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[ SPECI FI CATIONS ] [ NAME OF | NVENTI ON ] CROSSLI NKED
FOAM WHI CH HAS | NNER- CAVI TY STRUCTURE AND PROCESS OF
WO CHRIgIREB6I HEREOF [ TECHNI CAL FI ELD OF THE | NVERNCT/®®2)04/001809
The present invention relates to a cross-|inked foam
and a manufacturing nethod thereof. Mre specifically,
it relates to the cross-Ilinked foam having vari ous
i nner cavity structure formed by an internally-forned
surface and the nethod of formng the inner cavity
structure sinultaneously wth a body of the
cross-linked foam [ CONVENTI ONAL ART OF THE | NVENTI ON
FIG 82 is a flow<chart illustrating process steps

[ SPEQHFIGARIPHStluri ng cross-1inked foans according to a
related art. In step SI G5 source materials including

[ NAMBDEF INMENTEONguch as diverse resins and ot her
additives are first weighed in accordance with a

desR OBSUINK EDUT A2l dgRENGNRERP AWt !S'Prglg{j@fURE, AND

cross-linked foamis fabricated. Then the weig

PROCE@@@F@E’{%%@@E{&%@” m xed with a cross-|iKking

agent and a foamng agent in a hernetical mxer or
kneader in a mlling process. Therefore, a m xed

chem cal compound is prepared. In step S20, the
prepared chem cal conpound is provided into a cal ender

0 r extrudi ng machine. The cal ender roll
[TEC%IN%@&EI%EQQE TgﬁemgNTé@Ndound in a formof sheet
orfilm e.g., a two dinensional shape, and the
exkheupticsrt nadsiine relatendo or eost-hekadhiaincatd e onpomduriing method
a formof pellet, e.g., a three dinensional shape.
thereof. More specifically, it relates to the cross-linked foam having various inner cavity
structure formed by an internally-formed surface and the method of forming the inner cavity

structure simultaneously with a body of the cross-linked foam.

[ CONVENTIONAL ART OF THE INVENTION ]

FIG. 82 is a flow chart illustrating process steps of manufacturing cross-linked
foams according to a related art.

In step S10, source materials including main material such as diverse resins and other
additives are first weighed in accordance with a designed mixture standard depending c.)n what
kind of cross-linked foam is fabricated. Then the weighed resins and additives are mixed with
a cross-liking agent and a foaming agent in a hermetical mixer or kneader in a milling process.
Therefore, a mixed chemical compound is prepared.

In step S20, the prepared chemical compound is provided into a calender roll or an

extruding machine. The calender roll transforms the chemical compound in a form of sheet or
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Step S30 shows various process steps of formng a
desired cross-linked foam The process of formng the
wonosgesdonked foam may be classified into a pressmR2004/001809

cross-linked foanm ng nmethod (pressure cross-Iinked

foam ol di ng) and a normal pressure cross-Iinked

foam ng net hod dependi ng on machi nery and equi pnent

for the processes considering shapes and propeities of

the desired cross-linked foam The pressure

cross-1|linked foam ng nmethod mainly uses a netallic

nmol d(s) to make the desired cross-linked foam and

applies heat and pressure to the chemical conpounds

after an input of the chem cal conmpound into the inner
film, Rt & tb dilensimiaBkhdpe, aml thesdxiruding rredchins, traryéorms the chemical

cross-linked foam having a di sconti nuous pattern is
compb@dRA thin BESME ARG @ thikd dimensiomaharappart shape of the

netallic nold(s) by a deconposition action of the

f 0RRd, B 0B WE vaBG priveasass @f Coanse b ideded cfaadiinkgl foam. The

nethod may i ncludes, for exanple, a conpression-press
procesd %ﬁ%uﬂlﬁ‘é‘@l% El%@tﬂhﬂ&ﬁdﬂoﬁlﬁ Bt bodldskiaitd Wesa Prepsueds sross-linked

machi ne, and a injection-press cross-|inked foam

foamﬂ%l Hétﬂgd @Eﬂgféz &B%tluﬂ@@%a%ﬂ moMifHtdn@M ABehI Peessids cross-linked
he step S30 of FIG 82, Wen using the

foam%l]%npgtﬁc?‘dsd ggncﬁﬁéélﬁn%{l{?ﬁ‘e?y ll#dr@fﬁﬁ!mfeﬁ%‘f Rl bR ke IBSREsing shapes

s are first put into the opened

t t | uding the source nmateri al
MﬁIP@mbeﬁgggw lgﬁxﬁgsﬁg %%8£§nject|on press cross-1inked

a[tpaglpﬁfsiswérﬁgm?slsithélg%d fob1S Tng g&ﬁﬁi e)ﬁ[lée ﬁ&ﬁl@ic Qﬁgld('sf‘toomake
the dF%]& rc]?ﬁség Plgeélo %}&Sﬁﬁrﬂ appié(#éeﬁ I 2558 Yo the %ﬁémc%l%fﬁ%ounds after

PEStiree mater
provi ded |nt§ t he

L e e M S

foam the source material into.a.cro

cros gt S50 DY AHPPBIPIGRBT & FEmPo LARH T St Holner P

the closed nold is open to _denold
shape of the metallic mold(s) by a decomposition action of the foaming agent. Such pressure

cross-linked foaming method mAay includes, for example, a compression-press cross-linked
foam molding method that uses a press machine, and a injection-press cross-linked foam
molding method that uses an injection machine, as shown in the step S30 of FIG. 82.

When using the compression-press cross-linked foam molding method, the source
materials are first put into the opened mold, and then the mold including the source material is
closed. When using the injection-press cross-linked foam molding method, the source
materials are put into the airtight injection mold. However, both in the compression-press and
injection-press cross-linked foam molding methods, once the source material is provided into
the mold, equipments such as press machine apply heat and pressure to the closed mold to

foam the source material into a cross-linked foam



10

15

20

the cross-linked foam The de-nolded material is then

cured for a tine and cool ed down to a desired
woeop@cadcure. I n step S50, the cured and cool eBCT/KR2004/001809

cross-linked foamis then cut and trinmed to be a

final product. Although not shown in FIG 82, the

pressure cross-linked foam ng nethod may al so incl ude

a conpression-rotary press cross-linked foam nol di ng

met hod where heating rolls and netallic press/conveyer

belts are used to apply heat and pressure to the

source materials for the cross-linked foam by way of

inserting the source materials between the heating

r dhisgpaiid, theeappbedbtdssurp iseskhoanwey drenhed tlosed mold is open to de-

Al ternatively, the conpression-rotary press

mold e @ssskilimked féam THY i-no]dvat hadriaey thes ehfedt f3€ aSOUE G8J cooled
mat erials continuously with other textile materials or

down foUPB&N %A MBLEL LGS BFE‘[EE@EO the chl\s\égta'nagzoﬂ%ldl C%?%nlﬂlkteﬁ%o?m is then

metal | ic press/convey ereas th oam n

ol PRI s duced e o nf ere the

hav |nuo ni form surface and cross
e%‘fl}%lﬁ g, 0&%&@#}2 (8 BE QIR S P LENF A o depthod may also
applies heat and pressure directly to the source
includgrateonipatssionsipigy whess rrsesatlinked doam deolding method. witdre heating rolls
conpr essi on-press cross-1inked foam nol di ng nmet hod
and mgalddpesss/coineyeabélouse lvacdy® applysha land pelssireitalthd QalE, materials
for exanple, EVA, PE, rubbery large or small sponge

for theRadBlifhkes Hogn Q?W?Q}n BNtrSertifPd SoudQOfSteARL @@@@éﬁ@l@'}ﬁ%ng rolls
and the like. The injection -press cross-1linked foam

and th%g‘lmg 15'[§§s{ oﬁvg}%nelfe‘ﬁsl yAﬁéﬁ%%S% tthg Y@r&%ﬁl—mtarmr%ss Cross-

i ndustrial ans having in or exa
onent orts

linked g%{fg‘a glo‘cf(gga éne?lgoccglg@g BHES tﬁ%ﬁ(&gf% glal’cef rjaks t ec uous?_‘,p (\j)vith other textile

,CO sl on-rotar ress
materleﬁs or 1‘u%ge1y mate1c1)als bgtwpeen the heating rolls and the metallic press/conveyer belts,

whereas the foaming of the source material is induced at a point where the pressure is

~ discharged. Thus, the cross-linked foam may have continuous and uniform surface and cross

section.

The pressure cross-linked foaming method applies heat and pressure directly to the
source materials using the metallic moulds and rolls. The compression-press cross-linked
foam molding method produces the various large or small industrial foams, for example, EVA,
PE, rubbery large or small sponge panels, shoe components, sports goods and accessories, and
the like. The injection-press cross-linked foam molding method generally produces the
various industrial foams having individual shape, for example, EVA-based shoe components,
sports protectors and goods, bags, accessories and the like. The compression-rotary press
cross-linked foam molding method produces various industrial continuous roll type or large

panel type foams, for example, EVA, PE or other rubbery continuous rolls.
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cross-linked foam nol di ng method produces various

i ndustrial continuous roll type or |arge panel type
woaeiswssdeor exanpl e, EVA, PE or other rubbery PCT/KR2004/001809

continuous rolls. Meanwhile, the normal pressure

cross-linked foam ng nethod is wdely used for formng

a cross-linked foam having continuous and uniform

cross section. Unlike the pressure cross-Iinked

form ng nethod, the normal pressure cross-Iinked

foam ng nethod produces the cross-linked foams without

a direct heat and pressure infliction on the source

materials. The nornmal pressure cross-linked foamn
nelehodhils thé asahili pdssunt oreas-tihker eintipg anatbed Iis h’\l’ié‘fgy used for
foam ng nethod and an el ectron irradiation

forming® bOSBsd- fi e dfdaRA b iEe N@nfiatous Thel ahifaingakbss section. Unlike the
cross-1inked foam ng nethod adds and mi xes a chem ca

pressurs egos iRk N9 I8N eth8d f R MdhaR GRS burca8tdsAMnERMAIRARRE method
¥ S5 i

e al oTﬁ po ¥$t eﬂe resin that is a main source
al .. reafter, t 1 Xt i i
prosg b G b B § el AR RS LR B s

- S20 of FIG 82. Then, thr h the . ; .

materiaitheTHe BRIy DRPEFiCAPSS-TARES (orgepe oy 8%39%%85?%0? Ehemically
t he extrudi ng machi ne that includes screws, heat

cross-liakgl foemsngameithest ind el n]gct@iqneigr,adglﬁign crsprlinked fp@g}lng method.
pre-determ ned by the material conposition is applied
t ont hefnoamy ngosmlisitedafoaminy nethadhadds wik nmses @dchemical cross-
foam ng material passes through the extruding dies to

linkingH Ql\ﬁi, derodmGNideRtiops ANEVUNbAsed Mt @86 aspayéthylenandin that is a
Pﬁ%n t he %oggﬁ%g material is foamed by (?ﬁystgﬁ S30) .

main sgtg'gef }%lél ecl:‘lté’l[. gﬁlér{ag@eqi ﬁlltein?lgugé ScruldBK Gflo fa%ﬂbﬂ?ﬁg?&ﬁhgﬁg material

ctron rays oam ng nateri al

f or med ex di olyet hyl :
osshowigty RS TLEh TP ReR adiirt YSSaL AR SR, 825 e foaning

cross-linking the materials and. heating the foann
materigintaey inserted inte & herrsagh HE- %i‘é’é‘%tngsm&%l&‘gﬁﬁggi ‘r’?ﬁﬁl es Sorews, heat

tenperature to nake the foans. This

appliers and extruding dies, and then the heat pre-determined by the material composition is
applied to the foaming materials. After that, the melted foaming material passes through the
extruding dies to provide a continuous and uniform cross section, and then the foaming
material is foamed by (in step S30).

The electron irradiation cross-linked foaming method applies electron rays to a
foaming material that is formed by extruding a polyethylene or polypropylene resin mixed
with other additives and agents, thereby cross-linking the materials and heating the foaming
material up to the foaming-agent’s decomposing temperature to make the foams. This
electron irradiation cross-linked foaming method differs from the chemically cross-linked
foaming method in a way that this uses the electron rays to achieve the cross-linking and then

heats the cross-linked foaming material to foam the cross-linked foaming material.
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electron irradiation cross-linked foam ng nethod
differs fromthe chemcally cross-1inked foam ng
worblsmdsdon a way that this uses the el ectron r2gs/KR2004/001809

achieve the cross-linking and then heats the
cross-linked foam ng material to foamthe cross-Iinked
foam ng material. Meanwhile, in step S40, the
cross-linked foamis cured for a time and then cool ed
down to a certain tenperature. In step S50, the
cross-linked foamis then 6ut, trimred and designed to
be a final product. Although not shown, the nornal
pressure cross-linked foam ng nmethod includes a
crlegmdiite, dn asp- $40nkedcrbealileg framhisdured fkiactime and then cooled
m xture of a polyvinyl chloride based or polyolefin

down tPE2eHainaEMPelrdl & 6epB50athefwasstinteddent is ghen cut, trimmed and
cross-linking agent (plasticizer in case of polyvinyl

deggw8@%85%Qﬁ%kg%d§&abi'izer and a surfactant is used. The
cal ender cross-1inked foaning nethod transforns the

T ﬁ(thgtrlg%n gégté%o?“ﬁlg %et {1 ”ﬂﬁ%ﬁ ﬁ)heg?&{e LU?&) sfsQ[l{EeE q@ﬂhﬁ% 12%%1@? iﬁg&ludes a

ool end s dg A the storage m

al ender roll, a ' palk i

clende o et B b RLO: TP Tl ik thca o
under a normel pressure condition. Thereafter, th o

polyolefioamised revint evithad chemisalofoamingh Asehnd C&W-i@qr@ra nj fﬂ%ﬁ“mef n
to formthe foans, and then a roll-shaped foamis

case ofqRAAIAELHYideYa sfbilizadimiga shfadtodrs uesd. t Fee ealkedey gross-linked
roll. In step S60 of FIG 82, the foans finally

foamin%g{e@ﬁ&ﬁgaﬂsmr% ghe HbeuRALSSIWoatisli@sSnt unkern faanigqaterial using
thod or normal pressure cross-1linked foam ng nethod

the ext@é}%%?%%}hgeg@géeggﬁa e 9131? P?& 1Rt fhdsmbdeshdmee teaoamigaterial is

. erent fromthe foaning
textile

heated gg%gﬁé%gﬁgg ?ﬁ;‘fﬁ:ﬁ; gﬁ? ;%V%?’grpfg%gr 1%1@% hg&%]g%?%oggligﬁ If%sstuﬁee condition.
Thereaftay Usctosmiss Mi<a8! 157061c4 AL OGBS d LB But | R Hlgns, and
then a roll-shaped foam is obtained by way of winding the foams on the take-up roll.

In step S60 of FIG. 82, the foams finally obtained through the pressure cross-linked
foaming method or normal pressure cross-linked foaming method may be attached to one of
other molded material formed from the same as or different from the foaming material,
textiles, woods and metallic materials depending on an end use, property and purpose of the
foams and then be re-formed.

Such a re-forming method may be classified into a heat/cold mold compression re-
molding, a cold mold compression re-molding, a cold mold vacuum re-molding, and a blow
re-molding. The heat/cold mold compression re-molding method forces the cross-linked
foam to be inserted into the mold, and then the cross-linked foam in the mold cooled down

after being heated and pressed. The cold mold compression re-molding method pre-heats the

cross-linked foam and then inserts it into the mold, and thereafter, the cross-linked foam is
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nol ding, a cold nold conpression re-nolding, a cold
nmol d vacuum re-nol di ng, and a bl ow re-nol di ng. The
waeeais/o6sdedl ol d conpressi on re-nol di ng et hod POTAERR004/001809

the cross-linked foamto be inserted into the nold,
and then the cross-linked foamin the nold cool ed down
after being heated and pressed. The cold nold
conpressi on re-nol ding nethod pre-heats the
cross-linked foamand then inserts it into the nold,
and thereafter, the cross-ld nked foamispressed and
cooled down to formthe finalized foam The cold nold
vacuum re-nol di ng met hod applies heat to the

pressedCi@S Sodlédkednf woaimrattha fmnbzadefoenni fibed cobhpeldyagwmamimolding
t hen sucks the heated foaminto the nold using a

method”; %&Eﬁ@ﬂh% &S ¥ GossAmekehiITesRaf b @Fe-détbenihed taniserarorel aad then sucks
d and de-nolded to formthe finalized foam

the heat't:ng f %%r RS $he H&ﬁc}( g%iﬁ%"gr\%bmﬁh gﬁé@uﬁeﬁﬂ&%e@@ﬂ{eir,eﬁxe reah is cooled

€ Cross- amto be soffened and then

down il GESTP IR G AR QA AP « Ratierges: e el fednilifhg method
re-nmolded in the nold an [ '

oo e o1 Le, oL oo becoresy he 10l ZEd 08 s o
by the related art cross-1linked foam fabrication

the liquigtdtodse ¢raselinlted ah) piwh et Sivaarestlénied dpan is reygolded in the mold
conpr essi on-press cross-linked foam nol di ng nmet hod of

and betdi8esRhE€ SHMIRJITHAE Sfibi berdd-matdedg met hod inserts the
source material shaped |i ke a sheet type or a particle

tyiRe LatQibihe il fRakdthemeappite@erheissokéddbam fabrication
source material, thereby manufacturing the foam having

methoc?snj%g\ié%c I(%Iléerr]n fgﬁg\%/h%alchﬁgaﬁlﬁt]i%ééa ?H@t&%{ srs?on-}%je@sc QrdsB8inked foam

o -press chss- oam nol di ng net hod heats

.the source material in th | i nder he. [ r i

moldingng gt ne cr e T T L B ek Aok E o fiRg matrie
mol d, the source material can have the unifarm

shapedplilspehagt typeairia paatiels tasdntonge bl?(&gu% then goRligs gy that source
foams may al so have the uniform physica

materiglh dteagtyenstfagsring the foam having a uniform physical property. Furthermore,

since the injection-press cross-linked foam molding method heats the source material in the

cylinder of the feeder and then melts the material so as to be inserted into the mold, the source

material can have the uniform property in all parts and the produced cross-linked foams may

also have the uniform physical characteristics.

Meanwhile, since the normal pressure cross-linked foaming method inserts the
source materials having a particle type into the extruding machine and then heats them to be
softened, the cross-linked foam material can have the uniform cross section and the uniform
physical property in all parts, and also the finalized foam may have the uniform property in all
portions. Although the source material is formed of the several substances in the related art

cross-linked foam fabrication, the finalized foam also has the determined property having the

uniform density because the source material is transformed into a single unified material
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Meanwhi | e, since the normal pressure cross-Ilinked
foam ng nethod inserts the source materials having a
weanisioesss4t ype into the extrudi ng machi ne and POEKR2004/001809

heats themto be softened, the cross-Ilinked foam

mat eri al can have the uniformcross section and the

uni f orm physi cal property in all parts, and al so the

finalized foam may have the uniform property in al

portions. Although the source material is formed of

t he several substances in The related art cross-Ilinked

foam fabrication, the finalized foam al so has the

determ ned property having the uniformdensity because |
before thb Eom® Yfdessravierdoatr, is theratasfdontredthods deseribed gbeve, the foaming

uni fied material before the foam process. Mreover, in

processtdd8s h&! ALGALaTsarTBh1iag 3li ke smrdehsit) aibdifferent hepeoRsiimgvery each
process does not make the foam having different

portion densi L ¥, Ol i Jf8enhteRACR]EL] BStht FoBY Prace@ACThesldtedart cross-
becatuse the sane source material is used in the foam

_ rocess. The related art. crossli 20 B ENeGioli$ shapes

inked RaiE BeanaY 00 0f BUBNe RRER BAAES e PR Pl ARk Sshay
various shapes and formations insi he f.oam at

and forgutieny il @W@@%@@%ﬁ@ﬁ&@%&@ﬁ'ﬁ&mam
related art cross-Iinked foanin% nethod,dqgi not. nake.d i

related tabtecrotergikey foirhingraethpddpesngt magkgahe Hengiyndiffersagorgh fside the
Therefore, when manufacturing the cross-Iinked foam

finalizddawhg t he conpl ex physical properties and functions,
the related art separately nmakes the cross-Iinked

f g9 R 3B dwhite hagitagiuriabithel sroagitiniaddt RaheSavine tifeoameplen physical
an additional fabrication steps to produce the foam

p1'opert|£§as¥ai&}§ ?wtcgigpg i}%e\?\éa@ag?c? 512 3@%‘1%@& anfedarl dr&4-1ifkR@ Foams and then cuts,

) it1onal processes nay

cause the faprication difficulty... :
s Sl B e o SR ey QU am povin
the desired cross-1.inked foan1g§vin t he. var.i ous

the diverep slessitieprirshaesiied SNBEISUUANETS: STOVTTr ch; dﬁborn(zﬂ grocesses may
obt ai ned. Moreover, the related art described i .
cause thefairichiédrodificmyy, ilredpwabwughput and the degradation of design and quality,

such that the desired cross-linked foam having the various physical properties and inner
structures is hardly obtained. Moreover, the related art described hereinbefore may increase
the process steps and costs and may cause a lot of industrial wastes because the foams each
having different physical properties and functions are separately manufactured and
compounded.

To overcome the above-mentioned disadvantage, the Korean Patent Application No.
2003-45282 titled "Method for Manufacturing EVA Based Foam" has disclosed a method
including steps of 1) mixing an EVA resin, a cross-linking agent, a foaming agent, a colorant,
a filler, an additive, and a rubber or a resin which can be mixed with the EVA resin, 2)
performing a low melting point spinning on the resultant composition, 3) making the spinning

filament into a tow or staple fiber to be used as a first material, selecting a second material
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the process steps and costs and nay cause a |ot of
i ndustrial wastes because the foans each having
wdi2bds@messst physi cal properties and functions aPeT/KR2004/001809

separately manufactured and conpounded. To overcone
the above-nentioned di sadvantage, the Korean Patent
Application No. 2003-45282 titled "Method for
Manuf acturing EVA Based Foant has disclosed a nethod
including steps of 1) mxing an EVA resin, a
cross-linking agent, a foafing agent, a colorant, a
filler, an additive, and a rubber or a resin which can
be mxed with the EVA resin, 2) performng a | ow

from a gRkpicogsipMiNOE & piatmisnlybbnPVAebases slapkenibesonpelyrsiphpased staple
3) meking the spinning filanent into a tow or staple

fiber antl PBAtuED f¥Rr, UsEréducing & heh-wakrrfblaic by elisdigi thg fast and second
second materialfroma group consisting of a water

materiafR? h}; Pieﬁ]ilfég&lt bagiedvddaRh@erf i fthe BoRNoyes teyrichas@d) cross-linked
stapl'e t1'ber and a natural fiber, and producing a

._hon-woven f i.c by X ' . ) e
e i T T
- ri -l i
o e S s TGRS G R g Pt
~air pore structure is forned in the foam However, the.
Applicatientda 208 e15882¢ 191 copecragsbvib éég%tPP%ngrHGé’rg@H}% %a“toé‘h'f’ﬁmg the
Application No. 2003-45282 is not concerned with a
shape a@tshaetufosf thedhgmisngaar shaparndkirneigretdahe fegie whggeby the cross-

structure of the inner surface shape and structure of

linked B8 dR&MorMAGE BRVifréientcdcasisikd Mefinttamin thd ghrisot have
the different densities and functions in the parts.

[ DETAI LED DESCRI PTI ON OF I NVENTION | Accordingly, the
present invention is directed to cross-linked foams
and a manufacturing nmethod thereof that substantially

(e R BRI E DM o' The rerated art.

Accordingly, the present invention is directed to cross-linked foams and a
manufacturing method thereof that substantially obviates one or more of the problems due to
limitations and disadvantages of the related art.

An advantage of the present invention is to provide a method for forming a cross-
linked foam that have at least one inner cavity structure and a cross-linked foam made by the
method.

Another advantage of the present invention is to provide a method of forming cross-
linked foam in which at least one interfacing pattern is formed between multi-layered foaming
material and the interfacing pattern forms an inner cavity structure during a foaming process,
and a cross-linked foam made by the method.

Another advantage of the present invention is to provide a method of forming a
cross-linked foam in which a plurality of inner cavity structures separated from each other is

formed in a same cross-linked foam, and a cross-linked foam made by the method.
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An advantage of the present invention is to provide a
met hod for formng a crosslinked foamthat have at
woOeestosssse | nner cavity structure and a cross- PCIAERL004/001809

foam made by the nethod. Another advantage of the

present invention is to provide a method of form ng

crosslinked foamin which at |east one interfacing

pattern is formed between nmulti-layered foam ng

material and the interfacing pattern forms an inner

cavity structure during a boanming process, and a

cross-linked foam nmade by the nethod. Another

advant age of the present invention is to provide a

Mehboe: eflvinorgei ofjthe wrass itventied if saprdvida mehed of forming a

plurality of inner cavity structures separated from
cross-ligR&h rotnheh Whidhokimeehsi Pna idasERndemssoldedkmgerf ceparatldp drom an

a cross-linked foam nade by the nethod. Anot her

interna@g-ﬁ?ﬁ‘%agﬁrf?ée it RS R SRNY crb VNt Fharh Sndde bgrtBY indehod.
| aSo og io(rjmng a frosE-Ilnked foamin which at
ndep ent . . er . f
| AaRAPTTT SR iep e d L p D g PRRA ARG ITGNARg & cross-
' cross-linked foam nade by the nethod, Another.
linked fepymin aguclof RS ALVOIORAE i 7 PPGT et SHRE RS20 b
of formng a crosslinked foamin which pressure and
controld\idveusedy,aind ai arossringad fopremadaby the BeHeet ure can be
controlled diversely, and a cross-|inked foam made by
t hgiofRt hadhntAraifhke prdinitvageorois to peovides arethadiAepming s cross-
is to provide a nethod f formng a crosslinked foamin
linked PRLER @ch ARSKNeS dityYis ifSled Mithadatetialb timbey daalesastchaifferent from
are sanme as or different fromthe cross-I|inked foam

_anhd .a s-14 .
the cr ogdt@lﬁﬁﬂg‘éfe)lﬁ??ﬁdt %&g%gsr—félggemfglﬁﬁ \?/neaﬁié ibg E%I féﬁ%%hg@,g r oCin gte h :r
nme (0] (0] orm

o 8% S 50 A FRSER LAL, SE hPL SRR i
alr passage or
cross-linked foam in which an inner cavity structure can easily be utilized as an air passage or
a shock absorber, and a cross-linked foam made by the method.

Another advantage of the present invention is to provide a method of forming a
cross-linked foam that can decrease a weight and increases physical properties and functions
such as a shock absorbing power, a shape recovery force and resilience, etc., and a cross-
linked foam made by the method.

Another advantage of the present invention is to provide a cross-linked foam that has
differentiated physical properties and functions at its each portion.

Additional features and advantages of the invention will be set forth in the
description which follows and in part will be apparent from the description, or may be learned
by practice of the invention. These and other advantages of the invention will be realized and

attained by the structure particularly pointed out in the written description and claims hereof

as well as the appended drawings.
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a shock absorber, and a cross-linked foam nmade by the
met hod. Anot her advantage of the present invention is
woaoresdedle a net hod of forming a cross-|i nkedPEDAR2004/001809

that can decrease a weight and increases physica

properties and functions such as a shock absorbing

power, a shape recovery force and resilience, etc.,

and a crosslinked foam nade by the method. Another

advant age of the present invention is to provide a

cross-linked foamthat hasl®ifferentiated physica

properties and functions at its each portion.

