Title: CROSSLINKED FOAM WHI CH HAS | NNER- CAVI TY

STRUCTURE, AND PROCESS OF FORM NG THERECF (57) .

Abstract: A nethod of formng a cross-linked foamis

Pr OvR)IRTERNATIONATEAPPLIE RO PUBIMARD URBER THR@AFRY BBpERATION TREATY (PCT)

i ncludes the steps of preparing t

mat erﬁl%?l‘g"‘"\‘(‘)dl‘%‘:glfb%&@?rﬁked f
f oam ng natef rocessed
t hr ee- di n;rﬁ“hrg?“g"ﬁ]; lm”glhape Wi

| east two foam ng
each of the

ﬁ'};’ elpl@@@!"ﬂ!“ﬁlﬂ@&"‘“"ﬂ'ﬂlW"Ill Lt

v
X ] € i [ ttern
SUPP{SRyrHm giatittnglr[’m)ln 'og‘bal east g I nt e:;&)al hfi e bligation Number .
on a s % ST one he f 'EE'!E _
uiﬁlﬁgggdtg%ﬁimi nt er f aci nlg&r?at eri al gsﬁg 3& (§ 4 Al

usi ng at

and fornmng a

c

CEE Hhe& Akion@iMhent EIF%?&%:?’! e ast ! o E‘ﬁfﬁﬁgﬁﬁngﬁ' & Bldg , 3073 Yang.

f oamegagsmmt eri a

foam ng the foam ng material s including

n-gu, n 6 I4050 (KR).
e foam ng

@Y EndrgBonpighppliceort frmbat | east one ('?lhﬂ‘é‘s‘f“h%ﬁﬂg (iplet preriye _f"dga:é f{iﬁ
t hereon, - the cross- [FFHIRP¥PUM havkﬁ%”g‘zr&: éﬁﬁg%gg s o o .

) iJ&LﬁEJRﬂ%JuX@%Q! Me gy b (9053?.20\4‘4; ch &6

,e4] &z, EC. BE, EG, ES, FI,

foam body by the inte crng p tterGB,GD.C{EECBH.hmHU,ID.{’[‘.(,IN.[S,JRKE,
250644836 PCT/ KR2004/ 001808y 1 | SPECKEECATIONS L. LU, L M, MD, MG

[ NAME OF | NVENTI ON) CROSSLI NKED F
IGaNERti ey PeeBTRUCTURE, ANDENgPROCESS ¥
HE | NVENTI ON ] _

(84) Desiguated States (unless otherwise indicated, for every®

BeEREG, bl TECHNI CAL FIELD OF T

10-2003-0094161 i
19 December 2003 (19.12.2003) KR

(71) Applicantand

(72) Inventor: PARK, Jang Won [KR/KR]: Backsae Hacun-
dae Villa B-202, 1504-11 Jung-dong, Hazundae-gn, Busan
612-849 (KR).

b E, SG, SK, SL, SY, TJ, TM, TN,
L UG, USPUZ, VC, VN, YU, ZA, ZM, ZW,

kind of regional protection available}): ARIPO (BW, GIi,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
£4W), Enrasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, Fl,
FR,GB, GR, HU, IE, IT, LU, MC, NL, PL, PT, RO, SE, SIL,
SK, TR}, OAPI (BF, BY, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

{ Contifued on next page]

I Compeund mixiug/weiphing - ]

[ Mixing welghed matecials ]}3100

[ Additives mli:ingfllming ]

[ Calender Extroding machi ]—sz00 -
[ Prepering interfacing materiol(z) 1—s300

| | Forming lotertace(s) J—s400
[ ] (o ] [ [

| j I |
ding di ding die tting particles] [Putling particl
imlop-en - "“olmed E:lnlo lz.bppez' 1|-_|.nlo Hopper
I 1

{Iacerting material bhaving Snferface]

Heating ]

L.
I l ol Iy shiauously
Lozt ot [ B | R | Losoo
I [

[ Heating & Preering | [ioserting material Daving interface]

{200 T Stesting dommimi foms T " 7]
____________ I o }saao
O T THol & olid re—fomaation_ - 3

WO 2005/063864 A1 |0 ROE 00 6 0 O G

(54) Title: CROSSLINKED FOAM WHICH HAS INNER-CAVITY STRUCTURE, AND PROCESS OF FORMING THEREOF

{57) Abstract: A method of forming a cross-linked foam is provided in
the present invention, The method includes the steps of preparing at
least two foaming materials for cross-linked foaming, each of the
foaming materials processed to have a plane or three-dimensional shape
with the cross-linked foaming suppressed; forming at least one
interfacing pattern on a surface of at least one of the foaming materials
using at least one interfacing material that prevents chemical and
physical interaction between neighboring foaming materials; and
forming a cross-tinked foam by foaming the foaming materials including
the foaming material having the at least one interfacing pattern thercon,
the cross-linked foam having a foam body and an internaily-formed
surface which is formed in the foam body by the interfacing pattern.
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The present invention relates to a cross-|inked foam

and a manufacturing nethod thereof. Mre

specifically, it relates to the cross-linked foam _

RdvdobheXed i OUS inner cavity structure for PNRAN 001809

internally-formed surface and the nethod of formng

the inner cavity 10 structure sinultaneously wth a

body of the cross-linked foam [ CONVENTI ONAL ART OF

THE INVENTION ] FIG 82 is a flow chart illustrating

process steps of manufacturing cross-linked foans

according to a related art.115 In step S 10, source

materials including main material such as diverse

I.ns_and other additives are first weighed in

[Spggﬁg?ggﬁygsiﬁth a designed m xture standard dependi ng

on_what kind of cross-linked foamis fabricated. Then
I}U?ﬁ%CWEPBﬁ@ﬁHF%%]nS and additives are mxed with a

cross-liking agent and a foam ng agent in a hernetica

ni XeRO§PL efOAM AVIRGH iHhaS phoTEs SAVITHeRBRGEERE, AND

m xed chem cal conpound is prepared. 20 In step S20,
PROCES S Syl AR MINSHEMEREDF conpound is provided into a

cal ender roll or an extruding machi ne. The cal ender

roll transfornms the chem cal compound in a form of

sheet or WD 2005/ 063864 PCT/ KR2004/001809 2 film

e.g., a two dinensional shape, and the extruding
[TE@H%%¢&EI?EbﬁéﬁﬁﬁﬁéﬂﬂﬂﬁNihﬁmmcal conpound in a form of

pellet, e.g., a three dinensional shape. Step S30

shoWbs mesenbirgengiopcelsss 3¢ epsossdlinkat fiamgaral deshifReuring method
_ cross-linked foam The process of forming the
theregk odbort ispicetbalipdaiays foethe lcassiihkeadfohnt iy g PRESEUmAer cavity

cross-linked 5 foam ng nethod (pressure cross-Ilinked
strucfupraforired by agjntandlyafonoddetfagy @EISHE B1eHo0S8 fdriniieaHe inner cavity

f oam ng net hod dependi ng on nachi nery and equi prent .
strucfuge silthiganpowtewile s bedNFitlgedroRdinkbaPpes. and properties

of the desired cross-Ilinked 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 510, 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 20, the prepared chemical compound is provided into a calender roil or an

extruding machine. The calender roll transforms the chemical compound in a form of sheet or
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The pressure cross-1linked foam ng nethod mainly uses a
metallic nold(s) to nmake the desired cross-Iinked
foam and applies heat and pressure to the chem ca

wOBBWeRss after 10 an input of the chem calpcgaaResdi800
into the inner parts of the netallic nold(s).

Therefore, the cross-linked foam having a

di sconti nuous pattern is formed in accordance with an
i nner part shape of the netallic nold(s) by a
deconposition action of the foam ng agent. Such
pressure cross-linked foam ng nethod may i ncl udes,
for exanple, a conpressiompress cross-linked foam
nol di ng nmet hod that uses a press machine, and a

i njection-press cross-Ilinked foam 1% nD|qu%ﬁgE h% |
film, e, 2 s digentioab P o frelbh PHEIINE S S RB POt % £ R0

S30 of FIG 82, \Wen usi t he co ressi on- press
compepsan p ARG PHiSh ferd haﬁcﬁ*@}g??é‘f’ﬁ%ah ‘he sour ce

naterlalg are first ut nt o

the Sirp Ral PG UATH FIRES S Eﬁ%fefgﬁr‘]?ﬁ?é e G838
proﬁ-ﬁq gﬁ ﬁ)émwgtthggmlssp *@Cil o c ass: 1 ds 1n§orr]gepg%s%u99%oss— inked
oo pst e i@%%?‘é%@gﬁ}éﬁdzfaa%l ﬁ%ﬁ%ﬁ%ﬂﬁg e s ey inges
foalawg\lneg}élg gépﬁﬁdmg %rhmac%inrargrﬁg 6(& SoenOH] &€ 81[5@43% c@Amd'eﬁng shapes

I'pment’'s such as press

and%?o%@rﬁ?ﬁoﬁlpeo cle}a(xreta%?ots glpgd Poraﬁssur e to the closed mold to

Fce ma Into a cross-1linked foam WD

200%9 g@%ﬁfg 83320 Qﬁﬁ{léggﬂtﬁgg ma§115( L%eé D ntaBR ARe ttorh@ake

applied pressure 1s released hen t he close

the gg‘suQcp?gssdﬁkgffoaIWnQ abiH8s daPSR plrésmf@fol tﬁ@@%mﬂr@mpounds after

material is then cured for a tinme and cool ed

an 1%9%’6)? 0 clﬁlrgr.ec@' écﬁlﬁgurtcﬁmﬁ HeAbAdt Barts P ihs bRRIBIELIAE N Thérefosthe
cool ed cross-linked foamis then cut and trimed

crodsQinR& Barh hBAhe PEREHG ouPpaftein O BEHR et acsIie With & Ener part

82, the pressure cross-l1nked foam ng nethod may al so
shape of the metallic mold(s) by a decomposition action of the foaming agent. Such pressure
cross-iinked foaming method m'ay 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 cfoss—linlced 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 soutce material into a cross-linked foam
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i nclude a conpression-rotary press cross-1linked foam
nmol di ng nmet hod where heating rolls and netallic
press/ conveyer belts are used to apply heat and

vﬁf %ﬁ &0 the_source materials for the.CPBE%R%%B&ﬁQE
oam way of inserting the source materials between

t he heatlng rolls and the netallic press/conveyer
belts. Alternatively, the conpression-rotary press
cross 10 linked foam nol ding nmethod may insert the
source materials continuously with other textile
materials or rubbery material s between the heating
rolls and the netallic press/conveyer belts, whereas
the foam ng of the source material is induced at a
poimitepwifd e abpligdrpesssiere & tielsased ad llaanghel cloFddusold ihepen to de-
cross-linked foam may have conti nuous and uni form
mold ghir fragsdinkert femosThe deotolded. mdlGial rethon essdrfer a time and cooled
cross-1linked foam ng nethod applies heat and pressure
downdp p deditey tangpetdtee. Soutep &50mheniral sndusiold drdre-limkéddohinGs then
moul ds and rolls. The conpression-press cross-1linked
cut anfl c@ammedtodiendinakprbdett.pr oduces t he various | arge or
smal | industrial foams, for exanple, EVA, PE, rubbery
| ahfleough nstsabim $SPBIES2PHRI leSsurs HOS-IGRIP ERGTAS meHB@kda§ also
goods and accessories, and the |like. The

* include R @eigr@ioRr@HS ﬁEﬁS@odsllﬂkﬁﬂfofa&aﬂb gdxhé‘lﬂomhlafé%eanng rolls

general ly produces the 20 various industrial foans

and mBRNicHgesk/Bsliveyd Balts S8 tofa ?ﬁly%ﬁrﬁﬂh SresEYO D AR 8Gu D RRterials

conmponents, ~sports protectors and goods, bags,

for theAGEQIERED BRABAWLNSS bskBng Eﬁ%o&@ma%ﬁfs%aﬁe% I nddlifeS ol

cross-1|inked f'oam nol di ng” et hod produces vari ous

and tHeﬂﬁé’cﬁI‘hE 'ﬁéss@&%y&uﬁ’éfé ri@itérnattf)(fgl? tﬂ{] Jzo@ﬂﬁ%@mﬂ@%ﬁ b¥0€ cross-

foans, for exanple, PE or "o

IIHICEdqQEBltl ﬁr@%ﬁﬁ?m@ﬁgb %gy\%%e?tqgé t 638645 gréc§ﬁﬁlg&g \911‘1? Qt%er fxile

ressure Cross-

matemﬁ@ Bm%é1§ m\aﬁegigfs)ﬁe%%g tlIechre?tmrgqgl@ an% tff‘e metgﬁlc r}lﬂ esEJ/k ?rfve%er %elts

havi ng contl nuous an m Cr oss Ssec

where&sht%e er{n%ﬁ% Yr&né 81?17 a? lgfi 1sf I%Ehm pg'ggaegagmg ’where the p1c[,rs§1!1re is

pressure Cross- ) oanmng

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,
P, 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 énd 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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produces the cross-linked foans without a direct heat

and pressure infliction on the source 5 nmaterials. The

normal pressure cross-linked foam ng nmethod is

Wwhasssikdsed into a chemcally cross-1inked @%@g&ﬁﬂmmmaw

met hod and an el ectron irradiation cross-1inke

foam ng nethod. The chem cally cross-Ilinked foam ng

nmet hod adds and m xes a chem cal cross- |inking agent,

a foam ng agent, and an EVA based resin into a

pol yethyl ene resin that is a nmain source material .

