DESCRIPTION Title of Invention VACUUM HEAT | NSULATOR AND HEAT | NSULATI NG
BOX USI NG THE SAME Technical Field 5[0001] The present invention
relates to a vacuum heat insulator and a heat insulating box, such as a
refrigerator, using the same. Background Art [0002] 10Hitherto, urethane
f oam h&EDERBIPTON as a heat insulator used in a heat insulating box such
as a refrigerator. However, in recent years, a formin which a vacuum heat
i nsul atlitle efdnvertiaret t er heat insul ation per formance than urethane foamis

enbedded in urethane foam and used inh comnbin e foam
becorreé//’r%{iJHM FE&h! N%%@BMD&E%W%VEAT@G%%@@&% gé‘B@e savi ng,
and 15| ease | capacity. Such a vacuum heat insulator is used in a heat
i nsul at ?ﬁ n'ﬁBkF'P a heat retaining storage and refrigerating and cool i ng

qU| prri(?(ﬁ uch as a vehicle air conditioner and a water heater, in addition
r qgerat or. [0003] A vacuum heat insulator is forned by inserting

powder f Oa%e&r&%ﬂ mM gfat%)fcpg v!abéﬁ?m ot i< aﬂPf 5{18’ aar{éé?%s‘?fl%tgﬁ!‘age

conposed of 'a m usr ng a um num as a gas ier

layer, pdg *é}?aég}{%rt ratg;,qﬁﬁn gof is kept in vacuum at several

pascal s of Tess. er nor e, er to suppress decrease in the degree
of vacyypghindgeomes a factor f pr decrease in the heat insulation
per formance of the vacuum heat 25i nsul ator, an adsorbent that adsorbs gas
or noi §000x is disposed in the outer package. [0004] excellent heat
i nsul ation performance, such as glass fibers and ceramc fibers, becone
1ai nst r eam Hithgrto, sethdiad foaim has éeehwsed lasaa HeBeinenlatdri usedan @ eed) .
insulating box such as a refrigerator. However, in recent years, a form in which a
vacuum heat insulator having better heat insulation performance than urethane foam
is embedded in urethane foam and used in combination with the urethane foam
becomes mainstream from demands of markets for energy saving, space saving, and
15 increase in capacity. Such a vacuum heat insulator is used in a heat insulating box
for a heat retaining storage and refrigerating and cooling equipment such as a vehicle
air conditioner and a water heater, in addition to a refrigerator.
[0003]
A vacuum heat insulator is formed by inserting powder, foam, a fiber body, or
20 the like as a core into an outer package composed of a plastic laminate film using
aluminum foil as a gas barrier layer, and the internal pressure thereof is kept in
vacuum at several pascals or less.
Furthermore, in order to suppress decrease in the degree of vacuum that
becomes a factor for decrease in the heat insulation performance of the vacuum heat
25 insulator, an adsorbent that adsorbs gas or moisture is disposed in the outer
package.
[0004]

Powder such as silica, foam such as urethane, a fiber body, or the like is used

as the core of such a vacuum heat insulator. At present, inorganic fibers having



[ 0005] However, when dust of glass fibers flies off and is attached to the
skin, the 5nucosa, or the |like of an operator during manufacture of vacuum
heat insulators, the operator may get stimulated. Thus, handleability and
wor kability for glass fibers becone problematic. [0006] In addition, when a
si t uat iexneksnt heay risutedionperfomsiadee egljchf ag glasaffipees and caranvicdipars] t o
refrigerator, each product is crushed at a recycling plant, and glass

fi ber s bgcemsubpstream @-9-heeedlaterddyierataee ﬂ@g@tFP@tenaMwawr@t&)ane wast e.
However, the glass fibers decrease the conmbustion efficiency and becomne
resi duéc,)o%'ﬂd thus the recyclability is poor. [0007] 15Thus, vacuum heat
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Literature As vacuum I'nsul ators u ese fibers,
for exayRbhe H@Bmﬁ@at insulators exist in which a fiber body has a
fl occul ent shape or 1s conposed of |am nated sheets in order to inprove the
heat ir[g@d)@ti on performance (e.g., see Patent Literature 3 and Patent
Literature 4), and vacuum heat insulators exist in 25which sheets are

| am nat ed suchdditish, whoea gituatoh of renyslihd &y esrfsiddredr fortexamipld) itlch ot her in
order to inprove the heat insulation performance (e.g., see Patent

10 t er atragardstoaeftigeastent edcht grodtiatris cB)shed at a réldycbng plzat, antsglaas ffibers
performance is realized in which the thermal conductivity of the vacuum
heat i rsealsabjactediothefinberesydingtogetherivdtratiethare: wagtew rMowaErobegglass
However, with regard to a vacuum heat insul ator using organic fibers such
as pol fbsredeareage tr eomimstion efiiciansytansikecamee esidye st thiusthe nt o whi ch

t he vacuum heat insulator is incorporated is broken down by a facility at a
recycl i"B§YCaRilityris P8Pfani ¢ fibers are entangled with iron scraps and the

i ke \Mtb&h]are val uables. This is

15 Thus, vacuum heat insulators exist in which organic fibers such as
polypropylene fibers, polylactide fibers, aramid fibers, LCP (liquid crystal polymer)
fibers, polyethylene terephthalate fibers, polyester fibers, polyethylene fibers,
cellulose fibers, and polystyrene fibers are used as the material of the core other than
glass fibers (e.g., see Patent Literature 2 and Patent Literature 7).

20 [0008]

As vacuum heat insulators using these fibers, for example, vacuum heat
insulators exist in which a fiber body has a flocculent shape or is composed of
laminated sheets in order to improve the heat insulation performance (e.g., see
Patent Literature 3 and Patent Literature 4), and vacuum heat insulators exist in

25 which sheets are laminated such that fiber orientations thereof alternate with each
other in order to improve the heat insulation performance (e.g., see Patent Literature
5 and Patent Literature 6).

Thus, heat insulation performance is realized in which the thermal conductivity
of the vacuum heat insulator using fibers as a core is about 0.002 W/mK.

30 [0009]



5because present shreddi ng equi pnent for heat insulating boxes such as a
refrigerator at a recycling center is designed and manufactured only for
exi sting heat insulating boxes using urethane heat insulators, and thus

| ong-fi ber nonwoven fabrics of tough and flexible resins such as pol yester
may be i nsuHoweiventwith slgeeditted.vathum, hediénsylatior ugingforganigdibeds puduast s i s
decreased. 10[ 0010] It is possible to solve such a problem of the
qual i t polfesterascd edrep Mwicd Hrasisich gueleas eaeiipadater irfoavhieh frevwasuramedt gani ¢
fibers wth iron scraps and the |ike which are val uables, when a core is

used i MHAORIsSINCOINOTRied is BERICEAPWY bY ifdAsility: &t 3 IRGYSING 6eRler Y8R nd
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Unexam ation Publication No. 2006-307921 (pages 5 and 6,

Fi 9. 2)and flexiblE?E SRS sk Qé?’dWééte':fimd?B_@ﬂﬁ&ﬂ‘fi&@ﬁﬂ)ﬁ%fw@eB@t FRusApR! | cation
Publ i cati on No. 2006-017151 (page 3, Fig. 1) Pat ent

Li t er atquafity6of réapeise peoducierisdstreasent Application Publication No, 7-
30103955 (page 2, Figs. 3 and 4) Patent Literature 7: Japanese
1hexam[g@tD]Pat ent Applicati on Publication No. 2006-283817 (pages 4 and 5)
Patent Literature 8. Japanese Unexam ned Patent Application Publication No.
2005- 344870 It(ip pgesitle toi splveudiatpeoblem ofdhatquadityoof reapelad peoducis deinged
Pat ent Application Publication No. 2000-283643 (Abstract, Fig, 1) .
decreased due to entanglement of organic fibers with iron scraps and the like which
are valuables, when a core is used in which slit-like processed portions are formed so
as to extend inwardly from a surface portion such that the core is easy to break (e.g.,
15 see Patent Literature 9 and 10).
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Patent Literature 10: Japanese Unexami ned Utility Mddel Registration

Appl i cation Publication No. 62-156793 (Fig. 1) Sumrmary of I|nvention

10Techni cal Probl em [ 0012] However, a vacuum heat insulator using a
core in which slit-like processed portions are formed so as to extend

i nwar dl y frBatemt Litefadre porddpanesad)rentanrived Patendtidayilicatign Bublieafion No.
excessi vely decreased strength. Thus, the core is easy to fall 15apart, and
t he pr@806t3838ly (pagehé apdcjum heat insulator is deteriorated. [0013]

The present invention has been made to sol ve the apove-described. probl ens,
and it is aPﬁ'iernéﬂ—‘tﬁlﬂt\ér@t&ofJQH@%?WW'H@%H@%%RP'P ?%\%’é‘lbﬁﬁ%'d% NS.

shredahi | it vacuum heat insul ator-applied duct wh th duct i
recycl ggpr%“%éQﬁpﬁg‘ﬁf}’ Hgfzg anot her 200bjpgc!t eof p{ ﬁeugr eseﬁ? i n\G/}eIrCl)': ?oﬁct oI >
rovi de a vacpum heat insul ator wh e ] : i i
Ecr;:os andV? ﬁgelﬁtiLﬂgr%r:ec -ua\?‘f_}e"%"aﬁsﬁﬁ'feé‘%‘?ﬁ'ﬁﬁ@?@E@ﬁ‘%é@ﬁgﬂ%ﬁﬂgﬁ%ﬁﬁ“ﬂ Snt o]
be |wpr2%669283fr¢3§|()gq6§,r§rgctrcﬁgecfe1gs hard to fall apart during production of the

vacuumheat 1 y allowi ng the productivity of the vacuum heat

insulator tp, rtL@Fﬁﬁ@%o:an.ﬁap%n%ﬁéf%ﬂ%%iﬁéa'l‘ﬂiliﬁﬁ’Mobléi REgihati6R .

25Sol ution to em [ 0014] a vacuum heat insulator according to

the pregitafichPObiclionNE B2156T90Fag. ¢f | aminated sheet-like fi ber
assenblies is enclosed in a gas-barrier outer package, and an internal

pr essurgyrhmeneef Inventi@iluced. The sheet-1ike fiber 30assenblies are

subj ected to perforation processing. [0015] In addition, in a heat
fionsul atTespnicakPaxbdendi ng to the present invention, the above vacuum heat

i nsul ator is disposed between an outer box and an i nner box. Advantageous
Ef f ect §0012]l nventi on 5[ 0016] According to the present invention,
since the fiber assenblies constituting the core are subjected to the

per f or at i onHowsyess vacuune hest insylsie)n using agwraimwhichginlike REagessisul at or
that allows its handleabiljty durin nuf acture, and..i t% shredabi l,ity at a
hone amsriienfcare iorpedisppsiodend i gﬁ’rfb‘?rﬁ@eﬂl Romen qsr%’ﬁ]aé‘f;?ﬁg box

e B NS oS et QR ST SRS SHE Qe AR "
15 apart, and the productivity of the vacuum heat insulator is deteriorated.
[0013]

The present invention has been made to solve the above-described problems,
and it is a first object of the present invention to improve the shredability of a vacuum
heat insulator-applied product when the product is recycled. In addition, it is another

20 object of the present invention to provide a vacuum heat insulator whose core is hard
to entangle with iron scraps and the like which are valuables, thereby allowing
recyclability to be improved, and whose core is hard to fall apart during production of
the vacuum heat insulator, thereby allowing the productivity of the vacuum heat
insulator to be improved; and a heat insulating box using the same.

25 Solution to Problem
[0014]

In a vacuum heat insulator according to the present invention, a core
composed of laminated sheet-like fiber assemblies is enclosed in a gas-barrier outer

package, and an internal pressure thereof is reduced. The sheet-like fiber

30 assemblies are subjected to perforation processing.