Addi ti onal features and advantages of the invention

Wb achizvs ethedeoniich okhrer tadeantessss aptdnohpdimPethic aFtosdicantith the

in part wll be apparent fromthe description, or may
principR§ of 8@ HR&En{IMvaTtRGtpréddafa mbod oy Emiigna ciPhedskahigam.

ot her advantages of the invention will be realized and

attained by the structure particularly pointed out in

the witten description and clains hereof as well as

t he appended draw ngs. To achi eve these and ot her

gﬁ‘%%g}te %)%Sdon%ﬁ]%sgsgﬁgﬁégg% 143t AECBLAMIGRatMiAINOE R@ross-linked

€s 0 I nvention provides a nethod

foaming];tg% gaﬂigg g{aatq%r@gif’o_c%%gg fogléf %%§1a111éh0% tﬁ%%— go?&sg&%‘i .bl'?a%é with the

materi a
cross-linked foaning, the foanin terial processed
cross-linkechfoveing gpareesess farmivgeatdearbprRy s ACg AFHCN TH? fRgce of at
cross-linked form ng suppressed; formng at |east one )
least onendfethd faiming pateriet nsiogatdeast phainterfieing materalthyigepnts chemical
the foaming material using at |east one interfacing

and phf@t R iitalaclidiobetve@yeptisaing mataialgndd fhrysng alcross-linked foam by
I nteraction between the foam ng materials; and form ng

foamiu% tfid ﬁ)sdﬁfuh k&b RAR P S8T S {Jzﬁ%rﬁ ORrdong the¢ekd-Ahked foam
aving t Interfacing pattern thereon, the

. Cr ss-linke? f oam havi body and an
havmgiantl%glprllagfliy )91_1 ap }%12%111%@—?%%153 LR
In the above, the method may further comprise combining another foaming material
with the foaming material having an interfacing pattern thereon before a process of forming

the cross-linked foam.

In the above, the foaming material may be selected from an EVA-based film and
material having a plane or three-dimensional shape with an enough surface roughness to

easily form the interfacing pattern thereon.

In the above, the foaming material may be selected from a group consisting of
synthetic resins such as an ethylene-vinyl acetate (EVA)-based resin and a polyethylene-based
resin, a copolymer of resins, a natural or synthetic rubber, and a composite material including
at least one material selected from the synthetic resins and the copolymer and at least one

material selected from the natural rubber and the synthetic rubber.



10

15

20

In the above, the method may further conprise
combi ni ng another foamng material wth the foam ng
worb@rocatle4 havi ng an i nterfaci ng pattern ther eoRCDAR206/001809

a process of formng the cross-linked foam 1In the

above, the foam ng material may be selected from an

EVA-based filmand material having a plane or

t hr ee- di nensi onal shape with an enough surface

roughness to easily formthe interfacing pattern

thereon. In the above, thelfoam ng material may be

sel ected froma group consisting of synthetic resins

such as an et hyl ene-vinyl acetate (EVA)-based resin

andhaalpslky gichylksaenp aseial wey he sdegepHoyhRerogp cprdfijng of

a natural or synthetic rubber, and a conposite ’
liquid pHRE Sk dt@ialé Reliaghag nadterdi#gand Gie-typet maicaklssel ected from

the synthetic resins and the copolymer and at | east

one material selected fromthe natural rubber and the

SM}%Q ?{%\&‘e, feaRR abiRg hhgerA RO S fohited bt end alanegods such as a

Fa erial may be selected froma group consisting of
prnting PheC B i T R o e o & e B echmen

_pattern may be.forned by one of neth

aﬂddWB%?ﬁFﬁHﬁ?“PP%ﬂ@@PWBPF& YS-coati ng, deggzifrgﬂ,as °

sprayi ng, cloth attachment, inserting, attachnent and

di verse nodifications of above . .
C hembera, ghe Forrieer (istseraLre g isan ool b uhe R IERS e foaming
at | east one foam ng agent sel ected fnog1f m.ng .

agent selgerad Sotrhfrbmngagatsehgrargsaeprehitferephigs %)?fofﬁﬁ éoag%‘aﬁia%f‘d“ for
agent for the foaming material. In the above, if two

the foa@ingMAa®rikNt er faci ng patterns are forned, each of the

interfacing patterns may be forned using one of sane
or different material.

In the above, if two or more interfacing patterns are formed, each of the interfacing

patterns may be formed using one of same or different material.

In the above, the process of forming the cross-linked foam may be executed either by

pressure cross-linked foaming method or normal pressure cross-linked foaming method.

In the above, the process of forming the cross-linked foam may be executed by a
modified method either of the pressure cross-linked foaming method or normal pressure

cross-linked foaming method.

In the above, the method may further comprise adding a material same as or different
from the foaming material to a remaining space of a molding die before the process of
forming the cross-linked foam when the process of forming the cross-linked foam is executed

by the pressure cross-linked foaming method.

In the above, the method may further comprise injecting one of air and liquid into a
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In the above, the process of formng the cross-Iinked
foam nay be executed either by pressure cross-Iinked
woaeosioasgemet hod or normal pressure cross-| i nkedCTERIIY01809

method. In the above, the process of formng the

cross-1linked foam may be executed by a nodified nmethod

ei ther of the pressure cross-linked foam ng nethod or

normal pressure cross-linked foam ng nethod. In the

above, the nethod may further conprise adding a

material sane as or differeit fromthe foam ng

material to a remaining space of a nolding die before

the process of formng the cross-1inked foam when the
space fyroee b3 thef infaynatynfprnbed swiwms of thenkex-lfrdaifiosn ekectit pobeess of

by the pressure cross-linked foam ng nethod. In the
formirgaby esos§-hakeefoamd may further conprise injecting one

of air and liquid into aspace fornmed by the

internally-fornmed surface of the cross-1|inked foam

afnehe hbRePIRGRKBoPhay AlrfleP BorhPsce RSk donke erobQaked Bam
t he above, the nethod may further conprise re-nolding

after tid\RCLOBP IS LAMALL P ke process of forming the

r'oss- above, the re-nolding may be
performed together with one of materials that are the

S as, or different fromthe. cross-I|inked. foa In .
Tl et Hlibe fidyPeraieRare DaRbF SuboReaF plrgels that
at | east one of materials that are the sane as or

are thefameds oF difforenh e thegaessHgkahi@™ al into a space
formed by the internallyforned surface after formng
the cross-1linked foamor re-nolding the cross-linked
f darthe shpvenide apshed menirthet prydprsgyinsarinhatrleas ppe pfwaterials that
re-nmol ding the cross-linked foamafter inserting the

are thermatneras @k diffirenttfiven gpdomnhgrmeeridiyntohespace formed by the internally-
internal ly-fornmed surface.

formed surface after forming the cross-linked foam or re-molding the cross-linked foam.

In the above, the method may further comprise re-molding the cross-linked foam

after inserting the material into the space formed by the internally-formed surface.

In the above, after the process of forming the cross-linked foam the method may
further comprise forming an air passage extending from a surface to a space formed by the
internally-formed surface of the cross-linked foam; inserting one of materials that are the
same as or different from the foaming material into the space through the air passage; and re-

molding the cross-linked foam after inserting the material, .

In the above, the different material from the foaming material may be selected from a

group consisting of gas, liquid and solid materials.

In the above, the method may further comprise rolling up the foaming material

having the interfacing pattern thereon before the process of forming the cross-linked foam.
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In the above, after the process of formng the
cross-linked foamthe method may further conprise
wobaonesioasgean ai r passage extending from a surf aeeTKR20804/001809
space formed by the internally-forned surface of the
cross-linked foam inserting one of materials that are
the sane as or different fromthe foamng material
into the space through the air passage; and re nol ding
the cross-linked foamafter inserting the material,
I'n the above, the different3material fromthe foam ng
material nmay be selected froma group consisting of
gas, liquid and solid materials..In the above, the
met e dibeRy, the etk 1ﬁ@}nﬁﬁﬂ1161€cdlmbri5|em gddipg lal@bffemawmn‘@rlal from the
mat eri al haV|ng the interfacing pattern thereon before
foammgqﬁt&fﬂ)@cﬁﬁﬁ f%flmfl RhRgal i 08 Sntkifikiegd phtoambefort tie process of
net 0 In?y futher conpri ses adding a
a romthe foam ng material to th
ﬁ”“““féﬁﬁ?%ﬁ Hmfer?% havi ng the interfgcing pattern be?ore
e process o Cross:
aﬁ%ﬁ%ﬁbmé§ﬁﬁéﬂhePﬁ@mggggﬁ'?nPﬁVen ?gﬁﬁg#%@ggg?'a
cross-linked foam The cross-Ilinked foam conprises a

foam body; and at |east ' ' :
f a"ﬂlﬁ@uasp%@k%fqaﬁbcq%%%%g n B Léﬁ%vi ]%%stf%%é%%g éeglltg sgucture

the inner cavity structure are forned S|nultaneousl
formed insitib thedfbawdody hehéraimehe fani badyond dlg ner ayity lucture are
connected to at | east one surface of the foam body.
formedi@uft@aauiiody may include at |east one air passage
connected to the inner cavity structure. The
cross-linked foammay further conprise a valve at the

aiff, RAHPRE8hE threPBEVI8! stdbruidhhpbe amtheated owbf leawooé swface of
and nD|sture The inner cavity structure may be filled

the fo"tgx #’?dé’ an{rB&fy SRSt k'aﬁton'e%urgﬁ@sa%@%nﬁb‘étddﬁo the inner
re rom t’he T oam body

cavity structure. The cross-linked foam may further comprise a valve at the air passage to
control an inflow and an outflow of air and moisture. The inner cavity structure may be filled
with one or more materials that is the same as or different from the foam body. Molded
material made of or from the same material as or different material from the foam body may
be inserted into the inner cavity structure.

It is to be understood that both the foregoing general description and the following

detailed description are exemplary and explanatory and are intended to provide further

explanation of the invention as claimed.

[ BRIEF EXPLANATION OF FIGS ]
The accompanying drawings, which are included to provide a further understanding

of the invention and are incorporated in and constitute a part of this specification, illustrate an
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material made of or fromthe same material as or

different material fromthe foam body nay be inserted
wOnow/o6kse4i nner cavity structure. It is to be PCT/KR2004/001809

understood that both the foregoing general description

and the follow ng detailed description are exenplary

and expl anatory and are intended to provide further

expl anation of the invention as clained. [ BRIEF

EXPLANATI ON OF FI GS ] The acconpanyi ng draw ngs, which

are included to provide a fldrther understanding of the

invention and are incorporated in and constitute a

part of this specification, illustrate anenbodi ment of
embodiniket P ele piesém\igvintion aaddogalget hidh thw désctipieon serve to explain the

description serve to explain the principles of that

punmpkgwgﬂkkgﬁ@nﬁalthe drawings; FIG 1 illustrates a
manuf acturi ng process of a cross-Ilinked foam havi ng

nQﬁﬂ““ﬁ@“%Qe internally-formed surface according to a
firs ment of the present invention; FIG 2

S S.a nanuf tur iy
f (ﬁ&bﬁ ;ll d@lé FTER ga 1{(1811%[ qri 900% cgeas or ?; h?kéﬁ‘;fg%%r i(leés e%?ﬁme than
invention; FIG 3 il rates a 0ce
one intgmallydpimres. ur ﬁqﬁee%pcpdgfg &%\SH@HBO Jg)lelét (ftlﬁr? BrS g‘ﬁﬁ Jaen ln]%
of the present invention; FIG 4 illustrates .
meGE Actllusiratgs prioseHectefing percsss of pritew-1nksfh éé@oﬁ‘%f’%ﬂg toa
to a fourth enbodi nent of the present invention; FIGS.
secondengtidliBesthd\thamosehaniventony processes of a cross-Iinked
foam according to a fifth embodi nent of the present
| PMENBIiQfktrates a manufacturing process of a cross-linked foam according to a third
embodiment of the present invention;

FIG. 4 illustrates a manufacturing process of a cross-linked foam according to a
fourth embodiment of the present invention;

FIGS. 5 and 6 show manufacturing processes of a cross-linked foam according to a
fifth embodiment of the present invention;

FIG. 7 illustrates a manufacturing process of a cross-linked foam according to a sixth
embodiment of the present invention;

FIG. 8 illustrates a cross-linked foam having an air ventilating structure to improve a
buffering function and an air permeability according to a seventh embodiment of the present
invention;

FIG. 9 illustrates a manufacturing process of a cross-linked foam according to a
eighth embodiment of the present invention;

FIG. 10 illustrates a manufacturing process of a cross-linked foam according to a

ninth embodiment of the present invention;
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FIG 7 illustrates a manufacturing process of a
cross-linked foam according to a sixth enbodi nent of
woheospesssent invention; FIG 8 illustrates a PCT/KR2004/001809

cross-linked foamhaving an air ventilating structure
to inprove a buffering function and an air
perneability according to a seventh enbodi nent of the
present invention; FIG 9 illustrates a manufacturing
process of a cross-linked foam according to a eighth
enbodi ment of the present ifivention; FIG 10
illustrates a manufacturing process of a cross-I|inked
foam according to a ninth enbodi nent of the present
i pY@enti QMudhlats alhahhfaustingtpescess nhauframstlinkied Joproiseersling to a
of a cross-linked foam according to a tenth embodi ment

tenth e@bodiPRnPEORE BeskitvaVtion; FI G 12 illustrates a
manufacturing process of a cross-linked foam according
t ?g}n !I_g '11%1‘1’%‘%‘1‘3&-:? aelgtgﬁg{amtl PFOCEﬁlepe[ SRR inkdV &Ikl &dtording to an
F iTTustrates a manufacturing process of a

ross-|inked foam according to a twel fth enbodi nent;
elevelltgle@ Oﬂﬂn‘?l}tIoggierlﬁ?sggglgv%ﬁ)&f acturing process of a

cross-1inked foam according to a thirteenth enbodi .

GG G § MAREBROE RISy 8T ) S | Sedclog selbiting o a

manuf acturing process of a cross-|inked foam according
twelfthtemntaodimentt eent h enbodi ment of the present invention

FIG 16 illustrates a manufacturing process of a
crrgss 1 kiinkaehtésoamaototudinggprocesa of iaf treentinkednfoeni msarding to a

of the present invention;

thirteenth embodiment of the present invention;

FIG. 15 illustrates a manufacturing process of a cross-linked foam according to a
fourteenth embodiment of the present invention;

FIG. 16 illustrates a manufacturing process of a cross-linked foam according to a
fifteenth embodiment of the present invention;

FIG. 17 illustrates a manufacturing process of a cross-linked foam according to a
sixteenth embodiment of the present invention;

FIGS. 18 to 39 illustrates diverse examples of the cross-linked foam according to the
present invention.

FIGS. 40 to 45 illustrates exemplary applications of the cross-linked foam of the
present invention to many parts of a shoe;

FIGS. 46 to 50 illustrate exemplary applications of the cross-linked foam of the
present invention to the uppers of a shoe;

FIG. 51 illustrates an exemplary application of the cross-linked foam of the present

invention to an inner sole of a shoe;
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FIG 17 illustrates a manufacturing process of a
cross-linked foam according to a sixteenth enbodi nent

wofodsiesgon esent i nvention; FIGS. 18 to 39 il | uBCT/aR2804/001809
di verse exanpl es of the cross-linked foamaccording to
the present invention. FIGS. 40 to 45 illustrates

exenpl ary applications of the cross-Iinked foamof the
present invention to many parts of a shoe; FIGS. 46 to

50 illustrate exenplary applications of the
cross-1linked foam of the piésent invention to the
uppers of a shoe; FIG 51 illustrates an exenplary

application of the cross-1inked foamof the present
| TN@BLINB3taad dd illnsiete sehmplaf applshatensoiage cams-lipgedfpgm of the
54 illustrate exenplary applications of the

presentQE(?éﬁlblﬂt@Kﬁgd%l@ﬂf@ﬁhdehe present invention to a
m dsol e of a shoe; FIG 55 illustrates exenplary

appk! ??t i1 90S R e%eﬁ? Pocﬁbgh&dtl@iﬁ?@f fieameed-lihkel Bia@senthe present

i nvenfion to an o a shoe; FIG 56 illustrates

exenpl ary .ap ations of the cross-1linked foam of the
m"entIBPé% ?Ut%/?}?/‘gﬁ 18 'to a sockliner of a shoe; FIG 57

illustrates exenpl ary appl.i cati o s, of th

f gdfh &6f lllh-“él%"rse%?‘éfﬁiplﬁuﬁf\ﬁé’ﬁll%]ﬁnf ot dh% Gug 33@%‘? ﬁoganbfo¥l§ 16 present
. _shoe FIG 58 illustrate exenplary applications of the
invention 0s 8 sbdkhikecbofeosheenf the present invention to an

instep pad of a shoe FIG 59 illustrates exenplary
amIGi. catiilasisatef etdneplanyospplititivke df fthawrass-linked poass @iﬁtthe present

invention to a foam padding of a shoe;

FIG. 58 illustrate exemplary applications of the cross-linked foam of the present
invention to an instep pad of a shoe

FIG. 59 illustrates exemplary applications of the cross-linked foam of the present
invention to a stiffer of a shoe;

FIGS. 60 and 61 illustrate exemplary applications of the cross-linked foam of the
present invention to molded components of the uppers of a shoe;

FIGS. 62 to 81 illustrates a wide variety of applications where the cross-linked foam
of the present invention can be employed;

FIG. 82 is a flow chart illustrating process steps of manufacturing cross-linked foams
according to a related art; and

FIG. 83 is a flow chart illustrating process steps of manufacturing cross-linked foams

according to the present invention.
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invention to a stiffer of a shoe; FIGS. 60 and 61

illustrate exenplary applications of the cross-Ilinked
wobaan63s86t he present invention to nol ded conpoREMKR20(4/001809

the uppers of a shoe; FIGS. 62 to 81 illustrates a

wi de variety of applications where the cross-Ilinked

foam of the present invention can be enployed; FIG 82

is a flowchart illustrating process steps of

manuf act uri ng cross-1linked foans according to a

related art; and FIG 83 id47a flow chart illustrating

process steps of manufacturing cross-|inked foans

according to the present invention.[ THE BEST MODE FOR
[ THE BRYENTOOE FORINSIEMEEON] | | now be nmade in detail to an

illustrated enbodi nent of the present invention,
exanpl es of which are shown in the accompanying
drawi ngs. \Werever possible, simlar reference nunbers

Wﬂe'fm@f?ceu\%/ﬁfjP&\W&"’&Q@éﬂin Hba&il ch aW MYsdied efbelintedt bhehe present
rsm ar part Is a flow chart

d 11 ust r ces e f

inventigh oS e T Ba AL %%oavo P.%lé afﬁﬁo‘éﬁ?ﬁ%ﬁr%ﬂ%gaf"“ﬁfwer possible
present invention. n_Fl.G F ng

similarygferge SpMbRE W@@éﬁ?d lﬁh%%o%‘i]ile dFPeWB&%E’ 5o %Bw spme or similar
m xing source materials (S| 00, a step of shaping the

parts. m xed source materials (S200), a step of selecting an
interfacing material (S300), a step of form ng an

i mtier §a¢d nfowpahietlususiingpohess sepe of mdnitat@rihg crasglinked foams
material (S400), a step of foamng a foam ng materi al

accor dh%vﬂongpltulib@plb R ed Aekdi iPRhtien. N A@hbwn i 16 080N thSERA)ing method
tep of cooling and curing the foam (S600), and a

of the pre%@nt 1nvgn't1raﬁlnll<ﬁﬁ&g> tﬁgp Epmlﬁéz&ﬁ});e materials (S100), a step of shaping

the mixed source materials (S200), a step of selecting an interfacing material (S300), a step of
forming an interfacing pattern using the selected interfacing material (S400), a step of
foaming a foaming material having the interfacing pattern to form a foam (S500), a step of
cooling and curing the foam (S600), and a step of finalizing the foam (S700).

The step S100 selects a main resin as a source material among the various materials
depending on the desired cross-linked foam’s availabilities and physical properties, and then
mixes the main resin with the other additives and agent. After planning the material
composition, the source material and the sub materials are weighed by desired amounts in
accordance with the material composition plan, and then the source material and sub materials
are mixed in the airtight mixer or kneader. The step S100 may include adding a cross linking
agent and a foaming agent into the mixture using the open mill.

The source material used in the step S100 can be selected from a synthetic material
having a possibility to become a foam using a various cross-linked foaming method, for

example, synthetic resins such as an EVA based resin, a polyolefin based resin containing PEs
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The step SI QO selects a main resin as a source
material anmong the various materials depending on the
wdesisresteer oss- | i nked foam s avail abilities an8CT/KR2004/001809
physical properties, and then mixes the main resin
with the other additives and agent. After planning the
material conposition, the source material and the sub
materials are wei ghed by desired amounts in accordance
with the material conposition plan, and then the
source material and sub matgrials are mxed in the
airtight mxer or kneader. The step SI OO may i ncl ude
adding a cross |inking agent and a foam ng agent into
of a vatiB§ dTi dehbikies, Uspdtgyihyiebas@bresin hlpolyThehswubased mesingrand[LDPE(low
used in the step SI OO can be selected froma synthetic
dens1ty\r;}% Jﬁ«l:nelﬂ-%ﬁﬂ&gEﬁApﬁ%eﬁ)&Hn'ei Metedf Reslen® thrrdodadm diaixtgreahereof;
r|o s cfoss-1inked foam ng met hod, for exanpl e,

a natm%l qryel 1%11{:80 ugosoleptcz'm%ldﬁ{%ecﬁ A VA Qiaéﬁgtufa@%u‘tﬂ)er & styrene butadiene

ased resi ontalnlng PEsof a variety of

denS|t|es

R e L R
EVA, a copol mer thereof, a blen t.her

chloromrese urtder(hB) oped. anrriy arbsr (SPwDHES? b%ﬁ@ﬁmbber based, an
constituted by a m xture of a natural rubber,

ethylergtprogylend uitédi(ERB) bafxdle angd SBchﬂag@her EAR) based rubber and/or an

pol y- but adi ene(BR) based, an poly-isoprene rubber(IR)

styrendd®%Rdiend AIDHONSPRENRIdEA trb:@p(e@R) ruba&€NR );anndi & rcolnposite material
rubber ( NRB) based an EPDM rubber based, an

11101Ud1ﬁ%h‘%| EFI?I\/EEL @ed' Uéﬂ?f%héﬁ? l a@@tﬁ@d(E\ﬂtﬂﬂ i aagdlyvinyl chloride

rubber, /or an styrene butadi ene

(PVC>ﬁ§%%ﬁP§§§§ﬁ@ ddgﬂﬁm% &Egg& rubber(NR) and a conposite

rubber added ethylene Vi nyl

acetate ((EVA) d I
n,h[qwe;vgl,Hmsdaecgglgeﬁfggg%éd?ml%A %&h ¢ i}% ?/m e)tatg)d ql?aq can contain
recommended to adopt ﬁ@ﬁ t hyl ene- V|nyI ace E

d Vanaﬂoémp@rmt@gemfaalwn@laﬁloe Vil @ereiRde Aot0)0t thrda Slt§hene 1B based

vinyl acetate (VA %9 or the polyethylene (PE) based
synthetic resin having various densities as the source material.

When more than one source material among the above-mentioned materials is
properly mixed with the sub materials to be a composite through the above-mentioned
composition process, the composite becomes a foaming material with the foaming action
suppressed by the calender roll or the extruder. At this time, the foaming material has a
planar shape, such as film or sheet, or a three-dimensional shape, such as pellet, i.e., step
S200.

The foaming material according to the present invention is not limited to a specific
shape or type, but the foaming material is weighed whenever it is used as a particle or sheet
type at every foaming process. Further, when the foaming material is applied to the specific
embodiment described hereinafter, the foaming material is recommended to have a plane

shape, particularly a film shape, which has a precise surface roughness, regarding the
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synthetic resin having various densities as the source
materi al. When nore than one source nmaterial anong the
wahos@esssmt i oned materials is properly m xed WPCHI/KR2804/001809
sub materials to be a conposite through the
above-nenti oned conposition process, the conposite
becones a foam ng nmaterial with the foam ng action
suppressed by the calender roll or the extruder. At
this tinme, the foam ng material has a planar shape,
such as filmor sheet, or a9%t hree-di nmensional shape,
such as pellet, i.e., step S200. The foam ng materi al
according to the present invention is not limted to a
advisalsipessé.f Nansdhapbe 6TV A yipesd GUPE thheeds Blami orgtheramapiial having the same
wei ghed whenever it is used as a particle or sheet
surfacd dRghiRks 8V@EY Jagariungl for deefesmidsunttegal, when t he
foam ng nmaterial is applied to the specific enbodi nent

degelivied, Q\ﬁfeﬁ'&ﬁ%ﬁhg eI pEmhBaMAdngBh&EHd| sich as the composite
reconnended to have a pl ane shape, particularly a film

compl%gag EV &1% éll_] ?02101 \%ﬁ@g { g? lltjs e?lNaLQ\f:lﬁg rtl?eﬁ %bﬁﬁﬁg-qréhsﬂéltedosrtate into a

secondlab\,u 3 asquglgf élgtef 1HE Al‘a %a t t‘éé@ﬁigﬂgﬁ\ﬁlﬁﬁg cfhéléac%erlnﬁc Sb%)' ftl?ec 'Ienj ection
materi al . Meanwhil e, mhen convertln a . pri f oam nq.
methodwthe piimiary fashnamatasial bomps etmaridnpipeis i Egl;le C% 2 cylinder at

i njection machine or the pellet having the

a low ftaapéraged, nhg.bi70 ed 98t degeses iGristusa asd cberdl shey solérmedl myimary foaming
mat eri al having the foam ng-inhibited characteristic

mateu@ly ist filged Dit&GhI &ﬂpt?eiphéﬁj of tikemptdimmdie foopefmen theet Bxw &lmperature
having the particle type is softened inside a cylinder

fommt%n %OWsst {meff()a&ég]@e €e18us. ﬂ{%wfm%o afl gy e (Skfo?ﬂnﬂﬁ the second
tHen t d

e soft prinmary foam ng nateri al

foallli{gerlp%tleﬁffllf h 1eagwl¥1 e%@ GC ?ns?@e tﬂg E}gln%}n Qfoq 'l’l%ilé nate 1a1 is not

Ul' e Tornmat
50 degrees | si us. Th ref or
deconnaﬁgtlglgéio\ﬁ]aﬂec? he secondary t%am}cnog 1§ate11al 15 Pnla et I me of for m ng

When the press-type method is utilized, the second foaming material can be obtained
if the primary foaming material having the sheet, film or pellet shape formed by the mold is
processed at a condition where the foaming agent is not decompositioned (for example, at a
heating temperature of less than 60 — 80 degrees Celsius, under the pressure of more than
150K g/cm?, and at a cooling temperature of less than 50 degrees Celsius).