Thereafter, the mxture ist extruded into a pellet type

foami ng material 10 as shown in step S10 and S20 of

FIG 82. Then, through the step S30 of FIG, 82, the

f Oanpile.ntht acimadl spressere; presinkedl foaméngamsBepds vedely peed for

extrudi ng machine that includes screws, heat  appliers
formirena weosslinkidnEpadi bevingeentiveys eifeunfam poas getienn Yalge the

by the material conpositionis applied to the foanin?
pressunBtesi-atled fAfitieg rhélbad, thdeommsl pedsite grispriinkash Sejngg method

passes through the extruding dies to provide a
produ@enkd erosstinkad doaursi Wivlow erdise Isaicandgmessemdnitiséon o e source

foaming 15 material is foamed by (in step S30). The
materi@ls€ Cthe @Brmhdl ipaadiat icoss-thiled fednink enttifod antlagsifirsl inodr chemically

applies electron rays to a foamng material that is
cross-fiReABshng @¥ihod thdh decpoh jteidhyibeoesslinked Foaprinpyktbod

resin mxed wth other additives and agents, thereby

CI DS chehlil 19 GcrbRQInREE Ebdndh® naxtbdhelds iang rhives &odeinivgl cross-

material up to the foam ng-agent's deconposi ng
linkink GPRET Afcdfnthol ekl b & VAOBIEEd rebli isto2d) pelyeyleanresin that is a

“Trradiation cross-linked foanmi ng method differs from

main §otﬂ|?ce%t&ﬁéﬂa? abhofe 098 hi ke & exhiOd i d’%@ll@pgpé foaminiBaterial

that t I achi

I's uses the electron rays to eve the

as shoﬁx)‘éuﬁg ?’LF%F%&MZ@WF den, 'Irﬁ@&ttlj%oﬁé'lﬁh& &8 530 snkedst aanonging

to foamthe cross-1inked foam ng material. WO

materégg% Sﬁs%ﬁgcfl i té’._g{ %grg ét; BR1899ding MRAMhACinchubesSicedvs, heat

€ Cros oamis cured for a tine and

. appiietgqg%l’rt]i e%ﬁ'ggligg died ?a¥¥? r’%]tlkegl dtﬂ? gceart f'aei-(féttéﬁn‘ﬁmg 'B?Tthg RatehiR c%ﬁlf)gsition is

0SS amis then cu tri mmed an

“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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designed to be a final product. Al though not shown,

the normal pressure cross-|inked foam ng net hod

includes a 5 cal ender cross-linked foam ng nethod in

Wﬁj@ R, xture of a polyvinyl chloride baseﬁcﬁf{moo 001509

po yo?egln based resin with a chem cal foam ng ageﬁt

a cross-linking agent (plasticizer in case of

pol yvinyl chloride), a stabilizer and a surfactant is

used. The cal ender cross-linked foam ng nethod

transforns the mixture into a continuous and uniform

foam ng material using the extruding nmachine, the

storage m |l and the calender roll, and then the

foaming material is 10 heated in the heating chanber

of Measwhileyostep G4bethé omsetinksh deam # WopdviR agies &y then cooled

condition. Thereafter, the foam ng material is cool ed
downtiowreegtaia tempedtufeornatepi 58, the cfoss-Hnkeddeform dsrthen sHg trppehand

a roll-shaped foamis obtained by way of -w nding the
desigh@it®e afintheodwke- up roll. In step S60 of FIG 82, the

foans finally obtained through the pressure )

Cr OgGokdikathofnamt ngrmiv reeshro croselinfed foreisgumeshod includes a
cross-1linked foam ng nethod may be attached to one of
calend® QbB9IkeDFsiathdmtand al whish nedixturewf thelysanyk chlstidy based or

- different fromthe foam ng material, textiles, woods

polyddtfh FRLAkdsiCwitRlaadhbalcal fRRaRCidRE!, areiesn-lakihg ugent (plasticizer in
property and purpose of the foans and then be

case BF'JIWiHﬁdchloﬁd@F adidbBizE04dH NGrfibliiold way D edlasisd drosdinked
[ n?o a heat/cold nold conpression re- nolding, a cold

! PSS ShOMe hzi0mRlisth AGontBube Lhd MRSy @ity material using
foam!hg-n?r%‘%g‘i nél, and g bl olvv1 20 re-nol ding. The heat/cold

Ther%\?tggilzeﬁs 'Oi%%“&r ﬁtg@él ‘ijg %eﬁ?%@rﬁ %cﬁ’ Et?ré@ j?(ﬁ'ta_stirE@% form the foams, and

oam an Inserts It into the nold,

then %Bgls%%%}% E,{ﬁl}t%{%\?%gdf !g\‘déﬁr?ggthg P3RS tl\{pake—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 materigl,
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 c?own

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 thereaﬁer,_ the cross-linked foam is
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pressed and cool ed down to formthe finalized foam
The cold nold vacuum re-nol di ng nethod applies heat
to the cross-linked foam at a pre-determ ned
%ﬁf@ ne and then sucks the heated foam |j
ﬁ%‘gﬁ?%g a vacuum pressure, and thereafter ?&/ﬁg&@‘g{g}lﬁog
is cooled down and de-nolded to formthe finalized
foam Furthernore, the blow re-nolding nethod 5
applies heat to the cross-linked foamto be softened
and then inserts the high-pressure gas or the liquid
into the cross-linked foamg such that the cross-Iinked
foamis re-nmolded in the nold and becones the
finalized foam after being de-nol ded. The cross-1|inked
pressedans cbdedrddwhyo titven the falmbd foamc rBsscold miedd vicyam re-molding
fabrication nethods have the follow ng
metholapmiet hedt sd ihesrosThiekaldhpn essprorlepresed trmapssating akken sucks
foam 10 nol ding net hod of the pressure cross-linked
the He@iadriftdagh ibs fednbldseinbs taoeuns presaee, raati ehdredftes Hbp &um| s kegoled
a sheet type or a particle type into the nold, and
dowit BeNdaapplde® s featihd fndlibal fosau Muethermie ltlilealblpwtrbraro@byg method
manuf acturing the foam having a uniform physi cal

applité ARE IS Me cFidé-1IRRIINBAIE (o bdofefedl4ne thed) iedis Al jipBpmssure gas or
cross-linked foam nol di ng net hod heats the source

the Iﬂiﬁird%tb e drbssliBRed ¥l QB haphhe thes-liBedebad ithethadedir kifeanold
he material so as to be inserted into the nmol d, the

and &Qﬁﬁ&%éﬁnﬁﬂte@fdaﬁ' afeARLikAEmbIA&s, uni f orm property in

parts and the produced cross-Ilinked foans nay

al sg,.hg: }ffs d&d %érfl.ﬁ rﬁgﬂxﬁ@?@' &8l reGhAr A€ LeRSsh-HhkddS foam fabrication

Meanwhi since the nor pressure cross-|inked

metlmgsa% tl{.gft)l/’%fb@wh Sbﬁ%rh&eﬁs'ﬂ@s SEUY! EEnPRLRI-RbS E‘x%éé:'-lﬂ@[eéi foam

e extruding nachi ne and then

mol a}n%thoﬁ &F TLQ e%sur Q és? H& g:d itolé]rﬁln rrﬁgﬁoél I ﬁgéﬁg tﬁeoﬁﬁlce material

erial can he uni orm cross section and

_shap?cggk ajg% tgfg d&? Ioégrtmle ﬁq%%n&)f Hoﬁl cPﬁEﬁ Stggpli%g ﬂea@ltc?@lat source

ave the unit orm propert

o BVt ek SR n g ?ﬁé&?fﬁﬁ[ AL
smcq:@lg Sl]%ﬁr,!éljoggff‘%ﬁ I?}oq%ghﬂﬁ%o%%? irrlgp T’ﬁ 0f1 heg’c tl%e; goggc%qﬁgt%aff’% the
cthd%tn% It]&ey@f,q%g %%cf ﬁ‘ﬁ‘? fqegﬂ’glﬁﬁi%%@mo%rs toa{)e fnger{ed i fthoernrfr(ﬁg, 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 sub'sténces 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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WD 2005/ 063864 PCT/ KR2004/ 001509 7 before the foam
process. Moreover, in the related art nethods
descri bed above, the foam ng process does not nake
Wis.h9aRhaving different density or differeﬁEanumumouwg
properties in every each portion because the samne
source material is used in the foam process. The
related art cross- linked foam ng nmethod is hard to
manuf acture an i nner cavity structure having various
shapes 5 and formations inside the foamat the sane
time when the foamis madey Therefore, the related
art cross-linked foam ng net hod does not nmake the
density differentiation inside the finalized foam :
befor® hler lefinpegcessh dviowevenf in dieuriated artectheds sissoribprk epve.gagfoaming
havi ng the conpl ex physical properties and functi ons,
procdsfods @baineld tae foagelparigtdifsrentalkussty oh different Bropsrfigsg every each
foanms and then cuts, 10 grinds and attaches the foans
portibhbetausa diel dairersatireé atardriakis vemnl istiepbanerpresd ubke rlatsd RELHS-
having the diverse densities and desired inner _
linke8 FahtieSod HQwRMe mansfacireadinter ondly spnauredering Hejpus shapes
cause the fabrication difficulty, the | ow throughput
and BRAatddAs iSeRr Bdadnnat 0k @Rsitge ahth Gudbir yis madeic Ahehiare, the
the desired cross-1linked foam having the various
relat@NWS bE AL RE O BklihE She@Bd dbaNRE maké Misclenigsdiffarehiutich ynside the
obt ai ned. Moreover, the related art descri bed
finalEd Blhpbef ore may increase 15 the process steps and
costs and nmay cause a | ot of industrial wastes because

t he e, SRG mai@e R dhd i8¢saitked RI4E Bdlingtho pemples physical

and tunctions are separately manufactured and

& 1 e 1 ARANE THERbIsQRRE foams and then cuts,
pnmﬁﬁ%%%@?ﬁ?%ﬁ%%ﬁFﬁégeg?gge Pat%nt Applicgtion No.

grin 8&21%{51&%212@81}92 C%n?sd inéﬁﬁ&éaﬁgﬁ% gﬁbrw ﬁ@ﬁs%B ipP(Qiu@/ e Bage Having

ose met 20 including steps of 1)

o Qg G570 5 LB, Aol 800 o
causg {he%brrﬁ:gtiio% A%Hc" tyﬁﬁenlo%ethrml@%qt Xﬂdttﬂe &Jé‘?ad@i’&l 5%@@:‘1 ard 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,
é. 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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performng a |low nelting point spinning on the

resul tant conposition, 3) making the spinning
filanment into a tow or staple fiber to be used as a
first material, selecting a second material 8 froma
group consisting of a water sol uble PVA based staple
fiber, a polyester based staple fiber and a natura
fi ber, and produci ng a non-woven fabric by mxing the
first and second materials, 4) nelting out a

di ssol ved matter fromthe non-woven fabric, and 5)

from rﬁéﬁ?ﬁ%{j&dﬂ@ﬁﬁ% of Q%t&%ohﬂﬁe POR POE UahROBE, o g?lgésltgr based staple

has rits 1n that an alr pore struct
514 the foam .However, the .rethod.disclosed i
fier ot TTdpal fheb AN RO Rt TR PY BB RS anl sccond
2003-45282 is not concerned with a nethod for .
materplss i m fgﬁa)?ut@oﬁwﬂ@qui gHterHEom dhe pen-aigyers fabiiet #deSlgross-linked
the inner surface shape and structure of the foam )
foamipg grecipp-woreencipbrds - This micdipdiva mesduindthaiom dieperesiyacture is formed
different densities and functions in the parts.
in th§¢ SoMvARH@FeveNVEHET hioMjod]1 disdlosat dh npet sbovefdessibedsKonhn Patent
there is provided a cross-1linked foam ng nethod,

Appli€RBANG 20034528 2R3 0t BenRincdSAsH 2 edhddORFIBIgATRE 8F battfolling the
for a cross-linked foam ng, each of the foam ng

tap T3 S5 FAESSRP R R, BPLARSAODE e . vty e s
inke SRR G b TS PO e B g™ =
mat erial s _usi n{ggat | east one interfacing naterial that

[SUMMARE{PS INKERIE@N] and physical interaction between
nei ghboring foamng materials; and formng a
cross-|inked foamby foam ng the foam ng material s
Accoriling|te difingf aspast, dhere agevideshe cross-lihedf foaminggmethod comipsising:
having the at | east one interfacing pattern thereon,
the cross- linked foam having a foam body and an
| priepaniey dt YeakOwoefdaminpfaaterialh fata dresstlatkesd dodnming kack 0f the
foam body by the interfacing pattern.
foaming materials processed to have a plane or three-dimensional shape with the cross-linked

foaming suppressed ;

forming at least one interfacing pattern on a surface of at least one of the foaming
materials using at least one interfacing material that prevents chemical and physical

interaction between neighboring foaming materials; and

forming a cross-linked foam by foaming the foaming materials including the at least
one of the foaming materials having the at least one interfacing pattern thereon, the cross-
linked foam having a foam body and an internally-formed surface which is formed in the

foam body by the interfacing pattern.
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8a According to a second aspect, there is provided a
cross-linked foam conprising: a foam body, the foam
body bei ng obtai ned by foam ng at |east two foam ng
materials wth the cross-linked foam ng suppressed;
and at | east one inner cavity structure in the foam
body, the inner cavity structure being 5 obtained by
an interfacing pattern forn$g on at |east one of the
foam ng materials in order to prevent a physical and
a chem cal interaction between nei ghboring foam ng
materials during a foam ng process of the foam ng
Accofi ol a¥cBondMIBER) tRerk REplo9R18l B Aehs Ailed Ran, @&ﬁgﬂﬁﬁg’:‘ ty
structure are forned sinultaneously during the
foam ng process of the foamng materials. 10 |

T ke ﬁ%ﬁ%ﬁ T I ES” | ﬁg’p (ol .
55 esen{E 9? ven Hl?ln o??b%lgedy:t/e (ftlg\t:r 0s -ﬁil%g%wfggﬁ]n@mmemls
. nd a .. acturing nethod thereof that substantially
““ﬂ”gﬁSﬁﬁ?ggﬁ%ﬁ%mBF@ﬁﬂP@wﬁ?dt probl ens due to
limtations and di sadvantages of the related art. An

advant age, of the present, i nvention is to provide a .

mét e wm%fwtﬁatrgﬁew%ﬁe fogm bodethe fRch SIS being

at | east one inner cavity structure and a cross-Iinked
obtairfed Ry ararferfaging pasterméarmed on ahlsastene afl therfoagimganaterials in order to

present invention is to provide a nethod of form ng
preventraosisssichl andethbmaval interattiotibeakednarighborigg foahdfig aatefigls during a

pattern is fornmed between nulti-|ayered foam ng

foamifi@ bRIckRlof MfohMhg MiBAAIGCI NY pattern forms an inner
cavity structure during a foam ng process, 20 and a

cross-1linked foam nade by the nethod. 8b Anot her

29 %h@fgzg?%g f(?%r? rﬁng'rﬁrgﬁ{ade(ﬁg mnel* Wtsmwémé ?orH{eﬂ\éirglﬁta%eously

during the foaming process of the foaming materials.