[ 0017] [Fig. 1] Fig. 1 is a perspective view of a vacuum heat

i nsul at or according to Enbodi nent 1 of the present invention. 15[Fig. 2]
Fig. 2 is an exploded perspective viewof Fig. 1. [Fig. 3] Fig. 3is a
detail view of a core in Fig. 2. [Fig. 4 Fig. 4 is an enlarged plan
vi ew ofO@&&i ngl e sheet-1ike |ong-fiber nonwoven fabric constituting the
core in Fig. 3 and an A-A cross-sectional view thereof. 20[Fig. 5] Fig. 5
is a plan vinesdditioniing heatlirsdatingdeox peeardingderibe presaid invaticAgthe core for
expl ai ni ng Specification Exanple 1 of perforation processi ”ﬂ in Fig. 4.
[Fig. @popsyaceumdeat §isiHossipRRpaceveraanieiam Obéﬂa@éh' PREPPENgth of a
non- processed portipn at_a perforation of the sheet-like fiber assenbly
const i V?HE?Q?F?HS?J%@"%WJ"M N8R ensi on percentage. 25[Fig. 71 Fig. 7 is a
raph i‘%ﬁlé ng the relationship between the length of a slit- |ike processed
gorti o] ]t he perforation of the sheet-like fiber assenbly constituting

(e core. ongcanca] EOSLAT<PsiSR 80, SDSEOR o s o bk ©
expl ai F@Pg%’?tgdjé&t%attb% Eégﬁ}oﬂtf%né)rte eddi ,ﬁﬁé‘?r?]fséfﬂlé’fb SHRFES Yabguinn Fig. 4.

[ Fig. IS a grap W n e relationship between the interval

bet weemncRE rs@lAb! PRE alldws i€ h&harétab!cnit%eumg)ﬁfan@mm, ¥inBaRsshréddbily dthe core

and an extension percentage thereo [Fig. 10] Fig. 10 is a plan view

showi ngomne Bpsiiaricekrecidlingcerssrtsiey/ingeroséd butliangeat insulatifigborxpingi theng

Speci fication Exanple 3 of the perforation processing in Fig. 4. [ Fig.
101] Fi gacldmi lseatinsaxpioansittmut détextpratingheSpiasulbtioapedorBaaopl e 4 of the
perforation processing in Fig. 4. [Fig. 12] Fig. 12 is an explanatory

di agr aBriff Dgsedpfior af DeawiBganpl e 5 of the perforation processing in Fig. 4.
10[Fig. 13] Fig. 13 is an explanatory di agram of Specification Exanple 6 of
the pedP@tdti on processing in Fig. 4. [Fig. 14] Fig. 14 is a process

di agram showi ng a met hod for Ianinatin?a%anonmoven_faQric and a nethod for

manuf act uri Hg9alkidge] is a perspective view pf g vaggyimeneat insyllator accrdiiiehiq ¢

XD 213, 1 he3 00 B SR ipldhiihal | 19, box 1oaccord ng to Enbodirent 2 o

15 [Fig. 2] Fig. 2 is an exploded perspective view of Fig. 1.

[Fig. 3] Fig. 3 is a detail view of a core in Fig. 2.

[Fig. 4] Fig. 4 is an enlarged plan view of a single sheet-like long-fiber
nonwoven fabric constituting the core in Fig. 3 and an A-A cross-sectional view
thereof.

20 [Fig. 5] Fig. 5 is a plan view showing a sheet-like fiber assembly constituting a
core for explaining Specification Example 1 of perforation processing in Fig. 4.

[Fig. 6] Fig. 6 is a graph showing the relationship between the length of a non-
processed portion at a perforation of the sheet-like fiber assembly constituting the
core and an extension percentage.

25 [Fig. 7] Fig. 7 is a graph showing the relationship between the length of a slit-
like processed portion at the perforation of the sheet-like fiber assembly constituting
the core and an extension percentage thereof.

[Fig. 8] Fig. 8 is a plan view showing a sheet-like fiber assembly constituting a

core for explaining Specification Example 2 of the perforation processing in Fig. 4.



[ Enbodinent 1] In Figs. 1 and 2 for explaining a vacuum heat insul ator
according to 20Enbodi nent 1 of the present invention, a vacuum heat
insulator 1 is conposed of a bag-like gas-barrier container 2 (hereinafter,
referred to as "outer package") having an air barrier properties, and a
core 3 and [rig.8]dag.ikista gragincs reweidg ithe tdiatianshépy beldendbeldnteTval befiwoebent 4
is a noisture adsorbent or a gas adsorbent and adsorbs noisture, within the
out er pedRkeajiong in the sheatdike fiben aesemblycnnstisingihacare pnd angxtension

25per formance. [0019 Anong the four sides of the outer package 2,
three PEHENtIANEET@Pan an opening 2a are closed by heat sealing. As

i ndi cated by a

o Al e bl

Ps Fnclao?égtf?rne 'n!5‘19t%e%&a?igagg?mﬂlﬁ@n?ﬁﬁﬁ@%@éﬁ?%é%ggf‘%mgI@E@ 4y heat

Zegelrgpecti Vi ewshow ng i et al e core’ 3. e cofe S corrposedI zf
9, whing by lEhe YRRUIM NN APHEALS of b cREaNHE Blark 0% 1L

alam Bg%t@ﬁqyroéegﬁﬁ%gﬂsilg%st ructure in which a | ong-fiber nonwoven

fabric Is as i ke fiber assenbly is continuously wound, as
i ndi cated bysi@MAHQW Dis 41 8XPIaRatoRFHBRrAR RS RN Fuahid tofakeut

several hundreds "t hereof are |am nated, and the substantially cylindrical

| am nategfohstin froedésihgafFighys is pulled in the w nding direction, folded,
and pressed in an up-down direction. 10[0021] Thus, the | am nated

1gody 5 is f[HigretB]ifig.al3ismn expbaseng HagearnwfSpeeificatioaxapyde 6pdfahe porti on
5a and a |l ower plate portion 5b fornmed in a plate shape when the | am nated
body 5 pesfofatictepipcassingpénFigpdr ti ons obt ai ned by bendi ng the portions
connecting the 1t;(t)per | ate portion 5a and the |lower plate portion 5b, that
i s, bendi nglFigpttltFigntd Boa artesd didgram shewisg@ Pethadles laminetiedidan nat ed
body 5 in the wi nding direction. When the |am nated body 5 is used as
t he  comengovgndabyig angpanethodifer neayiaRtwEg 2iCRE at or 1 havi ng
substantial [y upifaor hi ckness |.s produced..lt shquld be noted that in
Fig. 3, theh%llg-r%ﬂgi [Sc& £ ergahti: PgBIFPBWrY H'%ﬁ“@r&t% e%tdpl%&ﬁri'gbpﬁserted
1%0I nto atcggr |rlljgt & E%%%lé?rﬁgntzz o# %szr]esent invention.
Description of Embodiments
[0018]
[Embodiment 1]
In Figs. 1 and 2 for explaining a vacuum heat insulator according to
20 Embodiment 1 of the present invention, a vacuum heat insulator 1 is composed of a
bag-like gas-barrier container 2 (hereinafter, referred to as "outer package") having an
air barrier properties, and a core 3 and an adsorbent 4 enclosed in the outer package
2. The adsorbent 4 is a moisture adsorbent or a gas adsorbent and adsorbs
moisture, within the outer package 2, which is a cause of decrease in heat insulation
25 performance.
[0019]
Among the four sides of the outer package 2, three sides other than an opening
2a are closed by heat sealing. As indicated by an arrow a, the core 3 is inserted into

the outer package 2 through the opening 2a, and the internal pressure of the outer

30 package 2 is reduced to a predetermined degree of vacuum in a state where the core



Fig. 4 is an enlarged plan view of the single sheet-like |Iong-fiber
nonwoven fabric 6 constituting the lamnated body 5 in Fig. 3 and an A-A
cross-sectional view thereof. 25The | ong-fi ber nonwoven fabric 6 is
conposed of a |arge nunber of fibers 7. However, since the |arge nunber of
fi ber s 37s @neloset i thenegteegatkag=mzh dhémrthe openirar 2 isnclodrd bphedt ber s?

col | apse when being lifted, and thus it is inpossible to nake a sheet

t her ef sealing, ¥0&SEby the vaclsmm heapinsulater 1 isiproduerd.| ar ge nunmber of fibers 7
are formed into a sheet shape (this is referred to as a web), and then the
fi bers[G02e fused together by thermal enbossing, thereby naking the

57 %Licgf rgsE%r-'f’fﬁ%g%rggéé%&&%ﬁgwﬁéqbﬁﬁ%ﬁ@F*ﬂeoiwf@a%'f RS Ebee SR, oocd S;gn

o0 DeemPosed i Aaufiated Hols A Rk SeBichEeh Wi Aferd fhdPhotvaipS el
f th l. , i ) i it

poss! b ich BREReaEbe; 2Refih s SRR fRRRE: s ldioed B,

per f or ré(xt'ﬁ‘u&}sf’b Oif;orlh% SRR ah o&tg%ﬂtickocﬁgyiboﬁt%v@?é?Iﬁ*n'uﬁ_ahéds' t’i%(rjéﬁfrdrég ]

manuf act ure of the vacuum heat 1 nsul ator Is greatly 1 nproved, but the

shredabyhidaYedtard ﬂngf‘smhid?ﬁaﬂ ByIfdrical Batifateartidyd; abtailRertiuaad Pan@&m

Therefore, by providing a pertorated portion in which a perforation 9 is

f or med the hWimdag bracidn, trbidebioasd birdseedneawayedolakiectién duri ng shredding is
suppressed, and both desired handl eabil ity and desired shredability are

1@chi evg0021]t 15shoul d be noted that in the present invention, in order to
suppress el ongation of the |ong-fiber nonwoven fabric 6 during shreddi ng at
a recycl i ngTbast the lamihateg body 5Stik domnsadiinembingle platshaprecempedatiof aoy, t he
processed portion of the perforation 9 in which slit-Iike processed

por t i ongppehplade patticsr Ha ang aewee piate partian defamedds a piate-skargiwpsptthen) ga
and non-processed portions 9b are alternately repeat or a grid-like

d,
20pr océaviwRiebpefivR iséridadand bantrariorsebisbiad %Pgagmﬁéh%_pp NSong- f i ber
Pr ovi AGSMRCHENEHERST RSP FRGtiio sR P ABeiewes Pl BELBR e d 9 hetinge. s
to 13 and.th I tion th f), | f ol ' I LI th
|1 ecHAETS PERBY RBR PN ALS Enda i et P RsACs BT EhE Mg o cons ne.
I n ot hep ﬁ;, the slit-1ike processed portions include 25processed
porti orére}eﬁ{’ d by conplete cutting or half-cut portions fornmed by half

Cutt 115, L9l G Aodtlod S8 8 ag o core .o spESIACLGFsre vsed
pol yestilat fiR@ater 1 PRNHY SUBSARRIT IUPFEEN tRickieds/ ik qredbey. el Insihé @b be

noted that in Fig. 3, the arrow a indicates a direction in which the core 3 is inserted
20 into the outer package 2.

[0022]

Fig. 4 is an enlarged plan view of the single sheet-like long-fiber nonwoven
fabric 6 constituting the laminated body 5 in Fig. 3 and an A-A cross-sectional view
thereof.

25 The long-fiber nonwoven fabric 6 is composed of a large number of fibers 7.
However, since the large number of fibers 7 are not connected to each other, the
large number of fibers 7 collapse when being lifted, and thus it is impossible to make

a sheet therefrom.