The normal pressure cross-linked foaming method, which forms the continuous
pattern shape unlike the pressure cross-linked foaming method, softens the primary foaming
material using the extrusion method similar to the injection method, and then produces the
material having the continuous and uniform cross section. Therefore, any type of shapes of
foaming material can be applied to the present invention only if it is possible to form the

interfacing pattern on the foaming material with the foaming action suppressed.
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foam ng material, the foam ng agent inside the primary
foam ng material is not deconpositioned while the
weoeeowsndssey foanmi ng material is made. When t he PCT/KR2004/001809
press-type nethod is utilized, the second foam ng
material can be obtained if the prinary foam ng
materi al having the sheet, filmor pellet shape forned
by the nold is processed at a condition where the
foam ng agent is not deconpositioned (for exanple, at
a heating tenperature of |Zss than 60 - 80 degrees
Cel sius, under the pressure of nore than 150Kg/cng,
and at a cooling tenperature of |ess than 50 degrees
Cehsd us) foaftieg morterid! iprressuede ($1003 sat] lepst ener }éléﬁfgaﬁg’lg pattern is
nmet hod, which fornms the continuous pattern shape
formed ¥R |tlhé<ﬁu faﬁ@ oPIheFo4Hh @ g inesal lin Aketificodiapa F498).hod,
softens the primary foam ng material using the

OXhE Yk Phki H%tspgﬁﬂnsl's% %rnhﬁ%taﬁlelnte@ﬂleﬁ@tfoﬁﬂemtlff@@h thandorms an

t hen pro e material having the continuous and

inner C%\fl{y;%rﬁtﬁ%o ezgl(o:gasl hr{ked‘@ég{le({u 1F g tla@@%s§ ﬁﬁﬁe@foaﬁﬁﬁ@ﬁﬁ)cess and

can be app e present
i nvention only

the intqrfAcEYS BRIISH] 1b§@q g]leﬁelgﬁlgtﬁ I g}ﬁ%htafj ﬁ‘& Heurclaalu%eratcthor% between the
foam ng acti on suppressed. Cnce the foamng material is
foaminp nepardathiisgeGced 40 eachpilier GaWS§ Hlﬁélatﬁlafa‘%ll%%gib%eﬂ‘fler nis
formed on the surface of the foaming material in
S @6 irhdteria Hapehe(i540@Y ing Thgeinnnay badidugls ﬁ“@wpgr‘ﬁsq(gﬁy,d?owder or
formng an internally-formed surface that forns an

solid hénnﬂffﬁ &@Mh Eapstshachdifitng, Whidhds abless ptdvaletle frseravidur batgeen the
cross-1linked foan1ng process, and the interfacing

foamin; lltﬂ%llc Icﬁ.um thQ rc‘?&%ﬁhﬂl@? HARiRYSL&e! Br ehemleathe interfacing

oo erac e ween t oam ng materials that are
m ftteuecll-wga%/ tsg q%%l%llh (875 gteai%t%ctl{]o?%l%yﬁg &t 1'14‘361"?1 {)1355'11 1t %tafn%r& inks, natural

| i qui ds having viscosity, %ﬁﬁr or ,so "

or synigelie ESHSsPRASE. $G¥GIE S5 BOY- MOH,En ﬁc&wnldsrugl%eil n%%celbarqse Ar(]itdltlonally,
the interaction between the

when selecting the interfacing material, it is considerable to be easily attached to the foaming

material, to have the repeated reappearance during the foaming process, to have the
possibility of obstructing the cubical expansion of the foam during the foaming process, or to
have the easy elimination from the cross-linked foam if required after the foaming process.
The formation of the interfacing pattern may be achieved by printing, transcription,
coating, deposition, lamination, spray, cloth attachment, inserting, attaching or a modification
thereof, and any other method can be possible only if it is able to form the interfacing material
on the surface of the foaming material. However, when the ink or the like containing various
kind of resins dissolved is used as an interfacing material, the printing method is desirably
adopted in forming the interfacing pattern. Further, if more than two interfacing patterns are

formed, each of the interfacing patterns may be formed with same or different material. A
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foam ng materials during the cross-1linked foam ng
process. For exanple, the interfacing material may be
weoeebwsmessd4f rom a group consi sting of natural OPCT/KR2004/001809

synthetic paints or inks, natural or synthetic resins,

papers, textiles, non-woven fabrics, and rubbery

materials. Additionally, when selecting the

interfacing material, it is considerable to be easily

attached to the foamng material, to have the repeated

reappear ance during the foahi ng process, to have the

possibility of obstructing the cubical expansion of

the foam during the foam ng process, or to have the . i
foamigasgensl| whichds itk sémoas Ohdli reafsrpmrike Jogping agent contained in the

required after the foam ng process. The formation of
foamifidh@aieritle nfagdierag dghtottbe mtergacidgemaiehinleved by printing,

transcription, coating, deposition, |amnation, spray,

cl Qidredtdrag ReNéE cdiibiaidy Adoardingaahierigl Ravigg no interfacing pattern

nodi fication thereof, and any other nethod can be

with tl?é;foghﬁhg n%nrﬂalr%é#] ihgtvihé glilesin?é?%‘a%h g:)a;tt@ﬁmntal]‘ %eifﬁlttﬁﬁ_rrfalﬂ@jed‘. OThe foaming

ria e surface of t oam ng naterial .
k or th

mter U855 o BB o, B Dok R 0L B ARt el om
material, the printing_nethod is desirably adopted .in

the fopI WGLeFHe MYIDE/ R ETSIGHDR8 PRI SUREhaF A FiRE FBrE e o or
two interfacing patterns are fornmed, each of the i

differdnh fionf dei fogmpeg metenisl hewing éhef piarging paitegpigpthgrcombined foaming
different material. Afoam ng agent, which is the sane

materiabmay bdiffifiesredtied. rosep héwimhng thg fagenty caetiaiasthg the interfacing
the foamng material, may be added to the interfacing

patterflBh & rrd}l@lna%r YR RWe add& ®tc@pilPdepaRArdihBifstaniag hoaeriang
material having no interfacing pattern with the

f oﬁ%g%ﬂ;@g@% ﬁkf_ﬁ@%ﬁtﬁg.otfﬂfe MG ?%iaﬁ&n%ttfl@ FnlIRY nB€erial, the

fur oani ng materi al “havi ng no
~.nt ;&acin pattern | %ﬁ t&e sane._nat er,i al r
cross-|jk i AHPEORTP 4t DFTOMENY PEART G ot arhrd f2yihg method, the
the interfacing pattern. A step of di ng n%t rig& :
normal aiResis Cos HPK LIS PSHORHe edRPJe RN NeTRa Aggording to
the interfacing pattern to the conbi ned foam ng
the press-type method and the injection-type method of the pressure cross-linked foaming
method, the molding die is opened and then the foaming material having the interfacing
pattern is filled automatically or hand-operatedly into the hollow space of the molding die,
thereby foaming the foaming material by applying heat and pressure thereto. In the chemical
or electron irradiation method of the normal pressure cross-linked foaming method, the
foaming material having the interfacing pattern is provided before a heating process for
foaming and then the foaming process is performed (step S500 of FIG. 83). If the heat is
applied to the foaming material or if the electron rays are irradiated on the foaming material

during the cross-linked foaming process, the foaming material is cross-linked in a gel state by

the heat infliction or the electron irradiation.



10

15

20

material may be further added. A step of wi nding the
foam ng material having the interfacing pattern on a
woabids/massp4 f urt her be added to easily separate POE/KR2004/001809
foam ng material. After conpleting the formation of
the interfacing pattern on the foam ng nmaterial, the
cross-linked foam ng process is perforned by the
pressure cross-linked foam ng nmethod, the nornmal
pressure cross-linked foam ng nmethod, or any nodified
met hod thereof. According 2 the press-type nethod and
the injection-type nethod of the pressure cross-Iinked
foam ng nethod, the nolding die is opened and then the
f prmicner, et forinalg aterinlg neigbboringetabh otieg aprast e Antpracing pattern
filled automatically or hand-operatedly into the
are not ?ﬁ&réi@éﬂym@ﬁﬁcaﬂ’[@ dobigledhdlingcstinectet hetikthyy taahitregsttrhef foaming.
oam ng material by applying heat and pressure
At thid § %{g:e'g% ?olapﬁﬁg' ﬁqa@é}ﬁﬁ@ ERica®y &p8ed hOR shediAeir@tiaal then the cross-
nefhbd oth ? nornmal pressare cross-|inked foam ng
, od, am n tey] ' t | | {A9 interfaci
linked E%E%nsie?nlﬁ IZEC:ept ﬁ)\l,ﬁl(blnééofg? g‘ééﬁ{&lgﬂg%’ﬂteﬁ%a clgr?rgééygntsngfnf o4 | A8 interfacing
g Seag s e o) SRR RS B 1 e s
foam ng material or if the electron rays a D
process. tHadivat,detcausetthe phpaeal agd ﬁh@éiﬁ?]a?(’r’élﬁi?ti‘%’g(’{ ﬁ]@ foaming material is
cross-linked foanm ng process, the foaming material is
preven€ddosys thd fedading daigeh, st anternbily-forenddesitrfacafip ifermashinpfhe cross-
the electron irradi ati on. However, the foam ng

linked r@ctllﬁrél}taé SolfiebgRekimdpach okhiaterhcingspattehe The internally-formed
interfacing pattern are not physically/chemcally

surfacegfoli!&g 21?}]. e‘;f]“nggy l&{ggtc%r gonne fiined cé{{ﬁ%' W 4REY ah@aehcthleIsheener cavity

) oa ghls state, foam ng material s

cubj cal | y pand, at.a specific . . . : :

cn b RUS R o Rl ROGE Pl RSy iy i
materials corresponding to the interfaci

pattertmisoBce o8 BHOHIIC BRI S¥hEOUARs A 368" 40| Reof gas (o

ot her portions during the foam ng process. However

exampe citugen theNahysitvaldiands €Heni dal isesnsiatedibyrh drecoppgsition action
foam ng material is

of the foaming agent during the foaming process is trapped into the space (the inner cavity)
formed by the internally-formed surface. The gas pressure of the inner cavity can be properly
controlled by adding a certain amount of foaming agent or material that can increase a gas
generation to the interfacing material before the foaming process. Whereas, the gas pressure
in the inner cavity may be controlled by an external air-pumping device.

If the pressure cross-linked foaming method is adopted to form the cross-linked foam
of the present invention, material same as or different from the foaming material having the
interfacing pattern may be input into a residual space of the mold where the foaming material
having the interfacing pattern has already been laid, and then those materials may be foamed

simultaneously to form the cross-linked foam. A combination or modification of the pressure
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prevented by the interfacing pattern, an
internal ly-formed surface is formed in the crosslinked
woaersoassea position corresponding to the interPaTiKRI004/001809

pattern. The internally-formed surface forms an enpty

space, i.e., an inner cavity. A shape and structure of

the inner cavity can be easily controlled by changi ng

a shape or material of the nmaterial for the

interfacing pattern irrespective of manufacturing

equi pnents and facilities.23A certain anount of gas

(for exanple, nitrogen gas(N2), carbon dioxide (CC2))

that is generated by a deconposition action of the
cross-lifl@aMoRg g erRthod Wridn@ie trivemhlopeisng: prosedslsed Bamiap prsghod can be

into the space (the inner cavity) formed by the

adoptec{; f;]& ef Dabb¥indeaf SR SWsERGRventiBE. gas pressure of the

ner cavity can be properly controlled by adding a

iC r{egggee&gy? gtionggf E‘ooaﬂﬂliqg%:r&ggsmtheofoaﬁﬁtﬁé icgbletl RRdtwrCaAY cured to

ener a to the interfacing materi al

__before the foam process. \Wereas
s et Ca ey oo ErTadt 5. 08710 SBpperic. 2.
ai r-punping device. |If the pressure cross-|inked.. .
Theredfeanthagommss el chs apd GpnEwd: SIrdpnsImRewhs die FiofkUgked foaming
foam of the present invention, material same as or
procesghickb@ign the presdrhénention.nfowaresr it & pasaiblerg refferm the cross-linked
interfacing pattern may be input into a residual space
foams Qind ReofBldsivhei@dinkea faamnngoltibtgrandla Hlawi magldirgethat injects the
Interfacing pattern has already been laid, and then

. Lhose I | _shradl
i o [GFCHBLRRETY S Pheptr 2y it Lanemst Xyt . o

of the. pressurecross-|inkes. i . t inter
Althoug%glﬁatalpg ﬁfuglgialrl e (r:rtj)ggls_a]lel 1%%?1{1?%%%1&%”%?%%%&2%5 clgzhe internally-
- pted for an embodi ment  of the present i tio ;
formedpurBee pI§a10E @ﬁﬁﬁgct@ql 0y ﬁheo]fﬂo#cb%ﬂ,}aﬁa a $ Bté%c 1’e otr%\eﬁ? 5,381 1115}1tes during

cool ed down and cured to stabilize the propert nd
the re-Eirméngd precasef Meanwhpe.cbe feanting stpcesdiths Brysent _né&_'en%gle gyy further

S600 of FIG 83. Thereafter, the foans are cut and
includd bistpest, inddneneby fitlompd etatenigl thaeiscrapwsas| ¢rrdidarenb &pinige foaming
material into the empty space formed by the internally-formed surface of the foam and then
foaming the foaming material having the inserted or filled material. Also, the present
invention may further include a step of forming an air passage in the foam extending from the
surface of the foam to the internally-formed surface and then injecting a material that is same
as or different from the foaming material into the space formed by the internally-formed
surface through the air passage before the foaming process. The method of injecting the
material through the air passage makes it possible that a portion of the injected material is also
formed on the surface of the foam, such that the foam can have the unified/integrated
appearance between the internally-formed surface and the outer foam surface, wherein the

material in the space formed by the internally-formed surface can be easily recognized from

the outside. The type and phase of the material to be injected, filled or inserted into the space
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process according to the present invention. However,
it is possible to re-formthe cross-I|inked foans using
wa 205rmp388$si on nol di ng, a vacuum nol di ng, and RCDIKR2004/001809

nol ding that injects the air or liquid, depending on a

usage of the cross-linked foamas in step S800 of FIG

83. Although the primarily fornmed foans are re-forned,

t he shape and structure of the internallyfornmed

surface are not affected by the nold s shape and

structure or other equipnepds during the re-formng

process. Meanwhil e, the foam ng process of the present

invention may further include a step of inserting or
formedfyl tHenGteandtBt @Ehed stifate issncdireitab and tHe fikjeetedt fileday inserted

the foam ng material into the enpty space fornmed by

materia; bg, bdidlenalth Ynd @tmdlysterhad surelee ubigg fanathaint mherial depending
oam ng the foanmi ng material having the inserted or

fille rialy Al so, the present invention my
mlam@iﬁ%%%¥ﬁﬁ%%ﬁﬁ 2!, step of forming an air passage in

the foam extendi ng fromthe .surf.ac : Qs LRR: £
| ek APPGoF teaT et e Sl Har Ty SLF g Ty SR o
material that is sanme as or different fn?qlthe fqaning
the crosgaligied afoamnyigl bq@(p%a—@én%p%a apRPr gge with the present mverntion.
internal ly-formed surface through the air passage
békateeiat Reephobom fay Mamtfes GrosprtinkediFem| nj ecti ng
the material through the air passage nmakes it possible
t hakhApRed: ioenabn,tthe sélagtiot etkonateanatatiali r alagvfachreetia foam
on the surface of the foam such that the foam can
ar 1 he fnbiedhiategkat ed appearance between the
Mepuﬁﬁ%@fnaﬁiy-?og%gd suﬁ?gce and the outer foam surface,
rein the naterigl,i eBhnl)s blssified into A1 and
RS EPRSA LI R, LR
A2 typey DS PYEEQR TS INeBEbF T et g e Tihfdb e content,
spaceforned by the internally-fornped, surface is njt . ¢
a meltingmndex andrignsityeas Aj ragipggateripl | AdiBming, 885 e f HEte lrnikg}g agent,
can be adhered to the internally-formed surface using .
pigmeds, adhési o fitktenndlfucsipendidiiive ae Rélpeivety pdfiedriptongnd mixed
mat eri al .
with the main material depending on the foam application and fabrication process.

Table 1 of Type A (unit: Phr)

Use Material of Compound Type Al Type A2
EVA resin EVA (VA 21%) 100 -
EVA resin EVA (VA 15%) - 100
foaming agent | AC based foaming agent 12.0 15.5
cross-linking agent| DCP (dicumyl peroxide) 1.0 0.5
filler MgCO; 6.0 3.5
additive Stearic acid 0.8 1.0
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Now, a method for form ng and controlling the shape of

the inner cavity structure of the cross-linked foam
wai2bis/ogseexpl ai ned in detail in accordance w t RCT/KR2004/001809

present invention. [Material Preparation for

Manuf acturing Cross-linked Foan] In the present

i nvention, the selection of source material for

manuf acture of a foam are proposed in the follow ng

three types. Type A: This type mainly includes an EVA

based resin and is classif2®d into Al and A2 types.

This type of materials includes EVA resin having

appropriate vinyl acetate content, a nelting index and

pRefesi ty as a maPignmmterial .| A f64fi ng hgent0-0a

cross-1linking agent, pignments, a varie1y of flllers,

and functli onal additives—arle—seteetively—added—nto

and mxed with the main material depending on the foam
appl i cation and fabrication process. Table 1 of Type A

é B: mq%gﬁgq%%ﬁgﬁﬁé@%ngftm%ﬁﬂq Be. Athel¥pe B¥2adopts an

P} &sin esin A (VA 159% -

EVA bé%‘?gslgglﬁmaﬁﬂ eg‘[téaﬁébr\%b%% %%cl{l@e%wcﬁ%e v dee%ﬁl Qmaég ﬁw variety of
fill

synthetmI @gﬁé%msulppr@ﬁeé}@f g)nd g I@é%é\%'r g%@e cBli.ﬁ'iLcLop{%/thg polgrethylene resin
classified into type Bl and type B2. The t

as a mean opteiahmnEvaclh e E&4 hasgd résings @]s%{né}quéf %ngermow similar

i ncl udes pol yet hyl ene resin anong the variety of
to the type A, a foaming agent, a cross-linking agent, pigments, a Variety of fillers, and

functional additives are selectively added into and mixed with the main and sub materials.

The main and sub materials for the type B does not confined to the EVA based resin
and the polyethylene based resin but many different synthetic resins such as polypropylene
based resin, polyisobutylene based resin or poly olefine based resin may be selected as the

main or sub materials.

Table 2 of Type B (unit: Phr)

Use Material of Compound Type Bl Type B2
EVA resin EVA (VA 15%) 95.0 10.0
synthetic resin | LDPE (low density polyethylene) 5.0 90.0
foaming agent AC based 1.0 14.0
cross-linking agent DCP (dicumy! peroxide) 8.0 0.8
filler CaCO;s 7.0 -
pigment Pigment 0.05 0.05
-
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synthetic resins as a sub material. On the contrary,
the type B2 adopts the polyethylene resin as a nain
woab@riczded and includes the EVA based resin asPaTAIR2004/001809
material. Furthernmore, simlar to the type A a
foam ng agent, a cross-linking agent, pignents, a
variety of fillers, and functional additives are
sel ectively added into and mxed with the main and sub
materials. The main and sub materials for the type B
does not confined to the EMA based resin and the
pol yet hyl ene based resin but naeny different synthetic
resins such as pol ypropyl ene based resin,
POk ¥heobubybesie hased vesientype Bblsy faainediney basertioasimgdiation
ngyﬁ;e ialected asht;e main or sub materials. Table 2
method? DC Bl WakdxidBhRat s Rildbsferrbalic pérokulebasstterdyplnlihg agent
(gype gg Edg%?esiﬁﬁEVA (VA 159% %5.0910.0 synthet?ﬁ =
DPE (| ow density pol yethylene) 5.0 90.0 foam ng
a \C based 1.0 14.0 cross-linking agent DCP
bilgirbig. T o8 Sisgsistesabans waray PURRe apre drSpitgtic reins.
type B2 is foane [ iati
i R
per oxi de based cross-|inking agent may be excl uded.
rubber Tyyple a€:styFeme bhiadivat mubleer (SBRD,, P@lbithait rq-}a&)t;r (BR), jirilg rubber
variety of synthetic resins, such as an EVA base resin

(NRB)?nﬁ’c%l '@Jtnxeﬁéﬁyxhwag thagedbbasiiR), chloraprenalrubhebf€R), wropeene rubber
synthetic

(CR), EPDM rubber, polymer blended NBR, acryl rubber (AR), Urethane rubber (UR), and

may be;egczhlltae

silicon rubber (SR), etc. A foaming agent, a cross-linking agent, pigments, a variety of fillers,
and functional additives are selectively added into and mixed with such main materials. This
type C is classified into type Cl, C2, C3, C4 and C5. Meanwhile, the type C4 and C5
include at least one of a variety of natural and synthetic rubbers as a main material, and
additionally include a foaming agent, a cross-linking agent, pigments, a variety of fillers, and
functional additives as a sub material.

Table 3 of Types C1, C2 and C3 (unit: Phr)

Use Material of Compound Type C1 Type C2 Type C3
EVA resin EVA (VA 15%) 90.0 90.0 50.0
EPDM-5.0,
rubber LDPE (low density polyethylene) SBR-10.0 |EPDM-20.0
IR-5.0
Synthetic resin |AC based(C1,C2), DPT based(C3) - - 30.0
foaming agent DCP (dicumyl peroxide) 3.5 4.0 4.0




rubber such as styrene butadi ene rubber (SBR),
pol y- but adi en rubber (BR), nitrile rubber (NRB),
weoabosiossses ene rubber, butyl rubber (IR), chl or 8oTAR2004/001809
rubber (CR), neoprene rubber (CR), EPDM rubber,
pol ynmer bl ended NBR, acryl rubber (AR), Urethane
rubber (UR), and silicon rubber (SR), etc. A foam ng
agent, a cross-linking agent, pignments, a variety of
fillers, and functional additives are selectively
added into and mxed with guch main materials. This
type Cis classified into type d, C2, C3, &4 and C5.
Meanwhil e, the type C4 and C5 include at |east one of

Cros&-1¥Rfngetly of natural and synthetiic rubberns as a main
mat eriall, and addmMdamal |y include e.8f oam nglagent,
%glss-l iinki ng agent, pignments, a varietyj|of fillers,

fungtional additives as a sub material. Table|3 of
Types dj, C and C3 (unit: Plir) Use Material of

a0.9

Conpound Type O MaOC2 Type C3 EV&RQesiin B9 (va 400
#h% 90.10 90.0 50.0 EPDM 5.0, rdbber LDPE (I ow denmsity

po 1yet hy-ene)—SBR-10-0—EPBM-26-G1R-50Synthetic 40.0
resin AC based(d, , DPT based(C3) 30.Q foam ng
agent DdP (di cunyl peroxide) 3.5 4.0 4.0Q¢ross-1inking
MyCCB8 0.8 1.0 U.ﬁgrﬁggmaxl\/g(llﬂ 15.0 15.0 40.0 - 10.0
zinc oxide 2.0 1.5 -
additive
stearic acid 1.0 1.0 1.0
titanium oxide 2.0 3.0 -

Table 4 of Types C4 and C5 (unit: Phr)

Material of Compound Type C4 Type C5

SBR rubber 30.0 -

Neoprene rubber 70.0 100
Carbon Black 10. | -

ZE-O-SIL 10. 10.0

Tellus-oil - 23.0

Stearic Acid 5.0 1.5
Paraffin-oil 30.0 -
Diethyl thiouria 2.5 -

-
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filler clay 40.0 paraffin wax 10.0 zinc oxide 2.0 1.5

additive stearic acid 1.0 1.0 1.0 titanium oxide 2.0
wa@.20050akdee 4 of Types C4 and C5 (unit: Phr) MaPerikR20@001809

Compound Type C4 Type C5 SBR rubber 30.0 Neoprene

rubber 70.0 100 Carbon Black 10. ZE-O-SIL 10. 10.0

Tellus-oil 23.0 Stearic Acid 5.0 1.5 Paraffin-oil 30.0

Diethyl thiouria 2.5Zi nc dinmethyl dithiocarbamate 1.7

- SRF 10.0 day 5.0 MgO 20.0 3.0

28

Zinc dimethy! dithiocarbamate 1.7 -
SRF - 10.0
Clay - 5.0
MgO 20.0 3.0

ZnO 10.0 -
Sulfur 1.3 0.2
Blowing Agent 9.0 10.0

First Embodiment

FIG. 1 illustrates a manufacturing process of a cross-linked foam having more than
one internally-formed surface according to a first embodiment of the present invention.

Material preparation: Three sheets of film type materials 111a, 111b and 111c, which
are calender-molded at a foaming rate of 150%, are cut to have the size of thickness 2mm,
width 100mm, and length 100mm.

Interfacing pattern formation: A silkscreen printing is performed on both sides of the
first film type material 111a among the three sheets of film type materials 111a, 111b and
111c. Interfacing patterns 121a and 121b are printed on the first film type material 111ain a
thickness of 70 micrometers by using a urethane-resin-based ink and the resultant structure is
dried at a temperature of 60 degrees Celsius for 15 minutes. The interfacing patterns 121a
and 121b have five-striped pattern shapes each having a width 2mm and a length 50mm, and

each of the five-striped pattern shapes are spaced apart from each other by a distance of 8mm.
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ZnO 10.0 (tm Sulfur 1.3 0.2 Blowi ng Agent 9.0 10.0
First Enbodinent FIG 1 illustrates a manufacturing
wonros#ssseof a cross-1inked foam having nore t haaTmR2004/001809
internal ly-formed surface according to a first
enbodi ment of the present invention. Materia
preparation: Three sheets of filmtype materials | |
ia, 111b and 111c, which are cal ender-nol ded at a
foam ng rate of 150% are cut to have the size of
thi ckness 2mm width 100m29 and | ength 100mm
Interfacing pattern formation: A silkscreen pri nti ng
is perforned on both sides of the first filmty

MBS £HRinal prbcdssi FEG abDshgwes he coinpreesighgetss ca;cbssflmkﬁdtfy@l@ molding
materials | | ia, 111b and 111c. Interfacing patterns

methodL 2A21@N FheldiD (1R Al rtKLSH edtesilst A bf ardst 1 fd dmnjbineé to the top and
material 11l'a in a thickness of 70 mcrometers by

bottom smfn &s%flﬁlgtfh%n%ggqﬁétgngaﬁqg fe@;?ecﬁ@glyt RRréESHbthiaNd combination

tracture s tenperature of 60 degrees

110. Thg aveigg f ﬁ}ﬁ/%onfﬂ'in{}r%]ﬁjctg}e 1]% nbegguelﬁg{] ! 't 19%{31 RYiRabh ?E@?s 1:11 ?ed into a

ern shapes each hav
a width Zmﬂand a |l engt each tl
cavity t3lvef siqlgieg Chétlﬁgr‘ﬁhl%é'ﬁ%% gy @é’&‘@daéﬁﬁﬁﬂ? 59‘8?1‘% eaggha depth

ot her by a distance of 8mm Foam ng process:

6mm. Fhemsheacaobipatissi Hhispreated and psessed FRetOf S(S’ﬁ%dﬁtﬂtd’i tﬁ’é‘pemure of
method. In this nethod, the f|In1type materials 111b

150 to 380l dddide CanRldr @i ;ﬁeﬂ;uteoOﬁ 15O Ktetqm g sachbibint the for fyae eeaterfals 111a,
the filmtype material Ilia, respectively, thereby

111b alq@mcrhl@c&%"hhﬁéﬁ 4RNFodhOd. The wei ght of the

nation i s neasured, and the conbination 110 is

h él%]%% d i laet (Hjlggsu?g}/s' fe¥e g%e%g' ﬁﬁ) 6%15%‘gn%ﬂlgnlﬂa%cﬁdéﬁQhMB@ﬁ quickly
opened, thereby foaming the combination 110 to fabricate a foam 140. At this time, the foam
140 is foam-molded in accordance with the shape of the cavity 131 of the molding die 130.
Therefore, the internally-formed surfaces 142a and 142b each forming the inner cavity 143
are formed at the intermediate pértion of an inside 141 of the foam 140 correspondingly to the
shape of the interfacing pattern 121. Since the interfacing pattern 121 are consisting of the
five-striped patterns each of which has a width 2mm and a length 50mm, five upper and lower
{aner cavities 143 are formed in the inside 141 of the foam, wherein each of the internally-
formed surfaces 142a and 142b'is a tube type having a diameter 3mm and a length 75mm.
Due to the distance of §mm amoﬂg the five-striped patterns, there are formed membranes, 1.e.,
a cross-sectional portion between neighboring striped patterns 141, each of which has a width
of 12mm. The internally-formed surfaces 142a and 142b and the inner cavities 143 are
formed in the foam irrespective of the shape of the cavity 131 of the molding die 130, but has

a correlation with the interfacing pattern 121. The foam 140 has a dimension of width

150mm, a length 150mm, and a thickness 12mm.
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6mm Then the conbination 110 is heated and pressed

for 480 seconds at a tenperature of 150 to 160 degree
WC2005b6386& pressure of 150Kg/ cnR, such that theCrikRI004/001809

type materials I | ia, 111b and 111c are cross-linked

and foanmed. Thereafter, the pressure is released, and

sequentially the nolding die 130 is quickly opened,

t hereby foam ng the conbination 110 to fabricate a

foam 140. At this time, the foam 140 is foam nolded in

accordance with the shape 30f the cavity 131 of the

nol ding die 130. Therefore, the internally-forned

surfaces 142a and 142b each form ng the inner cavity

143 are fornmed at the internediate portion of an

i nside 141 of the foam 140 correspondingly to the

sfaBgq Bintbhgnddt erfaci ng pattern 121. Since the
imtertacing pattern 121 are consisting of the

;ﬁl\c{jjeaf' ltilgtihsgrg%s %ghlﬁhﬁﬁﬁ?tygiﬂ% gar&fesmif Ghcoasligkad fHalh 200Brding to a

143 are fo RS pper an | ower inner cavities
n the i.nsi i
wcons il en YR et gl
at t havi i
st b b S e RS RS0 B Ty BT e o

patterns, there are formed menbranes, i.e., a
cross-sectional portion between nei ghboring striped
patterns 141, each of which has a width of 12mm The
| W@l Brypdi oo dTigee fshess of AgteandtetiaBb2 bid 1Ak, pacherl lo are
cavities 143 are formed in the foamirrespective of
injectio%hﬁo]%lgc@gtea f?)famtht%era@@(‘/ﬂ t309431 of the nolding die 130,
1u ?ﬁ afcorre ation with the interfacing pattern
. ~The m a4 1.0 ' A i
S A o AR 20, SR ST e
il lustrates. a nmanufgcturi.n
2110 e 8 il g g age draing eond SelaRieBudh 2l g e
the present invention. The _sec [ [
first inteofdéihg pattdroR2bfs foymed on the first wﬁltg n?aqg?a? I2T?an,tanld§1asa nine doughnut

type patterns each of which has an inner circle having a diameter of 2mm arranged at the
center of the doughnut type pattern and an outer circle having a diameter of 6mm. The
second interface 222 is formed on the second white material 211b, and is designed with
sixteen circle patterns each haviﬁg a diameter of 2mm. The interfaces 221 and 222 are printed
by a thickness of 20 micrometers using acrylic-resin ink, and then thermal-dried at a
temperature of 25 degrees Celsius for 30 minutes.