[ DETAILED DESCRIPTION OF INVENTION ]

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.




cross-linked foamin which a plurality of inner cavity
structures separated fromeach other is forned in a
same cross-linked foam and a cross-linked foam nade
by the nethod. WD 2005/ 063864 PCT/ KR2004/001809 9
Anot her advantage of the present invention is to
provide a nethod of formng a cross-linked foamin
which at |east one independgnt nol ded | ayer separable
froman internally-formed surface is forned, and a
cross-1linked foam nade by the nethod. Another

adV iy %d@ffnte{%é olpfh%sfr%en Pﬁbﬂ)'ﬂs tP aﬂfv@tﬁ:‘ dendndEhh %’rming a

rmng a cC OSS- I|n oam i n a pressure

vol .u R |nner C struc can
cross &ﬂeﬂa it BT a Pl 3 Tl A s Rl o iktoer s
by.the nethod nt age of e_.present
formedy i i SBHe |°§°Stsdm5P%v§’é|@a ? rf“aassrhrﬁ%g nfoAg &adeoly.the method.

l'inked foamin which an inner cavity is filled with
materials that are sane as or different from the
cross-linked foam and a cross-linked foam nade by the
nmet hod. 10 Anot her advantage of the present invention
is to provide a nethod of formng a cross-1linked foam
in which an inner cavity structure can easily be
utilized as an air passage or a shock absorber, and a
cross-1linked foam nade by the method. Another
advant age of the present invention is to provide a
met hod of formng a cross-linked foamthat can
decrease a wei ght and i ncreases physical properties
and functions 15 such as a shock absorbi ng power, a
shape recovery force and resilience, etc., and a
cross- |inked foam made by the nethod. Another
advantage of the present invention is to provide a
cross-linked foamthat has differentiated physica
properties and functions at its each portion.
Addi ti onal features and advantages of the invention
will be set forth in the
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20 description which follows and in part will be
apparent fromthe description, or nay be |earned by
practice of the invention. These and ot her advantages
iayention will be realized and attai
g{orzra%foﬁégyparti cularly pointed out in the witten OJ/(J&?SGS‘
description and clains hereof as well as the appended
drawi ngs. WD 2005/ 063864 PCT/ KR2004/ 001809 10 To
achi eve these and ot her advantages, an enbodi nent in
accordance with the principles of the present
i nvention provides a nethog of formng a cross-Iinked
foam The nethod conprises preparing at |east one
foam ng material for a cross-linked 5 foam ng, the
f oanbther admetaiabf propessetvensiondy do royidme method of forming a
t hr ee-di nensi onal shape with the cross-linked formng
cross$idjplr msedn Widehahdeaat oheamtepadenti mokdefl sleyagsopapblerfom an
on a surface of at |east one of the foam ng nateri al
interndBy-figmad suréas is fornged; atderdrassilinkedate made by thetmghaly ent s
chem cal and physical interaction between the foam ng
matebihad sivamage Sfahepregnainvemion-tb prokel o methedyl fofwiagiasgss-
the foam ng material having the interfacing pattern
linked R@RE@Nwhidier pre@sise hidnk @eiubearh aid & hawineg cavifyosnriomdsan be
and an internally-fornmed surface. In the above, the

contrORHROLrBBY add i &:BariHkeMREmIfde Oftienhetgodanot her foami ng
material = wth the foam ng material having an

1 NYWRRHBCIRNGnBS drahdpkRef BB {s0b ravidy DRemsd 6forming a cross-
formng the cr oss-?l nked foam |n the above, the

linkecﬁ RAM iR gvéﬁ@t A thfdr Yy i DENSBNBCheRHEE Gt AR sEXdad@skfkrent from

' iII'mand 15 material having a plane or
the CLIOQEIEE(%@ LT YA @fo\ﬁintrﬂac@ﬁ)y%@lﬂgtlﬂpﬁu rface
roughness fo easily formthe interfacing pattern

Ec, Q?Jeng?‘gld ac#l\%n{agg of %ng el Grvb QRN R PREREd @lmdTRot Seforming a

S
rom’a group consisting of “ synthetic resins

cross—jﬁ%@da%%%ﬁlg g?%c@n?’aéﬁ%%gé&s é LGt @Jxx?ea@@l % @S89 £ Phssage 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, 2 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 inﬂiention 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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resin, a copolynmer of resins, a natural or synthetic
rubber, and a conposite material including 20 at | east
one material selected fromthe synthetic resins and
mer and at | east one material sel
t he oﬁsg({%%’s!r g\l rubber and the synthetic rubber. OM&}%S’
2005/ 063864 PCT/ VR2004/ 001809 11 In the above, the
interfacing material may be selected froma group
consisting of liquid phase materials, solid phase
materials, and filmtype materials. In the above, the
interfacing pattern may betf orned by one of nethods
such as a printing, transcription, coating,
deposition, spraying, cloth attachnent, inserting, .
at (Tacévirient thée and dheerdyentease #1) cabpdimeniom gsedance with the
nmet hods. In the above, the material for the_
principitsef fhegrasent astebeomproviges aro¢thefofforningia erognidnked K g
agent selected fromfoam ng agents that are same or
different kinds of the foam ng agent for the foam ng
material. In the above, if two or nore interfacing
patterns are formed, each of the interfacing 10
patThe neshodwymbgse orepming.i long con&apfingmptaria forg Fesriked
material. In the above, the process of formng the
foamiigp®s fannikeaatodmrosyeb® lexee plaad methmehéimwlonarsb@@uw@l the
cross-1linked foam ng nethod or normal pressure

' crossGIn@SS forn hge dppiresaed; kg mineg 41 dmdst dne irtéréacmiggacrnohe spiase 654

of formng the cross-linked foam may be executed by a
least BRAbfheebamBishndertil LiiRg atdfast e iptedadng reaten et piemdadgichemical
foam ng nethod or nornmal pressure 15 cross-1linked

 and gh9@5a1 RerfB{cR ®dtwebi the Fgansibg wateribloeantdetriok magsstlinkedénam by

conprise adding a material sanme as or different from

foamtdd@hd RAMIGNATEL hidhg he iferfRIMIpaitag tipaae theforas-tinkadi fogn
di'e before the process of formng the cross-1inked

havilpCARLRRE Ay %ﬂ%nﬂﬁt@ﬁﬁﬁﬁf&&e& Qirficelg the cross-1linked foam
S

| execute
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 sclected from the synthetic resins and the copolymer and at least one

material selected from the naturaf rubber and the synthetic rubber.
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by the pressure cross-|inked foam ng nethod. 20 In the
above, the nethod may further conprise injecting one
of air and liquid into a WD 2005/ 063864
55‘35? /001809 12 space fornmed by the
iﬁﬁréeor nalTy-fornmed surface of the cross-1i nkelaqoar%o‘mmw09
after the process of formng the cross-I|inked foam
In the above, the nethod may further conprise
re-nmol ding the cross-linked foam after the process of
formng the cross-linked foam 5 In the above, the
re-nol di ng may be perfornmed together with one of
materials that are the sane as or different fromthe
cross-linked foam In the above, the nethod may . . ¢
f uibt the nboenibe iserficingeratiriahmay bs wisicd diva WO%?%“P‘F%H%O
that are the sane as or different fromthe foam ng
liquidptasy matkridis solidptepametefias, rpdi iy toa ateelr nal | y- f or med
surface after formng the cross-|inked foam or
re-nmol ding the cross-linked foam 10 In (%fhe above,h t he
metinte aheme, fagrnterdacingmniiern sy be forped by gng ¢fgnethods such as a
cross-linked foam after inserting the material into
printihparaamaipeod, soatig, dapositien, Fpredrh glothyatpeiped IngeFtgeAtacpent
t he above, after the process of formng the
and diVed@Snddifideddnsfadabovereetimehod may thither conprise
form ng an air passage extending froma surface to a
space forned by the internally-forned 'surfac? of t%% .
Cr ds shelabwkeg thefromigrial fon derinterfepingRetton maytiagidg & leastppe fppune
the 15 sanme as or different fromthe foam ng material _
ageni saleotell fiomshanmgtabernuiht arhemaior diffessblyiads ofiibe foaming agent for
nol di ng the cross-linked foamafter inserting the

. the foMigF inalerial. | n the above, the different material from

the foamng material may be selected froma group
consisting of gas, liquid and solid materials. In trlft]?g.
abay ehe dbbes, o @ mueyinferfatingpaticnpre fgumadppach Rhthe priers e
foam ng materi al

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

In the above, the process of forming the cross-finked foam may be exccuted 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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20 having the interfacing pattern thereon before the

process of formng the cross-linked foam WO

2005/ 063864 PCT/ KrR2004/ 001809 13 In the above, the

t further conprises adding a differ

gﬁiéﬁ§%§ﬁ romthe foamng material to the #§2ﬁ938MNM&”

materi al having the interfacing pattern before the

process of formng the cross-1linked foam |n another

aspect, the present invention provides a cross-|inked

foam 5 The cross-1linked foam conprises a foam body;

and at | east one inner caviijgy structure forned inside

t he foam body; wherein the foam body and the inner

cavitg structure are fornmed sinultaneously. In the
spacg faped by He intprnally-Baned yures efchanressrinfkedBancfiett pcess of

at | east one surface of the foam body. The foam body

- formingthe prebslikedfoaeast one air passage connected to the

inner 10 cavity structure. The cross-linked foam may
further conprise a valve at the air passage to contro
an lodlrg ahave tlee methodlmay Gwthefcomipriseamdnatding therceoss-Tinked foam
i nner cavity structure may be filled wth one or nore
afterriige wedead of fomaing ihs crdseligleeddoans or different fromthe
f oam body. Mol ded material nade of or fromthe sane
material as or different material fromthe foam body
mayln thpeaboys dretredndldingmet be perfranedingéther veitly anstodi meterias that
It is to be understood that both the foregoing genera
are tpesgme inp 01 differantdfraoh theferiss-bukied doandet ai | ed descri ption
are exenplary and explanatory and are intended to
provi de further explanation of the invention as
c| dit Hsctboye, BRInErhaxmyfAitr cnnpseRn@8in2(:! ag one of materials that
acconpanyi ng drawi ngs, which are included to provide a
are thepamp a3 on fifferesitfeone tha doanohg nhterialnnte mispor fonmutd by ¢he internally-
incorporated in and constitute a part of this
formepaeiatd after foming the eretsrlatked 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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WO 2005/ 063864 PCTI KR2004/ 001809 14 enbodi nent of the
present invention and together with the description

serve to explain the principles of that invention. In
SoflW.ngs: FIG 1 illustrates a manufact 'ﬂ?lgﬂzg
Eﬁ’oceés of a cross-linked foam havi ng nore tU%éan 0460%809

internally-formed surface according to a first
enbodi nent of the present invention; FIG 2
illustrates a manufacturing process of a cross-1linked
foam according to a second enbodi nent of the present
invention; FIG 3 illustratzes a manufacturing process
of a cross-linked foam according to a third
enbodi ment of the present invention, 10 FIG 4
i | gk abbesthe mmind act firthergomposse eddiog a difforey snaparighlsem the
foam according to a fourth enbodi nent of the present
foamir?\h@aﬁériaofb; thEFGmindmarntalthasing thermitfhcng paticngbgfersdespeesss of
of a cross-linked foamaccording to.a fifth
formBPBRAIENLkA fokde present invention; FIG 7
il'lustrates a manufacturing process of a cross-I|inked
f 03 RARE Ll BTthE Proder intkitionvoveded adiawedinkalf fosthe
present invention; FIG 8 illustrates a cross-|inked
foam having an air ventilating structure to inprove a
bufifye ticBglifilen Gbdnd Boragttbedfoain bofe rand aldkdst dye iave erdiyrsgucture
to a seventh enbodi nent of the present invention;
Forméd itk FMSbd®! GRerdin AR Yok Gbdr dndahinoeessityostruature are
cross-1linked foamaccording to a 20 eighth enbodi nent
fonn&fsiﬂhpi@an@&%i%@m invention; FIG 10 illustrates a

manuf acturi'ng process of a cross-Ilinked foam according
to a
In the above, the inner cavity structure may be connected to at least one surface of
the foam body. The foam body may include at least one air passage connected to the inner
cavity structure. The cross-linked foam may further comprise a valve at the air passage fo
control an inflow and an outflow of air and moistu_re. 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 _spe_ciﬁcation, illustrate an
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ni nt h enbodi nent of the present invention; WO
2005/ 063864 PCT/ KR2004/ 001809 15 FIG 11 illustrates
a manufacturing process of a cross-linked foam
' to a tenth enbodi ment of the pres
?ﬁf/%pét%g%? FIG 12 illustrates a manuf acturiﬁg%ﬁlr%og‘g%oésw
of a cross-linked foam according to an eleventh
enbodi ment of the present invention; 5 FIG 13
illustrates a manufacturing process of a cross-1linked
foam according to a twelfth enbodinent; FIG 14
illustrates a manufacturing4process of a cross-Iinked
foam according to a thirteenth enbodi ment of the
present invention;, FIG 15 illustrates a manufacturing
emb@linesss tof pasapt dysstionrrind dogedemvaibicbe dessgpiien gervelig explain the
fourteenth enbodi nent of the present invention; FIG
princljfied dflthes invattes. a manuf act uri ng process of a
cross-linked foamaccording to a fifteenth enbodi nent
of Thhie: paement invention; FIG 17 illustrates a
manuf acturing process of a cross-I|inked foam according
t 0 |G. siikishert b rembiactiuriegn prooéss tofia cprsediekdd foamednvingmore than
15 FIGS. 18 to 39 illustrates diverse exanples of the
one §fe@Sfylfbited duifQa RGO diafystembobRnenpsfiiemesennineattioon.
FIGS. 40 to 45 illustrates exenplary applications of
t heprgl @sSubtdise rfaf@mit@ing PR cesd I Leabss-Imked fbamn atw@rding to a
many parts of a shoe; FIGS. 46 to 50 illustrate

secoRX ENRIaRE ¥t BPRL bfeddd: @RentRh; t he cross-1inked foam of the
20 present invention to the uppers of a shoe;

FIG. 3 illustrates 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 51 illustrates an exenplary application of the
cross-linked foamof the present invention to an
i nner sole of a shoe; WD 2005/063864

4/ 001809 16 FIGS. 52, 53 and 54 i t
g&%&%%ggﬁpapplications of the cross-1inked f%%ﬁg%@@%ﬁgm)
present invention to a mdsole of a shoe; FIG 55
illustrates exenplary applications of the cross-Ilinked
foam of the present invention to an outsole of a

shoe; 5 FIG 56 illustrates exenplary applications of
the cross-linked foamof t{e present invention to a
sockliner of a shoe; FIG 57 illustrates exenplary

applications of the cross-linked foamof the present

i N\FeG! | Dillustates § aeamipaddig grooéss 2f shoess-lrged-frgm ggording to a

illustrate exenplary applications of the cross-Ilinked
tenthe@dodiaknt dfehgyresainhventiozent i on to an instep pad of a

shoe FIG 59 illustrates exenplary applications of the

cr g38- 19 nkeghtéoamanifadiiningopressnbf a icrosetitkedrfoany ageording to an

stiffer of a shoe; FIGS. 60 and 61 illustrate

cleveRNeMYoaintntdPhé pRtdnOMSeibnt he cross-1inked foam of the
15 present invention to nol ded conponents of the