[0023]



referred to as PS) fibers, polylactide fibers, aramd fibers, liquid
crystal polyner (hereinafter, referred to as LOP) fibers, polyphenyl ene
sulfide (hereinafter, referred to as PPS) fibers, or the |like may be used.
[ 0026] 5When fibers having heat resistance such as LOP fibers or PPS fibers
are used, in osleptspidveat this,ithplarge nunebdredtfibees? srafwmestintcha sbeet 3. Wen
fibers haV| ng |arge dianeters are used, it is possible to inprove the

conpr esbape (hisispefartaskiotases weib): and thendhs fibers 7 e daad tagetherity i s desired
to obtain both properties, when fibers having heat resi stanceee?nd fibers

havi ng leeTae geransains, drerabl A e g ! “P?‘SWM”%W st deor 1
s oDt aned whi %?fmqe ol af i Bebrel e BT s

oot ASAST A By Y B %quns%;ﬁ@anwﬁﬁ@@ydzf [he
W%%?os«sosg'eﬁgmsg%m 3%8@@&@:;@%@% 0P Bl Bisrhg O prdsirigicne, 2

are ad‘f@?ﬁfﬁﬁﬁyzcuu ﬁégﬁﬁﬁhéﬁ § t@fh@eﬁtﬁ%ﬁs@%}e{‘ |§?ﬁ‘é o§é6le%%rfoq’é the

core 3 I nsul at or cture of long-fiber
nonwov e iéﬁbéétgﬁtho tdeté}‘@ffétlngitﬂérﬁé‘eﬁﬁﬁsdwlldn B&f&ﬂ%ﬁdeb@f%émb’é’fﬁ gh a PS
resin is heate nmel t-spun” to obtain PS fibers and further a sheet-like
| ong- f iih@z4)nonwoven fabric is made therefrom First, PSresin pellets are
fed to an extruder The PS resin is heated, 25kneaded and nelted to 270 to
1310 degr eeSTﬁua,tth"emarﬂi@a‘mlﬂyﬁurlagdnar&lfaaﬂssedfttieruaoglhrraheml inewlatdril iser f or
removing foreign matters. Then, the PS resin is continuously extruded by a
gear pgrgathyhinqrobed, dzhé shresabilily at & aecyelingcboterds datsriosatedids a di anet er

of 0.2 to 0.6 mm [0029] The extruded PS resin is drawmn at a
spi nni wgseabed abyvm ‘Em@efofenby pravidisg @operfaratedigortionin whickya pefforgtiane
bei ng cool ed by cold and is collected on a nesh conveyor as continuous

fi bers higfprae @@@9@@? ¢fi therdong-fhet RENWOVREHAHE NG STIEIAREFe havi ng

4 hol h
about s%%?)res%egsandtb thad(ejél‘rae taerrldleablpty an%eswed shredability are achieved. It

15 should be noted that in the present invention, in order to suppress elongation of the
long-fiber nonwoven fabric 6 during shredding at a recycling center and improve the
handleability and the shredability, the processed portion of the perforation 9 in which
slit-like processed portions (hereinafter, may be referred to merely as "processed
portion") 9a and non-processed portions 9b are alternately repeated, or a grid-like

20 processed portion defined by a half-cut portion 9d where the long-fiber nonwoven
fabric 6 is not completely cut in its thickness direction, is provided in the long-fiber
nonwoven fabric 6, as described later (Figs. 5 to 13 and the explanation thereof). In
the following description, they are collectively referred to as a perforated portion or
perforation processing. In other words, the slit-like processed portions include

25 processed portions formed by complete cutting or half-cut portions formed by half
cutting.

[0025]
<Material of fibers>
Resin fibers are used as the fibers constituting the core 3 of the vacuum heat

30 insulator 1, and polyester fibers, polypropylene fibers, polystyrene (hereinafter,



5is used, and spinning is conducted at a spinning velocity of 3800 ni/mn
to obtain fibers with a dianmeter of about 13 p.m It should be noted that
for an average fiber dianeter, dianeters are neasured with a m croscope at
several l|ocations to several hundreds of |ocations (e.g., 10 |ocations),
and t heefaweddgastP@Y fitmdrs | solylaetide fib@30hraitiHibelrs Higugd Frystadpolyneerheat ed and
mel t-spun fromthe PS resin pellets and collected on the nesh conveyor as
descri krereitafies, refesrarbid axLe®) fibees, polyphengene satfides(hareinafierorefermedite. 1t
shoul d be noted that the fibers 7 are loose in the state of being the fiber
web an@sdtRShithers: & thadpenagbensedore 3 in an operation of inserting the
core 3 into the outer package 2. 15[0031] Thus, in order to prevent

t he fil[)@q?se]fromfalling apart, the fibers are pressed by a roller heated at

10,10, 120 9GRS e a0 B o R BB B BT BB thih

S SR S A L i AP Rt
peen COR S gDk s LRSI © MiscleRet apb s st e, |
201 o0 Uy LR U PRSI0l AR BBl STbaFRespOin 1

1 nm angaprenidtdRce ahd IBetdhaViNgla 1afgeadiarietdr dre Rixgmaranesdd)eh@vapaurhi on of
the thermally enbossed portions 8 occupying the sheet is set at about 6%
1\ohen t heaphpeitor Ois obtaireel whieh sl exceliboissedpeesionatseB pospartigs, tagh he
sheet is set at about 6% as descri bed above, the heat insulation

per f or meat eesistance, atet keigh dveat edudsingprpperdigst o an exi sting fl occul ent
30core of resin fibers using the sane material, thermal fusion of fibers is
reli abl[§02¢onducted, and it is possible to obtain the |ong-fiber nonwoven
fabric 6 that has such strength that the fabric is not torn even when

stress is appanedilenBSditers haye alpwesplidthewpaleqndygtivty, gRdfesCess (a

DO ol Sy B85S e TRk i S e SRR ekl
) “The FEIGE s BroSbBOAGHREE Fn iR ot I absino dube Regbl §AE8. B ect ca
o obt AATEAD ks GERTPRE th ARicHES TBRS (BN Fab B shhldBoh 2@ dtel O FTTber
noMWov el LARIdetis in shrdtbliity 308 Gk Bt XAIPLES R thdloRePS LPIR! | on

provid ong- onwov bric 6 (hereinafter, referred to
ner el y \aguniRMeM8AsdIafdri1ic) Wi Il be described with reference to Figs. 5 to
13. Speci 1y,i cat1 on Exanple

[0028]
20 <Manufacture of long-fiber nonwoven fabric>

Next, a process will be described in which a PS resin is heated and melt-spun
to obtain PS fibers and further a sheet-like long-fiber nonwoven fabric is made
therefrom.

First, PS resin pellets are fed to an extruder. The PS resin is heated,

25 kneaded, and melted to 270 to 310 degrees C at the extruder, and is passed through
a polymer filter for removing foreign matters. Then, the PS resin is continuously
extruded by a gear pump through a nozzle having a large number of holes with a
diameter of 0.2 to 0.6 mm.

[0029]



15Fig. 5is a plan view show ng a sheet-like fiber assenbly constituting a
core for explaining Specification Exanple 1 of the perforation processing
in Fig. 4. Acore 3 according to Specification Exanple 1 is conposed of a

| am nated body 5 in which a plurality of sheet-like fiber assenblies 3a are
| ami nat ed a$hs katodéd PS gsin i& drawa.at lansgoining ivehocity of 2680 coiin 3¢ 6808i ngl e
perforation 9 is fornmed in each sheet-like fiber 20assenbly 3a, and

non- pr oveEs byl cooresses gib winild bsfing coolrd byrasid siseandisr¢alleatedoen panesh at i ng
the sheet are alternately and continuously arranged in the perforation 9.

| n ot hePNVRYIHS thlﬂémlel@\dﬂigb%ﬁsil@ﬁﬁ”@ ﬁ@%lﬁ?ﬁ%&eé@'a&et% extend al ong a center
line extendin

a;;en‘ol y 3aln E@Eﬁ%&%ﬁﬁ%ﬁgg{qag'a@ﬁﬁ If"ﬁSQ E‘Elqgg’ﬁig? gh e':hé {ré?rofejbg?erén. In

iti . -, 25.pr j

Ber  or B 280 Grecsranng is E0ralied at o SorBsS Fripo A veeS i B obtaiucn
lit-11i. d [ h ' j - b

cqual 556 AgheeRel e 2T Mhene 1§ sPEUL UPhOER et Braf BRI RS o

the chafagLer tfiéhﬂ%f%rgfaré?ﬁéhsi#@ﬁw&w'&ﬁiérbg@épé@‘éts rd Ilﬁg%mkqbrl%‘@efélom the

foll omng experinent conducted by the Inventor an coI orators. 30[0034]
The expeihRRR of18Sa . i8Ry vbRigeithersaMid hs@d.cutter in a
sheet-ﬁ?l@gfgoﬂr}'g%m ct I ggﬁaégoe%ayeﬁgy\’/?ﬁgqggaei gk?t? per unit area of 18 g/ n2
and mac[i@og(j] pol yester, as the core 3. It should be noted that the
experinment 'was conducted on the polyester fibers, but polystyrene fibers,
1ol ypr opy| emhefiibess B thatadrglheatédland nt-spurafram efP D eesin pelBts(dndqui d
crystal polyner) fibers, polyethylene fibers, or cellulose fibers may be
used i nsllectddaih theamesh gestayor Bisitassibédabsye are collented ps adikenweb that
entangl enent with iron scraps and the like, and it is thought that this is
caused igladump of fibetsh dkskaidd be peed dmtdbe fibermug araitaasetin dhe ptate gf Betn@ an
10ext ensi on percent age. [0036] First, a sanple was roduce?ﬁiﬂn whi ch
the | erge ibef weh@ndarethard ke hapdlecasseg Gaoe 3 IprAnePeiation ok Bselindtngm and t he
| ength of each non-processed portion 9b was changed. The sanple size is 25
mm wi dEOERd 'ﬂ@dhﬁrﬁﬁ%f .C?‘ESFr??ends of the 15sanple in its |ongitudinal
1ngectigﬁ?’wals pi nched with chucks using a tension tester, the sanple was
Iledl ts longitudinal direction, and an extension percentage was

rea 5 w8 Ry ERRnBTHETY ol ceMG o, the FBBREa@Hesdy BuCks
el ongatd lefheéié‘acﬁﬂ{gzﬂgﬁ éd;%@%\éert fm{p@h b shtagctédrro PErRBrakBessinYy _tg_e

di st ance between resudlt of the neasurenent 1s shown i n Fi

6. [ OO:Wi%h a roller hdaltéd aP40 %o 220'RBReSNCWMBthERAallEhuzeliaBgsiher kebupeadd he

| engt h of each non-processed porfion in the perforation of the sheet-Ilike

fiber aggeaing-MEtsidrintviendabhe6cR/iA FAGM.t hie Eiy! necessareacethieabermale
| ength of each non-processed portion is 25taken on the horizontal axis, and

Adhe extenbossedossrtions 8oeghdre thakiesrnen ehtissing hasbeaxicendésted sarnd e from
Fig. 6, the extension percentage is decreased as the | ength of each
non- pr dibess Zdarp dreaterhaddh prasseddo desfeded Ragatheuwith layminimem swdacediess of t he
extensi on percentage in the case where the | ength of each non-processed
por t i ortherelbyspreventirg) the fiess ddrprafelting @pere val ues of the extension
per cent a8e in the case

[0032]

In Embodiment 1, each thermally embossed portion 8 is formed in a
25 substantially circular shape with a diameter of about 0.5 to 1 mm and provided at an
interval of about 1 to 3 mm, and the proportion of the thermally embossed portions 8
occupying the sheet is set at about 6%. When the proportion of the thermally
embossed portions 8 occupying the sheet is set at about 6% as described above, the
heat insulation performance is not deteriorated as compared to an existing flocculent

30 core of resin fibers using the same material, thermal fusion of fibers is reliably

