, 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
matérial 108 with a thermal conductivity of 0.0015W/ m'K in the use of rigid
urethane 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/ m-K ( 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
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satisfies a demand that the vacuum insulation material should be disposed
even in a section having a relatively small wall thickness, achieving the

energy-saving effect as expected.

5 SIXTH EXEMPLARY EMBODIMENT
An insulation box unit of the sixth embodiment and a refrigerator having
the insulation box unit will be described, referencing to Fig. 7. The
explanation below will be given on a structure that differs from that of the fifth
embodiment.

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 being stacked up one on another — for example, three-layered, or
five-layered as required, whereby differently shaped vacuum insulation
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.

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
surrounding temperature, which has often resulted in deformation of the

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

An adhesive may be used for bonding each layer of the core material;
however, in terms of minimizing the generation of gas, and of reducing the
manufacturing costs and steps, a “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 that differs from 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 103 and on the rear surface

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, compared 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
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5 coverage area.

On the side planes of insulation box unit 122, vacuum insulation
material 121 has no direct contact with the surface of outer box 105. On the
other hand, in a “direct contact” structure, a foaming agent of rigid urethane
foam agglomerated 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 outer 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 aproduct.

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 embedded 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 rear and back planes are assembled integral
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.
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5 Dbending modulus of the rigid urethane foam provides the insulation box unit
with a substantial strength. 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 from deformations caused by weight of goods
accommodated therein. At the same time, the proper density (less-than-60

10 kg/m3 can suppress the increase in thermal conductivity in solid, thereby
maintain proper insulation efficiency. 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 According to the recycling method of the present invention, rigid
urethane foam formed of tolylene di-isocyanate compound, which serves as an
insulator in a refrigerator to be recycled, is now recycled as the raw material of
rigid urethane foam; to be more specific, crude products, which are obtained
through a process using supercritical or sub-critical water, are fractionated to

20 obtain tolylene diamine, and tolylene di-isocyanate compounds and tolylene
diamine polyether polyol are synthesized from the tolylene diamine. In this
way, the two materials for synthesizing rigid urethane foam are obtained as a
result of the recycling method of the present invention.

The refrigerator of the present invention contains an insulation box unit,

25 a refrigerating compartment formed within the 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
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the surface area of the outer box can effectively contribute to energy saving.
At the same time, the structure an enhanced volumetric efficiency of internal

space even though its space-saving compact body can provide an environmental

friendly refrigerator.

10
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an outer box accommodating the inner box therein; and
5 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, 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%.
10
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.

15 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.

20 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 mm to 50 mm.

5. The insulation box unit of Claim 3, wherein the thickness of the
25 insulation layer surrounding a refrigerating-temperature zone, except for the

door, is in a range from 20 mm to 40 mm.
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6. The insulation box unit in accordance with any one of Claims 1
through Claim 5, wherein the thickness of the vacuum insulation material is in

a range from 20 mm to 40 mm.

5 7. The insulation box unit of Claim 1, wherein the rigid urethane foam
has a bending modulus of at least 8.0 MPa, and has a density of at most 60
kg/m3,

8. An insulation box unit comprising:
10 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

15  density of at most 60 kg/m3.

9. The insulation box unit of Claim 8, wherein coverage of the vacuum
insulation material with respect to a surface area of the outer box is greater
than 40%.

20
10. The insulation box unit of Claim 9, wherein the insulation box unit

has at least three doors.

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

component including polyol, a foam stabilizer, a catalyst, and a foaming agent.
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is produced by using water as a foaming agent.

dp&xmmt;pﬁ&&ggm 1, wherein the rigid urethane foam

13. The insulation box unit of Claim 1 or Claim 8, wherein the vacuum
insulation material contains an inorganic fiber aggregate and a gas-barrier film

that covers the inorganic fiber aggregate.

14. The insulation box unit of Claim 13, wherein the aggregate is a

multi-layered sheet-type inorganic fiber.

15. The insulation box unit of Claim 1 or Claim 8, wherein thermal
conductivity of the rigid urethane foam is at-least five times and at-most fifteen

times of thermal conductivity of the vacuum insulation material.

16. The insulation box unit of Claim 1 or Claim 8, wherein the rigid
urethane foam is disposed on both surfaces of the vacuum insulation material of

the insulation layer.

17. The insulation box unit of Claim 1 or Claim 8, 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.

18. A refrigerator comprising:
a) an insulation box unit further including:
a-1) an inner box;

a-2) an outer box accommodating the inner box therein; and
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b) at-least one cooling box formed in the insulation box unit; and

c) a cooling device.

19. The refrigerator of Claim 18, wherein the rigid urethane foam has a

10 bending modulus of at least 8.0 MPa, and has a density of at most 60 kg/m3,

20. The refrigerator of Claim 18 or Claim 19, wherein the refrigerator

has, on a surface, a tag on which a material type of the rigid urethane foam is

recorded.
15
21. A method of recycling materials for an insulation box unit
comprising ;
a) a crushing process for breaking down an insulation box unit
having rigid urethane foam; |
20 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
25 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
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of amine groups; and

e) a raw material-producing process for i) fractionating the crude
materials to obtain tolylene diamine, and ii) synthesizing tolylene diamine,
tolylene di-isocyanate compounds and tolylene diamine polyether polyol from

the tolylene diamine.

22. The method of recycling for materials for an insulation box unit of
Claim 21, the method further includes a regenerating process for producing
rigid urethane foam from the tolylene di-isocyanate compounds and the tolylene

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