UPReGS I?ﬁllt@trﬁt@@ﬁ;maﬁhf@&m‘iéﬁ ptddeRlofid trostlirked Soam wicdaling to a
variety of applications ere the cross-1linked foam

twel elﬁgbgirpgn%sent i nvention can be enployed; FIG 82 is a
ow chart illustrating process steps of manufacturing

I
Elr %ﬁég g«ﬂ _ri‘llﬁﬁgalteéjﬁqﬁanuﬁgﬁﬁh? ipRitedsQofen £:@bsalinked dbdm aatoetiddto a
is aflowchart ilTlustrating process steps of

thirte TR W64 LN 1S ReSnd thiMs@idn;f 0ams

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 inventioré;

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 & 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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according to the present invention. W 2005/ 063564
PCT/ KR2004/ 001509 17 [ THE BEST MODE FOR | NVENTI ON
Ref erence will now be made in detail to an illustrated

%9%5'0%91 of the present invention, exa”pll%srgﬁ{zﬂmmmsw
i'C erever

are shown in the acconpanyi ng draw ngs.

possible, 5 simlar reference nunbers wll be used
t hroughout the drawings to refer to the sanme or
simlar parts. FIG 83 is a flowchart illustrating

process steps of manufacturing cross-|inked foans
according to a principle ofgthe present invention. As
shown in FIG 83, the form ng nethod of the present
i nvention includes a step of m xing source materials
( SF108)52, 53 stdeft itifistsirapiemglatiOapphestinnefdhe ergesclinked foam of the
materials (S200), a step of selecting an interfacing
preseffbivedntiah 1o HBABYIe ofia slicep of formi ng an interfacing
pattern using the selected interfacing materi al
(540Q) 55 dnsiraps efemplaanppitpators odiha grosalizked dbar & ithegpresent
the interfacing pattern to forma foam (8500), a step
inver@fon i€@0itRE dMdhedyri ng the foam (5600), and a step of
finalizing the foam (5700). The step S 100 selects a
MAIFG! 66 ilMisBScRe S G9 applicafidl of ah® omsd-teked doarp s the present
materials 15 depending on the desired cross-I|inked
invmﬁﬁﬂﬁiéyﬁkﬁkﬁépéhkkieS and physical properties, and
then mxes the main resin with the other additives
ang a6 tushhb e Exh 9! a@?li&aﬁ@qsr@’ftﬁé loRss-ligiearosh tof alm present
the source material” and the sub materials are wei ghed
- ' i;@. accordance with the materi al
mvm@%ﬁ%ﬁéﬁ%ﬁﬂﬁﬂgﬁgg¥égﬁﬁ’then the source material and sub
materials are mxed in the airtight m xer or kneader.
The step 5100 may include adding a cross |linking 20

dpp @y fRan . ot DGt
gggﬁbmgﬁﬂ_h?ﬁ?ﬁ%@eﬂﬁagyg Ei,g[{’lm? T Rt Blo¥d BHI&d UskR BF R present

€ sou eri used in the step 8100

. n I ' [
. 1nver$c1%n tc?e?n i?l?teg;%etlcﬁ%‘afsﬁl na synt hetic materi al

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

FIGS. 60 and 61 illﬁstrate 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 fllustrating 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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having a possibility to becone a foamusing a various
cross-linked foam ng nethod, for exanple, synthetic
resins such as an EVA based resin, a polyolefin based
chioﬁk/%%i ai-ning PEs 18 of a variety of de%ﬁ]hﬁﬁomﬁl 09
yvi nyl based resin, a pol yurethane based resin,
'LDPE(I ow density polyethyl ene)-added EVA, a copol ymer
thereof, a blend thereof, or a mixture thereof; a
natural or synthetic rubber constituted by a m xture
of a natural rubber, a styrene butadiene rubber (SBR)
based, a pol y-butadi ene rupper (BR) based, an
pol y-i soprene rubber (I R) based, 5 a chl oroprene
rubber (CR) based, an nitrile rubber (NRB) based, an
[ THERDISTMODEFIRaBNGENEION gt hyl ene- pr opyl ene rubber ( EPR)
based, and an acryl rubber (AR) based rubber, and/or
an styrene butadi ene rubber(SBR) added neoprene
rubber (NR); and a conposite material including an
EPDMfsruiaaviliageett efathy iredaail tongd ilageteal emifodimgnt af dhegpresent
poly-vinyl chloride (PVC) added nitrile butadi ene )
invelﬁtiblﬁp@{arrﬁ[‘dBBT whik aoewerin the acc@npagingnievdegs. Pthesyoppossible,
EVA (et hyl ene-vinyl acetate) that can contain a
simiMAfeFRdk 8 nREESENT Bgased thadhgBom ttdrofings 10 yifenio ehadame OV/Amilar
% or the polyethylene (PE) based synthetic resin
partsN@Vi Ng various densities as the source material. Wen
nore than one source material anong the

abopey, FRAL W&mﬂ‘?ﬁtﬁ&hﬂgsprb&ss S0 BEMbYuFEEE dpbssinkdtefoams
sub materials be a conposite through the

accogé?%ﬁ agﬁ[hk%u%nﬁ% e RGPPSR O BENE BSBIG. 8Dt ForRAS tethod

oanming material wth the foam ng action

of ﬂ’lt% H)Pe%&? §1§\%Hm%}%1nhp§escaagt~gpgﬁj1lxﬁfy slouz% whaltGia R )ES fooyes stEp%f shaping

eriral has a p anar sh ape,

the rglé%cplsoglce ol tena r(S%bz & st%p?(;f s@le&téglggﬁ nﬂﬁr'%?fg' RA&kal 8L a step of

0oam ng nateri al

n@;gggg]i{ ?l:ng ac%w% tg?] 9%& Mie s£1¥<§&{ 'lrgtﬁtéacﬁxg%ﬁtehélntﬂgéﬁ :0st8p of

ape "or type, am ng nmat er’ al

| foammg W?oa%img mV\gna el'\lla%{ngltle 1n§erk%wln pg‘éen‘? 1 ?Jrltnl eﬂ‘"o% (SS@(BB?Qtstep 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 thé 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 $100 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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type at every foam ng process. Further, when the
foam ng material is applied to the specific

enbodi ment descri bed hereinafter, the foam ng nmateri al
is reconmended to have a plane shape, particularly a
fil mshape, which has a precise surface roughness,
regardi ng the WD 2005/ 063864 PCT/ KR2004/ 001809 19
advi sabl e use. Namely, the VA based or PE based film
or the material having the sane surface roughness as
them can be used for the foam ng material. Meanwhile,

ofa \)é’ﬁ@@ SAURUGLS, ﬁq)o%rv@ﬁyl kel Ifeﬁﬁnll ROy IRk ISt HasedSidGh, A% LDPE(low
the conmposité ‘conpleted by the injection nachine or

densﬁy})% e’pe%r#clj&t g/g?&’édr@v}xhg cé&%ﬁqﬁg@% Biy Ekﬁ% tﬁér%f" or h MiQnfe thereof;

oam ng
the ctio

|nh ted char erlstlc y g
ana t(ﬁé m%’;gmntp@ yr?gmh’ﬁt‘r@r a'1| naturg IFI% $Tha styrene butadiene
partlcle type is softened inside a cylinder at a
rubbe €Y based & paly-gutadipge ruber (Rl Rased, @l olyrisopeeng r@bb@r(IR) based,
the softened primary foamng material is filled into
a chlawprenptupbeni@Be bafeds e nitblediublger ANKB)dbapet, faorERDMerubbey based, an
tenperature formation, e.g., |ess than 50 degrees

ethyleﬁelpﬁcbp;@eneTﬂaBb@tm ba%"bdté}idsaﬁ a1 @ibbled (AR batdierniBen@d/or an
10 foam ng materi al, t he foam ng agent inside the

styrenig! bilBdi¥nd w&@mﬁf gidedl n ! rufdRARIBOSh Q"tﬂoﬁ*mﬁéﬁk& €naterial

the secon ng mate |a I s made. en t

 includi B ROV B e bRy e TRV s hf-vinot chloride

maj er.i al, vipng the s filmor pellet shape forned
(PVCb def atrls q@@d#me PQ%Eggg-at a condi tion where the
foam ng agent is not deconpositioned (for exanple, at
a Howieer it igrecompended tosdopt E¥Adethiylencainyl agdate) dhas gen contain
Cel sius, under the pressure of nore than |50l Cg/cng,
a variable paltceﬁtagfoof am gmbemnpEdhylraeetate (Vo5 $o) trathe Poladgil@esPE) based
Cel sius). The nonnal pressure cross-I|inked foam ng

synthémtrbm haMHg GMLfard@ﬁsm&easqwgdumeqaﬁenﬂat tern shape
unli the pressure cross-Ilinked foam ng met hod,

SOWh%HSmE)HeeﬂﬁB' bR %o&rgg%ﬁgﬂal 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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materi al using the extrusion nethod simlar to the
i njection nethod, and then produces the 20 materi al
havi ng the conti nuous and uni form cross section.
$ﬁf&ﬁ§@£§; any type of shapes of foam ng naﬁfﬁkﬂhm&&QW9
be app |eg to the present invention only if 1T 1S
possible to formthe interfacing pattern on the
foaming material with the foam ng action suppressed.
WD 2005/ 063864 PCTI KR20041001809 20 Once the foam ng
material is prepared (S300), at |east one interfacing
pattern is fornmed on the garface of the foam ng
material in a specific shape (S400). The interfacing
pattern is for formng an internally-fornmed surface
advitabiet useorhirenedy) the BiNéy basedpt DE beved diliy er the maierial having the same
cross-linked foamduring the cross-1linked foam ng
surfqoe omebesss anttiemSan beuse fa thedoimigs prteriekn is for
preventing the physical or chem cal interaction i
bet Meanwitilee whin anivegtingat erinafysforming meteritlaged asghegemposite
other across the interfacing pattern. The material for
complad iyt tee tiadtion npahine ron theapelibehavinguihel Sodueug-ingibited state, into a
viscosity, powder or solid having a certain shape
secoB8RY fasmink | mBteristhhaving the albheingonlpbiesdeciardctesistic by the injection
interaction between the foamng materials during the
metld08S plitalksedah @@ithaterid botgshe phtitleexripbeicnedimside a cylinder at
interfacing 10 material may be selected froma group
a loGOoRSRbehiuRg ef, TRLUBleghes TERIBLINE theAit Sofehed pitiRary foaming
natural or synthetic resins, papers, textiles,

matRRN1VBNEN ik ARA ity Sack bEBRarMdMBLEE k@b&form the low temperature
Addi t1onally, en sel ecting the interfacing

fomf&ﬁ&& rd @&l jesd fral S0 GRRSLAEn A, entRide #ast kiheajttfamhed teecond
the foamng material, to have the repeated

ifigP iANCEe d | t 438! e NgheP T,  fohrRinRaviRitdrie i t
foan%gésfﬁgflafl@ Cffie Ma:odgltg% u{é@m ARMeNeheP RERSP : fohRinBaYRitdrB® is no

ity of o ting the cubical” expansi on of

: decotélgag))s/iftiglﬁé@ el tﬂegsekg&fdgfﬁ%ﬂgﬁg DG PESad®l t0 15 have the

I 'm nati on ross-li1nked foamif

req Whrl;cf qlea;frés%-r%pte QAT RELRAC ?e%ﬁnd fol\gﬁgfﬂ?ﬁt&?aﬁ b beQbtained

the interfacin pa? ern may be achieved By printing,

ol 599 b AR SRUED P M ARD mai
procgggé fatl 'Y ggnid%pon 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
150Kg/em?, 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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t hereof, and any other nmethod can be possible only if
it is able to formthe interfacing material on the
surface of the foam ng nmaterial. However, when the ink
ke containing various 20 kind of r
|ss&ﬁ} Is used as an interfacing naterlaﬁﬁhﬂﬁgmmmmsw
printing nethod is desirably adopted in formng the
interfacing pattern. Further, if nore than two
interfacing patterns are fornmed, each of the
interfacing patterns may be formed with sane or
different material. A ---20--- ----- R
WO 2005/ 063864 PCT/ KR2004/ 001809 21 foam ng agent,
which is the sane as or different fromthe foam ng
ag€nte tdenbainivgdniteridl He prepewdi (B30 bmateledsh one ﬁ‘ﬁ?f%é“ga%‘@ﬂ’ is
to the interfacing material. Moreover, a step of
formelamtthaiunceotiieaivimipe meteial wls srecfingapo(EAer f aci ng
pattern wth the foam ng material having the
| ntres figeitatheppdtieer in fomforimngf ar invenallycfdeerd s@cd Swhifergs an
5 material having no interfacing pattern may be the
inner$aWEy HRGRE @l thasroaxlintied feme dtringate piosd-lifled fpanhiag process, and
foam ng material having the interfacing pattern. A
the 1§ib@RIQf pAGE ROLMpIREItRl harphyds] or chethibileintrictibr detwepe the
foam ng material having the interfacing pattern to the

foamﬁx?'ﬁpﬁéi?ag th:Q ar8 f@d t6TBdcR bildl adidy tHedntbtfndidepattacided. A
ep of winding the foam ng material having the

i ntek f a6 A0 for R LRI patidt® hlay HaYiqiids hivéng biscaitggbwder or
easi |y separate the foamng nmaterial. 10 After

solid ?lgvfmé fLdth hB% S0f ££Bﬁlkn@ NwRiEh sh8leithbRiéB diegtepatidreenvan the
oam ng nateri al the cross-Iinked foam ng

foamﬁfg ﬂigéﬁa,}é &%ﬁa@ rigd. lfﬂl(ecf hﬁm’i’x{geﬁl%b'éﬁ WP SfarhplBkE interfacing

the normal pressure cross-1i1nked

matelkg Cng}ygo% %t@cpﬁl?rﬁ & gr&@%oﬁ@ging 0@ HariBE &%?nthaﬁf R&fts or inks, natural

ss-type nethod and the
or sypggxlaﬁgc%:élgy r]%%fﬁ?? ééﬁx@f{% C?Jm}etﬂ%a [c€ SR e HRFOR s AR K 8dditionally,

dlng e I's operied and then

when @Fﬁf{mgatg]a il fﬁfﬂ %%r | a‘?«-lzriar Vi Q blencE %k feés‘fl'[y Nached RAfhE @athing