10



30where the | ength of each non-processed portion 9b is 3 to 5 mm it is
recogni ze that the values of the extension percentage in the case where
the I ength of each non-processed portion 9b is equal to or less than 5 mMm
are greatly decreased. It should be noted that when the | ength of each

non- pr sordsetdd pand it smpSsible tb ebdain hiaa Idhgriihertrioavamepl fabiic 64b3l has swuehe in
formng the perforation 9, and the handleability is Sdeteriorated. Thus,

t he | estrehgibfthetithie fabric [ oetidoprdvepwheostress isappidiheretodn aradpseauest 1 to
5 nmm [0038] Next, the length of each non-processed portion 9b s fixed at
2 nm CREe P@sychHon Precesk (aiprecess |®'P61?é'§§éjf'?ﬁerSS§mt§\é)-mAfssrtqH‘é(\F1A§@d, and an

ext ensi on l1l0percentage was neasured. The result of t neasurement i s shown
in Fi ghoted {hgbHgg possible tpiﬁj{ﬁ?sf thet Clﬁ}eéﬁrpf?n@ﬂﬁwecrh%%ﬂgﬁ&?ti'6H§’m‘ﬁ"¥)et ween

he Iength of each slit-like processed porijQn.i.n the rforatton of the
noet - PRESPISE S8 Weiditpat opbraroadirgve Bt o8 ety W Eht Eusl g

per cent age,,. t | th of it-Lik i i en on
Phe noVEEsiy &7 85 0aidng RISt BB BATRSE S BRE R e Wb ™iEr P ea
axi s. ' i i i ji d as the
length 0 Bo}&@ifs fi%éﬁ[ﬁ(e %oroovgeégs@%fﬁ%ﬁ%&gﬁ?@ﬁﬁ%&?éﬁ?@gqggfﬁﬁﬁﬁl arly,
when t hgyval ues of the extension percentage in the case where the |ength of
each slit-like processed portion 9ais 1 to 2 mmare conpared to the val ues
of the[gyggnsion percentage in the case 20where the [ength of each

slit-like processed portion 9a is equal to or greater than 3 mm it is
Mecogni zed kPatfotdtnvyarbuigedai Idriefilext rorsvevenpfabrent age in the case where
the length of each slit-like processed portion 9a is equal to or greater
than 3 nmm aNexyrspatifigatiet eramptbs dfths petfoeatiomngronidef! iedlod lasigHiberi ke
processed portion 9a is appropriate when it is equal to or greater than 3
nm 25[repe@ven fabric SidRereirafisheeferrekto megeliias Faryeavesasfabrig) Willfe subj ect ed
to formng the perforation 9 in _which the | ength of each non-processed
por t i orflespribed withifafesaace treFigengit® 18f each slit-1ike processed portion 9a
was 3 mmwas, i nserted _as the core 3 into the outer package 2 and dried at
100 degr ees Seechigai BXBEWE has i nserted thereinto, 30and vacuum packagi ng

Hheulator 17 s & Hanniad SPRBLe FBRCERA Hiase Lol SR A Bl 9rner e
OOt S B Sl W BelRRa A Rt Mg 1015 20
'TLTEQ?VﬁctcBgdi@@@cg?gpléki{c%ﬂoﬂ‘ﬁkéﬁ]pié"? idEGhpbsSH bAL I ARiIHEEd BHARBGR WHick§P! -
plurality of sheet-like fiber assemblies 3a are laminated as shown in Figs. 1to 4. In
addition, in the core 3, a single perforation 9 is formed in each sheet-like fiber
20 assembly 3a, and non-processed portions 9b and slit-like processed portions 9a
penetrating the sheet are alternately and continuously arranged in the perforation 9.
In other words, the perforation 9 is formed so as to extend along a center line
extending in the longitudinal direction of each sheet-like fiber assembly 3a, from one
end to another end in the longitudinal direction. In addition, the length of each non-
25 processed portion 9b of the perforation 9 is set in a range of 1 to 5 mm, and the
length of each slit-like processed portion 9a of the perforation 9 is set so as to be
equal to or larger than 3 mm. These values are determined on the basis of the
characteristics of each sheet-like fiber assembly 3a obtained from the following

experiment conducted by the inventor and collaborators.

30 [0034]
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5make the core 3 hard to fall apart during production, and it is possible
to make the core 3 easy to shred during recycling. As a result, the core 3
is hard to entangle with iron scraps and the |like during recycling, and it
is possible to increase the purities of iron scraps and the |ike. Then, as
a result of Théexpadmeaswas wohtectpditiytfoesingfa pedoragionayth acdttehie ai ke, it is
possible to increase the recycling rate. 10] 0041_! Speci ficatjon Exanple 2
Fi g. 8sheetliksl enganicdibesiassempahatesa-weigbt pemenit awacsl8/o/evrand madeng a
core for explaining Specification Example 2 of the perforation processing
in Figof np'mﬁ@ﬂt@ﬁeg}@cﬁqrﬁ&as leehowld pernsted thal the pxpaigentwap sendyeigdidh
Exanpl e 1 descri bed above are 15desi gnated by the. sanme reference signs. It
shoul dtmeralyester fikgss, QUHBQW?W{)@?G‘Oﬁb‘ﬂ%I POIMBroéM%W LTS nglgp@ﬁ%ﬁb?rﬂ) Figs. 1

Bor 1 or BFDIACTRS 8 OB ALY A PR by balYE BABNE SRest F ekl TpbhY,
per or APBTY 2 R B g Bl TR Ecs "t ham 6 mm The o her
A T houdiSH1 T he"cor e 3 accor ding to Spedi fication Bxamle 2, 1he plurality
assenbly 3 R O e R B A L g e oar S0 1o

be equakhisti®chlisdLse tdamigh Saehkioheryentdgel sTRUS Qatieitionns pad torart he basis
of the characteristics of each sheet-like fiber assenbly 3a obtained from

18N expeixteridn perdutiged by the inventor and col |l aborators. [0043]
Specifically, a sanple (however, here, a nonwoven fabric in which a
pl ur al i[0@3@if 3O0perforations are aligned in one direction) and a tension
tester that are the sane as those used in Enbodi nent 1 described above
were used, Fiet, iarsamplelwazpissiuaed in whidh iherleogthtaf@ach slitbke peargsaedand an
extensi on percentage was neasured. The result of the measuremané i S shown
in Fi g.pogtion Baavgs rdgat omn agd dhe rndin sheaeh NAB-RTereISEdRNIIBN SaW@n t he
interval between each perforation in the sheet-like fiber asse and the
ext ensiGANPEd cehbagamAie 8izers oyam ¥ 1@@8??’[5%’?9'0@?&‘&?%5&*&%% on the
rizontal axi and the extension percentage being t rtLcal
1 o~ ReniS i B SHetyriTey T was BRIERE G pai g Blefigh e ¥Eahe d™as
the interval 9c . - . At I ' 0 great
change 0156475 MTATR ReIPRRRS REHER, dhel i X5 RE! FETE ackvete
interv t : f i hSine I - StwidaR us,
s heagrad ATAR IERG PRENSEED Anirhiny 813 the Bisplncrpeies RS wat!

ShorCPISRLY RBHEInd DxBhlcyh bhaRgh Oy Syt odngefonoraar 1o
per f or rgyngslei(RofRbErafabed) at the time of breakage by the distance between chucks.
20 The result of the measurement is shown in Fig. 6.

[0037]

Fig. 6 is a graph showing the relationship between the length of each non-
processed portion in the perforation of the sheet-like fiber assembly constituting the
core and the extension percentage. The length of each non-processed portion is

25 taken on the horizontal axis, and the extension percentage is taken on the vertical
axis. As is clear from Fig. 6, the extension percentage is decreased as the length of
each non-processed portion 9b is decreased. Particularly, when the values of the
extension percentage in the case where the length of each non-processed portion 9b

is 6 to 8 mm are compared to the values of the extension percentage in the case

30 where the length of each non-processed portion 9b is 3 to 5 mm, it is recognize that

12



15[ 0045] Specification Exanple 3 Fig. 10 is a plan view show ng sheet
li ke fiber assenblies constituting a core for explaining Specification
Exanple 3 of the perforation processing in Fig. 4, and the portions
corresponding to portions in Specification Exanple 1 described above are
20desi gravaldedyf tHeeetansion gleecaentage & thescasketwiséreithd I&regth of edch inan- a
description will be given with reference to Figs. 1 to 4. In a core 3
accor dpneressedpedtidn s equabtaoplass3haa Spnor aie greatly dpeicsedt | Bri09/l and a
plurality of perforations 96 are fornmed in each sheet-|ike fiber assenbly

3a so &¢ naedéramhgetde langthoof gacknandprocessedeeitionS g ipEntiiedul BiMi o each
th Th th f t th 25d bed
Sbove fp%g@]%le grea%ﬁgtéfgﬁrrr?wbﬂﬁgbﬁeapﬁ&; P”@e@ﬂggg??‘éﬁg%@ﬂj'%ﬁ the

| li t d t t t

Ber pendelaiiostito Jhoh Berenginf eaepreoreiorepsattrpitBo S B ARl g Ve Lo

core 3tac ﬁ d\.)lql?%to Specification Exanple 3, it is 30possible to further
decr eadd®t'H8 nsi on percentage of each sheet-like fiber assenbly 3a,
and it 0(%\,%033' ble to nake each sheet-like fiber assenbly 3a easy to shred.
In othé rds, it is possible to further inprove the shredability while

the heat in i F]dp{pdlr? QRREG anple 4
Fig. 11 is gl'rélkgyfj a[én o&fl)é g?grﬂ%@ 1 fi caPlbon Exgr(rjp?t? Hﬁ@ftﬁ%éhe

per f or Q’éritqiﬁ oPeael Sht-ie ;brlacEsQed BortibA 9 WA ehangsd and Mektendipeci fi cation
Example 4, a perforation 9 is forned in each sheet-like fiber assenbly 3a

1@ a Qipefcdritige Pesimeadired. | Thuhesdit of theansgsurporent énshden froFiged. by
conplete cutting (cutting the nonwoven fabric 6 so 10as to penetrate the
nonwovgd03gibric 6 fromthe upper surface to the |ower surface in its

t hi ckness direction) and non-processed portions 9b are alternately and
cont i nuousl Eigaﬁriaragwapb@f@wimg)thmmtiﬂr‘égbl mtmeﬁadheée@ths)f eﬁ@hﬁbﬁ:%ﬁ&/el Y,
and, for exanple so as to formdotted |ines, as sh in Fi [ 0048]
15Speciprpeeasedrpasieliisl temerforatign gf thfzshe@tﬁhe &hpr a?vﬁﬁrably qspinagwﬁg e

3 accorhand NSHRENT PG RETSN B The SrEith &1 GBFF SHaeoHTosSrboRen - each
Bhoct ks o UL RS S R e O b e R BB 2 2
S r—;@-oczégze%% S s s
each slit-like processed portion 9a is increased. Particularly, when the values of the
extension percentage in the case where the length of each slit-like processed portion
9a is 1 to 2 mm are compared to the values of the extension percentage in the case
20 where the length of each slit-like processed portion 9a is equal to or greater than 3
mm, it is recognized that the values of the extension percentage in the case where
the length of each slit-like processed portion 9a is equal to or greater than 3 mm are
greatly decreased. Thus, the length of each slit-like processed portion 9a is
appropriate when it is equal to or greater than 3 mm.
25 [0040]
Next, a sheet-like organic fiber assembly 3a subjected to forming the
perforation 9 in which the length of each non-processed portion 9b was 5 mm and the
length of each slit-like processed portion 9a was 3 mm was inserted as the core 3 into
the outer package 2 and dried at 100 degrees C, an adsorbent was inserted thereinto,

30 and vacuum packaging was conducted at several pascals, thereby producing a
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[ 0049] Specification Exanple 6 Fig. 13 is an explanatory di agram of
Specification Exanple 6 of the perforation 25processing in Fig. 4. In a
core 3 according to Specification Exanple 6, processed portions 9a forned
by conplete cutting are provided in each sheet-like fiber assenbly 3a in a
zi gzag vaemnarhesd iressildtor be Widn thecheat liruilatont merfordianeetwas measuraghitiod t he
nonwoven fabric 6 is nmanufactured, and a non-processed portion 9b between

t he adjtteyeral cpndeetivity avasod 0088 $V\deK) $hatos iegisame ashibahwithow @y 13. 30[ 0050]
<Met hod for formng perforation in nonwoven fabric> =~ |In perforating the
nonwov @&rfPERione &) othes waselsi ihisdrecagniza that itisInossiole iiIMRIRYBYRS fabric 6 is
wound of f, perforation processing is conducted in state of ing a single
nonwov ATe4aRity Wwhijg dhe h@ah@ﬁkﬂ@\veﬁ PESRFENER ISERRd EBU§’H{ & %Pﬁsﬁﬁ?t agai n.