Foaming process: In case of injection molding, the third material 211c is inserted
between the printed surfaces of first and second materials 211a and 211b, thereby forming a
combination 210. Then, the combination 210 is disposed into a molding die 230, and the
molding die 230 is closed. A black-particle-type material 212 is injected into a residual space
234 of the molding die 230. The black-particle-type material 212 is heated, softened and

melted in a material injector 232 at a temperature of 80 to 100 degrees Celsius before it is
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first embodi ment in which a double-layered
internal ly-formed surfaces are formed in the foam
wORb@BI063H64 Pr epar ati on: Three sheets of white nRCEMKR2DEGI/001809

211a, 211b, and 211c are injection-nolded at a foam ng

rate of 150% Interfacing pattern Formation: Each

surface of the first and second white materials 211la

and 21lb is pad printed to formfirst and second

interfacing patterns 221 and 222. The first

interfacing pattern 221 is3lformed on the first white

materi al 211a, and has ni ne doughnut type patterns

each of which has an inner circle having a dianeter of
injected? Mefafta) gedcoatbihdiend ftaad tif meteaalddiZgdia lh@atpc\ji/p@ pressed for 420

pattern and an outer circle having a diameter of 6mm
seconds 1418 78 _%1‘%?1%@3 celaishager 23R stse bOGTEG/@ dohws toqrerde firiat foaming

na:srla leg,hand is designed with sixteen circle

patterns eac aving a dianmeter of 2mm The interface
Process521 and 222 are printed by a thickness of 20 >

croneters using.acrylie-resin.i : : ;
G Ao 0O P 0 g oo
or m nutes, Foam n r ocess: . i nj '
openedBEtbR A NEE ielel T 9 o5 Heqker g ai e SloBbfhef Trom the
the printed surfaces of first and second materials
combin2ddra 2af dn? Terial2e bihe dpam g Oahasoiist Aad sepnd qigternally-formed
Then, the conbination 210 is disposed into a nol ding
surface§n@2 230 ,24an@rhing ADIndengaviye2423 arsinsldesd. ofthe foam.” The first
bl ack-particle-type material 212 is injected into a
interfac{ijlfgzgg%gh 25PaGRstAdRd Wy thb %iﬁ@ﬁ&igﬁiﬁutdﬂyﬁe 23fernIoa the material 211a
- e

article-type material 212 is ated, softened

becom%fnlg%eonﬁi'sg %qﬁég%gf%earskeﬁ%cé ﬁlal\ﬁl_gée ? iR DfAmA ah€ rzmﬁ%ﬁ&t@f 6f 9mm.

o 5 t grees Si us ore it Isinjected.
) ere er, e cqnbi nat| 210 ' .
SixteerggegOLa B LA BASORATT O A301E AcORETR Tt FFUh dug e inside

Cel si us under a pressure of 6.5K
241. The rse@pnfdda‘mrmﬁglypﬁog@@g gurface 244 are dgr/i\s:eggfrcig sggontdolnpeg‘glgﬁrg%atterns

222 having the circle pattern.

Third Embodiment

FIG. 3 illustrates a manufacturing process of a foam according to a third embodiment
of the present invention. The third embodiment is a modification of the second embodiment.

Material Preparation: Two sheets of materials 311a and 311b are extrusion-molded
or calender-molded at a foaming rate of 150%. Each of the materials has a width of 40inches,
a length of 10 yards, and a thickness of 2mm.

Interfacing pattern Formation: Peanut-shaped patterns 321 constituted by a pair of
adjacent circles each of which has a diameter 6mm are arranged on the first material 311a.
Each of the adjacent circles of the peanut-shaped patterns 321 has a centric circular opening

having a diameter of 2mm. Each of the peanut-shaped patterns are printed using a epoxy-
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Thereafter, the pressure is rel eased and subsequently
the nolding die 230 is quickly opened, thereby
wohb@insssg singl e foam 240 having bl ack and whPCE/KR2004/001809
colors derived fromthe conbi nation 210 and materi al
212. The foam 240 has first and second
internal ly-formed surfaces 242 and 244 formng an
inner cavity 243 in an inside 241 of the foam The
first interfacing pattern 221 constituted by the nine
doughnut type patterns on ihe material 211a becones
nine first internally-fornmed surface having a w dth of
3mm and a dianeter of 9nm Si xt een-second
resin-basétt @iknal thy ffretrmetdrisiiat habiekiss oh4Y inHgromethramathed mgrginm il Omm
are formed inside 241. The second internally-forned
from th8Whiaae bt alElededidvesht meipiibstep pehnuntlepbd pafigrns, and thermal-
patterns 222 having the circle pattern. Third

dried atl*:a"fpﬁs JER OFB@dOg’)ieésl dyshe B 8s ndAnRAUf act uri ng process

oan1accor ng to a thlrd enbodi nent of the

n%garsn%%tg a#ﬁ%\égsgglflgn :asd MehhNikd 5{59 | OB RfecirSn Arradiation method is

€ secon ment. WMateri al

Pr epar at j on: h

o S 0 B B A LG
of 150% Each of the materials has, a

and atta4Dechtortbe firsi thatergal 13153 thr o g (PEPIESSIPIAO lm‘[lg @Fe]élge Aternatively, a
2mm Interfacing pattern Formation: Peanut-shaped

sheet typatrhaens 13ddr danshd sasoed nagerial pallr isgittaglefidatedhe s1¢r|fq,0@|oé§he first
each of which has.a dianeter 6mm are arranged on the

m’tte1nf1 '3r1~°f£ nBhRLdin&l tambisatth 010 tiherepdjalcanthecite lpeisr ¢f a heating
he peanut - shaped patterns 321 has a centric circular

p1ocess &s? 9t Qﬁ&'ngﬂl i anREefoaltf m@Thg BAE i @le §BF prior to an electron

Shape atterns are prlnted using a

111f1d1atfoﬁ R {:ég Iénn 8&%@2} el[%c{gé(%ﬁlgatdlea?@n o %thgﬁﬁaa%a.:l@nggfm%nne chlr‘tT)]matlon
310 is %ggﬁﬂ@ﬁcgagﬁggg%g{glgg %gla?e;%}be?z?tﬁé L@h{ﬂ)r @agegrees Csius through the
chemical cross-linked foam molding, or irradiated by electron beams and heated through the
electron irradiation cross-linked foam molding, thereby permitting the combination 310 to be
foamed. In an inside 341 of a plane type foam 340 which is foamed uniformly and
continuously in a thickness of 6mm, a peanut-shaped internally-formed surface 342 that forms
an inner cavity 343 having a length of 9mm and two columns 345 each of which has a width
of 3mm in between the inner cavities343 are formed. The peanut-shaped internally-formed
surfaces 342 are spaced apart from each other by a distance of 15mm in the inside 341.

The inner cavity structures in the foams formed by the above-described first to third

embodiments have shapes, densities, and structures independently from the shape of the

molding die.

Fourth Embodiment
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at a tenperature of 60 degrees Celsius for 15 m nutes.
Foam ng Process: In case when the chemical or electron
wonro@dicatsi on met hod i s adopted, the second nmat ecTalR2004/001809

311b where the patterns 321 are not printed is
tenporarily joined and attached to the first materi al
31la through a conpression roll and the Iike.
Al ternatively, a sheet type nmaterial rather than the
second material 31lIb is attached to the surface of the
first material 31la. Thus-3®tained conbination 310 is
prepared in the step prior to a heating process in
case of chemcal cross-1inked foam nolding and in the
STIEB fRrihdmbodiaBnigk ecpooile iarmabiocof entplngasessiie andgelume of
of electron irradiation cross-linked foam nol ding. The

a space Ci%lﬂﬁﬁér%vi?t%,ofohﬁech 8 he thiandllj-Remedsofsed haviiegla afideavariety of
tenperature 180 to 200 degrees Cel sius through the

C i.cal,.cr.oss-li i : ' ' i
s RSP OGRS LRBIRRS] SR I i p bRty fumin
i rradi ation cros

sgent (e et PGB R LI o S5 T SO g iry gndyolume of the

' inside 341 of a plane type foam 340 which is foaned

air layeu i the ey c- cont i nuously in a thickness of 6nm a
peanut - shaped internally-forned surface 342 that forns
an finh&anday iaggntBichdedwitlyths hanpemaerighin d&ﬁiaﬁ%lwe same as a
col ums 345 each of which has a width of 3nmin

second BEMEBNafdie doRR@iedCaY iltdl pSB4® fimeir orweyl of Théind, a grade and a
peanut - shaped internally-fornmed surfaces 342 are

decom]fcﬁﬂfo%d[e]ﬂg@ﬁ{ur&ra%@ 1BeEwRtHahinRYhgantd iatd dntétandoutfyntecomposed at
e Inside 341. The inner cavity structures in the

a pl‘ed%%?m%{{gedrﬂtg%% t gﬁlcp bf%\ﬁﬁal%iége{dt hgdimnd ESbodithdnhiis dn AC based

_independent |y fron1?hgséha e oflfﬁé an?dstrucpures s
foamning ap KRR ST AP o P U SOAPRRTL: [ Lep s o dscqmposition
temperitu?eegfh ?SdZ ‘g)f 1SC8ocr1]<§g_3,rrgésl (Ilenlglug 255’ g%;s? gg{]egat}/o%l eglrlrgunocfof 160 to 180 ml/g.
The first foaming agent blended with the foaming material and the second foaming agent
contained in the printed film are simultaneously decomposed at a predetermined temperature
such that a predetermined amount of gases, such as nitrogen and carbon dioxide, are
generated. Thus, the inner cavity filled with such gases is formed inside of the foam at a
position corresponding to the interfacing pattern.

The following table 5 shows a comparison of volume and repulsive elasticity of the
inner cavity and a specific gravity of foam in accordance with the contents of foaming agent

in the interfacing materials.

Table 5: Influences of foaming agent contents on a foam

Foaming Agent Volume of Inner Repulsive
Foam Density (g/cc)
Content(%) Cavitiy (Cm?) Elasticity (%)
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a space, i.e., an inner cavity, formed by an

internal ly-formed surface having a w de variety of
wehepas3sehddi tional |y, this enmbodi ment fornms tRET/KR2004/001809

interfacing patterns by adding a foam ng agent to the

interfacing material (ink) so as to efficiently

control pressure and volune of the air layer in the

inner cavity. A first foam ng agent blended with the

foam ng material is desirably the same as a second

foam ng agent contained irg4the printed filmin a way

of a kind, a grade and a deconposition tenperature

and those two foam ng agents are_sinu ’

dgconposeéd at a2pr edet ér mi net3s enper at ur ed0 Such

foam ng agent of this enbodinent is an AC based
f oam ng agent hawvi ng zodi-carbona :

h

Aot u: asS k=0
cthponent|, whi 8#4has a decon%ggltlon tenp§§ature of
152 to 138 degrees Cel sius and a gas|generati on |anmount

166—td 180_?259. The 1153 7Hoam ng ageny bl erded
mrQh the \foam ng material and the second foam ng agent
contained in the printed filmare simultaneously

deconposed at a predetermnined tenperature such that a
gregetegn1neg anount of gases, such as nitrogen and
arbon di oxi de, are generated. Th
f i. IRI@d 4villp¥iradesch 1@&§%§“ﬁﬂ§®ﬂ%?ﬁéﬂ OF ﬁs‘ifésg qB’P@? e ﬁga\glr’ﬁgrﬁ ng to a
a position corresponding to the interfacing pattern.
fourth R dinédtafilrgresept mventshiows a conpari son of vol ume and
repul sive elasticity of the inner cavity and a
S Red:fdl PrapasitiohyFedr shessof matcebrddance 1%4 4 Hctand 411d are formed
contents of foam ng agent in the interfacing

at a foem?n il 515690 Lu‘?d 5at hf Liven&es habinpoamidigesgei?. Smm, a width of

ents on a foam Foam ng Agent Vol une of | nner
100mm, afl)cl[l a?eng‘t?h of 100mm.

Interfacing pattern Formation: Stripes, each of which has a width 3mm and a length
80mm), are arranged in vertical and horizontal directions with being spaced to each other by a
distance of 20mm on a surface of the first material 411a. A designed pattern 412 including
such stripes also has circles of diameter 5mm at crossing points of the stripes. An air passage
413 having a width of 2mm and a length of 5mm is attached to a bottom line portion of the
designed pattern 412. Usually, the designed pattern 412 is screen-printed using a rubber-
based ink so as to form an interfacing pattern having a thickness 70m, and then dried.

Foaming Process: The second material 411b is disposed on the printed surface of the
first material 411a, and the third and fourth material 411c and 411d are sequentially disposed
on a surface of the first material 411a opposite to the printed surface, thereby completing a
combination 410. Thereafter, the combination 410 of the first to fourth materials 411a-411d
is disposed into a cavity of a molding die having a depth of 10mm, a width of 100mm and a

length of 100mm, and then heated and pressed so as to be foamed. Accordingly, the resultant
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Foam Density (g/cc) Content(% Cavitiy (CnB)
El asticity (%0 0.26 1.35 50 10 0.24 2.02 53 20 0.22
wa203/06864 FIG 4 illustrates a manufacturi ng PCOERRB04/001809

of a cross-linked foam according to a fourth
enbodi ment of the present invention. Materia
Preparation: Four sheets of materials 411a, 411b, 41ic
and 411d are forned at a foaming rate of 150% and cut
into sizes each having a thickness of 2.5mm a width
of 100mm and a length of 3300nm Interfacing pattern
Formation: Stripes, each of which has a width 3mm and
a length 80mm are arranged in vertical and horizontal

foam 410iHREE HlionEsnbL Trhe| ngidthat éi0mn mdeHengthef 1pgme. An internally-
di stance of 20nmon a surface of the first material

formed étﬁri‘a%e%z‘mj 661885 PADLRE Bn 4k Anjeokd iipissgpesiachinsitle op g foam at a
al'so has circles of dianeter 5nm at crossing points of

e stripes. .. ' 1 N NYY-T:
s kiSOG EhePESAERTIIE RO M) s
) rtion o e si gned, patter 1.2, . .
formed rg)é ﬁ:gﬁgdn%gffoéfﬁg &Tgaqesél@ ?nggF] '3% r%%ﬁ)tasésgﬁg.;hlhe)émgé%vny structure
ased ink so as to i '

142 s Tt e EHE GHRCS 7 Oh ] S0sHE Ol o n &6 1 pis AR Ry, An aiv
Process: The second material 411b is di sposed on {he
injectorfsong echreutefl de theofir paseagFiddSt andeainel aPrPrIPAGPICEHEE {ngjected. A

third and fourth naterial 411c and 411 d are
portion $8GWEAAE adstitardi BRASED witera tisuaif agectorf 45hbag passed is closed by an
material 4 1la opposite to the printed surface,

attachmeREUBEYinC Ol £tk Rched FORRItMBL AtgRhAdR: of egledt tdt@chment,
a acmlcc%n‘ol nanl on 4101 of et he fi rsfg to fourtﬁ ma%eri glfﬂsn’ci R

11a-41 | o . .
whereby %leswei!i andpressure spaces are obtained in the inner cavity 442,

Fifth Embodiment

This fifth embodiment is a modification of the fourth embodiment, and provides an
ability of controlling pressure and volume of a space formed by an internally-formed surface.
FIGS. 5 and 6 show manufacturing processes of a cross-linked foam according to a fifth
embodiment of the present invention

FIG. 5 shows a structure utilizing a single check valve 532. When a pressure 510
repeatedly presses a foam 540, the space (the inner cavity) formed by the internally-formed
surface 542 shrinks and then subsequently an external air 520 is introduced into the space
formed by the internally-formed surface 542 through an air passage 530 and the check valve
532, thereby controlling the pressure and volume of the space formed by the internally-
formed surface 542. FIG. 6 shows a structure utilizing two check valves 532 and 538. An
amount of air less than that of air introduced through a first check valve 532 is discharged

from the the space formed by the internally-formed surface 542 through a second air passage
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is disposed into a cavity of a nolding die having a
depth of 10mm a width of 100mm and a | ength of 100mMm
wanastiigssd heat ed and pressed so as to be foane8CT/KR2004/001809

Accordingly, the resultantfoam 410 has a thickness of
15mMm a width of 150nm and a length of 150mm An
internal l yformed surfaces 442 of the foam 410 has an
air injection passage 445 inside of the foamat a
depth of 3mm neasured froma surface 444 of the form
410. The inner cavity strugture 442 formed by the
internal ly-formed surface 442 serves as air passage.
The inner cavity structure 442 is formed in the size

536 andof se@o Giidek ofalvE2XBeduaing the teesryitactitn amegefinn of the space formed by
respectively. An air injector 450 is connected to the

the intefally 2835081 fHdS S4and hateforef thagpuepre latvingpthessordels valves 532
I njected. A portion 546 of the resultant foam 410

and 53 a%(%englé I11§ 51% p"i‘gs%B}e%SFet 1ci%§@y has tRasTaddl. 3. dnasedifidyensivdiment,

nent in such a manner of nelting attachnent

or high-frequency. attachme [ [

more 15 @5 B anSATT e AP A L Y B ein ey Ch {ieg gy wtached
Fifth Enbodinent This fifth embodiment is ac . .

to the ajrabsagesathesthyoroipinmerthe anﬁlh]éﬁ%‘b‘z:ﬁj‘i 1ﬁé‘hﬁf?a38?i HUffring apilitic and the
ability of controlling pressure and volunme of a s e

air suctfoordiendtatyy fanctioms avitkell yrangingse additogelair prees, P@%ﬁg‘ﬁ% foam.
show manuf acturing processes of a cross-linked foam
according to a fifth enmbodi nent of the present
invention FIG 5 shows a structure utilizing a single

cRegk pudloMenad2.- Wien a pressure 510 repeatedly
resses a foam 540, the space (the inner cavity)

p
;ﬁé&?ﬂilfﬁ%tﬁ%? a inpcltnﬁﬁaglrg%'ptrweg@gf Stb 8o B diftk®mbodiment

an den au.sequen external air 520 is
i ntroduced into t space for - ;
ofthe Bl WAFHUTY PR SOPPALE 555 RAPAGH s b empdiment
530 and the check val ve 53%, therehy. controlling th
oA E Sl BRI T B RS SpHERE Of Woahy! (i beldier-molded
i nternal | yforned
at a foaming ratio of 200%. Each of the first and second film-typed materials 611a and 611b
has a width of 40inches, a length of 10yards, and a thickness of 2mm.

Interfacing pattern Formation: A designed pattern 621 that is the same as the
designed pattern 412 of the fourth embodiment is gravure-printed on a surface of the first
film-typed material 611a at a thickness of approximately 40 micrometers using an epoxy-
resin-based ink. The pattern 621 is spaced apart from side edges of the first film-type
material 611a by a distance of 1 inch.

Foaming Process: The second film-typed material 611D is attached to a front surface
of the first film-typed material 611a where the designed pattern 621 is printed using a
pressure roll, thereby forming a combination of the first and second film-typed materials 611a

and 611b. The combination obtained by temporarily attaching the material 611b on the

printed surface of the materials 61la is foamed by a chemical method or an electron
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surface 542. FIG 6 shows a structure utilizing two
check valves 532 and 538. An ampunt of air less than
woheis/osseai r i ntroduced through a first check parmR26@201809
i s discharged fromthe the space formed by the
internally-forned surface 542 through a second air
passage536 and a second check valve 538 during the
re-contraction operation of the space fornmed by the
internally-fornmed surface 542. Therefore, the
structure having the two @yeck val ves 532 and 538
controls the pressure nore efficiently than that of
FIG 5. In the fifth enbodi ment, nore than one air
111’1d1at191§%§:@%5 HelnfeataMedotned hefakeo afr‘theansiﬂ'fant\/@ﬂnwﬁ ylgest the same as
heck val ves are attached to the air passages, thereby
those otolgl.t(?'étm AR ofeoam haujagiohheethstt iseasethe b ersithg of the fourth
thltltes and the air Zuctlon/dlscharge functions
out anran n additional air bag or
mnbthSQﬁF(Eﬁ%#ﬁg %gg%fﬁent FIG 7 |Ilustra?es apunp ' the
manuf acturing process of a foamaccording to a sixth
enbodi ment of the present invention. The sixth
enbodi ment is a nodification of the fourth enbodi nent.
MagvenfhaEmbedipgntit i on: Two fil mtyped materials 611a
and 611b are cal ender-nol ded at a foan1ng rati o of
2008 8 Bashratet atchesflinked fandhavérgoaeir VRlEAgegructure to improve a
materials 611la and 611b has a width of 40inches, a

buffeuﬁgeﬂlﬁltclrblpfmd LY aiF esmedilitq atdurdikpes e sefer@immbpginesnt 98 fhggpresent
tern Formation: A designed pattern 621 that is the

inventiof: nefal%sfoageanEﬁfagﬂ?éh Batthe by chli? e@bodifient Gus tah internally-formed
erb 'S gravure- prlnted on a surface of the

surfacegé%f%%{ahé{%% §£v48' %ﬁlgﬁoém at gjcaﬁab% ofscRing R @8 hAking air.

ers an epoxyresi n-

based ink. Th
eaéeggueé%@m\éaty%inr i t ef[ lg}fyl%%ﬂ}lg %ﬁ? aﬂel%l anga7r1t1b aFeoégléidgfilnolded at
di stance of 1 inch. Foam ng Process: The sec

a foamfing rat¢ pped0tfatandithen 61 HIQ & Tt BRMHRE 2t lcéfn?srso 2mm, a width of
surface

100mm and a length of 100mm, respectively.
Interfacing pattern Formation: Circular patterns each having a diameters Smm and a
thickness of 50 micrometers is formed on the first film-type material 711a by way of printing

a rubbery ink. The circular patterns are disposed in the range of 160 mm? (80mm X 80mm)

with a margin of 10mm from the side edges, and spaced apart from one another by a distance
of 100mm. The printed circular patterns become an interfacing pattern 712.

Foaming Process: A second film-type material 711b is attached to the first film-type
material 711a to cover the printed interfacing pattern 712, thereby forming a combination
thereof. The thus-obtained combination is inserted into a cavity of a molding die which has a
depth of 4mm, a width of 100mm and a length of 100mm, and then the molding die presses
and heats the combination to form a foam 740. After releasing the pressure and heat, the

resultant foam 740 has a thickness of 6mm, a width of 150mm and a length of 150mm.
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of the first filmtyped material 61la where the
desi gned pattern 621 is printed using a pressure rol
wohers@ogsei or mi ng a conbi nation of the first anBCTAEE/001809
filmtyped materials 611a and 611b. The conbi nation
obtai ned by tenporarily attaching the material 611lb on
the printed surface of the materials 61la is foamed by
a chenmical nethod or an el ectronirradiation nethod.
The internally-fornmed surface of the resultant foamis
al most the same as those @8 FIG 4. Furthernore, the
air injection nethod is also the sane as that of the
fourth enbodi ment as described in FIG 4. Seventh
The1eaf§?b9‘¥>hﬁaﬂtfmﬁisaln& holbsI S atels haviog os diapieiateef {@gmirom a foam
having an air ventilating structure to inprove a
surface Fbu'ﬁ{l%{énrﬂegl foRatd qnfRBd44n air perneability according
sevent h enbodlnent of the present invention. The

f ﬁ? % 98, én 4y @ L deda By Ifhe sé}%ﬂﬁn&ﬂbm@ﬁﬂ A&nhothégly ahe internally-

orrre sur ace form ng an I nner caV|ty

formed meelljc%t'\%{ c thltgq sopﬁ:ciblgpg? gé ﬁw&{l.thg %?é%] ﬁg%é) bt %@lﬁﬂlaﬁvgiﬂ@ @nd 120mm

ype materials
711a and 7 1llb are cal ender-
length. oEadl50%thasalunten’ubas ﬁtcgaﬂaet@f ?g a{h ‘ﬁ’&f %a%r{]‘ﬁ‘ur% ngég from the
of 2mm a width of 100mm and a | ength of 100mm.
neighbdrégp@dirnebya distdnee foéid bmap. plimeeeay 1tﬁérfﬁﬂ??%w Hg 1Pmaé]ry-formed
patterns each having a dianmeters 5mm and a thi ckness
surface®T4pBeMofhMieRl Bledcli Sthéor med on the First filmtype
material 711 a by way of printing a rubbery ink. The

Chln lI'll : BrNS Al g RRSRG AN sbitee (angeoah 7860ammi 750 in
Q@e 1§%ﬁﬁ% \ %ﬁe mar gi n of 10mm from the side

the 1nn%1fcglﬂs%gr§¥ dsﬁigc Cedd%’ elouldi hr \gh&}l‘ﬂ?ﬁ&@ 74 @n diesdoanes, when

Nt er f aci ng Ptne71CI r(l;oam atterns beconme an

the preﬁs,iuqurf fg,]f%eaﬁ%gﬁ 3} hape, allCF golpme é)lf ﬂgecﬁ)algl%s%rﬁe sfc ?g’ '39 the restoring
forces of the col){lgl?ls 746 as sucking an outside air 752 into the inner formed surface 744.

According to the seventh embodiment, it is possible to manufacture a foam that is
capable of sucking or discharging air only by the contracting/restoring action of the foam,
which is controlled by adjusting the volume of the inner cavity and the size and number of
holes for air suction and discharge. It is also possible to form the internally-formed surface in
a multi-layered structure and a second internally-formed surface between the surface of the
foam and the internally-formed surface so as to insert a thin synthetic resin plate into a space
formed by the second internally-formed surface. The foam manufactured by the seventh
embodiment can be applied widely to products which require shock absorbing forces and air

permeability, such as shoe components, protective equipment, bed, chair, bag, floor material

and sound proof material.