tically or operated y Into the

materlal to San P A rgpeattelc? ere%egr e glllrﬁ'fg 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 mcfhod 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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thereby foam ng the foam ng material by applying heat
and pressure thereto. In the chemcal or electron
irradi ati on nmethod of the normal pressure cross-linked
m%)&:;éggt hod, the foam ng material havi nglié]t}ERZOMIOGlSO!)
intertacing pattern is provided before a heating
process for foam ng and then the foam ng process is
performed (step S500 of FIG 83). If the heat is 20
applied to the foaming material or if the electron
rays are irradiated on the foam ng material during
the cross-1linked foam ng prdicess, the foam ng materi al
is cross-linked in a gel state by the heat infliction
or the electron irradiation. W) 2005/ 063864 L
foarpiag /aRRR0G4ICD (51 e Gamp 2 jgo Willrarnt Sore the Jawming 2gattSntgingd in the
nei ghboring each other across the interfacing pattern
foarging matsrial ps be addeg i the terfacing newwiislh-ed and
I nterconnected until they reach the step of foam ng.
At tMiowr.at eiep of sofbisirisny foraties matesialchayingane nlerigsagpatiern
at a specific rate and then the cross- |inked foans
witlaithe formteg mPEriel lomsigdhe trafabiogwittegn may & ifarfther added. The foaming
corresponding to the interfacing 5 patterns are al so
materithhavdhd yo miepfacide gaistn triag be Hresamamiateriabast dralifftrerd material from
portions during the foam ng process. However, because
the fhagigthyatedall haaing thi énttrdaingcpatamctl gep of addieg fratniehgpme as or
material is prevented by the interfacing pattern, an

différaitaronatileyolmingrehtala hadey e ifuertmhd; pareihe the omsbined foaming

i nked foam at a position corresponding to the

matéri 8lal 36 fithePRide @A sted BEWinAlr@rihafohyiinganidi@th] hawing te énterfacing
forms an enpty space, i.e., an inner cavity. A shape

patt@Adn 86 1M b RBHES bel daBed BRASIyGBYritY tht Qodng Betegalsi | y
control |l ed by changi ng a shape or naterial of the

et @leAdonf ik A& foRhfich3€ 1R SntePRldeafterh oh @B &hing @nabirial, the
manuf act uri ng equi pnments and facilities. A certain

crosg-i'ﬁgf;(%fg Qi%ig%gy)?gc@%sﬁg tpel%iﬁ{m 118 thedhrk R0 9 AR MPfoambR B&Rod, the

IS genérated by a deconposition

norfid kB Bbosd Mfked ?{%@iﬁgm@@:@&tm g}&' hB@HLDEMBEAMRADE According to
pr ed I n

cess Is trapp o the space (the inner cavity)

e BB BT U O i i
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 an& 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.
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| prev%dg% Met AferBERE Sratidd

15 controll ed by adding a certain anmount of foam ng
agent or material that can increase a gas generation
to the interfacing naterial before the foam ng
G&Hﬁ?ﬁ%mmymereas’ the gas pressure in the innere,.0.00100
cavity may be controlled by an external air-punping
device. |If the pressure cross-linked foam ng nethod is
adopted to formthe cross-1linked foam of the present
invention, material same as or different fromthe
foam ng material having the 20 interfacing pattern
may be input into a residugl space of the nold where
the foaming material having the interfacing pattern
has al ready been laid, and then those materjals my be
f odtoeaversihmibansing oatstipls beighboring e3rd othes gerossi thicaipripciagpattern
A conbination or nodification of the pressure WO .
are nAQGHGH OB BE4NRATY (KRR 4nDDIBBENccRS unFibbey reasikiae sEpahiorgne.
met hod and the normal pressure cross-Ilinked foaning
At tREthediralabig mstopie cditioily arpaadtab dispesific tite plethen the cross--
present invention. After the conpletion of foam ng i
linkeRFOG@SSe mdde. POEEH:s af fe Cantieg netenalsandesondids tothe interfacing
stabilize the property and size thereof at a ‘
pattefts GRONR bREMy G@agtictiadhe simeratio 8 hp oB6DForobnsknGug B8 foaming
5 Thereafter, the foans are cut and trimed, thereby _
procds® TRRIvE) Beddise BkQh§sital BHEEhchORMEATGepimOEShe fomingrinatgrial is
to the present invention. However, it is possible to
kgl intdrRARSoSddNgirfice aTfr@sd iothe cross-
g, a vacuum nol di ng, and a bl ow nol di ng t hat
. dndects the..ai bayig, ihd @Reni e Ths dgernally-formed
linke %%ragsas- iﬁh egor%glgj%ﬁgkg tign step S800 of FIG 83.

surfag‘%] Ryl a;ngslr SE)%&JT?E', %1%/ iﬂ%lﬂ‘; AZE fﬁpﬂgﬁe ghEsthRnkOsMBe innbh@vity

ape an cture i nter ly 10 forned
urface ar BGrRR &F §e $haPRI BRdhe interfacing
can &% ¥4 ﬁ?ngmgl?e@%%ﬁgggg’%?%ﬁg%?i gﬁri ng %he re-formng

paﬁe%@%ﬁe?%“e%@%{ﬁkc@ mﬁrghﬁ}n%l%@ﬁ& 0% BEOGES A SdrtatSnRhesEHE (for

arthe cl'ude a step of inserting or

exar{;{}Fle ln‘%:t]g)gﬁ.}a %%ﬁ&ﬁ,&%a@%qn; i@}c}idﬁi@()?)ﬁgﬁg ASreRbratdh i)fr Q][clg{bﬁn%ﬁghggﬁ action

_ y space
of thte ganllirrllé gée%?ldluxﬁgf e oegmi%g E)%co%gsg i {raptpgg illitg‘%'@ s%gcqe (ttltéelﬁner 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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foam ng the foam ng material having the inserted or
filled material. Al so, the present 15 invention may
further include a step of form ng an air passage in
n1extend|ng fromthe surface of the foami
Rﬁ%ﬂmﬁ€éﬁﬁally formed surface and then |nJec¥$ﬁﬁR§&mmmm’
material that is same as or different fromthe
foami ng material into the space forned by the
internally-formed surface through the air passage
before the foam ng process. The nethod of injecting
the material through the mir passage nekes it
possi bl e that a portion of the injected material is
also 20 forned on the surface of the foam such that
oross llﬂ&eci QAN AeY and IR tofiili @ ebsimetoegs-ditle foappeamethedbcan be
between the internally-formed surface and the outer
adoPFeﬁ%Paﬁléfnfb%ﬁlentmﬁfeepléheﬁthﬁvenﬂm erial in the space
rimed by the internally-forned surface can be easily
r e%’@e@'tﬁee&brﬁrﬂéiﬁh Je8ariHE ?fdé@ss th8 Q’odnyspﬁe apolepdage and cured to

the material to be injec filled or inserted into

stabnﬁgkec%xigr%ﬁ&“{y%d%%Q%e%@ rEd%’{énlﬁEﬁ%@%AcQMQQ SHASEOO O LS. 83.

ernally-torned surface is not Iimted, and

Thexgaﬁel mgei%;iﬁ? arel didt! aﬁg 8 Ilﬂeﬁsﬁélteﬁ‘ﬁj colBleBiid ale &o8- hed foaming

he Tnterna formed surface using an

proc%g?(gcrso}d\érfg 1o {ie V@res% ht ﬁ%ﬁgﬁ; lggw?\@f‘ iBs KbBlOb rb-Aethd Bfss-linked

ormng and controlling

foan’t“' 151§§ Ig?pﬁlgg%gslérggoidgnng?% v cﬁ’l\ﬁ}ntﬁ{ l§ﬁ1 %’fd%ﬁoﬁfmolg’mﬁ Rt injects the

e exp in detail
. cordance . with the en Kk 83
ar Olbﬁ’élﬁ‘élr TREBOE GF %ﬁ%ﬁ?&g?“ ur‘%r?#gS éﬁosg&ﬁ nsked E%SIS% pLIe- 82
Aithﬁxﬁhé 4 ]g]?rgghy f%ﬁ@&l s d:]re re rngadeﬁl% sﬁ)s[})e %Ld SihGE of the 111ternally~

f cam ‘are propose
o LG TS VR e TS e, Mgty i
NRLCRELIE AT S R0 %%%m%%%?ﬂb%%gen iR e
et 20 NSl 88 LD, TR SR o e famin

material into the empty space formed by the internally-formed surface of the foam and then
foaming the foaming material baving 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 wnified/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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pigments, a variety of fillers, and functiona
additives are selectively added into and mxed wth
the main material depending on the foam application
ication process. Table 1 of Type A (ynii,
@go%@fb’;esg‘?al of Conpound Type Al Type A2 E\l;%}gl&zpﬁ%fsog
EVA (VA 21% 100 - EVA resin EVA (VA 15% - 100
f oam ng agent AC based foam ng agent 12.0 15.5
cross-1linking agent DCP (di cunyl peroxide) 1.0 0.5
filler MPCOB 6.0 3.5 additive Stearic acid 0.8 1.0 WO
2005/ 063864 PCT/ KR2004/ 001309 25 pi gnent Pignment 0. 05
0.05 Type B: This type is classified into type Bl and
type B2. The type Bl adopts an EVA based resin as a
formd@BibyN tHFEh @ FraRy-f@med ismcica de siop binjted, rapH éhe injestadn filledb Ay inserted
the variety of synthetic resins as a sub material. On
mated 1 8arCHARAEY to thdiatdyafig-Baddoriis using ap adhpsivhyplatsrial depending
resin 5 as a main material, and includes the EVA based
on a IEEEbMNnRstir Safiamat erial . Furthernore, simlar to the
type A, a foam ng agent, a cross-linking agent,
Pi BRNE SnetibdMBY fofthivig @hd EdriloBing, thewhdpe fflthe tnnamnabity structure of
additives are selectively added into and m xed with

eri 1Bl o2l ils tDe B Rkl Rai] FhcdtBdrde ot tisibesoRttinventibis
them%%}ngﬁe ?ype]B d%%g'not confined to the EVA based

r e\ MteridiNFledalfioR R ieiivlc-ane s 0S8 dink@BFdamput  many
di syntheti ¢ resins such as pol ypropylene 10

| ba%g ther FI“%J@HH PokiYL SRDLINLEREF RRASRAN4t8$] HorQhar@lciire of a foam
ol et irng asea resin mpy be selected as the nmin or
are pl%%gseg%"tz fit Ifgﬁo%ving three types.
Type A: This type mainly includes an EVA based resin and is classified into Al and

A2 types. This type of materials includes EVA resin having appropriate vinyl acetate content,

a melting index and density as a main material. A foaming agent, a cross-linking agent,

pigments, a variety of fillers, and functional additives are selectively added into and mixed

| 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—lilnking agent| DCP (dicumyl péroxide) 1.0 0.5
filler MgCOs 6.0 3.5
additive Stearic acid 0.8 1.0
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Table 2 of Type B (unit: Phr) Use Material of Conpound
Type B 1 Type B2 EVA resin EVA (VA 15% 95.0 10.0
synthetic resin LDPE (Il ow density pol yethylene) 5.0

. f i ng agent AC based 1.0 14.0 cross-]) 10k
3@’&8&5’ ‘W(di cunyl peroxide) 8.0 0.8 fiIIerlL(Lgiéﬁg%gbsm
- pigment Pignent 0.05 0.05 WO 2005/ 063864
PCT/ KR2004/ 001809 26 In case a conposite material of
the type B2 is foanmed by an electron irradiation
met hod, DCP (di cunyl peroxide) that is a kind of
organi ¢ peroxi de based craggs-1inking agent may be
excl uded. Type C. For the main nmaterial, this type nay
include a variety of synthetic resins 5 such as an

EVindaase fesin agnguol yet hyl end.Wased|resilii> a natura
rubber, or a synthetic rubber such a$ styrene

but-adi-ene'+ubber—(SBR—poty=butadirem rubber (B

nitrile rubber (NRB), polyisoprene rubber, butyl

rubber (IR), cliloroprene rubber (CR), neoprene rubber

( CRype BPDMsriyibrclasgifibd ingo tiipk drded m®R52achlyltymeb afopts an

(AR), Urethane rubber (UR), and silicon rubber (SR,

BV A&aSed #Asifi 081 Bginageeatal aad dichsiss polykthylgnearyeint amquigdhe wetsty of
a variety of fillers, 10 and functional additives are

synthSfd RGhé Xed Yubadeedk]] Ohahansimiyxie tyietB slopts thepaiyctbylene resin
materials. This type Cis classified into type d,

as a fran nferiaCAn@ R 1ES: thyBFARst Eresih RS a bylp@adala ttirt@Fmore, similar
I nclude at | east one of a variety of natural and

to théﬁig}feh&t b GodHBlzEntas cossBuRingRget] plgmeana variety of fillers, and
additionally rnclude a foam ng agent, a cross-1linking

funcPIEMNaditREOTE Misotivaly U8dddghts afd mbieli veihshe @A 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, 7.0 - -
pigment Pigment 0.05 0.05
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15

functional additives as a sub material. 15 Table 3 of
Types A, C and C3 (unit: Phr) Use Material of
Compound Type C Type C2 Type C3 EVA resin EVA (VA

g 90.0 50.0 EPDM 5.0, rubber LDPE (
é@r@?gﬁ’y”&)l yet hyl ene) SBR-10.0 EPDM 20. 0 |F!J-(g.ﬁy6m"°4’°“ls°9

Synthetic resin AC based(Cl, C2), DPT based(C3) - 30.0

f oam ng agent DCP (dicumyl peroxide) 3.5 4.0 4.0 WO
2005/ 063864 PCTI KR2004/ 001809 27 Cross-1inking MyCO3
0.8 1.0 0.9 agent MgCO3 15.0 15.0 40.0 filler clay -
- 40.0 paraffin wax - - 1% 0 zinc oxide 2.0 1.5 -
additive stearic acid 1.0 1.0 1.0 titaniumoxide 2.0
3.0 - Table 4 of Types C4 and C5 (unit: Phr) o

In case a composite material of the type B2 is foamed by an electron irradiation
method, DCP (dicumy) peroxide) that is a kind of organic peroxide based cross-linking agent
may be excluded.