e B A o RSB PO R L
Tl Pl 386 0 TS by REGLRGF! 1803 90,000 EOY 4 Lok EhBrATBOSRY,
el 26 srahd RO (P8, RAEIRL IAIER oo ROFRHELE b qaResage (he

the cutifhngramd o4 ik Tori, 12 Risuft diitife MRtdastifl the Puritibeof R6A- ), the

perforation processing process nay be incorporated into the above-descri bed

nonwov egrdRPidEtHERKe ags Fbéﬁ@leﬂb%@r&ésémém‘dycmg?ﬁe&é.- [0051] Furthernore,
after a nonwoven fabric |am nation process described |ater, 15perforations

10y be [6@417ed by pressing the core 3 in which the nonwoven fabric 6 is

| am nated. In such a case, since the perforation processing is conducted
after the n8peofNieatidrabxampe 2s | am nated into the formof the core 3, there
IS no necessity to consider the handling strength of each single nonwoven
fabric 6 i nFig.[8dser plpnoiays showingsa Sheetlg(qﬁdiwiaﬁs@mbdy eomdifietingre cpeg fari on
processi ng that provides better shredability. 20[0052] _ <Method for

| ami natsxpipinpaResiiortien iExagde Reafiba PesPraHomRTREessng i) Eisr é>aN§>t*B? a

met hod for | am nating the nonwoven_fahric 6 and a npthod.foy manufacturing
t he comOTHORG W"?ﬁ?od‘%ér@r’iodéﬂt'o'ﬁf? i} SR%C'f'%atm %@paﬁnﬁﬂeég{meé{]%p%ﬁa@ agr am

82, AL o thd 30 Ao Ro R0, ZRARRERE DI 0 2RI MiPhs,
manuf ack ord N RERESTS o %Figh NP 1 2CUHTL R 3'deRll M@ o Specification Example
2, a plurality of perforations 9 are aligned in one direction in each sheet-like fiber
assembly 3a as shown in Fig. 8, and the interval 9c between each perforation 9 is set
so as to be equal to or less than 6 mm. The other configuration is the same as
20 Embodiment 1 described above.
[0042]
Although in the core 3 according to Specification Example 2, the plurality of
perforations 9 are aligned in the one direction in the sheet-like fiber assembly 3a and
the interval 9c between each perforation 9 is set so as to be equal to or less than 6
25 mm, the value is also determined on the basis of the characteristics of each sheet-like
fiber assembly 3a obtained from an experiment conducted by the inventor and
collaborators.
[0043]
Specifically, a sample (however, here, a nonwoven fabric in which a plurality of

30 perforations are aligned in one direction) and a tension tester that are the same as
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[ 0053] Fig. 14(a) shows a step of starting w nding the nonwoven
fabric 6 (hereinafter, referred to as fiber assenbly). In a process of
manuf acturing the | am nated body 5, 30the raw fabric roll 101 with a
predeterm ned width forned by w nding, several tines, the continuous

sheet - thdese fiddacin Expbediphentd dedyribetietholve wdrerusel, thebiotsvalfic beteeime spool
111 with a predeterm ned width for winding up the fiber assenbly 6 wound in
t he r awathlperforatmin 9 1Gs, changedr avd dadxtehsioropancentpgenwas avegsaned.c Tlel 101
and the spool 111, the fiber assenbly 6 wound in the raw fabric roll 101 is
st ar t edeswt oidhasoersUWpMBohis showpisotig191. [0054] At that time, an end
portion of the fiber assenbly 6 drawn fromthe raw fabric roll 101 is

cl arrpeJiOW]a cl anpi ng mechani sm of the spool 111, and the fiber assenbly 6
i_.s wound up

e o e AT B

It . , i f. i |1

10 15a§ﬁeﬁﬁéﬁ?&ﬁhﬁﬁiﬁ?ﬁ%éﬁ-@‘qeﬂbégﬁvﬁsgﬁlbﬁvﬁﬁ@ t@%%ﬁ@ﬁﬁﬁ‘@?r?e%%ﬁ*%@%?ﬁf%ﬁﬁ%%' e
0 i di

o ndt ng 2P g pERB B aker ot fofrontdidhis, AR TR, N0% %01

the Spfb%'rcéri't&%%[)@mgttaﬁeﬁ %Wtﬁ%l?/éhﬁ:a'i Ql(i%. 1@%%@!&??0% Fg.,@gth?é 8xtenslopP 1S

wound i'n an anount correspon |ng to the nunber of rot I ons equl valent to a

pr edet ?e%é]ﬁggé beflgsFeadditas Haint@aPdc bovdervedaPpétoragbh 01i§1 and t he
spool 111 is Stopped and the winding up of the fiber assenbly 6 is ended.

10he pr eReteis8dnBdt RO GRsdt changetiabeann thehddcrésse inhtberaxtdresion petaamitagd i on
| ayers wound on 20t he spool 111, is arbitrarily determ ned on the basis of

t he t hivtherethe infervalOd hdteeeasmehipgerfdatidreis qrask kgonlgsaribian 6mantuc ddys; essur e
and the thickness of the vacuum heat insulator 1 to be manufactured. [0056]
Fig. 14fisyestgnvizedthat the bitervat 9¢ hgtwean ¢adieperdicrabnnliy appropriataly ernvaktober
25assenbly 6 is wound on the spool 111 in_the anpunt corresponding to the
pr edet @ri¢sscthanhmen. o otbeawpetss itipdegaanizast thet 8ns ppssihle todmprays the rol |
101 and the spool 111 is stopped in the wi nding.end step, the fiber
assenbl%r%dﬁ@ﬁbflwh"&tthﬁ *ﬁaéwiﬁtmnmﬁ%mamﬁgs MAAINSY- bet ween the raw
1];’f|abric E)ﬁlé 101 and the spool 111 in a state where the fiber assenbly 6 is
arrpec[ it s portions before and after the cutting

Specification Example 3
Fig. 10 is a plan view showing sheet-like fiber assemblies constituting a core
for explaining Specification Example 3 of the perforation processing in Fig. 4, and the
portions corresponding to portions in Specification Example 1 described above are
20 designated by the same reference signs. It should be noted that a description will be
given with reference to Figs. 1to 4. In a core 3 according to Specification Example
3, a plurality of perforations 9A and a plurality of perforations 9B are formed in each
sheet-like fiber assembly 3a so as to be aligned in two directions (directions
perpendicular to each other). The other configuration is the same as Embodiment 1
25 described above.
[0046]
Since the plurality of perforations 9A and the plurality of perforations 9B are
aligned in the two directions (directions perpendicular to each other) in each sheet-
like fiber assembly 3a in the core 3 according to Specification Example 3, it is

30 possible to further decrease the extension percentage of each sheet-like fiber
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30l ocation, and the raw fabric roll 101 is separated fromthe spool 111.

[ 0057] Fig. 14(d) shows a step of fixing the core 3. After the fiber
assenbly 6 is cut in the cutting step, clanping conponents 113a and 113b
are inserted into clanping conponent installation portions 112a and 112b
provi dadsémblyia, spodt isIicssitdatb riakeachsthaetike fibecgssanbly Sal edsyder

assenbly 6 wound on the spool 111 is clanped by the clanpi ng conponents
113a aﬁéremstin ottosegrds, it is ppggible 4o él)rtlsendmr@ves%@oshre%bingw therhegtep.

After the fiber assenbly 6 is clanped by the clanping conponents 113a and
113b i Msuktios RysfyMancRiimkePhe core 3, 10circunferential conponent

retaini ,ﬁhafts 114a and 114b of the spool 111 are noved radially toward

the ce side so as to be retracted, and circunferential conponents 115a

gnd 115b co necbgﬁ.to the cifcunferential conponent retaining shafts 114a
nd 114b ar 8PHEVE “?hﬁfﬂpp% oward the center side, that is, in a retracted

tensi on o 46¢ A4 egrermiele Y FREeRL B Spe ot CRANEL 4 AL pErcHalg 1
st anT Ty T 2 Py A e R el e

i s 1 empvigdodhédNnt &fcrset-liké YibePatsemplyi 3 adlbrgRtlikkpérforationimivhivt shaf t
116. 20[ 0060] Fig. 14(g) shows a cCore formation step. In a state where

the subsécstised!dortiens daesrhal by chapleas sattiplgy cottingthe @dnivoven falricpsol 111
is clanped by the two cl anpi ng conponents 113a and 113b, the two cl anpi ng
10onponestte pehdaatnthelridiwaven fablit 6dramthe dppppswifaee i thedowear surface in
substantially straight direction that is the wi nding 25di rection, whereby
t he sulitstthickness diregticinhanidcwin-probessetspertibhy 9% are altereadaly;and t s posi ti ons
cl anped by the clanping conponents 113a and 113b. Thus, a plate-like
( sheet -conkeyousiyprranged sedp 1o hevetpredeierminashlendts Eespestveingambiiar ng
portions (folded portions) 5c¢c and 5d in th _vvipdi ng direction and an upper
pl ate FFRMRYS sxamtrifosm duttad nes; as GPY"indHeF%, Yhat is, a plate-like
(sheet-é'b#@) core 3, is formed. 30[ 0061] The core 3 conposed of the
| ani natl ody 5 forned in a plate shape is transferred to a conveyor in a
ate wherethe..bent portions 5¢c and 5d are cl anped by the cl anpi ng

1?orrponents ﬂ’?g'f'gﬂﬁoq%ﬁfnpi% t hen the cl anpi ng conponents 113a and 113b
are renoved: r k 0. 4 14 j ianl T

i ad By by JagRiiey sBetiBaudd Eample SURMITEHGGMN' | |

5shoul d be Ign ndi cates a center portion o

subst a'rbt(l)'ir)n@ééas)fnraﬂﬁ I::lgdﬂ' CHH alcbREB RBSRIMY Yo SpubifBatiditERMABle 3.1d peFoRitiched out

t her ef m nated body formng the upper plate portion 5a and a
| am nateed 1BRAY §rPEAEMShéABikedMR aRbaiBI\P4 b @hIypE halfecs ppalox 8dl tHdtosmeach

ot her but are closed by renoving the clanpi ng conponents 113a and 113b.
cut that does not penetrate the sheet-like fiber assembly 3a as shown in Fig. 12, and,
20 for example, is formed in a grid shape by continuous straight shapes without the non-
processed portions 9b.
[0049]
Specification Example 6
Fig. 13 is an explanatory diagram of Specification Example 6 of the perforation
25 processing in Fig. 4. In a core 3 according to Specification Example 6, processed
portions 9a formed by complete cutting are provided in each sheet-like fiber assembly
3a in a zigzag manner so as to be inclined relative to a direction C in which the
nonwoven fabric 6 is manufactured, and a non-processed portion Sb between the

adjacent processed portions 9a is formed, as shown in Fig. 13.