Eighth Embodiment
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material 71la to cover the printed interfacing pattern
712, thereby formng a conbination thereof. The
woOhoos/ekt6ai ned conbination is inserted into a eavikrRzo@i001809
a nol ding die which has a depth of 4nm a wi dth of
100mm and a length of 100mm and then the nolding die
presses and heats the conbination to forma foam 740.
After releasing the pressure and heat, the resultant
foam 740 has a thickness of 6nm a w dth of 150mm and
a length of 150nm Thereafté?, a punch forns three
hol es 742 each having a dianeter of Immfroma foam
surface to an internally-forned surface 744 The foa
7 F0GpP ollugtedeshy nudnugacsinenplecesibRiad wEass-Inked doam GsPsr ding 10
the internallyfornmed surface 744 but al so col ums 746
eighth Whbbditret &ff taa presagendntib0 dmrthwi adglith amdod ornt the sgmé or different
Each of the colums 746 has a dianeter of 7mmand is
mateueﬁ@%%eigse@@@'iﬁto far PR foem e bghh ottt Mgl gddruraassubfic@having a variety of
di stance of 15nm Inner cavities forned by the
internally-formed surfaces 744 are connected to each
ot her. Wien a pressure Pis applied froman externa

ST U S Ll e B o«
On the contrar when th ssur

et eI AL, e (P B oS P é‘f@@%@w
the restoring forces of the colums 746 as sucki ng

845 thailit somtecailto HEAntemadlytfoemedhsiaface $A e dhs doaa S40 -hmgpng the air hole
According to the seventh enbodinent, it is possible to

847 is ABPHeachidr@ auh@am mbhlind die (830,&b1|d&h@f a Bert ks applied to the foam 840
di scharging air only by the contracting/restoring

at atel éllthlpa @ngoh[@ 46Q1@§ﬂeeé"0hl§hls' s controll ed by adjusting

e volunme of the inner cavity and the size and nunber

gg%gg fedle Blio oD ORI, il AENRRG: nble 843 AUIRe air injection

0 form he |n orne surface in a

passag%léitﬁ,la.{ylé?%l@lt deeart {nﬁ% 151{5 S?%g%’ %‘f ee%%%%s EEE y{lpe%llqén%'sfoﬂﬁigg‘ijnjection

shapes.

path 846 during the polyurethane solution injection process. Before injecting the
polyurethane solution 820, the polyurethane solution is blended with a polyether-based polyol
containing isocyanate prepolymer, determined catalytic and foaming agent, in a ratio of 1:3 at
a high speed (impellar rpm; 6,000). At this time of blending, the polyurethane solution 820
has a weight of 25g that is determined by multiplying the volume of the space, i.e., the inner
cavity, formed by the internally-formed surface 842 and a desired gravity. Accordingly, the
blended material of the polyurethane solution 820 and the polyether-based polyol is injected
into the inner cavities 842 through the air hole 847 and the polyurethane solution injection
path 846. After the blended material injection, the foam 840 and the injected blended
material are cured for about § minutes in the aluminum molding die 830 without applying
heat additionally, and then the foam 840 is de-molded from the molding die 830, thereby

forming a composite foam 850 integrally interconnected with the polyurethane. As shown in
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foamand the internally-formed surface so as to insert
a thin synthetic resin plate into a space forned by
woheosgessemd i nternal | y-formed surface. The f oaRCT/KR2004/001809
manuf actured by the seventh enbodi ment can be applied
wi dely to products which require shock absorbi ng
forces and air permeability, such as shoe conponents,
protective equi pnent, bed, chair, bag, floor materi al
and sound proof material. Eighth EnbodimentFIG 9
illustrates a manufacturi g0 process of a cross-Ilinked
foam according to a eighth enbodi ment of the present
invention. In the eighth enbodi nent, the sanme or
the crogd fst@icenbf Ger9,at soampesitsserer efpringd dagers pat dngludipgp foamed
by an internally-forned surface having a variety of
polyurcBPRAR8S3 ikif6@iedoin @blid typef nantBd i bs insvdeu 83 bl thedfoby 850. The
the fourth enbodi nent shown in FIG 4. Thereafter, an

grid-shﬁieﬁ iRl &roffdd [31231' 801 R HiRERL e &dpth BFBn PUACH eG4 &N of the
I'T 1npection passage 845 that is connected to the

I nt -f d . ' :
comporift a8 47 LB B, LGRS NG ATREY TR Lt Wiposie

, 830, and then a heat is,applied to the foam 84

”mﬁﬁﬁﬁéﬁﬁé?%¥§§@%6?aé@@”ﬁﬁoién grees Celsius. A o40 at a
pol yur et hane sol ution 820 is_ injected through the ai .
hdiceo@i tanitic eightiapmbedijnset ploe Paessalgd v aReD, §LYéHe&YtP${ma’femls
the air injection passage 845 becones a pol yur et hane

can be SObstituted fornhe polyoretizakh B4 @xauplengolybsena! palyasherdmeed urethane
solution injection process. Before injecting the

materidd Ha¥iHed RaRGy A dénbieiBs 820 mdlbRlpatydruedshemebs atilitddonFurther, a
I's bl ended with a polyether-based polyol containing

varietylfogfg?%ﬁg A1s8oP5 GROLY TRE/or SRRRTI NG Rlafthial ifeh@iéh urethane rubber,

m ng agent, | of 1 d

( naratio . }3.at a hi gh spee
silicon é@r@g l'fllléC? %{%@gg E\%gzp%%m‘gﬁkesLéﬂc%, gtpla@te‘? 'ﬂﬁlit&ﬂvl, d chgy material,

or other minerals can be used instead of the polyurethane. Such materials may be injected

into the inner cavities, inserted, joined or attached thereto, and formed integrally with the
foam. Thus-obtained foam can directly be used as industrial components, or compression re-
molded, if necessary, to reform the shape of the composite foam.

In cases when an EVA based foam and a polyurethane are integrated with each other,
the weaknesses of the polyurethane material, e.g., decolorization, hydrolysis, bacteria
corrosion, and heavy weight, can be eliminated such that a polyurethane material having a
variety of properties and characteristics are effectively used. As a result, weak properties of
materials are supplemented. Additionally, foams are molded even without using an additional
molding die in accordance with the structure of the inner cavities and characteristics of
materials injected in the inner cavities. Further, manufacturing procedures and costs can be
reduced as compared with a cc;nventional method where foams of different materials are

individually molded and attached with each other through an additional process.
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has a weight of 25g that is determ ned by nultiplying
the volune of the space, i.e., the inner cavity,
woaoomd3dey t he internally-forned surface 842 aRdT&R2004/001809
desired gravity. Accordingly, the blended material of
t he pol yurethane sol ution 820 and the pol yet her-based
polyol is injected into the inner cavities 842 through
the air hole 847 and the pol yurethane sol ution
injection path 846. After the bl ended materia
injection, the foam 840 andlithe injected bl ended
material are cured for about 8 mnutes in the alum num
mol di ng die 830 wi thout applying heat additionally,
arftl fohewingHebleoashew ai eonjwrisen @€ dropesiest he compaiitegeross-linked
di e 830, thereby form ng a conposite foam 850
foam witlt égr pdlyyrethahe igened dtte dhenirhbr tavitigsafoye® bhane intddally-formed
shown inthe cross section of FIG 9, a conposite inner

surfacd OF e &V Aased324mi. N& etk N0 déhdi@an® grapelddnRthanens gglym ethane
is formed in a grid type structure in an inside 8

h 8

mateuﬁl n é\f g%gg% at J]a G d%gtlexﬂBSP@lgcﬁgs ﬁ}fogfeé%te?felgeélg"é%g ihe gélyurethane
e conposite foam 850. Addltlonally, t he foaned

| yuret hane 853 filled in the conposite inner-forned

| ayer 854 has a dianeter of 4mm According to the

ei ght h enbodi ment of the present invention, a variety

of materials can be substituted for the polyurethane
Fdrablex@npl e, pol yester or pol yether based urethane
material having a variety of densities and nol ecul ar

struct yr eBeasity be Suirifdck hedinedsu t NBénsila Varmeat stre@fth Repulsive
plasti¢ resins, @ natural and/pr synthetjic rubbery
nateri%l i ncl udi ng_ur et hane rupber, SI|IDOn r ubber

d. .
| at ex ( SBRE/KBR, PY%QQ%FY@@@)M{Q%@/&T) h Oiefdemd) “elasticity

material, a clay |material, or pther mnerals can be
used im ofoA hey eal; MUSH 1R S Y (%
be in19§§g§PPﬁfg;t%% |n§z?§%gv0§$£s, Pﬁg] ?ﬁgﬁ J%?ﬁ ()
or attached thereto, and forned integrally with the
EVA bard Thus-obtained foamcan djrectly be|used as

mateutd%

i ndust ri al pgonponent s2(CakpLonpf essizgn re 12 41
foam
PU(A) 0.38 60 (000 type) 4 2 3
PU(B) 0.34 62 (C type) 31 12 33

* Surface hardness is measured by using Shore 000 type for the PU(A) portion, and

Asker type C for the EVA foam and the PU(B) portion.

Ninth Embodiment

FIG. 10 illustrates a manufacturing process of a cross-linked foam according to a
ninth embodiment of the present invention. This ninth embodiment is a modification of the

eighth embodiment. In the ninth embodiment, the same and different materials are injected
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nol ded, if necessary, to reformthe shape of the
conposite foam In cases when an EVA based foam and a
woabosicedshane are integrated with each other, POEKR2004/001809
weaknesses of the pol yurethane material, e.g.,
decol ori zati on, hydrolysis, bacteria corrosion, and
heavy wei ght, can be elimnated such that a
pol yur et hane material having a variety of properties
and characteristics are effectively used. As a result,
weak properties of material4d are suppl enent ed.
Additionally, foans are nol ded even w thout using an
additional nolding die in accordance with the
into inger gastiigsefonmed iy thareiermpdlyifoinesd andhcehandidieeijentéd matfrials are
materials injected in the inner cavities. Further,
moldedrairhotiaticunian gayitiecaduhe su@nsuréoes bf tlegbate reduced as
conpared with a conventional nethod where foans of
diNIhtefi @Mtre prkids: ahSshaétofl Wikkke/inehéahl ¥1 190k 8 @ct?cﬁ)dmolded at a foam
attached wth each other through an addltlona
rate of R5GHESs. A fol lowing table 6 shows a conparison of
propertles of conp05|te cross-linked foamw th the

AP s B0 e O 0 BB i

@ ter A denotes the praoperties between the

at the %?BF%IZ §0F e el e ahdhnRnatlevarbethand hgrigortel linss ‘igving a length
denotes the properti es between the pol yurethane

of SOnpratase jaddosprimedlieside Deneirdly pSiefadenth dhcddasetiedine ef the circle
Tear strength Repul sive (g/cc) (Shore 000, type O

pattern§ Kgfhe @i)e pdghd @ndxheel asitalcindyhoASEMaDRS7 arAIEMLEY 324 Qirethane-
ASTM D-412 ASTM D-624 (% EVA based 0.29 52(C type) 26

resin-bd®d4ihk at a thickness of approximately 50 micrometers, thereby completing an

interfacing pattern 912. Thereafter, thus-obtained interfacing pattern 912 is thermal-dried at a

temperature of 60 degrees Celsius for 15 minutes.

Foaming Process: The material 911a having the printed patterns is disposed into a
cavity of a press type molding die, and then a residual space of the cavity is filled with a black
particle type material 911b that has the same foaming rate as the material 911a. After
disposing the material 911a and filling the black particle type material 911b, the press type
molding die is closed, and then the heat and pressure are applied to the materials 911a and
911b therein for foaming, thereby forming a cross-linked foam 940. After curing the foam to
stabilize the physical properties, thus-obtained foam 940 has an internally-formed surface
944a and 944b forming an inner cavity therein that is formed along the shape of the
interfacing pattern 912. The internally-formed surfaces have a circularly shaped portion 944a
and a linearly shaped portions 944b.

The foam 940 having the internally-formed surface 944a and 944b is punched from a

surface of the foam 940 to form four holes 942 at positions where the circularly shaped
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foam PU(A) 0.38 60 (000 type) 4 2 3 PYB) 0.34 62 (C
type) 31 12 33 * Surface hardness is neasured by using
wehors@etHe® type for the PU(A) portion, and AskeCTisR2e04001809
for the EVA foam and the PU(B) portion. N nth
Enbodi ment FIG 10 illustrates a manufacturing process
of a cross-linked foam according to a ninth enbodi nent
of the present invention. This ninth enbodinent is a
nodi fication of the eighth enbodinent. In the ninth
enbodi nent, the sane and di43ferent materials are
injectedinto inner cavities formed by the
internally-formed surface, and the injected nmaterials
portiora Pédampledisdthatlinsetlin shinedi pmeona:aMkt i éscland thbdowuhdes 942 has a
surface of the foam Material Preparation: A sheet of
diametahiof @nrat eFuslter 9ddahdrshdlejodet hammgrel dede@t off Fo@amsr @tfed at a
of 150% Interfacing pattern Formation: A circle

tioRAWARE AN ARG SRkt 4 1% Pl . ahb i
p08110?enter 8f theg%aﬁgrlﬁ% g%ﬁgﬂlgggg%ﬁgn }3ﬁﬁ%ert?b% ¢ punching

procesé’j“aiSl f@ﬂghg QU @J)le{ Efﬂf Sth %/anji] @4? h eu{lgt h o1fgto t%gcm\%? ! ﬁ&lﬂegtlon -type

e pa

ot Bl R BB S8 S PRSP0, i
ur et haneresin- based ink at a thickness of
injectigpp pith ¥ fefehy igectivndypmeoddisg dieheFetigaftcanpnetdln§oant a material
interfacing pattern 912. Thereafter, thus-obtained
injectoi A6@ i dispasgd patererspoil® ths nudnﬁiamlhjedidnephﬂa@élé of the injection-type
tenperature of 60 degrees Celsius for 15 m nutes.
moldingQHe and tRE08 eSerial K64 ABteREntaond HefoRAVInRGrihN €. ddrd We8fne-based

patterns is disposed into a

resin, is injected through the nozzle 962. Thus, the material 964 is inserted into the inner
cavities formed by the internally-formed surface 944 and a residual space of the injection-type
molding die. After hardening the injected material 964, the injection-type molding die is
opened and the foam is de-molded. As shown in FIG. 10, the foam becomes a composite
foam that includes the urethane resin in the inner cavities. The urethane resin is extended
from the inner cavities to a surface of the foam and the urethane resin on the surface is shaped
along a shape of the cavity of the injection-type molding die. Thus-obtained foam can be
directly used as industrial components, or compression re-molded if necessary, to reform the
shape of the composite foam.

Further, fabric, non-woven fabric, natural/synthetic leather, and rubber can be
selectively attached to the surface of the cooled and cured foam 940 or a variety of pattern
shapes can be attached to the surface of the foam. Thereafter, the surface of the foam can be
perforated and then other materials may be injected into the inner cavities formed by the

internally-formed surface 944 through perforations such that the injected material is extended

from the inner cavities to the surface of the foam.
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cavity of a press type nolding die, and then a

resi dual space of the cavity is filled with a bl ack
woaodsioesss4t ype material 911b that has the sanmePCo&R200/001809

rate as the material 91l1a. After disposing the

material 911a and filling the black particle type

material 911b, the press type nolding die is closed,

and then the heat and pressure are applied to the

materials 911a and 911b therein for foam ng, thereby

form ng a cross-1linked foaa4940. After curing the foam

to stabilize the physical properties, thus-obtained

foam 940 has an internally-forned surface 944a and

9 Mhdsatradndoae, mameils asvinjegtetdhetoghe inratavided 944meahd 944b and

along the shape of the interfacing pattern 912. The

molded Bit&rI@} by teoibRld 2l diAciemraad 8f EeCEVAU bé’sreHYf()&Iﬁap?ﬁs results in
portion 944a and a linearly shaped portions 944b. The

aeslhetfc éwgégl&ﬁ\c{%@gn#ﬂa@elh@ﬁtqﬁg JSYOn {:[Etﬂ fﬁLﬂ)rdtl@tC Eﬁﬁéﬁigog)rgfﬁes and

I'S punc roma sur ace 0 oam 9
functloflour hol es 942 at positions where the circularly
éﬁapedportlon 944a neets the linearly shaped portions
944b. Each of the four holes 942 has a di aneter of
2mm Further, another hole 942 having a di aneter of
3nmmi s forned at a position where the linearly shaped

pdienihdimbedimisntr oss t o each other. After the punching
process of formng the holes 942, the foam 940 is

i m$@r 1 edlluntacesaa eamufagiuoig prodyse of iaostossylikedofodinng:coideng to a
whil e adjusting the hole 942 of 3nm dianeter to

tenth eGMOHRSRORE thOpRsEMLBTdrAbnl Th e tQNh RAtHIIIA&E:: Ofn Irﬁé?nally formed
i njection-type nolding die. Thereafter, a nozzle 962

su1facqu dﬁllmtlﬁ{o 1%!‘)16 tmu?&tl alt%%) a gfiﬁglé%ge%?‘ ?P%I‘L gesC or r espond

the materral 1 hjection

dlﬁ]\%lqﬁggaégé}ep%{ i r{mﬁ gi:lrgg}ﬁdhaﬁe&%g‘ﬁnh&pa ma 1aels lghla q%llb 1011c

ur et hane-based resin, is injected through t he nozzle .
and 10 blgbare ppiggderrneldad et faming ety of | H¥eranddbethew niger shapebaving a

cavities forned by the internally-formed surface 944
thickneandf a.5nesi dwadithsgfald®nof anthe lemgthetfilOfmny.pdhe first and second flat-

film-type materials 1011a and 1011b are perforated to form two holes 1012 having a diameter
of 2mm,

Interfacing pattern Formation: A urethane ink is printed on both surfaces of
materials 1011a and 1011b in such a manner that margins of 10mm are arranged from the
cutting edges of each direction. The cross section of the perforated portion is also covered by
the urethane ink, and selected one side of materials 1011c and 1011d is printed, thereby
forming an interfacing pattern 1021. Thereafter, thus-obtained interfacing pattern 1021 is
dried.

Foaming Process: The first and second materials 1011a and 1011b are attached to
each other, and the printed sides of the third and fourth materials 1011c and 1011d are

combined with the combination of the first and second materials 1011a and 1011b.
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nol ding die. After hardening the injected materia
964, the injection-type nolding die is opened and the
woaeamocssede- nol ded. As shown in FIG 10, the f®amKRr2004/001809

beconmes a conposite foamthat includes the urethane

resin in the inner cavities. The urethane resin is

extended fromthe inner cavities to a surface of the

foam and the urethane resin on the surface is shaped

al ong a shape of the cavity of the injection-type

nmol di ng di e. Thus-obtai ned46oam can be directly used

as i ndustrial conponents, or conpression re-nolded if

necessary, to reformthe shape of the conposite foam
ThereaFar, tireresulfaabstngtum dninserveninfeab cavity afatpresl drsyjetiat iype molding

| eat her, and rubber can be selectively attached to the

die 103y Whashehaoh wilith sfoQes length SFUNEEhnt BN 84Hh OF 1 em¥ARLEtNEn heated
of pattern shapes can be attached to the surface of

and prdsB&1 §PAMo pEeLpaf tﬁépebg Zc'frnfirg% fg??%{x Q046 e &%‘H‘ngaat%ggﬁring. The

perforated and then ot S may be 1njéc

[ the. nn avitihes .fo d b he, . .

foar 190 Bt R0 PE SEEL b VAL CE IR Aol gnighpsn b ipmyis: Further,a

..such, that the injected terial is extended fromthe

mult- Ry b e S s (Rcied Toe ToHS. KM Eredirepe gt mm
above, materials are injected into the inner cavities

are formad an Hiedfoams bl Taydther higertlly rfowngdasur{rca fornting andimte cayity has the
outer surface of the EVA based foam This results in

multi-lags¢chgticoure ofi ddd/edaebtSnand Siminowete ninth eoddA@sdmoother materials
strength, product quality, properties and functions.

can be Tt mrdad MBIt in hGnnddcaivitley S8 ah & thedoldousf act uri ng
process of a cross-linked foam according to a tenth
enbodi nent of the present invention. In this tenth
enbodi nent, an internally-fornmed surface is divided

|%é)ven 1r§nfacbcﬂ1r1]1e}1t\m parts in a wide variety of shapes.

FIG. 12 illustrates a manufacturing process of a cross-linked foam according to an
eleventh embodiment of the present invention. This eleventh embodiment is to provides a
method of forming a three-dimensional internally-formed surface having a variety of curved
shapes.

Material Preparation: First and second materials 1111a and 1111b are injection- or
compression-molded from a white particle material foamed at a foaming rate of 170%. The
first and second materials 1111a and 1111b have bumpy surfaces. Also, a particle type
material 1112 having a weight of 20g is prepared.

Interfacing pattern Formation: An enamel-based ink is sprayed on both sides of the
first bumpy material 1111a except a masking portion 1113, and then dried. The sprayed ink
has a thickness of 40micrometers.

Foaming Process: The dried material 1111a is combined with the second bumpy

material 1111b, and the combination of the first and second bumpy materials 1111a and
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Material Preparation: Four sheets of flat-filmtype
materials 1011a, 1011b, 10l11lc and 101l1d are
woaberdess4 nol ded at a foaming rate of 150% an@8CTKR2004/001809

cut into a shape having a thickness of 2.5mm a wi dth
of 100mm and a length of 100mm The first and second
flatfilm type materials 1011la and 101l b are
perforated to formtwo holes 1012 having a di aneter of
2nm Interfacing pattern Formation: A urethane ink is
printed on both surfaces ab materials 101la and 1011b
in such a manner that margi ns of 10mm are arranged
fromthe cutting edges of each direction. The cross

1111 iSBE&HEQNNGS 2 thatypEIsharfat messpypt miding did 51630c obhsreadtepya residual
the urethane ink, and selected one side of materials

space 119119 B0 ¢k 433 ss Mieat el thdh@hehle fypeninagrian1l12. Then, the
interfacing pattern 1021. Thereafter, thus-obtained

._i.nterfacing.pat 23 1 [ i i
combiniy Gy PERCUE Rat el L B e O R R T are P
attached to each ot her n [ i
type mQHEdaAU] SuPt rerarS Rt A ATy e ToahnBa0 tes &
conbi ned with the conbination of [
curved mgareralcsme0 SEbeard A 01 e Sat CorioVRE FEEIPr ant
structure is inserted into a cavity of a press or
i njection type nolding die 1030, which has a wi dth of
100, a length of 100nm and a depth of 10mm and then
heatgd BRdoAnreEsed so as to be foaned, thereby formng
a foam 1040 after cooling and curing. The foam 1040
hﬁf(}.al 3""11%'&}?@@ allﬁgﬁm‘actﬁrih$ E%c'@ssof)f 4 506831 Aidd doam according to a
thickness of 15mmis. Further, a nulti-Ilayered

i nternal | y-fornmed surface 1042 and two hol es 1044
twelfth sIMbOHNSLGi anet er of 3nm are formed in the foam Thus,

the internally-fornmed surface rm n [ '
PR TR THBR iy dr B SEFTREd BT 1961 R0/ 3 e ot-molded
- Simlar to the ninth enbodi ment, other terial : :
using a particle-type material at a foaming rate of 130%, and second And third materials

1211b and 1211c are also prepared at a foaming rate of 150% using the same material and
method as the first material 1211a.

Interfacing pattern Formation: A urethane-based ink including a 5% foaming agent
is sprayed on a whole surface of the first material 1211a at a thickness of 30 micrometers, and
then dried.

Foaming Process: The first material 1211a covered by the interfacing pattern is
combined with the second and third materials 1211b and 1211c, and then the combination
thereof is inserted into a cavity 1232 of a press-type molding die 1230. Thereafter, the
combination is heated and pressed so as to be foamed, thereby forming a foam 1240. Then,
the obtained foam 1240 is cooled down and cured.

Although the first material 1211a is foamed simultaneously with the second and third

materials 1211b and 1211c, there exists a space between the foamed first material and the
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can be injected into and filled in the inner cavities
942 and the hole 944. El eventh Enbodi nent FIG 12
wOokbosgbssat es a manufacturing process of a crosBETIKReewH/001809
foam according to an el eventh enbodi nent of the
present invention. This eleventh enbodinent is to
provi des a nmethod of form ng a three-di nensi ona
internally-formed surface having a variety of curved
shapes. Material Preparation: First and second
materials 1111a and 1111b &4fe injection- or
conpression-nolded froma white particle materi al
foamed at a foanming rate of 170% The first and second
internalhgf@nmicd|ssrfddell 242 dneltalthi Tict hizay ¢hebfoamyngstatd ais firdllsaerid 1211a
particle type material 1112 having a weight of 20g is
is lowePtHRRARA DS tht@Roh@ahd ehifiedhb@fials ol IREh®N21 Wby approximately 20%.
enanel - based ink is sprayed on both sides of the first
] i 1 ' ' i an .
et P IRES il AR GBI B 0 PR sty
taken oiiﬁ%@reﬁg%%% Sffﬁgﬁgf%l{nfgﬁcgkgl %2%1‘8%%@%1&%%@ gﬁ%cggl?i%g:c%ll be obtained.
1111b, apd the comhination of the first apd _second .
The forgerhspatrat =10 iaIexsPases catwdid 1dh thet gthemapy %ﬁgﬁﬁf@t guaterial can be
cavity 1132 of a press-type nolding die 1130.
iﬂ%ﬂﬁm¢mﬁ%éﬁﬁeﬁﬂh§5mé@iHﬁ@l space 1134 of the cavity 1132
is filled with the particle type material 1112. Then,
t he conbination and the particle type material 1112
are together heated and pressed in the presstype

nohicBghd gbddisent 0 be foamed, thereby form ng a foam
1140. The foam 1140 has a curved internally-forned

SH[d 268 hA2AL, ARAABLAE, bhdthss 880 1lR R dbborcing to «
thirteenth embodiment of the present invention. The thirteenth embodiment is to provide an
internally-formed surface connected or opened to the outside in more than one direction.

Material Preparation: A film-type material 1311 is calender-molded at a foaming rat
of 150% to have a size of 1mm thickness, 20 inches widths and 20mm lengths. Thereafter,
the film-type material 1311 is taken up on a roll.

Interfacing pattern Formation: A colorless PVA resin based ink is gravure-printed
onto one surface of the film-type material 1311 at a thickness of 30 micrometers so as to form
an interfacing pattern 1312, and then the resultant structure having the interfacing pattern
1312 is thermal-dried at a temperature of 60 degrees Celsius for 15 minutes. Thereafter, the
dried material is taken up on a re-heating roll 1320 that is formed of aluminum and includes a
heater.

Foaming Process: The material 1311 wound on the re-heating roll 1320 is inserted

into cavities 1331 and 1332 of a press-type molding die 1330 where a heater is installed.

Each of the cavities 1331 and 1332 has a half cylindrical shape, such that a half of the wound
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FIG 13 illustrates a manufacturing process of a
cross-linked foamaccording to a twel fth enbodi nent.
woOR@rlcatde4 Preparation: A first material 121l1a PET/KR2004/001809

i njection- or conpression-nolded using a particle-type

material at a foamng rate of 130% and second and

third materials 1211b and 1211c are al so prepared at a

foam ng rate of 150% using the sane material and

method as the first material 121l1a. Interfacing

pattern Formation: A urethage-based ink including a 5%

foam ng agent is sprayed on a whole surface of the

first material 1211a at a thickness of 30 mcroneters,
materi@dnd 31 hemseltédenhio FrafisheavitydSas of theheprfer psitt offalieemioiding die 1330

1211a covered by the interfacing pattern i s conbi ned

and thivothar hile of aroRSuEN S atchial 03 I8k Qhdeplkd idtd 1AY sedeld kdilE 1332 of the
and then the conbination thereof is inserted into a

ther AUInGYd 3R AlfteRiRESSS" A9 ol §ed2 S :

other IR ERE AP URRER LY BBl B0 L B P mgg e 1330 i
as be, f oaned, ther orm a foam 1240. Then,

closed o B8 3, SATREL A IS 1521 doorARe BTG oL dgFiPtatre of 150
Al't hough the first material ,1211 a is_ foaned ,

degrees CrinYSaHEETI8 RSPt }ilkgudina e beHprEcdm e deipg de-molded
1211b and 1211c, there exists a space between the

from theopratsetyp¢ moldingtier papll-drmg fohmi 1368 infiringd faod theg ssqudndieBy cured
1242 due to the fact that the foam ng rate of the

at a tehipestturradfe4( akbgrdad Calsig fooviehotiban dtdtdlizothet siee 98¢ ahe physical
and third materials 1211b and 1211c by approxi mately

properZ&% Afiflehef elcefoad BRPAE AHGMuhd RS MaNt-hd2dd &8N 13980nd then re-
fromthe first material 1211la can easily be taken out

(I j 1t - '
o L URUAIE S KOS, 5155y P05 B0FD B0 0o s
contim}?)gl? gﬁzﬁ% q’iliﬁqvﬁggeengcerllnlgo%%exg)ttaﬂ%\rNs fa%grrgla(%{ondolffaff%L% rl]1t<'iv1ng a uniform

and continuous cross section, which was not likely to be done through a conventional pressure

cross-linked foaming method.