Type C: For the main material, this type may include a variety of synthetic resins,
such as an EVA base resin and polyethylene based resin, a natural rubber, or a synthetic
rubber such as styrene butadiene rubber (SBR), poly-butadien rubber (BR), nitrile rubber
(NRRB), polyisoprene rubber, butyl rubber (IR), chloroprene rubber (CR), neoprene rubber
(CR), EPDM rubber, polymer blended NBR, acryl rubber (AR), Urethane rubber (UR), and
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 (dicumy! peroxide) 3.5 4.0 4.0




Mat erial of Conpound Type C4 Type C5 SBR rubber 30.0
- Neoprene | ubber 70.0 100 Carbon Black 10. ZE-OSIL
10. 10.0 Tellus-o0il - 23.0 Stearic Acid 5.0 1.5

in-0il 30.0 Diethyl thiouria 2.5 WD
%@%@é& PCT/ KR2004/ 001809 28 Zinc di metfyyR2004/001809
di t hi ocarbamate 1.7 - SRF - 10.0 day - 5.0 MO 20.0
3.0 ZnO 10.0 - Sulfur 1.3 0.2 Blowi ng Agent 9.0 10.0
First Enbodinment FIG 1 illustrates a manufacturing
process of a cross-linked foam having nore than one
internally-formed surface gccording to a first
enbodi ment of the present invention. 5 Materi al
preparation: Three sheets of filmtype nmaterials 11

Cio&-linklngl ® and 11 e, which are cal endef-nol dedjat a
foam ng rate of 138960Aare cut tjo hése the si¢e of 09
t Bigknesy 2mm

MgCOs 15.0 15.0 40.0
fifler
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 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. - -
7E-0-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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wi dth 100mm and | ength 100mm Interfacing pattern
formation: A silkscreen printing is perfornmed on both
sides of the first filmtype material 11la anong the

r ets of filmtype materials Lila, 1 n
%2?0%/0?%34 Interfacing patterns 121a and 121#8533300%001809

printed on the first filmtype material 11 la in a

t hi ckness of 70 microneters by using a

ur et hane-resin-based ink and the resultant structure
is dried at a tenperature of 60 degrees Celsius for
15 mnutes. The interfacing patterns 121la and 121b
have five-striped pattern shapes each having a wi dth
2mm and a length:50mm and each of the five-striped

ZincREhteyiniishepesmae ¢ spacet7apart {rom each other by a
di stance of 8mm WO 2005/ 063864 IPCT/ KR2004/ 001809 29

Foamng-process—HHo—1—shows—a ,uuplcbﬁlqp Press
crosssﬁﬁyked foam ol ding nethod. In thrs nmet hod} the
filmtype materials 11 Ib and Il }lc are joipned tolthe

top ar@ay bottom syrfaces -of the filmtyp&Onateria
11la, respectively, thereby obtain a comnbination |110.

The weight nf t-he CUITUI T d ot | STHhEasur—e i CUIUI t e

conbré%@?on 110 i$ injected intola 5 cavity 131 of a
nol ding die 130 which has a width 100mm a |length

T00mMmz@amnd a depth 6mmigkhen theé conbination 110(is

heated and pressed for 480 seconds at a tenperatufre of
150 _to 1Gn HQHFDD C undor a .. nrroacd

o ae T PT TS 3 t—e Of &rGKgIIL,”ﬁ
such CRE¥ the filmtype ndaterialg 111a, %1 I'b and | |
Ic are cross-linked and foaned. Thereafter, the

PT EiSMng Agent’ €l eaged, and.osequential |y t1ed nol ding die
130 is qurckly 10 opened, thereby foam ng the

conmbi nati.on-110 t.0-f abricate-a—feamt40—At—thts—ti ne, .

the foam 140 is foam nolded in accordance with the
shape of the cavity 131 of the nolding die 130.
Theref PhBedilnB® | nternal l y-formed surfaces 142a and
142b each forming the inner cavity 143 are forned at

t hepjcntienRAkA tan ARFdcheRg @focan df Asieke-1iiked fohmthaeing osume than
140 correspondingly to tﬁ .
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,
\rvidth 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 11laina
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 3mm.
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Therefore, the internally-formed surfaces

shape of the interfacing pattern 121. Since the
interfacing pattern 121 are consisting of the 15
five-striped patterns each of which has a width 2mm

I th 50mm five upper and |l ower inne
F8IRosBR3 e Tormed i n the Tnside 141 ofFCHEPHHS

wherein each of the internally- fornmed surfaces 142a

and 142b is a tube type having a dianeter 3mm and a

| ength 75mm Due to the distance of 8mm anobng the

five-striped patterns, there are fornmed nenbranes,

i.e., a cross-sectional portion between nei ghboring

striped patterns 141, each of which has a width 20 of

12mm The internal ly-formed surfaces 142a and 142b and.

t hBodnflAE foraass: tHIGS 1 1shdwa racconfporssion-prass tohassiokash foam molding

irrespective of the shape of the cavity 131 of the
methd®| B 88 Hét0od 30: fbuttyfeagatedale Ot Yrehmat | v awk fdingchie the top and

interfacing pattern 121. The foam 140 has a dinension
bottoR suMht Rf tHOSMMyp8 thaael N 11HQemprctiaely, ehetddly clotaés s chBhimntion

WO 2005/ 063864 PCTJKR20041 001809 30 Second Enbodi nent
110. ThGweZni bt U8 LhRbBSHcH FRRUAL] biid he cPmbiaike 1) iainjected into a

cross-1inked foamaccording to a second enbodi nent of

cavit HDY% ?LII £38Mind B0 Rfeh TS FREONOD:EHDS WnFeNt00nsn,2nd a depth

cation of the 5 first enbodinent in which a

6m1n.|d ﬁﬂ%@élc@%ﬂn‘ﬁﬁ%ﬂ PiELNRhkY 2dPHERED FaH 438Ges0nds &t 4 REupedture of

foam terial Preparation: Three sheets of

150 tx\,%é ﬁ?gﬁl%e:](? :}%ﬁ%} d]?r(]:;sﬁre c% 31351(%/@19@ sl GiaPhe film type materials 111a,

I'njec at a foamhg rate of 150%

111b}155‘cf§1[1fc§%i ?&sﬁ%ﬁcéﬁ%tﬁﬁﬁéﬁmi on: Each surface of the

Secon e materials 10 211 a and 211 b

ot DareEe 5 Brstif s el B sRREaREG AR oY A 1H0R quickly
b SR g S A TS, e S48 s o
0 B SR R SRR, BTIM361 8998 ok B8 10

G LChe AVt e dh L el ll&fa a%m@t;rgaech forming the inner cavity 143
are formed at the intermediate pc;rtion 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
inner 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 2 length 75mm,
Due to the distance of 8mm amorig the five-siriped patterns, there are formed membranes, i.e.,
a cross-sectional portion between ngighboring 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 cavityl 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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second interface 222 is forned on the second white
material 211b, and is designed with 15 sixteen circle
patterns each having a diameter of 2mm The interfaces
0 @l are printed by a thickness of ZIQCT/KRZOMIBOISOB
nicronegers using acrylic-resin ink, and the
thermal -dried at a tenperature of 25 degrees Cel si us
for 30 m nutes. Foam ng process: In case of injection
nol ding, the third material 211c is inserted between
the printed surfaces of first and second materials 211
a and 211 b, thereby formagg a 20 conbination 210.
Then, the conbination 210 is disposed into a nol ding
die 230, and the nolding die 230 is closed. A
bl ack-particle-type material 212 is injected into a
resi dual space 234 of the nolding die 230. The
bl 8edend@nibbdihent ype material 212 is heated, softened
and nelted in a material injector 232 at a
t ePREr Atlufseatef aSfrhutichfify degrsest Cetosi-liskedcbam eacparding to a
31 injected. Thereafter, the conbination 210 and the
secorﬁ%ﬁ%%tﬁien%&h@ﬁr@sehﬁﬁf/ﬁﬂoﬂﬁﬂw pe@ad edbddmemt20a modifionips of the
at 170 degrees Cel sius under a pressure of 6.5Kg/cn®
first SiboBEndnPinRHBRRE EnbRlaperéDiaminly-fRmed eatacesTire featd Brthe foam.
the pressure is released and subsequently the nolding
die 230 is quickly 5 opened, thereby obtaining single
foam 240 having bl ack and white col ors derived from

UG 10t &'&Wrgﬁfdineﬂ 2iQe 3RLtdTBE Shitd@lmattdls e, otmaad@llc are

has First second internally-forned surfaces 242

mJecfa%n—méﬁgdZ%%rfg%H@ﬁ'rﬁ 6F15p9yi ties 243 and 244 in an

oam 240. The first interfacing

%tg{;f%c 112%2)1 ttt%ﬁ'lnl% LHLE dﬁa@{ 18R BF AR SloUAANsondYBte materials

erla 11 a becones nine first

211"1&1‘%% eIIS p {Jl%éntggo l%uréffﬁ‘?%n@ge\ébﬁkgm rﬂi’hﬁé? atffnsIPN8002A The

een secon I nternally-fornmed

first fn%gagtgge QQZ{%?H ?ﬁ g%gx %neﬁrgtr Wi fe n%{fgﬁa@ﬁ?l a‘c 2 dBA nine doughnut

nterna med Surface 245

type %gtgqrgéeralpﬁg hru% Ss%%?@%eghc?r%@ha@%ﬁ r}ig,dmﬁ&gf &F ﬂﬁmzag%nged at the

center of the doughnut type patiern 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 haviﬂg a diameter of 2mm. The interfaces 221 and 222 are printed
by a thickness of 20 micrometers using acrylic-resin ink, and then thermal-diied 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 an& 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 21-2 is heated, softened and

ﬁelted in a material injector 232 at a temperature of 80 to 100 degrees Celsius before it is
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Third Enbodinent 15 FIG 3 illustrates a manufacturing
process of a foam according to a third enbodi nent of
the present invention. The third enbodinent is a
nodi fication of the second enbodi nent. Materi al
Preparation: Two sheets of materials 31la and 311b are
extrusi on-nol ded or cal ender-nolded at a foam ng rate
of 150% Each of the naterigﬂs has a wi dth of
40i nches, a length of 10 yards, and a thickness of
2mm 20 Interfacing pattern Formati on: Peanut-shaped
.. t Sl t ir. i
injectf T réh?ce;s,?tf{e g@ﬂ%%ltg ﬁlq) M tgel gl?ir{e aP lg A9h8%eind a%rgsesgd for 420

circles eac as a er mmare arr

scconfly i D (ERBE AN SRERuAe BE MY Sori R repae for a foaming

centric circular opening having a dianeter of 2mm

ProcCiSach of the peanut-shaped patterns are printed using a
epoxy WO 2005/ 063864 PCT/ KR2004/ 001809 32 resin-based
i nfhenaftdrethicipressunees ealéastd and subshqusioty she wpldigg die 230 is quickly
mcronmeters wwth a margin of 10nm fromthe

opened pthardhybidining aithld efar 240 havigh blavki @b betiteneplors derived from the
peanut - shaped patterns, and thermal- dried at a

combin8AREL Y WhE RitePll 09T BRS ek 240 hak Hrstlard sdRUAL $nternally-formed
Foam ng Process: In case when the chem cal or electron

. DY _ . _ : t e
surfac'gﬁ Qi@% 'a% g?g f 1 elH% gi}rf[eg P%xgtl%%ﬁa%gi %%{ﬁp%}?lﬁ]?gig %12 o?rthé.?koam 240,
he TRt 25 L 25 S oSt 3 8 it

Al ternativel g/ a sheet type material rather than the
211a bgcemss ningt fast wternpllyfgrmed syrfags hevings witkh efi pmae andhp diameter of
the first material 31 | a. Thus-obtai ned conbi nati on

- 9mm. 3% xtéen secaphinénnaliy-foleed swifrgerd4drhavimgoa matatergpef 3mm are formed

process in case of chem cal cross-1linked foam nol di ng

insideand. | The B&ofid eReallpforhedaurRbe s afe d&ivedrfosth akéddd interfacing
process in case of electron irradiation cross-Iinked

patterﬁsoﬁﬁ‘ﬂﬁﬂn%i}g%cigé@gat%bi nation 310 is heated and then

Cross- tenperature 180 to 200 degrees
Cel sius through the

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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chem cal cross-1inked foam nolding, or irradiated by
el ectron beans and heated through the electron
irradi ation cross-1|inked foam nol di ng, thereby
&S Todddssig t he conbi nation 310 to be foaned ,ﬁRﬁﬁ
i nside 341 of a plane type foam 340 which isp?%ane /001809
uniformy and 15 continuously in a thickness of 6mm a
peanut - shaped internally-formed surface 342 that fornms
an inner cavity 343 having a |l ength of 9nm and two
col ums 345 each of which has a width of 3mmin
bet ween the inner cavities®43 are formed. The
peanut - shaped internally-formed surfaces 342 are
~spaced apart_from each other by a distance. of 15mn1%q
resinbpsed iipksqrie st material atgribipkness, o4 4P IRt edihia g of 10mm
foans fornmed by the above-described first to third, .20
from gienerdindeettemhmddetinahaght ngighkqringganuishpped paly ey aud thermal-
i ndependently fromthe shape of the nolding die.
dried Ebmeme@m@é/ Hedeereni g 9B 63BEWISCTI KR2004/ 001809 33
This fourth enbodinent is to provide a nethod of .
cofpaoingi Frgcess:elns oase viren the| cipmicel or glegpeir dradiatign mgfhod is
inner cavity, formed by an internally-fornmed surface
adoptdthngeandmaterial i 1tevherothe psitrape¥l] areititprioted i tpmperpiily joined
' enbodi ment forns the interfacing patterns by adding a
and aftehed fegthe Ageniatetiol 3hethravgh ricampregsionatol mnd the(likpid tesentiyely, 2
to efficiently control pressure and volunme of the 5
sheet@jpe tha@ye rithertihen thaseondavtetisl. 312D s atethefldathernyriagpeodtthe first
bl ended with the foam ng material is desirably the
mateSAME 18S Thus-S6@RBd chabifithg detprempddainntad siep prive to a heating
printed filmin a way of a kind, a grade and a
proced€ GORO BT bhediicdl pReTiakddr Bam anéldinp ase it We figapidrgo an electron
agents are sinultaneously deconposed at a
irradiPi GASbEENINNASE JrermasindiRtionseh-fnradioag aadig. THe dohibiation
~ enbodi nent is an AC based 10 foam ng agent having

310 @ROHLLAHDANANEEHAS 8t AMBLcRARNP PSP 200W¥pfebs Talsiug through the
deconposition

chemical cross-linked foam molding, or irradiated by electron bearns 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 6mim, a peanut-shaped internally-formed surface 342 that forms
an inner cavity 343 having a lel’léth 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.