30 [0050]
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10Due to the above, it is possible to obtain the | am nated body 5 that has
a structure in which the nonwoven fabric 6 is continuously wound fromthe
inner side toward the outer side, that is less likely to fall apart, and
that has excellent handleability. [0062] 15<Procedure of manufacturing
vacuum heat <Methddfod forming perforativanofraciwavendabme> vacuum heat insul ator 1,
first, the core 3 that is manufactured in the core manufacturing process
and has a pinepfaating the soawovenifabriorte diee ebtaimrairawfaikicdod of $he nserted into
the bag-Ilike outer package 2 having the opening 2a, and the outer_ package 2
i s fix&@nweyan fakfic g Irewe e ioffgpedoriation proegssidiis condugied ina staieef in a
thernostat bath at a tenperature of 60 to SOﬁ%r.ees C for, ?bout 0.5to 2
hour s. bREINASINgle ROmWeVeNi fabsicy and Hie RENWOYRN fRRFICHS Wared Yinikadoll hut a
dehum di f i

Eééisgf’ $hhe 2459&9@5!% its Pagiued obrerBrati baessSRa 1 peyoudt PRAE o~
er o TaHe PRgvaFsh fRbin . asi B4R Jad nBohuER ad KR SR ifeaNdRITE o
such ag, poLy eﬁ'ﬁé(%?ﬂ% pte%?é:lfbtrﬁac{oaﬁ&' co%@beé;ﬁ{ﬁ@ﬂaﬁ Qgcrg&ﬂg?,_gand RS aRderidbent 4

such a gas adsorgent "or a noi sture adsor Is'inserted into the outer

paCkag%ﬂ%cLi'g ggﬁ\?é#’fo fhe rdhee of tber\%ﬁﬁhm Weht TR RAlF 9, 1EIRYIUM B8 nddéd af ter

vacuum pac ng, outg emtted fromthe core 3 as tinme 30passes,

t r ansmgkitedn SR iSPOSibIBYo IRdresed e p@@bs$iag%Peea depenaitigesn eckage 2, and
the like, and vacuum ng (pressure reducing treatnment) is conducted, for

1exanpl epebificatidtRsoi the Perfoyaonsaamil thepasiiag hieghoth ¢h combinBtienvdaudieiroly i s
conducted until the degree of vacuumw thin a chanber becones about 1 to 10
Pa. Theandpesiittey e2a ),ahetoeefooaticer proaeksigg pPodessiraay beaatarporatediintotthe

chanber, and the vacuum heat insulator 51 is manufactured. [0064] In
Enbodi rabovedesaripéd sphwolendatzicemphufacturing prasess irsudtn@68sef not | ess than
5 pmand not greater than 100 pm that is forned from for exanple, nylon
(t hi cki@@81] 15 pm), al uni na-deposited PET (pol yethyl ene terephthal at e)

(thi ckness:

copol ynmer r Eérz‘thgmn%lg%lﬁg?@%@fﬂg{;ﬁ%ﬂ?ﬁ%g@gﬂ% gt ! e%gnﬁ%éﬁhlg%ci!a%%%og% , and
{heuumhstiriqreunay be Tethpoguaressito S fofna i priRr RRRETREAoi pin”

e BB i s SR A R PR B,
ahr eda i/ RfaRASe € BIHERY fro 6 forhidtthe SRy heflie M hSAIN R °

oA SR 5 AR e o Lo R LR Py e el
and t hernys, it is possible to conduct perforation processing that provides better shredability.
20 [0052]
<Method for laminating nonwoven fabric and method for manufacturing core>
Next, a method for laminating the nonwoven fabric 6 and a method for
manufacturing the core 3 will be described.
Fig. 14 is an operation explanatory diagram of a raw fabric roll 101 and a spool
25 111 constituting a laminating apparatus for the core 3 of the vacuum heat insulator 1
and shows a core manufacturing process for the vacuum heat insulator 1.
[0053]
Fig. 14(a) shows a step of starting winding the nonwoven fabric 6 (hereinafter,

referred to as fiber assembly). In a process of manufacturing the laminated body 5,

30 the raw fabric roll 101 with a predetermined width formed by winding, several times,
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20shredability is evaluated on the basis of a degree of mxing into a netal
recovery route. [0066] <Exanples and Conparative Exanpl es> Next, the
specifications of perforations and eval uati on of exanples (Exanples 251 to
5) of the vacuum heat insulator 1 according to Enbodi nent 1 of the present
i nvent ittee camtthuouispducat-likee filbacagseasbly 6mybiecied tetiExaapeabossing, ahd Wheé |  be
described. It should be noted that the perforation processing is conducted
over t lspoent1t withiadpriedetedmines witth fer wisdinghupitheeltaar@ssembih@ wnigoNen
fabric 6. The results of the evaluation are shown in Table 1. 30[ 0067
[ Tabl e the ravisebrisi rell 8 anfs Broyideganiiyerotatnaatie! rawseREmpelb 181 apérth%lsapan
SPeCl G O e Busambly 6 wound indha faw et P stkst & BT Aaah
5 on the spool 111.
[0054]
At that time, an end portion of the fiber assembly 6 drawn from the raw fabric
roll 101 is clamped by a clamping mechanism of the spool 111, and the fiber
assembly 6 is wound up with predetermined tension such that the fiber assembly 6 is
10 not cut in the middle of winding up or is not stretched to be narrowed. It should be
noted that the drawing shows a case where the raw fabric roll 101 and the spool 111
are in contact with each other, but they may be spaced apart from each other.
[0055]
Fig. 14(b) shows a step of ending winding of the fiber assembly 6. When the
1) fiber assembly 6 wound up on the spool 111 from the raw fabric roll 101 in the
winding start step is wound in an amount corresponding to the number of rotations
equivalent to a predetermined thickness, the rotation of the raw fabric roll 101 and the
spool 111 is stopped and the winding up of the fiber assembly 6 is ended. The
predetermined number of rotations, that is, the number of lamination layers wound on
20 the spool 111, is arbitrarily determined on the basis of the thickness of the fiber
assembly 6 when packaging under reduced pressure and the thickness of the
vacuum heat insulator 1 to be manufactured.
[0056]
Fig. 14(c) shows a step of cutting the fiber assembly 6. After the fiber
25 assembly 6 is wound on the spool 111 in the amount corresponding to the
predetermined number of rotations and the rotation of the raw fabric roll 101 and the
spool 111 is stopped in the winding end step, the fiber assembly 6 is cut at a
predetermined cutting location between the raw fabric roll 101 and the spool 111 in a

state where the fiber assembly 6 is clamped at its portions before and after the cutting

30 location, and the raw fabric roll 101 is separated from the spool 111.
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4. Schematic di agram of perforation specification Fig. 5 Fig. 5
Fig. 6 Fig. 6 Fig. 7 Cut form Conplete cut Conplete cut Half cut Half cut
Conpl ete cut

[0057]
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Fig. 14(d) shows a step of fixing the core 3. After the fiber assembly 6 is cut in
the cutting step, clamping components 113a and 113b are inserted into clamping
component installation portions 112a and 112b provided in the spool 111, and the
substantially cylindrical fiber assembly 6 wound on the spool 111 is clamped by the
clamping components 113a and 113b.

[0058]

Fig. 14(e) shows a spool transformation step. ~After the fiber assembly 6 is
clamped by the clamping components 113a and 113b in the step of fixing the core 3,
circumferential component retaining shafts 114a and 114b of the spool 111 are
moved radially toward the center side so as to be retracted, and circumferential
components 115a and 115b connected fo the circumferential component retaining
shafts 114a and 114b are moved radially toward the center side, that is, in a retracted
direction. The spool 111 is transformed in this manner, and the winding tension of
the cylindrical fiber assembly 6 wound on the spool 111 is reduced.

[0059]

Fig. 14(f) shows a spool separation step, and the substantially cylindrical fiber
assembly 6 whose tension has been reduced is removed from the spool 111 in the
axial direction of a rotating shaft 116.

[0060]

Fig. 14(g) shows a core formation step. In a state where the substantially
cylindrical fiber assembly 6 removed from the spool 111 is clamped by the two
clamping components 113a and 113b, the two clamping components 113a and 113b
are pulled toward opposite sides in a substantially straight direction that is the winding
direction, whereby the substantially cylindrical fiber assembly 6 is folded at its
positions clamped by the clamping components 113a and 113b. Thus, a plate-like
(sheet-like) laminated body 5 of the nonwoven fabric 6 having bending portions
(folded portions) 5¢ and 5d in the winding direction and an upper plate portion 5a and
a lower plate portion 5b, that is, a plate-like (sheet-like) core 3, is formed.

[0061]
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Lengt h of processed portion 3 Mq*Mm 4 mm 30 mm 50 nm 6 mm Lengt h of
non- pr ocessed portion 1 mMmm2 mMm O mm O nm
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The core 3 composed of the laminated body 5 formed in a plate shape is
transferred to a conveyor in a state where the bent portions 5¢ and 5d are clamped by
the clamping components 113a and 113b, and then the clamping components 113a
and 113b are removed, whereby the core 3 shown in Fig. 14(h) is manufactured. It
should be noted that reference sign 10 indicates a center portion of the substantially
cylindrical fiber assembly 6 when the spool 111 is pulled out therefrom, and a
laminated body forming the upper plate portion 5a and a laminated body forming the
lower plate portion 5b are separated from each other but are closed by removing the
clamping components 113a and 113b.

Due to the above, it is possible to obtain the laminated body 5 that has a
structure in which the nonwoven fabric 6 is continuously wound from the inner side
toward the outer side, that is less likely to fall apart, and that has excellent
handleability.

[0062]

<Procedure of manufacturing vacuum heat insulator>

In manufacturing the vacuum heat insulator 1, first, the core 3 that is
manufactured in the core manufacturing process and has a predetermined size and a
predetermined thickness is inserted into the bag-like outer package 2 having the
opening 2a, and the outer package 2 is fixed such that the opening 2a is not closed,
and is dried in a thermostat bath at a temperature of 60 to 80 degrees C for about 0.5
to 2 hours. Normally, a hot air circulating type drying oven is used, but a drying oven
using drying air that is previously dehumidified may be used.

[0063]

Since the moisture absorbency of polystyrene (PS) according to Embodiment 1
is low, it is possible to set the temperature and time period for the drying at low values
as compared to a hygroscopic material such as polyethylene terephthalate. Then,
after the drying, the adsorbent 4 such a gas adsorbent or a moisture adsorbent is
inserted into the outer package 2 in order to absorb still remaining moisture,
remaining gas after vacuum packaging, outgas emitted from the core 3 as time

passes, transmitted gas entering through a seal layer of the outer package 2, and the
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like, and vacuuming (pressure reducing treatment) is conducted, for example, by a
Kashiwagi type vacuum packaging machine. The vacuuming is conducted until the
degree of vacuum within a chamber becomes about 1 to 10 Pa. The opening 2a of
the outer package 2 is heat-sealed within the chamber, and the vacuum heat insulator
1 is manufactured.

[0064]

In Embodiment 1, a plastic laminate film that has a thickness of not less than 5
pum and not greater than 100 um, that is formed from, for example, nylon (thickness:
15 um), alumina-deposited PET (polyethylene terephthalate) (thickness: 12 um),
aluminum-deposited EVOH (ethylene vinyl alcohol copolymer resin)
(thickness:15um), or polyethylene (thickness: 50 pm), and that has gas barrier
properties, is used as the outer package 2 of the vacuum heat insulator 1.

[0065]

The heat insulation properties of the vacuum heat insulator 1 obtained thus are
evaluated by, for example, its thermal conductivity measured with a thermal
conductivity meter HC-074 manufactured by EKO Instruments, Co., Ltd. In addition,
with regard to the shredability, a heat insulating box such as a refrigerator in which
the obtained vacuum heat insulator 1 is provided within a heat insulating wall via
urethane foam is put into a recycling process at a recycling center, and the
shredability is evaluated on the basis of a degree of mixing into a metal recovery
route.

[0066]

<Examples and Comparative Examples>

Next, the specifications of perforations and evaluation of examples (Examples
1 to 5) of the vacuum heat insulator 1 according to Embodiment 1 of the present
invention and comparative examples (Comparative Examples 1 to 4) will be
described. It should be noted that the perforation processing is conducted over the
entire width and the entire length direction of the nonwoven fabric 6.

The results of the evaluation are shown in Table 1.

[0067]
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No perforation Perforation specification 10 mmgrid 6 nmgrid 100 mmgrid
processing Schematic di agram of perforation specification Fig. 5 Fig. 5
Fig. 6 Cut form Conplete cut Conplete cut Half cut

[Table 1]
Example 1 Example 2 Example 3 | Example 4 Example 5
Perforation specification | 4 mm grid 6 mmgrid | 30 mm grid | 50 mm grid | 6 mm zigzag
Schematic diagram of
Fig. 5 Fig. 5 Fig. 6 Fig. 6 Fig. 7
perforation specification
Cut form Complete cut | Complete cut | Half cut Half cut | Complete cut
Length of processed
3 mm 4 mm 30 mm 50 mm 6 mm
portion
Length of non-processed
1 mm 2mm 0mm 0 mm 2 mm
portion
Lamination processing 0] O 0] ®) 0]
Shredability 0O 0] O 0] O
Comparative | Comparative | Comparative | Comparative
Example 1 Example 2 Example 3 Example 4
No perforation
Perforation specification 10 mm grid 6 mm grid 100 mm grid
processing
Schematic diagram of
Fig. 5 Fig. 5 Fig. 6
perforation specification
Cut form Complete cut | Complete cut Half cut -
Length of processed
8 mm 3 mm 100 mm 0 mm
portion
Length of non-processed
2 mm 3 mm 0 mm B
portion
Lamination processing X O O 0]
Shredability O X X X
[0068]

The processed portions 9a of the perforation 9 in the core 3 of the vacuum heat

insulator 1 of Example 1 are according to Specification Example 4 shown in Fig. 11,
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Length of processed 8 mm portion 3 nm 100 nm O nm Lengt h of
non- pr ocessed portion 2 nm 3 mm O mm Lam nati on processing
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the length of each processed portion 9a is 3 mm, the length of each non-processed
portion 9b is 1 mm, each processed portion 9a is a penetrating and completely-cut
slit, and the processed portion ratio of the perforation 9 (the ratio of the processed
portions 9a to the total length of the processed portions 9a and the non-processed
portions 9b) is 75%.