Fourteenth Embodiment

FIG. 15 illustrates a process of manufacturing a cross-linked foam according to a
fourteenth embodiment of the present invention. The fourteenth embodiment is to provide an
internally-formed surface having multiple-plane structure.

Material Preparation: Three sheets of film-type materials 1411a, 1411b and 1411¢
are calender-molded at a foaming rate of 150% using the same material. Each of the film-
type materials 1411a-1411c has'a thickness of 2mm. The maximum dimensions of each of
the first, second and third materials 1411a, 1411b and 1411c is 100x100mm. It is desirable

that the first 1411a have a width of 100mm and a length of 100m, the second material have a
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inserted and filled into this space 1250. Thirteenth
Enbodi nent FIG 14 illustrates a manufacturing process
woho@/essess- | i nked foam according to a thirteeRCI/KR2004/001809

enbodi ment of the present invention. The thirteenth
enbodi ment is to provide an internally-formed surface
connected or opened to the outside in nore than one
direction. Material Preparation: A filmtype material
1311 is cal ender-nolded at a foaming rat of 150%to
have a size of |Inmmthickne®s, 20 inches w dths and
20mm | engt hs. Thereafter, the filmtype material 13 11
is taken up on a roll. Interfacing pattern Fornmation:

width oPOGAmadesisn@VAL pemimariabe thiidkatesalgréd o haves width @f 80mm and
onto one surface of the filmtype material 1311 at a

a length! dF SOKIES®r Ofanife. M crometers so as to form an
interfacing pattern 1312, and then the resultant

f’ %\?l'f%cﬁ{ggﬁ?g}é{ g?m{atei%ni N erdudmb esd i€ sbrediBpAnied on one surface

a tenperature of 60 degrees Cel sius

faor 15 mnutes. Thereaft th i ed: LA b .
of eachto%msqsen% B e Ting o U P 450 Hriep ek opaced apar
al um num and i ncludes a heater. Foam ng. P : .
o Dy Pl B Ohob b A G et i PSSRl i o
. inserted into cavities 1331 and 1332 of a press-type
interfaciy ptitecn tHA . I38Cealthe tlee rgswitsat gruciweindiosh | ed. Each of
the cavities 1331 and 1332 has a half cylindrica
shapgRingSRiGkest:Nahe dirhiab fihiaf mateeialsodidaat €hd e se@@ntipldy attached
inserted into the first cavity 1331 of the upper part
‘0 suchW mifler ARk HeNgreth&nd 33RerAn iR ratdes tifead surfatestdearranged in an
mgg? ?a:ﬁrlal 13317is inserted into the second cavity
g 0 e.q r ' ' it fi & errpi [ i
pper Ratabrer B 145 kY A O e A PR gt 1P

is insegﬁlﬁgcﬁ S%gggé)g ghe;t Sg %uh | ? 5%%‘[%&%%335 alnal 2 ci, Sth@fé% el%rming a

combination 1410. After that, the combination 1410 is inserted into a cavity 1432 of a press-

type molding die 1430, and then heated and pressed to be foamed. After the foaming process,
a foam 1440 is formed and de-molded from the press-type molding die 1430. And then, the
foam is cured and cooled down at a temperature of 40 degrees Celsius for 20 minutes.

The foam 1440 has a size of 150mm width, 150mm length and 3mm thickness, and
has a bottom surface 1441a, a middle surface 1441b and a top surface 1441c. The bottom
surface 1441a that is larger than the middle surface 1441b is derived from the first film-type
material 1411a, the middle surface 1441b that is larger than the top surface 1441c is derived
from the second film-type material 1411b, and the top surface 1441c is derived from the third
material 1411c, whereby the sides of the foam 1440 have steps due to the size difference
thereof. As shown in FIG. 15, the foam 1440 has a double-layered internally-formed surface
1442b and 1442c which are opened in different directions as indicated by arrows. This

internally-formed surface shown in FIG. 15 could not actually be accomplished by the
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degrees Cel sius under a pressure of 150kg/cnR so as to
be foamed. After being de-nolded fromthe press-type
woubaioasgedi e, a roll-type foam 1340 is fornmed ROTKR2e03/001809

sequentially cured at a tenperature of 40 degrees

Cel sius for 2 hours to stabilize the size and the

physi cal properties. After that, the foam 1340 is

unwound fromthe re-heating roll 1320 and then re

wound on a w ndi ng beam 1350, thereby formng a foam

having a uniform cross secillon and a continuous shape.

This thirteenth enbodi ment allows a formation of a

form having a uniformand continuous cross sectiaon,
conventidhiat presase notssdlinked foatondmethodeortiproalghressiEd prpasTHRERslfoaming

pressure cross-linked foam ng nethod. Fourteenth

method ENR 6k TR HeehihEmbddimblt wsdkeatit@dsdblpr ocess of
manufacturing a cross-linked foam according to a
fourteenth enbodi nent of the present invention. The
fourteenth enbodinent is to provide an interna

I :fo% 1 u.ﬁafe.having mul ti pl e- pl ane structure.
N%f@?%gFgﬁéﬁﬁéﬁéﬁlon: Three sheets of filmtype
St s eSO S oB LR Y| dedaig o
Each of the filntype materials 141la-1 4 1llc has.a .

fifteenth Fintodesentodf harpresehe invaRioRIm 1dE r@i%eing;h §méf>§1§]§8h igpfo provide a
the first, second and third materials 1411a, 1411b and

methodl#hl $tidhs thkOfbaiO Baving |dn interdali-foainké subfage fsh&orpiedsen a different
1411a have a width of 100mm and a |l ength of 100m the

materi%ﬁ%’ﬁﬁllenat erial have awi dth of 90nmand a |ength of
Omm and the third material 1411c have a width of 80mm

ang Lliepgth. 80 . c idint erbagi -
F@?ﬂtg‘nal ﬁ%ﬂaﬁ&n. MBECHIm%ﬁ«Emil&enil 1 £Ihag! fferdit-h@ided at a

natl?n: ur et hane- base | S screen-printed on
ik ST B e MR PRFRL O o

Interface Formation: A urethane-resin-based ink is printed onto the circular-shaped
material 1511a in a shape of circle having a diameter of 3mm and a thickness of 50
micrometers, and then dried.

Foaming Process: A second film-type material 1511b that also has a circular shape
is combined with the first film-type material 1511a having the interfacing pattern 1511a
thereon, and then a combination 1510 of the first and second film-type materials 1511a and
1511b is inserted into a cavity of a press-type molding die 1530. After that, the combinations
1510 is coved by a polyester-based synthetic textile 1520 having a thickness of lmm, and
then a top cover 1541 of the molding die 1540 is closed. The combination 1510 is heated and
pressed, and therefore a portion of the combination 1510, especially the first film-type
material 151 la, is molten, infiltrated into a surface 1521 of the textile 1520 and adhered to the

surface of the textile 1520. Generally, the combination 1510 is foamed in a thick-wise

direction when the molding die 1540 is opened, thereby forming a foam 1540.
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fromthe side edges by a distance of 5mm except froma
certain edge, thereby formng an interfacing pattern
Wa2RE/06IHoer eaf ter, the resultant structure is BCTAIR2004/001809

Foam ng Process: The first to third materials
1411a-1411c are sequentially attached in such a manner
that the interfacing patterns 1421 fornmed on their
surfaces are arranged in an upper direction so as not
to face each other as shown in FIG 15. The second
material 1411b is insertedlbetween the first and third
materials 141la and 141lc, thereby formng a
combi nation 1410. After that, the conbination 1410 _is
i pser hedicimoldia, clay faam 1840 informecashe skl of hgl dicetextile
1430, and then heated and pressed to be foamed. After

1520, atdEasTRaMieRGIProaRES surtact 0842, Wdch isdfilfedrwidle aianat an inside 1541 of
de-nol ded fromthe press-type nolding die 1430. And

the fom{l 2?%@, trpﬁ f{f?&?}l&%nﬁéﬂiﬁl@rl@h@ opEed eopslyeadterabased synthetic fiber,

erature o egrees Celsius for 20 mnutes. The

.. foam 1440 has_a..Si | 1 - '
textile, sPERF RS e iy fedier RATTA S e Ty pghe g Ry can
m ddl e surface 1441b '

. | _ nd a top,.surf :

be modbeut bt uptatogaita 1 Srae peoriphar F SRS slifiment of e
§urfape 1441b is derived fromthe first filmtype

present imteetioml 1411a, the middle surface 1441b that is
l'arger than the top surface 1441c is derived fromthe
second filmtype material 141Ib, and the top surface
1441c is derived fromthe third material 1411lc,

WREH& ERGoGites of the foam 1440 have steps due to
the size difference thereof. As shown in FIG 15, the

gﬁf}@agizd'l@ﬂﬂ%%esg% gpa%gfa%ﬁlr%eﬂrg&sé RF @rdyadstmidearfore according to a

et e 4423 ich are opened in different

- .ons._as jndicat.e . ar . ' . . e

sixtcenfing GERAMSE PhHod St LB Sorey g ebodiment i 5 provide ©
actual |y be acconplished by theconventi onal

methocwbe's almaiked TpoapyiigvHEL u@P“W%ﬂﬁ%ﬁ pressuP(reessure
cross-|inked foanm ng nethod, but,this,{ou t eent.h .
eMaeiiat@nepamatices A treppeist BIps material, which 1s 01'11165J from a material by

a foaming rate of 170%, is injected into an extruder and then heated in a cylinder to be molten.
The molten material is compressed by a screw and discharged through a tube-type die. The
discharged material is solidified by a cooling device to be red pipe-type material 1611a that
has a 5mm outer diameter and a 2.5mm inner diameter.

Interfacing pattern Formation: An enamel-based transparent ink including a 10%
foaming agent is injected into the inside of the red pipe-type material 1611a and then coated
on the inner surface of the red pipe-type material 1611a so as to form an interfacing pattern
1620. After that, the enamel-based transparent ink is dried.

Foaming Process: The resultant red pipe-type material 1611a is cut into 5 pieces,
and then combined with a white material 1611b that is similar to the injection- or

compression-molded white material 1111b of the eleventh embodiment, thereby producing a
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Fifteenth Enbodinment FIG 16 illustrates a
manuf acturing process of a cross-|inked foam according
woo@/0bsdet eent h enbodi ment of the present i nveRCT/MR2004/001809
The fifteenth enbodinment is to provide a nethod in
whi ch the foam having an internally-formed surface is
formed on a different material at a tinme. Materi al
Preparation: A first filmtype material 151la is
cal ender-nol ded at a thickness of 2mm and cut into a
circul ar shape having a di afeter of 10nm Interface
Fornation A urethane-resin-based ink is printed ont o
e circul ar-shaped material 1511a in a shape

combleatr%n W1Raviiig ﬂaatdﬂlsr?étr@ana@fméﬁm ghiheged mn,ektafé% énaéquaéé& la and
m croneters, and then dried. Foam ng Process: A second

the wififel mateygid 6irbly & insgrtefiSntoba ehvaty 1482 of hasesa-type wolding die 1630, and
shape is combined with the first filmtype nateri al

then al&ldal bgack ng thihavitntlEsp actingl wath taewlitelpifidetthey @arrial 1650 that
and then a conbi nation 1510 of the first and second

has thé bdnf@ foﬁﬁl@né‘ﬁteee{s' 18k $e ﬁ%a-@%@rlﬂatéé@l]llgl I S The$REked cd)1ﬁ519a@on 1610
cavity of a press-type nol'ding die 1530. After that

and wltuﬁ:e a}‘%{?{]’é’ tﬂ%t %@%alll%ég 8%%’[11&9‘[{&%&%[%&1’8&'65 § 5§{0| %%ﬁ%gfﬁadm 1640.

avi n ness o
cover 1541 nmol di n

e ie 1540 is .
c| B%%E h*?&@‘“%’u%ti?l’ﬁ%ﬁs?’o i@ﬁ%@“ﬁ%‘?@ge éﬁ% PR¥d3Rgaterial 1611a
and therefore a portion of the conbination 1510
is recesaqdernidahey beqpanesi ansinternaliyrfoyped pefase| 1402 18YINg @ fligmeter of 4mm,
molten, infiltrated into a surface 1521 of the textile
The ilﬁ@'ﬁ@ﬂ)&ﬁ[ﬁl’@d hewrfacke t1642 Hernsurf aneer afvitheNuexlyi [tlee 1820 . foam 1640
General ly, the conbination 1510 is foaned in a

includéNiiekfivé $@e@bll eCoined WieRed he4NUlf dhd githhe@erl 6Ahd Fner cavities is
opened, thereby form ng a foam 1540. After the

betwegleél‘- 8 i Ghe A/ 1sqgirﬂe]d5iﬁq rb§cdigf.med on the surface
21 of the textil

A cross-linked foaming method of the present invention provides a wide variety of
inner cavity structure integrally formed with the foam. The cross-linked foam produced by
the present invention mainly comprises the form body and the inner cavity structure at an
inside of the foam body. The shape of the inner cavity structure may be determined by the
internally-formed surface that are classified into a closed type and an open type.

In the closed type, the internally-formed surface is disposed inside the foam body
and the internally-formed surface is closed. However, the internally-formed surface of the
open type extends to the surface of the foam to communicate with the outside.

The foam body may have air passage communicating with the inner cavities, such
that the air or gas can freely keep up the stream from the outside into the inner cavities or vise
versa. Further, the foam body may have a valve system in the air passage so as to control a

flow of the air, gas or vapor, wherein the valve system may have a check valve. The number
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1520, and has an internally-forned surface 1542, which
is filled with air, at an inside 1541 of the foam
wa3di/06Feiks fifteenth enbodi ment can be appl i eBCT/AKR2004/001809

pol yester-based synthetic fiber, textile, non-woven
fabric, artificial |eather and natural | eather.
Further, the inner cavity can be nodified into a w de
variety of shapes according to the fifteenth
enbodi ment of the present invention. Sixteenth
Enbodi ment FIG 17 illustr& es a manufacturing process
of a cross-linked foam according to a sixteenth
enbodi ment of the present invention The sixteenth

and shapehgdhagit pdssagecandr el e ereanateirhioetl, whdrmeany atiee Fiogifigagpns and
inner cavity is extrusion-nolded. Materia

VfuntloFE %Fé«’:}j’o%bré%l Aemed pellet type material, which is
formed froma material by a foam ng rate of 170% is

| 8[118 ¢k %ﬁ)l% B%g quat??fﬁlrﬂ'fgc% t1RNG ndeN8or RIgRdre8t fkdn @he foam body may

nder The nmolten material is

be ﬁlleg eggls@lﬁfgm&q 0e 113,1%:% rc%%%y?'?rucﬁu? le“ road ﬁogfnqﬂ%h e Val‘lohls physical

arged na eri I'Ss so I dif

a cooling. deV|ce to be red pipe-type material 1611la
Plopeltteﬁdﬁpwa@l%msﬁwmﬁ er dianeter and a 2. 5nm i nner

diameter. Interfacing pattern Formatio

erGS. 1B as 3 iltustnispdiverse ekarplenef ﬁb@@ﬁ@%ln&@fi/ﬁ%%ﬁ%ﬁimg to the

agent is injected into the inside of the red pipe-type
me“mgﬁw@mmal 1611a and then coated on the inner surface of

the red pipe-type material 161la so as to form an

| ptesf pElNey PAiEdBssI62Rd féhehat hatforhdiebe fraumehg basedination
transparent Ink is dried. Foam ng Process: The

of flat gﬁiu' L8 11aa}]s dﬁ%\hrg% 91%61%&1?&@%&5%6}21 I]Mag?t%lZﬂnlgt@ﬁt %tlhéltlglfgenals As
shown n FIG Sl SStlo J eachto(% tﬁeh 80 11“13'1 ed f%ams Qs a foam body and an inner cavity
structure formed by an internally-formed surface.

The inner cavity structure of the foams shown in FIGS. 18 to 27 may be filled with
gas or air in such a manner that the external gas or air is injected thereto using an injector as
described with reference to FIG. 4, thereby properly controlling a pressure of the inner cavity
structure. Further, as illustrated with reference to FIG. 5, an air passage communicating with
the inner cavity structure may be formed in such a cross-linked form, and a check valve may
be installed in the air passage.

FIGS. 28 to 30 shows cross-linked foams that are formed by way of piling up flat
type materials having interfacing patterns 1711k to 17111, combining the piled flat type
materials with other materials, and then foaming the combination. As shown in FIGS. 28 to

30, each of the cross-linked foams has a foam body and a complex structure of inner cavities

that is formed by an internally-formed surface.
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conpressi on-nol ded white material 1111b of the
el event h enbodi nent, thereby producing aconbi nati on
wealBG/ester that, the combination 1610 of thePCEKR2004/001809

pi pe-type material 1611la and the white material 1611b

is inserted into a cavity 1632 of a press-type nolding

die 1630, and then a residual space of the cavity 1632

is filled with a white particle-type nmaterial 1650

that has the sanme foanming rate as the red pipe-type

material 1611. The inserted conmbination 1610 and white

particle-type material 1650 are then heated and

pressed so as to forma foam 1640. During the foam ng

PFIGSesH, td B8 shobk omogpeinkedrfowhs time aredomiqseby ypey of foaming a

material 161la is recessed and then becones an
combinkttrebNal fo¥mbry iRebrauriaed Jhden havtha gigarelizaded ¢lre@flimensional

4mm The internally-fornmed surface 1642 forns an i nner

materiaf ﬁ%(\é}rl% élftng-@%g P?%gaﬁs.wmst &oheam AeA%I pekgidesh tdfahd cBs-linked

surfaces 1642. |If the di aneter of

foams l¥ag ?ﬂntjggagl J dgaeﬁ\{llggtl tl%sﬁeié nn%%ix\i%ef @tré?t{:u%kig &Wﬂmérh:%vft? @?iﬁ%gre formed

of the ol : Cross- foam ng ne

[ resent invention [ i d '

byt P Sl es ot B EABIGATD Pt tosy o o
foan) The cross-1inked foam produced by th Pr en .

three-dinmneiohalomnemifpinyedc st ebat pe ffl@r“llﬁa‘b"cﬁ)dlﬁlyafe% n?ﬁzbyi h}‘?efoammg
cavity structure at an inside of the foam body. The

processs 1apgosafblé hat fenkree almbtsjorst stucture és foayedecnmeitely 9 ghe cross-
by the internally-fornmed surface that are classified

linked 'FSHnP b@d)ﬁ 98 QHert VRErt@d chi@RhORBRr kyvie: fdrmetihisy dHeomeainally-formed
type, the internally-fornmed surface is disposed inside
Surfacethe foam body and the internally-formed surface is
¢l osed. However, the internally-forned surface of the

op extends t he surf ag. . . : :

R0 RSB T bOFaf L2l g e e

ai r passage conmmuni cating with the inner cavities,
formedspwhturdsaat [HHe- Al o ¥t gas can freely keep up the stream

fromthe outside into the inner cavities or vise :
Meanwhile, various physical properties are compared in between the cross-linked

foam produced by the following inventive method and that produced by the conventional
method.

Urethane ink is printed by a silkscreen method on a film-type material that has a
foaming rate of 150% and a size of 24mm width, 24mm length and a lmm thickness. The
urethane ink is formed at a thickness of 50 micrometers, thereby forming an interfacing
pattern having a size of 20mm width and 20mm length. One sheet of material is formed on a
front surface of the film-type material, and five sheets of materials are formed on a rear
surface of the film-type material, thereby forming a combination, where those materials are
the same as the film-type material. The combination is inserted into a cavity of a molding die,
which has a 24mm width, a 24mm length and a 7mm depth. After that, the combination is

heated and pressed at a temperature of 165 degrees Celsius under a pressure of 150Kg/cm2 for
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versa. Further, the foam body nay have a val ve system
in the air passage so as to control a flow of the air,
waqgasosme3ssapor, wherein the val ve system nmay haveTa&R2004/001809

check val ve. The nunberand shape of the air passage

and valve are not limted, and many ot her

nodi fi cations and variations are possible for them

One or nore of the material that is the sane as or

different fromthe foam body nay be filled or inserted

into the inner cavity strugiure. Thus, the foam may

have vari ous physical properties depending on its

parts. FIGS. 18 to 39 illustrates diverse exampl es of .
480 sedohés, eiievats- formkera toasliakebfaimgTatde {7bops sgmgtphysical properties

invention. FIGS. 18 to 27 shows cross-1|inked foans

of the LidaLliRkR faMRAnBMchRebRghe abovddaatibannethdd at compaed with
materials having interfacing patterns 1711a to 1711]

those ogﬁ;ﬁg tfﬁe&bﬁﬁnﬂﬁ&ﬁ&%%%a F&?\/eﬁﬁgﬂéﬁ' mefhddl GS. 18 to 27, each

€ Cross- oans has a foam body and an i nner

cavity structure.fornmed b Wl # . ‘o inner ;

S AP BN P R0l e o SPTLBRh D et Fetp UBnine Jpnct, cavity

in FIGS. 18 to 27 may be filled with gas or air in
structuuch a manner that the external gas or air is injected
thereto using an injector as described with reference
to FIG 4, thdreby properly controlling |a prd&&ure of
the inper cavijty structure. Further, as |illustrate

wi th referencerif: iy Foadthaifoapadsaiiy clondnash catRaglsive
With the 1 nner| cavity “structure nmay be fiorned in such

a cross-1linked for and heck | ve nay elasticit
Foamst al | edth th@mgwfepassggg. Flcégc 8 tlo gg%@ﬁ%ms Y
cross-|inked floans that are fornnmed by way of pilirn

g u
flat typecsdteri ats*havi ng%)nt ex§paci pj@gpatgﬂms}l"llk&)
to 17111, conmbining the piled filat type

2240
Foam of the
present 4 1.35 150 0.26 35 50
invention
Foam of the
conventional - - 150 0.29 50 42

method

The repulsive elasticity is the value of the highest height measured when the metal
ball of 16.3g is dropped from the height of 450mm and bounced. The surface hardness and the
repulsive elasticity are measured at a surface of the foam near the inner cavity.

As indicated in Table 8, the foam of the present invention has the same foaming rate

as the foam of the conventional method, but the foam of the present invention has a low
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materials wwth other materials, and then foam ng the
conmbi nation. As shown in FIGS. 28 to 30, each of the
wonroesdesicmked foans has a foam body and a conpPeX/KR2004/001809

structure of inner cavities that is forned by an

internally-forned surface. FIGS. 31 to 38 shows

cross-linked foans that are forned by way of foam ng a

conmbi nation of a foam ng material (dotted portion in

the figure) and a three-di nensional material having

interfacing patterns. As sjdown in FIG 83 to 38, each

of the cross-linked foans has a foam body and a

t hree-di nensi onal structure in an inner cavity .
surface Shfdsetsungl baanmedepylsivheslasticiay mathey thao rthe doarrdfaibe conventional

Al though FIGS. 31 to 38 illustrates the foam body and

method NE td 1hE &5t BRIk @Rder ifOMARK daoityrBeucsine Gictherfeaihhat ar e
simul taneously formed by the foam ng process, it is

¢ 1%%3!1(36 f&arﬁ?ﬁqaép%cﬁll?&ﬁﬁfrﬁﬁgﬁ%ﬂ‘?{h‘éna%reﬁfeﬁﬁ'@ﬁe‘dﬁﬁeﬂh@ds is combined

separ a romthe crosslinked foam body and
_ then inserted into the inner cavity f tion of suct
with othef Brisln) 9isFornBSi i ALl gt RREF P EghBRation of such
materi al s having three-di nensi onal shapes for.form -
materialsHe CPABS IS0 TR ST e Greotole e g 041 it frdyged ar fielitermined

Meanwhi | e, various physical properties are corrplar_gd in 41
comprelsdmesiv, the acdiffssnie wkdke prompitissotished 1By spHace hardness and the
follow ng inventive nmethod and that produced by the .
elastici§OBMEREH eftak-mEItED portioh f Hanfeanrikditise pnémeaeity sirugture filled with
Sil kscreen nethod on a filmtype material that has a

air bec{oﬁ?eqi ﬂgthre?tiﬁm@gseg@o%lﬁi‘C&h@w&?i & enififard Adiffevdnded beBdeem the foam
ength and a | mmt hi ckness. The urethane ink is forned

at a fhickness .of . ' Soder SbMalyosrBtddg) &l the foam
ma‘mfaicfw &t F%g}en(émﬁ%%t%oél 3 ﬁ%ﬁgfv@%g@ gﬁ%.zg t(gf Q%rrm vﬁt h g>nd
manufazcglrpgcli lb? naggor}hpr%]s?ons peq%tolcﬁlflg g?etﬂ?ordl é.le.,ls%cgn%ﬁgp 9ro%@ss§‘. A following

Table 8 shows such differences.

Table 8: surface hardness and repulsive elasticity of the foams

Foaming ratio Other portion | Inner cavity portion

&

Surface Repulsive Surface Repulsive
‘Foam/Foam | Compression N
P hardness(type C) | elasticity | hardness(type C)| elasticity

e ASTM D-2240 (%) ASTM D-2240 (%)
(%)
Foam
(after foam 150 50 42 35 50
molding)

Foam 135 58 45 37 55
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front surface of the filmtype material, and five
sheets of nmaterials are fornmed on a rear surface of
woheosfocsssut ype material, thereby form ng a conbBCHa&tR2003/001809
where those materials are the sane as the filmtype
material. The conbination is inserted into a cavity of
a nolding die, which has a 24mmw dth, a 24nm | ength
and a 7nm depth. After that, the conbination is heated
and pressed at a tenperature of 165 degrees Cel sius
under a pressure of 150Kg/Zh2 for480 seconds, thereby
formng a cross-linked foam Table 7 shows sone
physi cal properties of the cross-linked foam

(after compiekgiohiur ed by the above-described netpod as conparjed
with those of the {foam manufactiured by a conventiong
re-niRliiRgy Tabl e 7: difference of properties in each part

on singlle foam havj ng i nner cavyity structure Surface
Interface |nner cavity FoaminglFoam-density—hardness

AT UITC OO

Repul si ve Foam ar ea volune rate (g/cc) (C type)
el ast|C|ty (CmB) (CnB) (% ASTM D-297 ASTM D (% 2240

Fg)gem18/$1ﬂ? htzle 06%5\;,21rl}keé fgsin'ﬁ Qngrﬁl? 8&1‘%@ bg/5thgoab'o%’ %{Etn'u@ﬁ’ed methods

i ona 42 et hod

will be applicable to the shoe components or other goods in many ways. Hereinafter, the
wide rage of such foam usage will be described in detail.