Fowrth Embodiment
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tenperature of 152 to 158 degrees Cel sius and a gas
generation anmount of 160 to 180 m/g. The first
foam ng agent bl ended with the foam ng naterial and
foam ng agent contained in the i.nte
[ ez&ﬁsg):&%ﬂgi mul t aneousl y deconposed at a pr egi;c{@{ry%gor?ggww
tenperature such that a predeterm ned anount of
gases, such as nitrogen and carbon di oxi de, are 15
generated. Thus, the inner cavity filled with such
gases is fornmed inside of the foamat a position
corresponding to the intenfacing pattern. The
following table 5 shows a conparison of vol une and
repul sive elasticity of the inner cavity and a
S PEEis Fieth@rdeiiinenoil tf mavide amethod picontrelling prestuireand volume of
contents of foam ng agent in the interfacing .
a spad®ed. &S dnahiSer cAfty] Rplned by at hidmediydemed fsuifeahivige aged varicty of
contents on a foam Foam ng Agent Vol une of | nner i
shapelRe RPlilisioKAly, Eoasmbengkityfolngy te ifarfitcant fgmCayi adiiipg (adeBping
El asticity (% WO 2005/063864 PCT/ KR20041001809 34 0
agentQo 2R 133238l maRrifl. (Bk) do B2t05Bfici@lyRoRiPol 2r&Bur @nd-v@humd of the
illustrates a manufacturing process of a cross-linked

ir lae LA Eee di to a fourth enmbodinent of the present
ar a)ltenventl on. l\/igbtgerl al Preparation: Four sheets of

gaheﬁﬂs?%oﬁmﬁlgtzl nt WdnRd wthige 8RR irklbstedd @s Baiabig thebsaate as a

oam ng of 150% and out into sizes each having

second, Eo%ﬁ;ﬁ%a%%ﬁt Ot 18 pMneiahamf in 20040 andnd d gt hnd a

decomposition temperature, and those two foaming agents are simultaneously decomposed at

a predetermined temperature. Such foaming agent of this embodiment is an AC based
foaming agent having azodicarbonamide as a main component, which has a decomposition
temperature of 152 to 158 degrees Celsius and a gas generation amount of 160 to 180 ml/g.
The first-foaming agent blended with the foaming material and the second foaming agent
éontained in the printed film are simultaneously decomposed at a predetermined temperature
such thatl 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 compatison 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/ec) o
Content(%) Cavitly (Cm®) | Elasticity (%)
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Interfacing pattern Formation: Stripes, each of which
has a wwdth 3mmand a length 80mm are arranged in
vertical and horizontal directions with being spaced

her by a distance of 20mmon a s f
Pﬁgﬁ%ﬁ$g%£naterial 41 la. A designed patterﬁ&%?éﬁmgymn&m
i ncluding 10 such stripes also has circles of dianeter
5mm at crossing points of the stripes. An air passage
413 having a width of 2mm and a I ength of 5mmis
attached to a bottomline portion of the designed
pattern 412. Usually,.thezadesi gned pattern 412 is
screen-printed using a rubber- based ink so as to form
an interfacing pattern having a_thickness 70m. and

then dried. Fodréng Process:1.3fhe second taterijpl 41 |b
i s disposed on the printed surface pf the 15 first

rat-er-at—tti—argnd—thethitgpandfpurthsgmaterf al 41
jgnd 411 d a#% sequential I'y 'di sposed on a surface
of the finnst material 411la oppositelta the printed

sugbace, {heret2Xonpl ¢ting 270 conbi nati &h 410|
Thereaftern, the conbinftion 410 of the first tb fourth

mtaori al.el411a- 434944 H o
T TLAL

efrt+at-S—4Arra——4110 =SS0t pUde Ttoa CaVin of a

nol di ng die having a depth of 10mm a wi dth of 100mm
and a length of 100mm and then heated and pressed so
as trcbe ifwaseda mAacfrdiing pyocess vé arceessilinket 038 acpeding to 4
410 has a thickness of 15mm a wi dth of 150nm and a

fourth 8R8Idin@#h 0B pREenAmventioar nal | y- forned surface 443 of
the foam 410 has an air injection passage 445 inside
of MdIGial PRFAAcrAFoeRds sifmaerhlsvEas,urléal 41l omdetidd afelouned
444 of the form 410. The inner cavity structure

at a fﬁﬁgfng LEE Qs DYook Red kit igfonades Wadhokaviyg asthickasse 0843 3msmraveilth of
as alr passage. The inner cavity 5 structure 442 is

100&@@[{@91&@&%@@1@ of a width of 120nmand a length of
120mm respectively. An air injector 450 is connected

t 0 108 Al pRBRIRURaAD S1rBE eAdH of Gihi @Ik @PFIdAE 3nm and a length
pressure i's 1njected. A'portion 546 of the resultant

80mth oa@%gﬁgemqeﬁicﬁ dRotizddM 96t Ronéwiih Basg PRrssdtb dash other by a
cl ose y an attachnment 460 in such a manner of

distal\%,]%leotrfie?,gx?}n1a6ﬁ AGHERDL: Bk MERal R AURNCY dedllAGRARBAI412 including

desired air pressure spaces are obtained in
such tstpl%esl A0 as GRS of dteter Smm at crossing points of the stripes. An air passage

<413 having a width of 2mm and a length of Smm 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 surfaée, 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 IOanm and a

length of 100mm, and then heated and pressed so as to be foamed. Accordingly, the resultant
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10 Fifth Enbodi ment This fifth enbodinent is a
nodi fi cation of the fourth enbodi nent, and provides an
ability of controlling pressure and vol une of a space
formed by an internally-formed surface. FIGS. 5 and 6
show manuf acturing processes of a cross-Ilinked foam
according to a fifth 15 enbodi nent of the present
invention FIG 5 shows a stg4icture utilizing a single
check val ve 532. When a pressure 510 repeatedly
presses a foam 540, the space (the inner cavity)

foam b 96 ARG MYckh&8 of A5k Al S1138Fhm 24 4 E%gtg%l‘l’g 561, KR internally-

and then subsequentl'y an external air
i;nt rodu i h faorned by th .
formed MBEL PP of B Rl 319 S B arSTER TR AR 445 i gf i foum at 2
530, and the check val ve 20 53 t here coptrolling
depth érame@eweedaﬁamv% S e AT Y ‘P r e Be BgneF jgavity structure
internally- fornmed surface 542. FIG 6 shows a ] ‘
442fosmed) &y uthe internallyifagnedisudareckddy atrvess a5 32 pasagsadhe ppner cavity
anount of air less than that of air introduced through
structaref442 ¢ focined kn thalsize FA2vidth di 120 getla 1dhetnoft 2éntrineespectively.
space formed by the internally-forned surface 542

An ait Mj8EIN450 ReERMdctad fto PIRS SinPasIE: 299 54{I0B8%4 appropriate pressure is
PCT/ KR2004/ 001809 36 536 and a second check val ve 538

i S SO LSO PTO RSBl APBJ3ACR0 o e s

Therefore, the ructyre having.,the.tw check valve
closed 355, M) i shel] § mBacE e raltybe @R o, Hgh-frequency

t han thaL of FIG 5. In the fifth enbodinent, nore
attachment, Whstebyidesited adryessurs spages Ppeebtiined Hethe e cainty 442

vari ety of check valves are attached 5 to the air

passages, thereby obtaining the foam having the

i ncreased buffering abilities and the air

s UEffihndihbbdmbatr ge functions w t hout arrangi ng an

additional air bag or punp in the foam Sixth

Erppdiffidmbodiment 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 fo 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 infroduced 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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FIG 7 illustrates a manufacturing process of a foam
according to a sixth enbodinent 10 of the present
i nvention. The sixth enbodinment is a nodification of
enbodi nent. Material Preparatio
?Rﬁmstypeg materials 61lla and 61 I b are om0z
cal ender-nol ded at a foamng ratio of 200% Each of
the first and second filmtyped naterials 61 Ia and 61
Ib has a width of 40inches, a length of I Oyards, and
a thickness of 2mm Interfacing pattern Formation: A
desi gned pattern 621 that 36s the sanme as the 15
desi gned pattern 412 of the fourth enbodi nent is
gravure-printed on a surface of the first flln}tfg db
536 andht excbad ciBdl valvad3 %dtnmgéh@rieffgnttﬁﬁﬂ%@?eé%ow eyspﬁ“(? med oy
m crometers using an epoxy- resin-based ink.
the inpatallgrfornGa Suifscesac dherfrat, tthe saeis krvingdhe §W%Fh€t6h qalves 532
first filmtype material 61la by a distance of |
and- 588 edntrokcheTbregsuRy ooessfficiditly barhadofHICmSt yipés fifh wppogiment,
61 | b is attached to a front surface 20 of the first
more ftah Bhé ¥ip pehsamRt avei fatmedlia thevibven,and headsy of pleegk yalvesey fpattached
621 is printed using a pressure roll, thereby formn
to thediiGRARAbdRatht @By Obtainligy thd foah havidg e domehséd buffaripg ebilities and the
materials 611 a and 611b. The conbi nati on obtai ned by
air sukm&:ﬁ&@é Yon8fidi@Ghtinag: drheginpiresdditionsllxitbagror phep in the foam.
printed surface of the materials 61la is foaned by a
chem cal nethod or an electron WO 2005/ 063864
PCT/ KR2004/ 001809 37 irradi ation nmethod. The

|ng§mpg&ggm£@ﬁmﬁd surface of the resultant foamis
| mosT the same as those of FIG 4. Furthernore, the

al Mednkise losQs bhefosMRca8inghdh siafh dnfbediment
fom({t}rﬁmﬁ%%gla%t asL dgegllcrl %ed in FIG 4. 5 Seventh

of thfhﬂps%gﬂ Hg{}hgg | e Sxth leb"d@&ﬁi@ﬁﬁ% Aoifieffml df ks ftoafibodiment.

r ventil ating stricture to |n‘prove a

T
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 10yatds, 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 611b is attached to a front surface
of the ﬁi'st film-typed material 611a where the designed patfern 621 is printed using a
pressure roll, thereby forming a combination of the first and second film-typed materials 6112

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

printed surface of the materials 611a is foamed by a chemical method or an electron




10

15

20

i nvention. The foam manufactured by the seventh

enbodi nent has an internally-forned surface form ng

an inner cavity structure that is capable of sucking

' ging air. 10 Material Preparation: &\pﬁml

ﬁ?%}bstﬁgﬁggﬁrmteri als 711a and 711b are cal en er-m0%4é031809

at a foamng rate of 150% and then cut into a size

having a thickness of 2mm a width of 100nm and a

| ength of 100mm respectively. Interfacing pattern

Formation: G rcular patterns each having a dianeters

5mm and a thickness of 5@7microneters is forned on

the first filmtype material 71la by way of printing

15 a rubbery ink. The circular patterns_are di sposed
irradibtfontdehgdariye iobrndlg0fomed 8bemefXnaEmHEHORR 1%&%?&3?1536‘?" as

10mm from the side edges, and spaced apart fraom one
thoseai@Tdney. Bythartirs the eie injofion 0@hed istrleo Peispreds dat gijbg ourth

patterns becone an interfacing pattern 712. Foam ng
emboBRsessdesdibseFId. £i | mtype material 71 |b is attached

to the first filmtype material 711 a to cover the

printed interfacing pattern 712, thereby fornming a

conbi nation 20 thereof. The thus-obtai ned combi nation

I S skl tBebdnt@ a cavity of a nolding die which has a

depth of 4nm a width of 100nm and a | ength of 100mm

andriEh g AndshedDgisnehked SaprAsiag an aianehtiemg strodrere to improve &

conbination to forma foam 740. After releasing the

' & ARG nhBalermbiMity h&stitaita feoaith dbodimsntaf the present
bum?ﬁ??&ﬁ%@s of HGrT?TI]SBHzgl W (13It¥h of Efgmn and a |l ength of

cnvert2 MM 38 am TREN BRHES! by Bhd ek feaiboBinteht @8 Mo lianma#2formed
each having a dianeter’ of 1nmfroma foam surface to

surfage?%%ﬁ%g o %la%’%a(f% E'Eﬁ[%uﬁélﬁlfaﬁg @apgﬁié of FhRink R M bing air.

I's” sevent h enbodi nent has not only the

i/vin El\ﬁgt?rﬁag h’%&albajaﬁgﬁ‘.r%o H—%%mﬁ%ﬂalpﬁ 1238 91 C0AH RISndefolded at

€a range o mnmw dth and 120mm 5

a foalgﬁgg}r%é ggigée%,o Ind B€n %84 Hlf[)nﬁ sibé @aﬂﬁ% 2Rk AR Le e, o/ Wiith of

apart fromthe nei ghboring colums by a
di st ance of 1 nn vities formed by the
IOOn?lmeugf ?’1§P$t§ of g g, respectivefy?

Interfacing pattern Formation: Circular patterns each having a diameters S5mm 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 10min 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
matérial 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 2 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 émm, a width of 150mm and a length of 150mm.