[0069]

The processed portions 9a of the perforation 9 in the core 3 of Example 2 have
the same specification as that of Example 1, each processed portion 9a is formed
bycomplete cutting, its length is 4 mm, the length of each non-processed portion Sb is
2 mm, and the processed portion ratio is 67%. Comparative Example 1 has the
same specification, the length of each processed portion 9a is 8 mm, the length of
each non-processed portion 9b is 2 mm, and the processing ratio is 83%.
Comparative Example 2 also has the same specification, each of the lengths of each
processed portion 9a and each non-processed portion 9b is 3 mm, and the processed
portion ratio is 50%.

[0070]

In the cores 3 of Examples 1 and 2, the lamination processability in the
lamination process and the shredability at the recycling center were favorable as
shown in Table 1.

Meanwhile, with regard to the core 3 of Comparative Example 1, there was no
problem with the shredability as shown in Table 1, but the nonwoven fabric 6 was torn
during the lamination process. This is thought to be because the processed portion
ratio was 83% and high, and thus the nonwoven fabric 6 could not withstand the
winding tension.

[0071]

In addition, in the case of Comparative Example 2, there was no problem with
the lamination processability as shown in Table 1. However, with regard to the
shredability, since the processed portion ratio is 50% and the ratio of the non-
processed portions 9b was too high, the shredding was insufficient, an amount of the

nonwoven fabric 6 entangled with shredded metal pieces was increased, recovery of
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O O Shredability 0 X X X [0068] 5The processed portions 9a of the
perforation 9 in the core 3 of the vacuum heat insulator 1 of Exanple 1 are
according to Specification Exanple 4 shown in Fig. 11, the length of each
processed portion 9a is 3 mm the Iength of each non-processed portion 9b
is 1 mhe rashopsofasieditamutethand sollectmnproetssawvas insufficientnphédeal y- cut

slit, and the processed portion ratio of the perforation 9 (the ratio of

t he pr acessddf e normevedufaboicttheontaingd in aryetal eplledtionmreeesswasporti ons 9a
and the non-processed 5portions 9b) is 75% [0069] The processed
porti ofitcreaseast. the perforation 9 in the core 3 of Exanple 2 have the sanme
specification as that of Exanple

] 1, each processed portign is forned
byconpl et e Byettp e abpve,iterp Reisgidithaping @Cﬁéﬁﬂogpnéaﬁﬂoﬁﬁ}? processed
ortion 9b is 102 .and_ t he processed_porti.on ratio.is £7% nparative
%xa_rrpl Sefforafon prace ipths ?‘?‘%ﬁﬁaﬁﬂ? 1R ﬁgi-ﬂg,{aﬂquqpr@é%lx 6g>rt8c7e5§}§'ed portion
9a is i ] the I ength of each non-processed portion 9b is 2 mm and the
proces 9@ ratio is 83% Conparative Exanple 2 al so has the sane

speci fi cati R, 3¢ Brfleskia poRHd 6 B inEATHAEAGEE 3 thP0ole! PBf Baafife 5ach

non- pr ocesse nm~and tHe proces portion ratio Is 50%

[0070] ar%_accor‘d'ﬂq%{b?[ﬁgcﬁ'p%%iﬁ%aﬁ{)n WP@PHQ?a EoRfifucus §fitshape RadroQided in

processabi Tty i am nation process and the shredability at the
recycl iiicls e Rhgiesea haN U pbRIOADIERBOMING drtbh@ ndn-ptedésvrdhidriion Gdt h

regard to the core 3 of Conparative Exanple 1, there was no

10 is provided. The half-cut portion 9d is in a state where fibers are pressed and settled
so as to withstand the lamination process of the nonwoven fabric 6 and so as to be
shredded by the impact during shredding.

In the embodiment, both the lamination processability and the shredability were
favorable as shown in Table 1.

15 [0073]

The perforated portions of Example 4 and Comparative Example 3 are
according to the specification in Fig. 12, and the size of each grid is changed.

The length of the half-cut portion 9d of Example 4 was set at 50 mm, and the
length of the half-cut portion 9d of Comparative Example 3 was set at 100 mm.

20 In the case of Example 4, the lamination processability and the shredability
were favorable as shown in Table 1. Meanwhile, in the case of Comparative
Example 3, since the size of the nonwoven fabric 6 after shredding was too large, the
amount of the nonwoven fabric 6 contained in a metal collection process was
increased. Thus, it is recognized that the size of the grid by the perforation

25 processing is preferably less than 100 mm?. It should be noted that when the
perforated portion is defined by the half-cut portion 9d, if the weight per unit area of
the nonwoven fabric 6 is too low, the amount of fibers in the pressed portion is
insufficient, and the nonwoven fabric 6 is hard to tear from the half-cut portion 9d

during shredding. Thus, in the case of PS fibers, the weight per unit area is

30 desirably equal to or greater than 26 g/m?2.
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problemw th the shredability as shown in Table 1, but the nonwoven fabric
6 was torn during the | am nation process. This is thought to be because the
processed portion ratio was 83% and hi gh, and thus the nonwoven fabric 6
could not withstand the w nding tension. 25[0071] In addition, in
the cafj@7d] Conparative Exanple 2, there was no problemw th the | am nation
processability as shown in Table 1. However, with regard to the .
shredabi | i t Examplec® is decqdingde skel specification eftthe pesfosminapreceswing #t £ig.of t he
non- processed portions 9b was too high, the shredding was insufficient, an
amount 18f completeliisuhelits @re pEevided ag iR RENGEESOfl PRIIGNSSHIER AEZP MAMNYs was

i ncreased, recovery of the nonwpven fabric 6 to a uretha coll ection

pr oces§Oasdojbesinengd @lﬁ‘t,'veatﬁotﬂﬁrﬁi'r&ﬁﬁ%% 'Bfoﬂ'ﬁlétﬂ?%H%W%e'? E?E)r”icc B cont ai ned
i_n a netal _collection process was increased. Due to the above, it can be
2ai d tﬁ’aqn‘{fﬁ%tuliﬁ"ﬁcessed portion ratio of the Sperforation processing in the

s e s O AR oA SO el
cccor oy L% FASHEA T 62 aFlthe BrodsepBiRuos richdRe |5
non B R6SSRS A 98Bkl o) U84 sclie ] wubroskienaRbiSa 1 2

| ami natjepile QA thePétoliies PRIVIEEESD bals be shifeltrirem the centdrpastisredtitid by the
i npact during shredding. In the enbodi nent, both the | am nation

10r ocesgamhér grivcésekd pertishoada sl lohyitusinal directioaare the gdpBnbetweaberdd.

15[ 0073] The perforated portions of Exanple 4 and Conparative Exanple
3 are afeacHipngedsset porisqreda fandahe pnodessEdgrorti@) 9amerpereiculaethefretoaras gri d
i s changed. The length of the half-cut portion 9d of Exanple 4 was set
at 50 rsef abB@ mhe | ength of the half-cut portion 9d of Conparative Exanple
3 was set at 100 mm 20In the case of Exanple 4, the |am nation
procesd@®/dlity and the shredability were favorable as shown in Table 1.

gﬁg&x‘JLLe& ahﬂ?hg%;%%%grpggﬁ%%ﬁ&g? & 1378 T arudingl Exnbifirest ife nonwoven

c%bﬁifg}é‘gf%&éég Shandid 136k ARl TIRS Bg%nt“ﬁ%fgcgiﬁ%f‘gﬁwéﬂ‘g@g%’ffﬁcg%@bﬁ‘? s

. . 0 ; . d

Por t1 orpd Sigles e dREyeRRE AT dlecHRl) i ROsHBIerP dge (P BRe!s IS Poni £ ar ca
of the &%HY}BN@}PE@J&Eﬁlg%dgﬁ c}h? heQfiks 5@%@?@%% (S:Q%pf)ftfb%sg et éniegssed

portion1sTn I Cl ent, e nonwoven I's hard to tear fromthe

32: ghfbrlgoerﬁ%[?fﬁhgﬂgggaeﬂdsﬂﬂ i Ph&siions suppHsss diBngdorearedoeRSdlitifgr s, the
shredding, and the shredability is improved. It should be noted that Comparative
20 Example 4 is a case where no perforation 9 was provided in the nonwoven fabric 6,
and thus there is no problem with the lamination processability, but the shredability is
significantly inferior as described above.
[0076]
[Embodiment 2]
25 Fig. 15 is an explanatory diagram of a heat insulating box according to
Embodiment 2 of the present invention and schematically shows a refrigerator.
The refrigerator 20 includes an outer box 21 formed of a coated steel plate and
an inner box 22 that is provided within the outer box 21 with a gap and composed of a

resin molded product. A later-described heat insulating wall 23 is provided within the

30 gap formed between the outer box 21 and the inner box 22. A refrigeration unit (not
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30desirably equal to or greater than 26 g/ nR2. [0074] Exanple 5 is
according to the specification of the perforation processing in Fig. 13,
conpletely cut slits are provided as the processed portions 9a in a zigzag
manner so as to be inclined relative to the direction Cin which the
nonwov ghoWapthat stippliessead airds pusveded within thierinksrelngt 22.5, Intddditiendhé L of
each processed portion 9a was 6 mm the gap S1 between each processed

port i onugs hax?t drd theitass bdx parhaverorgmings: ipdhelir surfaces peiresponding to

non- processed portion 9b) was set at 2 mm _the processed portion 9a

per pen@aghothert Aad ardparas pEvidediaithese spenmnasdbath arediptshewiM he center
portion of the 10 forner processed portion 9a in its |ongitudinal

di rect iYW land t he gap S2 between ends of each processed portion 9a and the

e e B Sl AT S B o™
b Sl A AR BRI 1
L0 VIR 1% BRSO A FBRE 530 BUachinaley Mg it he

SUPDI e384 3L WIPE3.t MR EDEF, SifldhaGbutY Satdkene 2 aNflelvaRuBRY RERDT L1ty s

i nprov at Conparat | anple 4 i1s a case where

no per fidiadtoP ifclu@ss LML Toll tBeROBPYSLera it I@eat&d’rﬁjg@‘t}tﬁ:_ufr@ﬂf eis
no problemwth the | am nation processability, but the shredability is

19 gni f ivich h¥at ey aeunashdrgbrthbedurabawefoil iffdnsdtwieenithdiomsntpatkagsf g. 15
is an explanatory diagramof a heat insulating box according to Enbodi nent

2 of thadpgheseidr boxw2hti on and schematically shows a refrigerator.

The refrigerator 20 includes an outer box 21 forned of a coated steel plate
and an[0@fr box 22 that is provided within the outer box 21 with a gap and
conposed of a resin nolded product. A |l ater-described heat insulating wall

23 is provi Aeaorgingly intaiderogRIp Ve oastmeacasé suema haat dridgexthevacyym he

or ovi ABESIHIFIOR his PRNIECLEA 2310 be 5pagen BPa Iad 1o auiEr D9e 2 HAG: he

o R e S S B 3 AL SRS oS
the spacers 24 are appropriately provided with holes for not impairing flow of the
polyurethane foam 25 such that no void remains in the polyurethane foam 25 injected
into the gap between the outer box 21 and the inner box 22 in a subsequent process.
[0079]

20 As described above, in the refrigerator 20 according to the embodiment, the
heat insulating wall 23 composed of the vacuum heat insulator 1 according to
Embodiment 1, the spacers 24, and the polyurethane foam 25 is formed between the
outer box 21 and the inner box 22. It should be noted that the range where the heat
insulating wall 23 is not limited, and may be the entire range of the gap formed

25 between the outer box 21 and the inner box 22, or may be a part thereof. In
addition, the the polyurethane foam 25 may be provided both or either between the
outer box 21 and the vacuum heat insulator 1 and between the inner box 22 and the
vacuum heat insulator 1. Moreover, the heat insulating wall 23 may be provided

within the door at the openings.