FIGS. 40 to 45 illustrates exemplary applications of the cross-linked foam of the
present invention to many parts of a shoe.

i) Upper - This upper component constitutes the upper part of a shoe, and includes an
outer surface and an inner surface that are attached to each other. The out surface is generally
made of a natural/synthetic leather, fiber, textile, rubber, non-woven fabric, and a synthetic
resin, and the inner surface is made of a PU, PE, latex, sponges, non-woven fabric, and
textile. . When the foam or re-molded foam of the present invention is combined with the
above-mentioned upper component, the weight of the upper is reduced, and also the
supporting force, air permeability, buffering, shape stability and tightness are improved.
Moreover, such physical properties can be differentiated depending on each part of the foam.

ii) Inner sole - This inner sole component is disposed under the sockliner of the shoe,
and absorbs the moisture generated from a foot of a wearer. In the conventional art, the
leather, cellulose board, no-woven fabric or other textile is used for this inner sole, or a piece
of steel plate and a trimmed sponge are attached to the inner sole of the boots or other
specialized shoes so as to raise the hardness of the heal portion and the flexibility of the

forefoot portion. However, the inner sole formed of the foam of the present invention reduces
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The repulsive elasticity is the value of the highest
hei ght neasured when the netal ball of 16.3g is

wdnropmestelir om t he hei ght of 450mm and bounced. PTINAR2004/001809

surface hardness and the repul sive elasticity are
measured at a surface of the foam near the inner
cavity. As indicated in Table 8, the foam of the
present invention has the sanme foam ng rate as the
foam of the conventional nethod, but the foam of the
present invention has a | agsurface hardness and a
| arge repul sive elasticity rather than the foam of the
conventional method due to the fact that it has a

the comipdR@f vidgirethdcavkésyit fossibleup ebitain thre irhprgired Wi epprpgebility or to
oam manuf act ured t hroughout the aforenentioned

differenﬂ?ng KOG iBiLEPAR Neanddk the@h pan offed@porint.such as fi ber
and artificial | eather and when the conbi nati on of

2#\?‘8 Mlgsa(ilg [ iTﬂlsSmf.d%%l% qgg [I%?i?‘@cgnlﬁﬂgntr SRl B dddrtTer welsyse® shoes,

6am1's reduc a predeterm ned conpression

' ratio, and a djfference  of .t.h j ;
Slippesss G AlE G AT hECeesanh PRA G HOTT LAt 0 Bt ugan “Fing - Lupfove the
re-nol ded portion of the foamand the inner cavity

shock absarbancaped fapulseE 4Rttt r becones further increased.

This shows significant differences between the foam
maviithané foad obthet freserb myentidro AICPIEAAPTHE FhAY gl dhe weight

(i.e., primary process) and the foam nanufactured by a
of the SIYAPKSGHRA Heause! wik rigndradahings (forneed, by dloo frdennylly-formed surface
process). A follow ng Table 8 shows such differences.

contain;rt"z&p laﬁ' ByerS U AGE:, MRY H18SE aohd RRMES oV @riedag foan toy aofe-molded
e foa Foam ng ratio Ot her portion Inner cavity

foam aggrrat:llx}a %ggﬁg?%%cﬁ%e a?@ %Hgﬁlih}/geprg%sg,a\%ﬁerw HeSInvBs can have a diverse

ess

appearance and various properties and functions.

The midsole can be easily manufactured by using the foam described with reference
to FIG. 9 (the eighth embodiment) where the material is injected into the inner cavity so as to
produce a complex midsole combined with a composite material. ~Additionally, the midsole
can be easily formed of the foam described with reference to FIG. 10 (the ninth embodiment)
where the material injected from an exterior is cross-link-foamed integrally with the inner
formed surface and the outer surface of the foam.

If the foam of the present invention is properly modified or combined for the midsole
to achieve the desired properties and design, the midsole can act as and substitute for a later-
described outsole.

iv) Outsole - This outsole component is mainly used for shoes that require resistances
against abrasion and friction. The outsole can be easily manufactured by using the primary-

molded foam or the re-molded foam of the present invention. When the foam formed through
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hardness(type C) elasticity hardness(type C)

elasticity ratio ASTM D-2240 (%9 ASTM D-2240 (%9 (%
weoéaawoeadet er f oam 150 50 42 35 50 nol di ng) FoaRCLE&R26@/001809

45 37 55(after conpression re-nolding) Meanwhile, the

cross-1linked foam manufactured by the above-nenti oned

met hods wi Il be applicable to the shoe conponents or
ot her goods in many ways. Hereinafter, the w de rage
of such foamusage will be described in detail. FIGS.

40 to 45 illustrates exenpbary applications of the
cross-linked foamof the present invention to nmany
parts of a shoe. i) Upper - This upper conponent

the ninthOASEIdiMtRSs apsliddppehe patsbleptheashstroesn @idini the ligheeeight and the
outer surface and an inner surface that are attached

Vauous;p LhFekctiohhe out surface is generally nade of a
at ura /'synthetic leather, fiber, textile, rubber,

no? SOcK ven &ah ngr %q%uoﬁ%@%]ﬁtl'sc €SP inSdHbdt o tAI8Roe and

s na e of sponges, non-woven
fabric,. and

disposegfon the’ iﬁ;p@sgﬁ?e XtIlﬁa\e;esrqH( SRS S <1%1gﬁgfr(ﬁ)§ %r%t%]c%% wR A% shaRMat this

above- nenti oned upper conponent, the [
COmMPORAH eleq Higesr @mgwspgwa as & etqlpgck a so1b¥r\Fg orceso f s&ptf)orting forces,

repulsive elasticity, stability and moisture absorbing forces.

When the foam of the present invention is used for the sock or sockliner, the weight
of the shoe is reduced because of the inner cavity structure the air layers. Namely, the foam of
the present invention used for the sock or sockliner allows easy enhancement of properties
and functions in every part of the sockliner to be acquired. The foam of the present invention
is attached to other materials, such as textile, non-woven fabric and natural/synthetic leather,
so as to be used as the sockliner.

vi) Foam padding - This component is a cushioning member for improving the
buffering, wear comfort and heat insulation of the shoes. The foam padding adopting the
foam of the present invention can protect the ankle, instep and outside of the food. Namely,
the foam padding can be easily provided with the improved properties and functions by using
the foam of the present invention.

vii) Stiffener - This component is inserted to the upper so as to prevent distortions of
the upper and protect the heel and ankle. The stiffener can be easily provided with the
improved properties and functions by using the foam of the present invention.

viii) Instep pad or tongue — This component has the similar functions as the foam

padding described above.
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supporting force, air perneability, buffering, shape
stability and tightness are inproved. Moreover, such
WwOhysioeated properties can be differentiated depeqdiKR20@001809
each part of the foam ii) Inner sole - This inner
sol e conponent is di sposed under the sockliner of the
shoe, and absorbs the noisture generated froma foot
of a wearer. In the conventional art, the |eather,
cel l ul ose board, no-woven fabric or other textile is
used for this inner sole, @r a piece of steel plate
and a trimed sponge are attached to the inner sol e of
the boots or other specialized shoes so as to raise,
tfe Maldddessnmhetthe Fealcopprnénsrinausases hibe fshegk wopqrpipg forces,
of the forefoot portion. However, the inner sole _
duratio Gor@d &fd tshpdraag diceshef pheseper isovant fooachiedtu dbstihactional
conmponent wel ght and nakes it possible to obtain the
[ hr i A hE fss&Ntrhat oldee component is
enhmm?ﬂ%&?%?ﬁ??@Ogngﬁﬁgggﬂgsg*?ﬁﬁgggﬁﬁgart of conponent. F
i sole - This mdsoled [ o N
separaigiyie e 2ot Rt opRre e BoP) NEETR AETholdhd Bomponen:
casual shoes, and made of the EVA,. PU.or rubber :
can be g SVl e S ERURE 8 B RES R LRt D pfed 18 pBitions of
el asticity. Wien the foam of the present invention is
the uppadopt ed for the shoe m dsole, the weight of the shoe
is reduced because the inner cavities formed by the
i n§ efen@vynti@nied, suatuadeycbettcalenatheh diber,riextdy efubber, non-woven
Further, the mdsole can be fornmed of prinmary foam or
fabric, Br LEERlcdedn 98t Ak een-indied Wr ek figdeddiniandiriogs simgbe to be used for
att'aching process, whereby the shoes can have a

such mf%lﬂ‘;egltr (is(’)gl},})g .n@x?}tﬁ R8¢ Sng{ﬂg nY(ﬁH.écg S - QRAIMhABSal8R Gombined with other

. e m l'e can be easily manufactured by

s S ST EES ST Bk S0 SPSR, LG e caons

the TororohisiBE WEOR SEEOR DS B BTG ORGAREY RAF §eret fls foam t
m dsol e

the upper of the shoe.

FIG. 41 illustrates upper formed from an upper material 1810. The upper material
1810 is first cut into a desired shape, and then the cut material is sewed with and attached to
other materials to form the upper.

FIG. 42 illustrates a manufacturing process of three-dimensional upper. A film-type
material 1820 having a thickness of lmm covers a metal last 1830 that has the foot shape.
Then, the metal last 1830 covered by the film-type material 1820 is inserted in a cavity 1840
of a molding die, and foamed by the pressure cross-linked foaming method. Therefore, the
three-dimensional upper is completed.

FIG. 43 illustrates upper obtained by attaching or sewing the inner sole to the three-

dimensional upper of FIG. 42.
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can be easily fornmed of the foam described with
reference to FIG 10 (the ninth enbodi ment) where the
waorb@srocate4 i nj ected froman exterior is PCT/KR2004/001809
cross-link-foamed integrally with the inner forned
surface and the outer surface of the foam If the foam
of the present invention is properly nodified or
combi ned for the midsole to achieve the desired
properties and design, the midsole can act as and
substitute for a |aterdescéi bed outsole. iv) Qutsole -
Thi s outsole conmponent is mainly used for shoes that
requi re resistances agai nst abrasion and friction. The
OBIGS| 41 aad 188 Rasirdys svararf actweriddstbafingsi shog Heat is obtained by
primarynol ded foam or the re-nol ded foam of the
attaehiﬂ%r eﬁ%?c@%le' R 8ikdieRnd W@@cﬂdﬁlBﬁtoftﬂéimrefeGdhﬂEdmbhalaqmbt bEFIG. 43.
embodi nent is applied to the outsole, the shoes

gige fa%to@ laegc?%eéi &%ﬁﬁeﬁ@t a8 Nekeli NBer¥Var kOUS B QPREfiVEP explain

unc |ons or Sockliner - This conponent

s ge al | |nsert d |nt th

embOd‘P}’F@%l ?r‘ﬁ B‘(y‘ilseélt R 1?80 g™ Fhe @8 E{] :aﬁes r 5% r ec:lﬁ)cﬁ!S‘I%gltm{%d by those
contacts the foot such that th

compopang d he iCeHPSUETS & baselechyely U Brr]BP 13'“ g 5° Caé 0 1nanu§acture shoes
supporting forces, repulsive elasticity, stabl and

of a witt®ivatiaty ef akmcmkilch:glgfls) rfon sxampleihe ﬁ@pcflcygmb@fsupﬁlé( connected to the
present invention is used for the sock or sockliner,

midsolt 8§ a8 hhufattutdeipbmeandsanddudie corpanses ofn b epplipddp in-line
cavity structure the air |ayers. Nanely, the foam of-

SkMesﬁﬁﬁcgggﬁﬁggs|nvent|on used for the sock or sockliner
ows easy enhancenent of properties and functions in

e#&PﬁQP rigg%?%%%c&8¥kllner to be acquired. The foam

invention is attached to ot her
gg%lgvrﬁlaﬁlp 2‘(9 n? 4 éli]qsg%}ete%%(qtq@my Saé)pgg on‘se g)éf tgg rdégssamﬂcﬁd foam of the
sockl i ner.

present invention to an upper of a shoe.

FIG. 46 shows side and cross-sectional views of upper that is manufactured by one
the aforementioned third, thirteenth and fifteenth embodiments. A foam having an inner
cavity structure 1911 is independently disposed on a textile 1912, thereby forming a
intermediate structure. An additional stuff 1913, such as textile or natural/synthetic leather, is
attached to the surface of the intermediate structure, and then the intermediate structure
including the additional stuff 1913 is re-molded or punched to form holes 1914 for an air flow,
completing the upper. Other components may be attached to the upper for decoration.

FIG. 47 shows side and cross-sectional views of upper that is manufactured by one
the aforementioned eighth and ninth embodiments. A material 1922 that is the same as or
different from a foam is injected into an inner cavity formed by an internally-formed surface
1921. Alternatively, the foam is punched to have a hole 1924 to the inner cavity 1921, and

the material 1922 is injected into the inner cavity 1921 and formed both in the inner cavity
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vi ) Foam padding - This conponent is a cushioning
menber for inproving the buffering, wear confort and
woeais/oesssul ati on of the shoes. The foam paddi ngCT/KR2004/001809
adopting the foam of the present invention can protect
the ankle, instep and outside of the food. Nanely, the
f oam paddi ng can be easily provided with the inproved
properties and functions by using the foamof the
present invention. vii) Stiffener - This conmponent is
inserted to the upper so aé2to prevent distortions of
t he upper and protect the heel and ankle. The
stiffener can be easily provided with the inproved
1921 apd epetiti esfaandf fibe doimnsTikyefos, ige hperf bayingfvatipes properties is
present invention. viii) Instep pad or tongue -This
comple@@o MRRA et upasmhi8e aitfiheakvifhuiibdriconpoasts.he foam
addi ng descri bed above.ix) Ml ded conponent - This

C B onenl, e eRAT %?osts hecsharkeRbspificiehat & G @Sufactured by one of

duration F%rces and supporting forces of the upper so
as to I.e he f nct al_.enh

the afoi%@%@ggy flh% agl SEeUEnRbY cﬁmte tg s/g 8&?%2{/111% gﬁglsca\f?ﬂ’y 1931 is
conponent i s separ.at I

plOVldqybggd hencs m@ﬁgaﬁ (?1 f}éae?gglﬁg%d‘ih% oeﬁ:gllgét agsﬁ,g h)ee (pam be before or
be fqrned of the fqan1nanufactured by the presen .

after perivetitg on theaimderceayplyetP 3t olopform j aohle dé ffheAlt'iﬁbp foquﬁ having the
t he conventional art, a natural/synthetic |eather,

materid]1108% and ﬂ?étliollai‘l%ﬂubbﬁbe reannkdady Ehud, dieripper bavisy fcheét ¢irculation
resin is conpression-nolded or extruded in a various

systemac{}lx‘a pb%ffltegné’ girida6shl kpsefikah beBbErRdCconponent , and then
t or extruded material is conblned w th ot her

i&a@ esh:%l\'gsf L:fl}ﬂJ%r fiel @hnrRetiied 8; 8rd %@ tﬁ@ tivBEthHURRE Fourteenth
g bed ah esent 1 nventl on ad pts the foam
escri a
embodyRgnts. heﬁleaflp]g%ﬁ%@ﬁzfﬁeX§ rﬁm o ed % Gle T8 P lc%qlaftlgﬁngystem, and
combined with other components to improve properties and functionality.
FIG. 50 shows upper that is manufactured by one of the first and second
embodiments. A foam having an inner cavity 1951 is provided and a perforation process is
performed to form a hole 1952 to the inner cavity 1951 Thereafter, other desired material

1954 is attached to the foam so as to achieve the improved buffering and heat insulating

performances. Thus, the upper of FIG. 50 is complete.

Example of inner sole structure
FIG. 51 illustrates an exemplary application of the cross-linked foam of the present
invention to an inner sole of a shoe.
The foam having an inner cavity structure 2020 is joined with a material 2010, for
example, a leather plate, a cellulose plate, a non-woven fabric, or textile. Thereafter, the foam

jointed with the material 2010 is perforated to form holes 2030 that expose the inner cavity
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t he upper of the shoe. FIG 41 illustrates upper
formed froman upper material 1810. The upper materi al
wealB/uesseli rst cut into a desired shape, and t RETWKR2804/001809

cut material is sewed with and attached to other
materials to formthe upper. FIG 42 illustrates a
manuf acturing process of three-dinensional upper. A
filmtype material 1820 having a thickness of | mm
covers a netal last 1830 that has the foot shape.
Then, the netal |ast 1830 épvered by the filmtype
material 1820 is inserted in a cavity 1840 of a
nol ding die, and foaned by the pressure cross-1inked

2020 o aBirag thetdod sudlheneflerfeamtdae hihy the-idipneredi aegntilgsioarand the
is conpleted. FIG 43 illustrates upper obtained by

moisturBt (i8R HspSEMyIthnt Benif186h) $OIFG G 1t hes different flexibility and
t hreedi mensi onal "upper of FIG 42.FIGS. 44 and 18F are

] r. T & ' ti h i j
ha1dnesg B? zlﬁ'engog&%)gp gl%q/ f’éé?ﬁ'.?)ﬁfgtiolgy%ﬁ” g}?e ihRg S1shagatiablly,sn example (c) of

m dsol e, an outsole and a

ckliner.to the three-di Sl QR f Aeti
FIG. 5 TGS dbivelaRdur e L dnpsnin: Sonrd HERE! ki, ¥ gfideting other
.to effectively explain enbodi ments of the present
material(§vent i on, and the types of shoes are not restricted
by those conponents. The conponents can be sel ectively
used or nodified so as to manufacture shoes of a w de
variety of uses and designs. For exanple, the upper
cERaR@lsSdimpidyoleennaateed to the nidsole so as to
manuf acture slippers and sandals. The conponents can

be:1@RPs3 88 dndl 4nthithee &&@i}ﬁarz@ Blcaibns f ths lvews-linked foam of the
Exanpl es of upper structure FIGS. 46 to 50 illustrate

presentelﬁ\%mfo%rtg SPRLACRE) Qns of the cross-linked foamof the

Foams or re-molded foams, which have a variety of inner cavity structure 2110, are
shown in FIG. 52. Holes 2120 are formed in the foams or remolded foams, and a valve 2130
is attached to the foam around the hole 2120. Examples (v), (vii) and (ix) show that a
material 2140 different from the foam is injected into the inner cavity 2110. An example (x)
shows a method that separates a portion 2150 from the foam or re-molded foam.

FIG. 53 illustrates shoes including the midsole of the present invention, and FIG. 54
are cross-sectional views illustrating the foam structure. The midsoles of FIGS. 53 and 54 are
obtained by cutting or grinding the panel-shaped foam. The obtained midsole can be used in
an entire portion 2210 or a part 2220 of the shoe outsole, ¢.g., in the slippers or sandals. The
midsole has an inner cavity structure 2230 that has a wide variety of shapes, and an inner
cavity structure 2240 that is formed of composite materials. The inner cavity structure 2240
can be exposed outward so as to achieve the improved functionality and aesthetic

enhancement of the midsole. The present invention permits shoe component to be formed by
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present invention to an upper of a shoe. FIG 46 shows
side and cross-sectional views of upper that is
wourmsfoasdcur ed by one the af orenmenti oned third, PCT/KR2004/001809
thirteenth and fifteenth enbodi nents. A foam having an
inner cavity structure 1911 is independently disposed
on a textile 1912, thereby formng a internedi ate
structure. An additional stuff 1913, such as textile
or natural/synthetic leather, is attached to the
surface of the internedi at@4structure, and then the
internmedi ate structure including the additional stuff
1913 is re-nolded or punched to form holes 1914 for an
assembing the @vam cierple tienguit sSvefacp ped .anGnher caodiypomésinmgnay layers, as
be attached to the upper for decoration. FIG 47 shows
| criossecst onal views of upper that is
Shownﬁ%%ﬁ?%?gﬁrgg§%y one the aforenentioned ei ghth and
' ninth enbodi nents. A material 1922 that is the sane as
or different froma foamis injected into an inner
c%¥ity fq@gpdlbg an internally-formed surface 1921
APerRlg PRSP FREWISam i s punched to have a hole 1924
to the inner cavity 1921, and the n?teri%l 1922 is . A
i fjlGct 2ahow exanprlaiyrmésolee gt pgonidha foams ¢IdPRBEFSHYTRYGHOD. AS
the inner cavityl1l921 and on the surface of the foam _
shownThémefydoen drisecansiesr foasvivhigh ag # gariety b prner cegty gructure 2310 is
conplete. Al so the upper may be attached with other
used FSQAPGNRNG8s01&E] & ht8 28hDsSosndeinanch franssarslecvalomab30 is installed
views of upper that is manufactured by one of the

in the 2&&91{ erRnLivngdfimet RAnthiSRTOBLD aiFhadit TRIM She fHahDRNhjected into
aving an inner cavity 1931 is provided, and then a

terial 19 LIf : t f | t .
e oA AL L o g mtt et om o

cavity 193& t.o forn1a:gﬁle 1934. Al so, the foam having
foam ig fseried @G Bie 11352490421 e hol e 1934 may be re- nol ded.

Thus, the upper having the air circul ation system and
buffering functional system can be obtai ned.

Example of sock or sockliner structure

FIG. 56 illustrates exemplary shock or sockliner that adopts the foams of the present
invention. As shown, examples (a), (b) and (c) show the entire shock, the half of the shock,
and the heel part, respectively.

An example (d) of FIG. 56 is a cross-sectional view of a shock where one or more of
a variety of materials 2410 is attached. A valve 2420 is installed in the foam body of the
shock so as for an inner cavity to inhale an external air. In the forefoot part of the sockliner, a
plurality of ventilation holes 2430 are formed in order to achieve the air circulation of the
inner cavity structure 2440. Namely, the sockliner has the structure where air inlet/discharge
can be repeatedly performed when the volume of an inner cavity 2440 contracts/expands by a

pressure applied from an external source.



FIG 49 shows upper that is manufactured by one of the
twel fth and fourteenth enbodi nents. The upper of FIG
wooispessenmed to have an air circul ati on syst eRCT&RI004/001809
conmbi ned with other conponents to inprove properties
and functionality. FIG 50 shows upper that is
manuf actured by one of the first and second
enbodi ments. A foam having an inner cavity 1951 is
provided and a perforation process is perforned to
forma hole 1952 to the inmgr cavity 1951. Thereafter,
other desired material 1954 is attached to the foam so
as to achieve the inproved buffering and heat
i el aresang ipenfior mHowe Sor MhusacttikeofugpkrorafocHiar thd lias a wide
conpl ete. Exanple of inner sole structure FIG 51
varietyl bf uBtfl@l eSreatlo@Xx@Phi@idurdP P herdMe Ofitlt MR structure of the inner
cross-1linked foam of the present invention to an inner
cavitySol e of ‘a shoe. The foam having an inner cavity
structure 2020 is JOIned with a material 2010, for

A LOR AP oG PRAL s o B UL BR SRS i e sock o
R I L T —
penetrate the foam such that the foam can have the
24101$Wﬁwbvéﬂ>@ﬁmnvbmbéhmiB@hﬂdﬁﬁthebﬁﬁﬂglmmébUn@bﬁmﬁgm A material
Especially, an exanple (b) of FIG 51 has different
2450 differenbiftont yhadchnhas dnestediintd tie oeetadty andchieed the variety of
portions of the inner sole. Additionally, an exanple
properfi€) afdffufidtfons 51 has a required hardness in a specific
desired portion by way of injecting other material (s).
Exanpl e of m dsole structure FIGS. 52, 53 and 54
illustrate exenplary applications of the cross-Ilinked

10 f %{rerllm%fle ct>th Bam padding or instep pad structure
FIGS. 57 and 58 illustrate exemplary foam padding and instep pad, respectively,
which adopts the foams of the present invention. As shown, the foam for the foam padding
and instep pad has air layers 2510 and 2610 in various shapes. Also the foams have foreign
materials 2520 and 2620 in the inner cavity structure, holes 2530 and 2630 penetrating the

15 foam or the inner cavity, and valves 2540 around the holes 2530.

Example of stiffener structure
FIG. 59 illustrates an exemplary stiffer that adopts the foam of the present invention.
Examples (a), (b) and (c) are a perspective view, a front view and a cross-sectional view taken
20  along line A-A, respectively. Examples (i) to (vii) of FIG. 59 are cross-sectional views
illustrating inner cavity structure of the stiffer.
In the conventional art, a lightweight synthetic resin is inserted in the leather and

then a cushiony is attached to the leather to form the stiffener. However, the present
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present invention to a mdsole of a shoe. Foans or
re-nol ded foans, which have a variety of inner cavity
wenowsokssee 2110, are shown in FIG 52. Hol es 2220/KR2604/001809

fornmed in the foans or renol ded foans, and a val ve
2130 is attached to the foam around the hole 2120.
Exanples (v), (vii) and (ix) show that a material 2140
different fromthe foamis injected into the inner
cavity 2110. An exanple (x) shows a nethod that
separates a portion 2150 feéem the foam or re-nol ded
foam FIG 53 illustrates shoes including the mdsole
of the present invention, and FIG 54 are

inventior pssAdmct fomal27V0 éwsing |dnuinheratavity sthaetufo aR2G twhast aiseparately-
The m dsoles of FIGS. 53 and 54 are obtai ned by

made foMhIAT0 iOin@Fied @ Rfoldigh RARRIal Shapatfd@antoniBe foam is injected.
obt ai ned mi dsole can be used in an entire portion 2210

The inj chte@fcﬂ B &l f'74@) Hﬁiﬁelﬂ%"ﬁdg l"r:ee u’ﬁfaceeoigthe fodhn t'Brm %/ protrusion

sl |pper or san as an inner cavit

2750. %‘IUITH%I A éurl aélaély?&EZ@)ﬁ &Exfaelshqltl atlfg%te?h%/ 223((59 tfngd ?f% vghgl?g(f 1naynbe formed

) erials.. The inner cavity structure
installeg 4 i O@%Ppg PERFENFEFTEION A8 2 4O AEHI Ve #ﬁ@ﬂwﬁiﬂi\%ﬂ&%s of the
functionality and aesthetic enhancenent of the
stiffenefi dsol e. The present invention pernmts shoe conponent
to be fornmed byassenbling the foam having the cut
surface and an inner cavity containing air |ayers, as
shown in an exanple (ii) of FIG 53. Exanple of

ok @b SHthdatdESnfddent fRcahOWs exenpl ary outsol es
that adopt the foams of the present invention. As

SIF‘?@@ 604 c{T@f ylhfs&@t@n%ldéc@&ﬁﬂ thf é@t’lﬁpa & e foams of the
'S the

varl et y O nner cavity st r ucture used for
out s

presenSRG Y S8ufonies PR gﬁ’@g R $RETF SxhaRE T O RTRANG. 61 are

2320. A material 2340 different fromthe foamis
Cross- sqzqﬁ]ogélt‘@@wrp pltqyving the foams of the molded components.

The molded component of the conventional art includes a leathery material or a
synthetic resin composite, which is designed and cut into various letters and logos, and a
buffering material. However, the molded component of the present invention adopts a foam
that has air layers 2810 and/or inserted composite materials 2820 to obtain a variety of
densities and hardness. Also a foreign material 2830 different from the foam may be attached
or printed onto the molded component. A plurality of holes 2840 may be formed to the inner

cavity structure of the foam according to the present invention.

Examples of employing the foam of the present invention in various industrial fields
FIGS. 62 to 79 illustrates a wide variety of applications where the form of the present
invention is employed. Herein FIGS. 62 to 79, reference numeral 2910 denotes an air layer or

an inner cavity structure, reference number 2920 denotes an injected material, reference
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the foamto be attached to the inner cavity 2310, or a
material 2350 also different fromthe foamis inserted
wOnww/oekss4i nner cavity 2310. Exanpl e of sock OPCT/KR2004/001809

sockliner structure FIG 56 illustrates exenplary

shock or sockliner that adopts the foans of the

present invention. As shown, exanples (a), (b) and (c)

show the entire shock, the half of the shock, and the

heel part, respectively. An exanple (d) of FIG 56 is

a cross-sectional view of &7shock where one or nore of

a variety of materials 2410 is attached. A valve 2420

is installed in the foam body of the shock so as for
numbeaf93hderotasaoidign tatdriatsgbimednvigxthe fowmb, r@ferenck mubdb@r 2940 denotes

forefoot part of the sockliner, a plurality of

a matei@Ntldi@d Ridepetdent P 438 idfefed %tﬁﬁﬁe e AOfty | ShPEHEONGE mark *
the air circulation of the inner cavity structure

denotegél%q:mtwl A CLH%%O&Q %lf ltl{egggseﬂﬁﬁv%lﬂgin% 5}21?1% g: ?re\ém\%lrw g N

alr arge can repeate
cavity, 2440.contr /expgnds
ptop computer

nner
by 16" B Al Res S1oPEGT #obescht S BHARrBhGEddn
es invention allows, for manufacture of sock or
bag. A@E@an %y thegampnay ke @p}a@d\)ﬁgrﬂpe’e@a}m@f fozjthe glegipnics goods, such as
directions and structures in accordance with the
cameraghagaatr ihebudicadeceipacielly tabvpy, poti@xampldendliey of the bags. i )
of FIG 56 are cross-sectional views illustrating the

SGU&. 68 iHowkldsne fodnhaiplvaee i knhshechsas Bdcl{ﬁ&ﬂ(s. The foam of the
properties and functions. One or nore of the materials

0
plesentzigﬂnggiog 4{% 8‘ gfgﬁ?gatrdﬁ%g s{lﬁggﬁéﬁﬁw gnﬁg?%% 12&195?411% thg fdditionally,

the foa% ];J'Islrl%n{ls ed" zgsn}t& ﬂﬁ?lL Ql?e';?télﬁalllp fﬁﬁlgqnltteu nqﬁ gs and other

ro er

f uncti ons.
sports bags.

FIG. 64 illustrates a foam employed in body protective equipment. Here in FIG. 64,
example (i) shows a helmet, example (ii) shows gloves, example (iii) shows a shin guard or
leg protector, example (iv) shows a lower body protector, and example (v) shows a chest
protector. Example (vi) of FIG. 64 is cross-sectional views illustrating modifications of
foams. Additionally, the foam of the present invention may be applied to helmets, headgears,
and ski goggles as an internal/external buffering material.

FIG. 65 illustrates a foam employed in fishing goods, such as overalls and vests. The
foam of the present invention can also be applied to a variety of floating equipment requiring
buoyancy, for example, waterproof and heat insulating articles and life vests or preservers.
The present invention can be applied to the various aquatic sports equipment fabrication and
other leisure industrial equipment fabrication. Further, the foam of the present invention may
be used for various fishing components, marine product industries (e.g., buoys), and other

oceanic industrial equipments.
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Exanpl e of foam padding or instep pad structure FIGS.

57 and 58 illustrate exenplary foam paddi ng and i nstep
woads/ocespect i vel y, which adopts the foans of POE/KR2004/001809

present invention. As shown, the foamfor the foam

paddi ng and instep pad has air |ayers 2510 and 2610 in

vari ous shapes. Also the foans have foreign materials

2520 and 2620 in the inner cgvity structure, holes

2530 and 2630 penetrating the foamor the inner

cavity, and val ves 2540 around the hol es 2530. Exanple

of BHIG. fobaHestrasdsraittaur emPlo§ed GOhdt.| Ukt f@me st dre present invention can

exenpl ary stiffer that adopts the foam of the present

be appliv€ s in@er: ardxAng! eemb&s for(d)s aaBdagsc) are a perspective
view, a front view and a cross-sectional view taken

al opg | g7Ngbrfes E%QQCélh}zlS#é’dv}n?mgﬁﬂhﬁ% dohdtriiohY! The Bam of the

FIG 59 are cross-sectio strating I nner

plese({l'rfl %HVCX’U(?I}: éa}liillt euarpgﬁgé g%/%t%ﬁlé% Iwcaﬁlr %gq thCil sapplﬁasrgcg%/%gt sﬁuP roof or heat
nsulp iy Bﬁﬁﬁlﬁﬂse SHF ipBAr Henyared theoBPESERR e RRBAerials for

provides a foam 2710 having an inner cavity structure
ﬁnw@mgdﬁwhéWECﬁﬂgé@akhMElynade foam 2730 is inserted or a
foreign material 2740 different fromthe foamis
I nj Bl ed.il1Tduetdsny featexppliod & Pamnapar i4dl adhéde @Y1 is formed on the
extend to the surface of the foamto forma protrusion

foam2dHthe dredehh @fvenBn, aidd fhey QrreRdffy sBeot Q‘%B'l@ta'tt%hela%ethe adhesive
2770 and val ves 2780 O may be forned installed in th

7961f g%ggb?ffmtnngg har Etglgtgb@}ﬁ??l%dﬁpinse?(faﬁ% t(?) @t@' gk 'E?gmple (ii) shows
the G Sl BT oREAt bt NGB PHar gt Sere Fé%malteaﬁu? and (vi) of
FIG. 6E are cross-sectional views illustrating the modifications of the foam tape.

FIG. 69 illustrates a foam employed in a head cover of golf clip. The foams formed
by the aforementioned second, third, eighth or ninth embodiment can be applied to the articles
requiring shock absorbance, shape recoverability, and internal/external hardness. The foam of
the present invention can be also applied to covers and cases of musical instruments, tennis
rackets, hockey sticks, and baseball bats.

FIGS. 70 and 71 illustrate a foam used as a buffering member for glasses case and
cellular phone case. The foam can be applied to protective cases for glasses, jewelry, watch
and telephone that are fragile and vulnerable to the shock.

FIGS. 72 to 76 illustrate a foam employed in packing articles. The foam of the

present invention is used as heat insulation and reservation material and a shock-absorbing

material, such as boxes, compatible box assembly, and a variety of envelopes.
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present invention. Exanples (i) to (iv) of FIG 60 and
exanples (i) to (iii) of FIG 61 are cross-sectional

woesnestsow ng t he foans ot he nol ded conponeRCT/KRENE/001809
nol ded conponent of the conventional art includes a

I h t.eri t het 0 te,
HPENT % BTk Sho sl SR TR S, o
s,_and a buffering materij al However, the nol ded
and ma“%:“éﬁiﬁo ferinidg Githef ]f)]ifeggrﬁtsp@qwe’rﬁdoeﬁ 2B P80 in theaamtherly, such

has air |ayers 2810 and/or inserted conposite

that the pmgendraicd b 8RO 9600 tfhiws throvghitlet innef cavénesi andeberaisdiischarged
hardness. Also a foreign material 2830 different from

to the outdide fhoaphray vaeilaidndeedi.or aphir @b@d%@ NTeust B fBdEdhe present
component. A plurality of hol es 284 may be formed to

inventiof Bﬁl bGlzea Y ’cﬁeyarﬁéléé"&h%!frﬁlépfw Lih g?ﬁt %ﬁp’% ?by%%ﬁg' E&h somattlesses

t he pr esent i nvention es o I ng 't

and cusll{_l{) &%hq“égﬁlg dev.gg fo ?{ﬁg {rhgp%llesnen 3\{1\660 \%;glr ndtué (lﬁeci emp?oyeg in the

e SR S U L S M REEEETL LSS
2910 denotes an air r or an inner cavity
§1Eudt ullestraes faefaaire emnﬁm@rin 2evoquipmentss Bre foajrecf du present
material, referencenunber 2930 denotes foreign

inventionmagre bé ab}sliq'cbﬁorwdomii tdvet BR7 I, samvisoe 2672 ne@d ikrE732 9l 2974,
denotes a material nol ded i ndependently and inserted

trunk 29751th@adBg J918ea @977V YandaRBicleed 852 2028 MALHKitionsIe Qﬁ@ﬁ)am of the
t he portions where the foam of the present invention

present ihSerfOR! dahe F %eg‘;’ as séd&dU;?iBHiExﬁ? héht 18{}[‘@1:9% OG0Bl 68 & Waffering

I nvention enp oye In a
ddi naI e.foam may. be a ied to the ar
member bl B T apg e R %}?&@i ¢ BT 5 Bae cgpiineg vith
cha e, Lally. in tops, bottonms, and hand| es of
other mafeﬁ]é‘ ngmsh‘lnéang IBmPIIOIVUQ thg {ernal/ @%H@I@@ﬁ?%ﬁw qfghe equipments.
knapsacks or backgacks The foam of the present
Mpeaewhileriheripprbel thp presed inentios hoylbdesed farale anldren’s toys and
back part of the bag. Additionally,
sports requisites singly or with combining with other materials. Further, the foam can be
employed in a water tank or a flowerpot for controlling the amount of water, in a cover for
toilet seat lids, in a supporting member for conveying heavyweight stuffs, and in a tie-on strap
for electric wires. Namely, the foam of the present invention is effectively applicable to
various fields, such as a household supply field, a decorating supply field, a securing or
protecting supply field, and an industrial supply field.

The foam is not limited only in the embodiments of the present invention, but the

various modifications are possible. The present invention can make the foam in various



10

15

20

the foam may be used as an internal/external buffering
material in the golf bags and other sports bags. FIG
w64200sl068sst r at es a f oam enpl oyed i n body pr ot ecPCYER2004/001809

equi pnent. Here in FIG 64, exanple (i) shows a

hel met, exanple (ii) shows gl oves, exanple (iii) shows

a shin guard or leg protector, exanple (iv) shows a

| oner body protector, and exanple (v) shows a chest

protector. Exanple (vi) of FIG 64 is cross-sectiona

views illustrating nodificéatd ons of foans.

Additionally, the foam of the present invention may be

applied to hel nets, headgears, and ski goggles as an
designgnsigenahd esttietured thufaferdengedratepeiridds. MdB1el$5 the above-described

illustrates a foam enployed in fishing goods, such as

emboddviefitabh editiplvese ot Thaed QA epeciierypeesent invention
can also be applied to a variety of "floating equi pment

r eI@WlH iR Y, SBM‘BM%QM@SJSQQIG:Q)@W &t tl%b%ﬁ&(sqggdlﬁ@%&@%ﬁcel variation

insulating articles an e vests or preservers

con bEETEN LYPLLR AR PER) Bl B i BE B ar e of e
ri ment fabrication. Further, the foam of
111V€1“’t°ﬁe éfh@%"é‘ht S B o \ BESTd egvEmsiony gpves ke fnadifipgiions and
conponents, marine product industries (e.g., buoys),
variatigpfeolfghiseiny o marirevided they cose et shestope I@If@ae @®ended claims and
illustrates a foamenployed in hats. The foam of the
their equiedlemst. i nventi on can be applied to inner and outer

nmenbers for hats and caps. FIG 67 illustrates a foam
enpl oyed in a building construction. The foam of the
present invention can be applied to ceiling, wall, and

fl oor appliances as a soundproof or heat insulating
INDUWI@IAI? %PLTI'@AlﬁH,ai{'Pﬁan al so be used in conbination
a

er nmat er | for finishing the indoor of the

bufljxe%rgs%ht invention described above provides the foam that is made of a composite
material, and easily controls the density in every parts of the foam. Thus, the foam
manufactured by the present invention has the improved properties, such as hardness,
repulsive elasticity and shock absorbance, and independent and various functionalities in
different portions. The present invention eliminates the disadvantages of the conventional art
in the foam fabrication, so the foam of the present invention can be designed in a various
shape to have the functional diversity regardless that the foam is primary-molded or
secondary-molded. The present invention allows the foam to have diverse properties and
ventilating ability, although the foam is completed by a single foaming process unlike the
conventional art. Since the single foaming process is able to produce the foam having diverse
properties and functions, the fabrication process becomes much more stable and simple. Thus
the defective-product proportion and the product costs are dramatically reduced with the

raised product quality, and the mass production is achieved in the foam fabrication.



FIG 68 illustrates a foam applied to foamtapes. An
adhesive 2961 is forned on the foam of the present
wonveessem, and then a rel easing sheet 2963 i sparikR2hE)01809

to the adhesive 2961, thereby form ng the foamtape,
as shown in exanple (i) of FIG 68. Exanple (ii) shows
the cutting process of the foamto formthe tapes in
vari ous shapes. Exanples (iii) and (vi) of FIG 68 are
cross-sectional views illustrating the nodifications
of the foamtape. FIG 69 i7lustrates a foam enpl oyed
in a head cover of golf clip. The foans forned by the
af orenenti oned second, third, eighth or ninth
enblseavensinsa thestoanngfl thepresent irventiot has aslayethertingo control the
shock absorbance, shape recoverability, and

pressurgitoé rihalidrextearhgl theagdneg sbuffehiegf aedn @bulhiién RAESBOAd proofs are
i nvention can be also applied to covers and cases of

R4S | Bethudenié HHIBMiRverk
1mp10and basg t?al | bbat Hitver 1%H %bﬁmfﬁﬁlﬁ@fﬁlg tcpgg tge?sg Iysaﬁagﬁ%fto the inner or

. f e r a S S
outer %iifﬁ%%?raafoté%h@?eég&é% Hﬁﬂ?e % i %a%ap R By superior abilty in
varion dR B ot efape qre ﬂﬁ?ﬁtio?éwg wlth% Fipf i rontamination and
shock. FIGS. 72 to 76 illustrate a foam enpl oyed in
the waskoppayt gepprafedsduringethe seamufcturn ef Hrasesebecaiss dtiireseni ivention
used as heat insulation and reservation material and a
foam is ieroted dysovingle doansing pradess whitdhredscibpxesall postpades.bl e
box assenbly, and a variety of envelopes.FIGS. 77 to
80 illustrate a foam used as cushi on nenbers for beds,
pillows, chairs, and mattresses. Exanple (iii) of FIG
78 especially adopts a fan 2960 in the foam body, such
that the air generated by the fan 2960 fl ows through
the inner cavities and then is discharged to the
out si de through the ventilation holes, i.e., an air
passage. Thus, the foam of the present invention can
be utilized in the articles requiring the air
ventilation system such as nattresses
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and cushions. Further, the foam of the present
i nvention can be used enployed in the
woieystleesemot or cycl e chair, car/train/airplane BeatKR2004/001809

and chair back so as to obtain a soft cushion. FIG 81
illustrates a foamenployed in car equi pnents. The
foam of the present invention can be applied to a door
cover 2971, sun visor 2972, headliner 2973, shelf
2974, trunk 2975, headrest 2976, seats 2977, and
vehi cl e carpet 2978. Additi/anally, the foam of the
present invention can be used as a sound proof and
heat insul ating nenber or a buffering nenber for
vehicles, ship, and train. Further, it is possible for
t hRANGMABChAIVSTbi ned with other materials for
finishing and i nproving the internal/externa
appear ance of the equi pnents. Meanwhile, the foam of

[ CLAIMD@ Jpresent invention may be used for the children's
toys and sports requisites singly or wth conbi ning
with other materials. Further, the foam can be

A cros€TRkRyRemig dethad eontpaislogor a fl ower pot for
controlling the amount of water, in a cover for toilet
seat lids, in a supporting nenber for conveying

CB?Q%YNYE 128 féﬁst%tnb' fid smin@ Mehtérihl Forld @o@liidet @parhiow, ledoiming
res nely, the foam of the present invention is

mateuﬁf rOC %%\r’flgl) }ﬂa\?eo I f#é"‘g’ %Iéeodlggﬁélelﬁ shigRlwWigh tk@%@&sf}gﬂ@d foaming

useho supp corating supply f
seguring or protecting supply field, and an industria
SUpPreEipply field. The foamis not linited only in the
enbodi ments of the present invention, but the various

nodi fications are passible. The e I nvent i an.
RIGBINEIf R B 86 B e s paﬁéuﬁéﬁﬁgﬁ I Qe fdine
to have desired properties. Nanely
materigiboing-ad ésst drisattesiapiogintateriad thak ﬁreéﬁlﬁﬁﬁh%@calraél%&yswal interaction
limted to the specific type. It will be apparent to
betwedn 8 €oaskdhg heateriats; thé art that various nodifications
and variation can be nmade in the present invention
wi t hout departing fromthe spirit or scope of the
forming a cross-linked foam by foaming the foaming material having the interfacing

pattern thereon, the cross-linked foam having a foam body and an internally-formed surface.

[CLAIM 2 ]

The method according to claim 1, further comprising combining another foaming material

with the foaming material having an interfacing pattern thereon before a process of forming

the cross-linked foam.

[CLAIM 3]
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invention. Thus, it is intended that the present
i nvention cover the nodifications and vari ations of
woOhoas/es8s6ent i on provided they cone within the BCDKR2004/001809

t he appended clains and their equivalents. [|NDUSTRI AL
APPLI CABI LI TY] The present invention described above
provides the foamthat is made of a conposite
material, and easily controls the density in every
parts of the foam Thus, the foam manufactured by the
present invention has the ifproved properties, such as
har dness, repul sive elasticity and shock absorbance,
and i ndependent and various functionalities in

The methpdl ecnding ¢ titlomsf clihes poed eviter¢in vienfoaoinehiaterinbisaslected
t he di sadvantages of the conventional art in the foam

from afi @A Gatddofilm &0l hberiflamRfa fle Bt MimenV e sRIpeGHifh an
be designed in a various shape to have the functiona

enougldbelce 'r@l)c/gh'h@&e% dh &8RSt Me ThikerabPdPatiSnRhd, AR Y - ol ded
or secondary-nol ded. The present “invention allows the
foamto have diverse properties and ventil ating
ability, although the foamis conpleted by a single
foam ng process unlike the conventional art. Since the
single foam ng process is able to produce the foam
[CLA?@V%PQ di verse properties and functions, the
brli cati on process becones much nore stable and
sinple. Thus the defective-product proportion and the
oduct costs are dramtjcally reduced with the raised
The m%[la AT HHRIG '?@}er agalamﬁel FassVIsr R the foamingmakhpkly selected
in the foam fabrication. Moreover, since the foam of
from atgreupraasisting phsyaphetio mesiezsssugh ps dmgtbylene-aryéaeetato (EVA)-based
control the pressure of the inner cavity, the gravity,
resin abdif pelyiethyleneeated resiu] atomiymerc3edimg a patodlor aygthetic rubber, and
i nproved. Because the present invention permts

a comp®Bit€Matdil Rl REnEAIEdsYoRhicEl deRclelSrdr R s_y?gleﬁé‘ t&fns and the
copolyfﬂ%‘i‘ 6hd & 149 o RAUR R P W O or R Iilattéfrai Pibber and the synthetic rubber,

surface of a foam the foam can be a conpos

[ CLAIM 5]

The method according to claim 1, wherein the interfacing material is selected from a group

consisting of liquid phase materials, solid phase materials, and film-type materials.

[ CLAIM 6]

The method according to claim 1, wherein the interfacing pattern is formed by one of methods
such as a printing, a transcription, a coating, a deposition, a spraying, a cloth attachment, an

inserting, an attachment and diverse modifications of above methods.
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various fields. Further, the present invention reduces
the environnental contam nation and the waste anount
wgeonsroatssd duri ng the manufacture of foans becaaTaR2ME/001809
present invention foamis fornmed by a single foam ng
process whil e reducing overall processes.[ RANGE COF
CLAIMS ] [ CLAIM1 ] A cross-linked foam ng net hod,
conprising: preparing at |east one foanmi ng materi al
for a cross-linked foam ng, the foam ng materi al
processed to have -a plane @gg three-di nensi onal shape
W th the cross-1linked foam ng suppressed ; form ng at
| east one interfacing pattern on a surface of at | east
one of the foam ng material using at |east one
interfacing material that prevents chem cal and
physi cal interaction between the foam ng materi al s;
[CLARMd/)f ormi ng a cross-linked foam by foam ng the foam ng
material having the interfacing pattern thereon, the
cross-linked foam having a foam body and an

The mdtRBERBIdIY, %foQﬂE'iﬁ{jl SHEfAC e 1ﬁte%@4n%te]r1airﬁ1%hm@§ BO@ast one

according to claim1, further conprising conb |n|ng

foammg%g&{}%legt%a dgﬂ{u %E%én%svﬂlgthar nJ 8a n&%f@%n?%n%g o? h f%ammg

SR T it ac n ereo orea pro
n1n the ﬁross i nked foam [ CLAI M 3The nethod

agentf%ct@g?%ﬁnhl& A her of claims 1 or 2, wherein the

foam ng material is selected froman EVA-based film
and material having a plane or three-di nensional shape
W th an enough surface roughness to easily formthe
interfacing pattern thereon.

[ CLAIM 8]

The method according to claim 1, wherein if two or more interfacing patterns are formed,

each of the interfacing patterns is formed using one of same or different material.

[ CLAIM 9]

The method according to claim 1, wherein the process of forming the cross-linked foam is
executed either by pressure cross-linked foaming method or normal pressure cross-linked

foaming method.

[ CLAIM 10]

The method according to claim 1, wherein the process of forming the cross-linked foam is

executed by a modified method either of the pressure cross-linked foaming method or normal
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[ CLAIM 4] The nmethod according to either of clains 1
or 2, wherein the foamng material is selected froma
wgnroespessemsi sti ng of synthetic resins such as BAT/KR2004/001809
et hyl ene-vinyl acetate (EVA)-based resin and a
pol yet hyl ene-based resin, a copolyner of resins, a
natural or synthetic rubber, and a conposite nateri al
including at | east one material selected fromthe
synthetic resins and the copol yner and at | east one
material selected fromthe7atural rubber and the
synthetic rubber. [ CLAIM5] The nethod according to
claim1, wherein the interfacing material is selected
pressuffercpppsainged fppnoogsiegiidadng of |iqui d phase material s,
solid phase materials, and filmtype materials. [
CLAI M 6] The nethod according to claim1, wherein the
interfacing pattern is fornmed by one of nethods such
as a printing, a transcription, a coating, a
deposition, a spraying, a cloth attachnent, an
[CLAIMISENting, an attachnent and diverse nodifications of
above nmethods.[ CLAIM 7] The nmethod according to claim
1,wherein the interfacing material includes at |east
e o e i s o L oo BrAgeaY Re b Mdericl some
o or af 8 8 PR Aoy MR O TBSRA RGEOE LR e
atterns are for.nmed,_ each of the interfacing patterns
proces{ & %HPW@&E%%WS@LBW %f‘msvg?‘?é‘ {5 PigeF el drirning srGrags:lujked foam
CLAIM 9
is executed by the] pressure cross-linked foaming method.

[ CLAIM 12)

The method according to claim 1, further comprising injecting one of air and liquid material
into a space formed by the internally-formed surface of the cross-linked foam after the

process of forming the cross-linked foam.

[ CLAIM 13)

The method according to claim 1, further comprising re-molding the cross-linked foam after

the process of forming the cross-linked foam.

[ CLAIM 14]
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The met hod according to claim1, wherein the process
of formng the cross-linked foamis executed either by
wonResadsss4 cr oss- | i nked foam ng nmet hod or nor maPCT/KR2004/001809
pressure cross-linked foam ng nethod. [ CLAIM 10] The
met hod according to claim| wherein the process of
formng the cross-linked foamis executed by a
nodi fi ed nethod either of the pressure cross-1linked
foam ng net hod or normal pressure cross-|inked foam ng
met hod. [ CLAIM 11] The nmet#sod according to either of
clains 9 or 10, further conprising adding a materi al
same as or different fromthe foamng material to a
The metbpdiietiording pedainot 3, avirendid itiegredh el dngfio perforves dap getbaswidt one of
form ng the cross-1inked foam when the process of
materidlo i m@ the@nty @sg-diffarkedidaam dbsekacdttegh by t he
pressure cross-linked foam ng nmethod. [ CLAIM 12] The
met hod according to claim| further conprising
injecting one of air and liquid material into a space
formed by the internally-fornmed surface of the
cross-linked foamafter the process of formng the
[CLAROBJ- | inked foam [ CLAIM13] The nethod according to
claim|l further conprising re-nolding the cross-1|inked
foam after the process of formng the cross-Iinked

. 4 > t hod rding to.claim13
The BT ko RO oG T, LRl PP ol Bl ettt ieastone
of matc%{%sn’@l}zgé‘lg ?llvqssrz}%g?gsfogg}eﬁfetrg% ﬁSO%greﬁle galgirngqlllgtgggleigtto J srp%ne formed by

the internally-formed surface after forming the cross-linked foam or re-molding the cross-

linked foam.

[ CLAIM 16]

The method according to claim 15, further comprising re-molding the cross-linked foam after

inserting the material into the space formed by the internally-formed surface.

[ CLAIM 17)

The method according to one of claims 1, 13 and 14, further comprising after the process of

forming the cross-linked foam:

forming an air passage extending from a surface to a space formed by the internally-formed

surface of the cross-linked foam;
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[ CLAIM 15] The nethod according to one of clains 1,
13 and 14, further conprising inserting at |east one
wohoosbessit al s that are the sane as or differ enPCTKRIN04/001809

the foamng material into a space forned by the
internally-fornmed surface after formng the
cross-linked foamor re-nolding the crosslinked foam
[ CLAIM 16] The nethod according to claim 15, further
conprising re-nolding the cross-1linked foam after
inserting the material into/the space formed by the
internally-fornmed surface. [ CLAIM 17] The net hod

) according to one of clainms 1, 13 and 14, further

insertigg Apy pgmﬁt@nglptt]&t afqde SfBe aser Gffercnt fﬁ)]ﬁlgh@ framing material into the
cross-linked foam formng an air passage extending

space fhrowghdhe air pagsege;@nd space forned by the
internally-fornmed surface of the cross-linked foam
inserting one of materials that are the sane as or

re-moldiiddf the ervis-tinked fohm ffoeamsegingahemagtial.nt o t he space
through the air passage; and re-nolding the
cross-linked foamafter inserting the material. |
CLAI M 18] The met hod according to either of clains 15
or 17, wherein the different material fromthe foam ng
material is selected froma group consisting of gas,

[ CLAMygd and solid materials. [ CLAIM 19] The met hod
according to either of clains 1 or 2, further
conprising rolling up the foam ng

The method according to either of claims 15 or 17, wherein the different material from the

foaming material is selected from a group consisting of gas, liquid and solid materials.

[ CLAIM 19]

The method according to either of claims 1 or 2, further comprising rolling up the foaming
material having the interfacing pattern thereon before the process of forming the cross-linked

foam.

[ CLAIM 20]

The method according to either of claims 1 or 2, further comprising adding a different
material from the foaming material to the foaming material having the interfacing pattern

before the process of forming the cross-linked foam.



10

15

material having the interfacing pattern thereon before
the process of formng the cross-linked foam [ CLAIM
waQposhassemet hod according to either of clains BCOKR2004/001809
further conprising adding a different material from
the foam ng material to the foam ng material having
the interfacing pattern before the process of form ng
the cross-linked foam|[ CLAIM 21] A cross-linked foam
fabricated by any of clainms_1 to 20. [ CLAIM22] A
cross-1linked foam conprisiﬂb: a foam body; and at
| east one inner cavity structure fornmed inside the
0 body; wherein the foam body and the inner cavity
[CLAbwfgbture are formed sinmultaneously. [ CLAIM 23] The
cross-|linked foam according to claim 22, wherein the
inner cavity structure is connected to at |east one
A crosgrlinked E0agt fapHeated Amapp afclaimsd im0 24] The cross- | i nked
foam according to claim22, wherein the foam body
i ncludes at | east one air passage connected to the
i nner cavity structure.[ CLAIM 25] The cross-Iinked
foam according to claim 24, further conprising a valve
at the air passage to control an inflow and an outfl ow
[ CLAGYI 22r and noi sture.

A cross-linked foam, comprising:

a foam body; and
at least one inner cavity structure formed inside the foam body;

wherein the foam body and the inner cavity structure are formed simultaneously.

[ CLAIM 23]

The cross-linked foam according to claim 22, wherein the inner cavity structure is connected

to at least one surface of the foam body.

[ CLAIM 24]

The cross-linked foam according to claim 22, wherein the foam body includes at least one air

passage connected to the inner cavity structure.
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[ CLAIM 26] The cross-linked foam according to one of

clains 22 to 24, wherein the inner cavity structure is
woi2bds@d3ssit h one or nore nmaterials that is thePeamR206/001809

or different fromthe foam body. [ CLAIM 27] The

cross-1linked foam according to one of clains 22 to 24,

wherei n nol ded material nade of or fromthe sane

material as or different material fromthe foam body

is inserted into the inner ﬁfvity structure.

[ CLAIM 25]

The cross-linked foam according to claim 24, further comprising a valve at the air passage to

control an inflow and an outflow of air and moisture.

[ CLAIM 26]

The cross-linked foam according to one of claims 22 to 24, wherein the inner cavity structure

is filled with one or more materials that is the same as or different from the foam body.

[ CLAIM 27]

The cross-linked foam according to one of claims 22 to 24, wherein molded material made of
or from the same material as or different material from the foam body is inserted into the

inner cavity structure.