30 [0080]
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5In the gap between the outer box 21 and the inner box 22 of the
refrigerator 20, the vacuum heat insulator 1 (shown in an exaggerated
manner) according to Enbodinment 1 is provided and pol yurethane foam25 is
injected, thereby formng the heat insulating wall 23. However, since the
out er packageidentdlly besieensumdraafrigenatorsibre brbkencowdest telogcladgueentara f oi |,
there is a concern that a heat bridge occurs in 10which heat goes around

t hr ougin véroud egionsmahdidre iracyelérk tasserding to thet demeAneligace Reaycling Astit er
box 21. [0078] Accordingly, in order to prevent occurrence of such a
heat bin %pasemélmﬁmeﬁmra%ﬁ% inclydes thesvaguim heat insulador binsdudinaced
apart fromthe outer box 21 by using l5spacers 24 that e noncondugti ve
resin hif 8e® Hromposed Oﬂh%fﬂl?ﬁﬂ‘%fsﬁénqﬂbge s ReRsik ﬁé%ﬁé%g{*? r@ingﬁr@{jor(bo

ppropri ate). rovided wi.th holes. for, not i iring flow.of th

3ol yur ecaaiin breaesaiinyerion gt e mani Do yreaHe BerisUeft e am 25
injected i,nta the.gap bet n j . in a
subseq &metﬁﬁ% Sﬁé?qe'f)‘iyd%‘]% §6gltse%§g§§fﬁ %eé%%zg%%g,ﬁﬂ&,néﬁreés% 'lsgfe?))r{ z!f%fg' r 20
accor di tp t ' : Iy 1ng wal |l 23 conposed of the
vacuum-r&]glgt ﬁ}en%(g:yg?gﬁwléﬁﬁggﬁﬁ@%&tsg%%%%oﬁiﬂg 1, the spacers 24, and the
pol yurefé e foam 25 is fornmed between the outer box 21 and the inner box
22. 1t "shoul d be noted that the range where the heat insulating wall 23 is
not |imted|, fadapBRe, e £ RBS bEen deBERb&Y infkicHaRe hatu®d ez éismstor t he
outer box 21 and the inner box 22, or may be a part thereof. In addition,
fohe t hel acdordingttd aine pfaxamt #Hyvemtiyn eupsdin alesfrigotatods an exampiebhadeat he
outer box 21 and the vacuum heat insulator 1 and between the inner box 22
and t hensudatingtbbeand theulsat afrthé vabbuedvesat indiiatohdds nohlimited itereteal 11t B3 may
be provided within the door at the openings. 30[0080] _ | nci dental |y,
post - c qusainte to ese theevanunns haatinbulsken! doverding todbg presant dvandios INn vari ous
regions, and are recycled, according to the Honme Appliance Recycling Act.

| n t hi Jetigssating ape cealing %qulp@@napbgeatmg aevipment sHeh pg@heatHetiNingsul at or
1 including the core 3 conposed of the fiber assegﬁlg 6, it.Is osg&BI eto
shred tsherager aivgbicie alr copdBieRen At Water rate) as will 3 BRet IBRVIRHPG

enmovi ng the vacuum heat (nsul ator the co stion effigciency, i ot
{fber eadbaot RstRBRGEoN Rt Matyfing Hetaratable, BOHEL tRRRne! Bagdi¥iend 1%
recyclability of the refrigerator 20 is favorable. [0081] In the above, the

Torhayndie Rrdei

case h "t he vacuum heat insulator 101 according to
t he pr [ nventon, s used in a refrigerator as an exanple of a heat

[ nsuraﬁ?‘%ﬁé}%dod%, §'§héq'ﬁ1te use of the vacuu?n heat i nsul ator gpi s not limted

t her et C{OO!B%] is possible to use the vacuum heat insulator 1 according to the
present  1nvention in refrigerating and cooling equi pnent or heating

equi prent such agaguite¥eat fisdildibny St ora@ﬁergam@jecle 2ar cspwhing,ones, and
a water heater as well as a heat insulating bag 15(heat insul ating

apnt ai ner) icaed udang siedarrikehiber ast@nblyag andt i nnedsbdgnt,i St ead of a

laminated body, 6 long-fiber nonwoven fabric (fiber assembly), 7
fibers, 8 embossed portion, 9, 9A, 9B perforation, 9a  processed
portion, 9b  non-processed portion, 9c  inter-perforation interval, 9d
half-cut portion, 20  refrigerator (heat insulating box), 21 outer
25 box, 22 inner box, 23 heat insulating wall, 24 spacer, 25
polyurethane foam, 101 raw fabric roli, 111 spool,112a, 112b
clamping component installation portion, 113a, 113b clamping component,

114a, 114b circumferential component retaining shaft, 115a, 115b
circumferential component, 116 rotating shaft
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box having a predeterm ned shape. Reference Signs List [0082] lvacuum heat

i nsul at or, 2outer package, 2aopeni ng, 3 20core, 3asheet-Ilike fiber
assenbl y, 4adsorbent, 5 | am nated body, 6l ong-fi ber nonwoven fabric (fiber
assenbly), 7 fibers, 8enbossed portion, 9, 9A, 9Bperforation, 9aprocessed
porti oL - processed portion, 9cinter-perforation interval, 9d half-cut
portion, 20refrigerator (heat insulating box),2louter 25box, 22i nner box,
23heat [Clagnl1dt i ng wal | , 24spacer, 25 pol yuret hane foam 101raw fabric roll, 111
spool, 112a, 112b cl anping conponent installation portion,113a, 113b

cl anpi ng cofpweddm hagatdasulatpagoaIrieing er enti al conponent retai ni ng shaft,

115a, 115b ci f tial i [

1] A vacuunieei CompaRad of aampaed Rady m which a UrSIt gt sReet- IS ie of &

|_am nat ed bﬂ in whi.ch a plyrality of sheet-like fiber 5assenblies are
blige <6 ped

Pani naf&§em are lamiggt package covering the core, the outer package

having a r egIH Buter pnatc%ag Icoecrarel’\r?gS fHeecOr\é’f]ﬁ{eeJ)lﬂer package having a reduced

internal pressure, wherein

a perforation in which non-processed portions and slit-like processed portions

are alternately and continuously arranged is formed in each of the sheet-like fiber
10 assemblies in the core.
[Claim 2]

The vacuum heat insulator of Claim 1, wherein each slit-like processed portion
is a processed portion formed by complete cutting or a half-cut portion formed by half
cutting.

15 [Claim 3]
The vacuum heat insulator of Claim 1 or 2, wherein the perforation is formed in
one direction or two directions.
[Claim 4]
The vacuum heat insulator of Claim 3, wherein a plurality of the perforations
20 are formed so as to be aligned in the one direction or the two directions.
[Claim 5]

The vacuum heat insulator of Claim 4, wherein an interval between the aligned

perforations is equal to or smaller than 6 mm.
[Claim 6]
25 The vacuum heat insulator of any one of Claims 1 to 5, wherein

a length of each non-processed portion of the perforation is 1 to 5 mm, and

a length of each slit-like processed portion of the perforation is equal to or
larger than 3 mm.

[Claim 7]
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a perforation in which non-processed portions and slit-1ike processed
portions are alternately and continuously arranged is fornmed in each of the
sheet-1ike fiber 10assenblies in the core. [Caim 2] The vacuum heat
insulator of Claim1, wherein each slit-like processed portionis a
processed pOhé ivaoudrariead ifsulatonpf atyeore of Cledmsr1 o hallfiereirt apatia pbinef or med
by half cutting. 15[ d aim 3] The vacuum heat insulator of Claim1l or
2, whepedaesshe poetidrertata totali lengtbrafdble proaassed ipogirnsoancthet WeN-Araaessedns.

[ C ai m 4] ~The vacuum heat insulator of Claim3, wherein a

pl ur al ipoytiasts afiee perforationi is 9 t20A%. formed so as to be aligned in the one
direction or_the two directions. [C aimb5] The vacuum heat i nsul at or
of O aill@aim 8lherein an interval between the aligned perforations is equal

57 & a3 The BT B o LSRR S T Bl T
. e 1 c Liteli .
o t he perRsPelichsa iR N P e R e Ty RpgpRe R PO o
br oces b At ATHAHBEIE piRe A sBbefbPrark hoh brodihREl dbrfar it e
non- pr ﬁ%ggéggtﬂppg%cgg§efbaqgﬁsperfor ation is 60 to 75% [Caim8] 5The

vacuum i nsu or o aim1 01 2, wherein the perforation includes:
processemjpations arranged in a zigzag manner so as to be inclined
relative to a manufacturing direction of the fiber assenblies; and

1mon- pr ocess advaR@iuhi RESt iRsWutctedmigisieen the processed portions. [C aim 9]
10A vacuum heat insul ator conpri sing:
a core composed of a laminated body in which a plurality of sheet-like fiber
assemblies are laminated; and
an outer package covering the core, the outer package having a reduced
internal pressure, wherein
18 a half-cut portion formed by half cutting is formed as a non-penetrating cut in
each of the sheet-like fiber assemblies in the core.
[Ciaim 10]
The vacuum heat insulator of Claim 9, wherein a grid-like portion is defined by
the half-cut portion.
20 [Claim 11]
The vacuum heat insulator of Claim 10, wherein a size of the grid-like portion
defined by the half-cut portions is less than 100 mm?Z.
[Claim 12]
A heat insulating box comprising:
25 an outer box; and
an inner box disposed within the outer box, wherein
the vacuum heat insulator of any one of Claims 1 to 11 is disposed between

the outer box and the inner box.

[Claim 13]
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a core conposed of a |lam nated body in which a plurality of sheet-like

fi ber assenblies are | am nated; and an outer package covering the
core, the outer package having a reduced internal pressure, wherein 15a

hal f-cut portion forned by half cutting is forned as a non-penetrating cut
in each of Thehshe®bulatikg boxlfClaiss é2pwherein a Heat irmuiator [sGhigictedliblboth  The
vacuum heat insulator of Claim9, wherein a grid-like portion is defined by
t he halbf eithér Ipstnieiearthe 20fel baixraridlihe vacuuhbeatdosulataiend betwerattoe ivierc ai m
10, wherein a size of the grid-like portion defined by the hal f-cut

port i obexianditbe yacuam Hexd imstatol.Cl ai m 12] A heat insul ati ng box conpri sing:
25an outer box; and an inner box disposed within the outer box, wherein

t he vat@@miédt insulator of any one of aims 1 to 11 is disposed between
t he outer box and the inner b Cl.gim13]. The .heat |nsul ating box
8 Caimz12lh ?Elr\?u!?t'ﬁgiloxi 9%22}?&'9 JS %er‘?]i? acihasel ¥ %'8[’?18%* Q%ﬁ\'\fer?@rthget ween
t he oute ox angd the vacuum heat, | nsul at or. i ox and

t he va@HEﬁﬁ%@‘ﬂnqd%uYaﬁ“Hm Hf%ﬁ 'H?Wﬁk’ ]sfor post 'ﬁﬁgﬁg‘ﬁ’%ﬁ‘%@ ! lnr%ﬂ ot(>)<|bof Caim
131 wherei n a .spac ' [ 2 : box and the vacuum heat

i nsul at’d ?’Eﬁf'ﬁ%ﬁ"&h.gﬂ‘gwﬁﬁﬁﬁ'\?%@gﬁ{rﬁ gfa%ttérf]ﬁérﬁff%tt‘égr and ensuring a flow
path when the heat insulator is injected.
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