10

15

20

surfaces 744 are connected to each other. Wen a
pressure P is applied froman external source to the
foam 740, an air 750 in the inner cavity 745 is

di scharged to the outside through the holes 742. On
the contrary, when 10 the pressure P is released, the
shape and vol une of the foam 740 are restored by the
restoring forces of the cotginms 746 as sucking an
outside air 752 into the inner cavity 745. According
to the seventh enbodinent, it is possible to

TheredB&Y aaGineh Sofnd ARE: WORE 742 eRANBNMGE PldiaGk BY18m from a foam
di scharging air only by the contracting/restoring

surfacdGh ggq}rt%alﬁ}hforh%g%faé@l%gh is controlled by adjusting

the volune o e Inner cavity and the size and nunber

of 15 ,hol for.air, . sucgtion and dj scharge. It i SO

0 odBF Pah ORI Y i etai et R R B corty The ntermally-
I'ti-layered structure and a second internally-formed

formed Fupiages Hobyicdse SABMEY7Hasatohe Bra rangmet Ammigidth and 120mm

internally-formed surface so as to insert a thin
lengths y faple off dhe eslumns| Zitehisna alianstpaof 7nfnorand ds patddeapart from the
second internally-fornmed surface. The foam
neighboaingf @hiniselsy Histdnee s£Y&HAID IneeRAdIHEE Mrndbydfie aRBnkRE formed
wi dely to products which require shock absorbing

surfack@T4£Pe 30sheRied 18 add&liGabI 1 i ty, such as shoe
conponents, protective equi pnment, bed, chair, bag,

S Tl R B S5 S B, a0
e SR BRI SR ToRZAS. B by, whe

enbodi nent, the sane or different materials are
the presgatedt is gelpaned, the shapeand ol ofithe foann 740 argirpstored bydl restoring
surface having a variety of shapes. 5 First of all, a
forcesfod fra @UGnnss746eas sheldhgiaedutbile aing 52 dnto e amaadivive A4S,
shown in FIG 4. Thereafter, an air hole 847 having a

di aewk@hg @ tHdEBveRthmIIRHet0it a8 pdisible b SdnbPRAPAIBHE 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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845 that is connected to the internallY-fornmed surface
842. The foam 840 having the air hole 847 is disposed
into an al um num nol ding die 830, and then a heat is
applied to the foam 840 at a tenperature of 30 to 40
degrees Cel sius. 10 A pol yurethane solution 820 is
injected through the air hole 847 and the air
i njection passage 846, suckgthat the air injection
passage 845 becones a pol yurethane solution injection
path 846 during the pol yurethane solution injection
Pr @¢@S S . illBfabdsCa Infin@fictiRBig! 1BcesP AUfYH ERLNARNKS RlaHE h&@Bdrding to a
820, the polyurethane solution is blended with a
. . . n | .
cigh QBRI R Preh Bl Ilent RO E LT SREKARNRAE e same o differe
a,ratio of ,1:3 at 15 a hi.gh speed .(ippel | ar .r . .
materf ik ifeflpd s Sackdodacd ALt P bniPhBen SircisBfaio a variety of
solution 820 has a weight of 25g that is determ ned
shapeg,y mul tiplying the vol une of the space, i.e., the
inner cavity, fornmed by the internally-fornmed surface
84Pirgtraf a8, o deam 840 ¢y momufycturkd doyrthe figpirth emntrelimbhteshded in FIG. 4.
mat eri al of the pol yurethane solution 820 and the
Therepfddry at hie thola$47dhqvii gy o Uiantetdrijfei@imds pirthed tden kitfifection passage
cavities 842 through the air hole 847 and the
845 tHAP1sYIOLBEIGNS RO Lritérh QY- Fohinge khndhkedAoP At BAR §4§Eltg€ihgtﬂ'i¥?air hole

bl ended material injection, the foam 840 an
Y . Al far about.
847 is eREE S R R ie o8, il %0 Boagy e o the foam 840
appl yi n a dditional ly, and then the foam 840 is
ata“#ﬂ§%ﬁ§F8883$ﬁﬁﬁ?é@%ﬁ%%ﬁggpﬁg die 830, thereby forming a
conposite foam 850 integrally interconnected with the
yaeharethane sohdionf3fins inje thopmhikage hole 847 and the air injection
PCT/ KR2004/ 001809 40 the cross section of FIG 9, a
passagedi#pogich ¢hat threeair ingechienl phsaygr 845kcomes a golygrethahe ashation injection
pol yurethane 853 is forned in a grid type structure in

path 846 | diginge t1b Dhobfuréthenef @8RNiBRVinjddidn BfdcEssSNaBefbre injecting the
inner-fornmed | ayer 854 is disposed at a depth of 3nmm

plra AR 1205 S 35 S, RS g e s s
contailrlilﬂg 15%%9?11%?6' Igrgpolymer, 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 8 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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5 inner-fornmed | ayer 854 has a dianeter of 4mm

According to the ei ghth enbodi nent of the present

invention, a variety of nmaterials can be substituted

WU 200R3RQ! yur et hane. For exanpl e, polyest erP(,oIerR2004/00%809

pol yet her based urethane material having a variety o

densities and nol ecul ar structures can be utilized.

Further, a variety of plastic resins, a natural

and/ or synthetic rubbery material including urethane

rubber, 10 silicon rubber and | atex (SBR, NBR, BR

Acryl ate Latices), a plast#r material, a clay

material, or other minerals can be used instead of

t he pol yurethane. Such nmaterials may be iqjech@d‘ iqio q
the orefe Seplity oEAVPt Ped, compesifa dmer jfgmeddledy &Y qeHers @ foame

thereto, and fornmed integrally with the  foam
polyuretbene A58 45 fuened dmmnSHA YRS Srepieyin e ipgdsBH<ofi the frepy §30  The

conponents, or conpression re- nolded, if necessar
grid-ghapaddpenrrfornrd layenBed idispeeded meerth o0& 3manipm f@tlrfﬁcec%éé’é the

when an EVA based foam and a pol yurethane are. _
compositeefpaent 8. wiAHitiosadly, Srehermed pplaumdiarn 88% dfedin thgecomposite

pol yur et hane material, e.g., decolorization,
innerHymired|lysr 854 Iraetdemicter ofdnmosi on, and heavy wei ght, can

be elimnated such that a pol yurethane material having

a Acasideigyo dfe gightipembodisestnd tehaesot ievéndipn,csvagiety of materials

effectively used. As a result, weak properties of
can beBletitatsoate ilymptenenFedexafgit, polyesdrioy polyethamsbasgdeurethane
- nol ded even wi thout using an additional 20 nolding die
matedid) [RAC@OORRRE v ddnsitibeast muktulirestabtutdiecan aartiliead | Firdsr, a

and characteristics of materials injected in the
varielyT@lasSanekihs, @Satuldl b d16 syn i kiBdy fatrgaldhclodtgnethagnabber,

costs can be reduced as conpared with a conventi onal

silicomBtiReaihek g (IEra MR BRI R4te Dhtid¥EY £ plagtkSm#teital, a clay material,

i ndi vidually nol ded and attached wth each other

or othd? PHERIs28n 3AAkdd ARG PITQE ?§I§urebﬁ@1@2 08&h06286dAs may be injected

PCTI KR2004/ 001809 41 A followi ng table 6 shows a

. into 1‘?19 ThRE !c%ﬂe@ﬁns%&??d’iﬁédeér SaclcQBESIo! Bnd fRHSd hlieeAE, with the

oam wi th the pol yurethane injected into the inner

foam® %lﬁi}ﬁtﬁin&?fo%dcag)ﬂir&cjﬁ? HeNs&l RahdubefaPEBbnents, 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 inmer cavities and characteristics of
materials injected in the inner cavities. Furthér, manufacturing procedures and costs can be
reduced as compared with a conventional method where foams of different materials are

individually molded and attached with each other through an additional process.




surface of the EVA based foam A letter A denotes the

properties between the pol yurethane material and the

foam and a letter B denotes the properties between

Wsohoieydgs €t hane 5 materials. Table 6 Densigézr,@%gﬁgﬁog

har dness Tensile Tear strength Repul sive (g/cc

(Shore 000, type C (Kgf/CnB) (Kgf/CnB) elasticity

ASTM D- 297 ASTM D- 2240 ASTM D-412 ASTM D-624 (% EVA

based 0.29 52(C type) 26 12 41 foam PU(A) 0.38 60

(000 type) 4 2 3 PUB) 0.34 62 (Ctype) 31 12 33 *

Surface hardness is neasurdtl by using Shore 000 type

for the PUCA) portion, and Asker type C for the EVA

foam and the PU%B portion. 10 Ninth Enbodiment FIG

10 ‘f"ltgﬂ%‘i’li‘%tt@e WE PaOMPARTeg ?fr%%%‘éesd?f @mposite cross-linked
P crogs-linked foam according to a ninth enbodi nent of
oang With thepalnirethangdpiested into flegune SevitisBoeidehtheiintemally-formed

nodi.fication of the eighth enbodinent. In the ninth
surfach BH e Feift based Sagmnd letisel Adichetes B praparties betivscrathe polyurethane

i njected WD 2005/ 063864 PCT/ KR2004/ 001809 42 into
materighapd igyfopme gnd gr feiter Bydanhiss ithe erapaitiey beoremedhe polyurethane

surface,” and the injected materials are nol ded at
matejalsh the i nner cavities and the outer surface of the

f oam
Table 6
Density Surface hardness Tensile Tear strength Repulsive
(glee)  |(Shore 000, type C)f (Kgf/Cm3) | (Kgf/Cm3) | ¢lasticity
ASTM D-297| ASTM D-2240 |ASTM D-412| ASTM D-624| (%)
EVA based :
- 0.29 52(C type) 26 12 41
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

cighth embodiment. In the ninth embodiment, the same and different materials are injected
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Material Preparation: A sheet of white material 911la

is injection-nolded at a foam rate of 150% 5

I nt erfaci ng pattern Formation: A circle pattern having
of 50mmis printed at the center,ofth

?a(jtjdg%? 911 a. Additionally, vertical and ho('ﬁf zon&”q01809

lines having a length of 50mm are also printed inside

the circle pattern along the dianetric lines of the

circle patterns. The circle pattern and the verti cal

and horizontal lines are formed of a urethane-

resin-based ink at a thi ckAgéss of approximately 50

m cr onet ers t hereby conpleting an 10 interfacing
ereafter, thus-obtained interfacing

. pattern

nto nhef ggvities fgmﬁf‘& 1?3h hengierahly-sermat sarfaqeemﬁerrhaﬂmeeteéﬁnwms are
(ﬁgg es Celsius for 15 m nutes. Foam ng Process: The

molded prhqilythe gpney caviiey prethe H‘ételpﬁurfﬁ‘teélf tgfowdr ns is di sposed
into a. cavity of a press type nolding die, and then a
r esYlatgas Pé??&i%‘oﬂrf At -“r]iléetdﬁ\?’i’ftl’ﬁy njaderfal P]lads iijedonnislidediat a foam
partl cle type material 911b that has the sane foam ng

raie ¢fdp@%gs the material 91la. After 15 disposing the
material 91 la and filling the black particle type
ratlteifagingpattey, Fonnetiqer s sirdypaterntal igngliseerics Sthose diinted
and then the heat and pressure are applied to the

at theyegner iofiths n@ierial Ahid. AQitlitidpaliyh eemical ahd hofimanil tiges Hahig@lyngth
formng a cross-1linked foam 940. After curing the foam

of 5Grym =gt also [prinedtingdplhesiich pokapsohd g8, dikhsicdbieRion @k circle
foam 940 has an internally-forned surface 944a and

patte@44 Tht irole pgtten ahditier verdoal byd hdrbeiaNlitddake S mk o8 direthane-
al ong the shape of the 20 interfacing pattern 912. The

resin{badedrintlat yr fhtuiied SUITPAGESBIFVED hiGbmettsdlihfetiNanSler
portion 944a and a Ilf near | y@shaped portl ons %)2 b. Tr?eg o

interfidanpdibth Ny Mgrekine, thid-etaadd MrebRd: ﬁaté:ﬁ{ $18G8 NRAAA- R at 2
944b is punched froma surface of e foam 940 to

tempdraifa If @0 degteds el doALls ARSIt ons where the circularly
shaped WD 2005/ 063864 PCT/ KR2004/ 001809 43

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

patticle 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 911z 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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portion 944a neets the linearly shaped portions 944b.
Each of the four holes 942 has a dianeter of 2mm
Further, another hole 942 having a dianmeter of 3nmis

T a position where the linearly sh
g@{tlog§%§44b cross to each other. After the puncommmmw
process of formng the holes 942, the foam940 is
inserted into a cavity of a injection-type 5 nolding
die while adjusting the hole 942 of 3nmdi aneter to

correspond to a material injection path 946 of the
i njection-type nol ding died43Thereafter, a nozzle 962
of a material injector 960 is disposed to correspond

the material injection path 946 of the
Portiprh 19&% PG ts 1t Eineanly| Sirpeg Revéons A4dbit Hiach B e Gy dble9 ©42 has 2
different fromthe foammterial, e.g., a
diamgiep ok 2o b Fyeilier, mpether, hale 9iA jh@ﬂtlgdl diametegf Bhen fofzined at a
962. Thus, the material 964 is inserted into the inner

positim wasrt theekineagy iseaped otthves iYddteciosd toyedehrathed. sAftek alwepunching

944 and a residual space of the injection-type
process ol ifergpingj @e hafes @42, the theni PP ishisseitad act edaviat ef 4 Aljection-type
964, the injection-type nolding die is opened and the
moldirgadiei whitteadjnitiig dhe Asleshiowof BirnFtiametkd to tebBedpo@iNo a material
becones a conposite foamthat includes the urethane
injectiexs path i9%6 bhiehei injeetfonaigpt inbRitng Jible THERARANEERRI 962i0F a material
extended fromthe inner cavities to a surface of the

injecfop 260 Antispole tdIcirépOR] foabd MaRalliRRciSdH 8 944 & BORRLHon-type
15 along a shape of the cavity of the injection-type

moldiny dié, Rgd eHef .2 ridtetsad Ob4 QifRAs FORAME AP atedil] €61 Lﬁrekﬁaﬁéibased
as industri al components, Or conpression re- nol i f

resin\RGRR6Ed Yhrohgh theherzR bée Tﬁtiibafé}ﬁ: Iﬁgtmtuhe%@qg?r%&tédem PR inner

Further, fabric, non-woven fabric, naturalfsynth

cavfde?ﬁinlﬂ@dl by 8 %tEMQI%ﬁfonﬁ@cpmﬁ’ﬁce 58l a‘ﬁﬁta &&él %Eea&ﬂﬁéjm}egtlon type

the surface of the cool ed and cure oan1 40 or

moldM¥@' di€t YR Iﬁﬁf&ﬁlﬁé Bhe %1 §r1acf & bﬁ‘:e% 9%9% fo Jﬁ]eg die is

surface of the foam erea ter the s ace

opendORHN G Ro e 1 PEL 8fd9<§ ed ;angd. b hr?@l(? LR gl%él%rl%e%omes a Xomposﬂe

injected into t I Aner cavities for e

foam tﬁlcjrt Gk els XE&{]{?w{ﬁgﬁje lse?irn dlgccﬁ gx%ér % Qf:me ghfh@ﬁ) f rn%#r?sgﬂ?st oﬂ%ended

such that t I Njec erral i's exte
from H Rler S%Yﬂlets &R sv.tlr?acg rafmag 12 Be ureﬁlane R8N 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 necéssary, to reform the
shape of the composite foam.

Further, fabric, non-woven fabric, natural/synthetic leather, and rubber can be
selectively attached fo 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 inne_r cavities to the surface of the foam.
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WO 2005/ 063864 PCT/ KR2004/ 001809 44 As descri bed

above, materials are injected into the inner cavities
944a and 944b and nolded integrally at the inside and

W Rosvadchace of the EVA based foam This regil ks, hhoisos
aest hetic enhancenent and i nprovenent in adhesion
strength, product quality, properties and functions.

5 Tenth Enbodinent FIG 11 illustrates a manufacturing
process of a cross-linked foam according to a tenth
enbodi nent of the present invention. In this tenth

enbodi nent, an internally-#¢rnmed surface is divided

into nore than two parts in a wide variety of- shapes.

10 Mwaterial Preparatjion: Four sheets of flat-filmtype
mat &% fepdbedmbore, materinls, arelipieeied indmtheioner daities 9442 and 944b and
cal ender -nol ded at a foamng rate of 150% and then
moldsdtintegrelly at tisdpudhand ewjerssurfade efkthe & Aobaed Foam. Fhisi reiguis in
of 100mm and a length of 100mm The first and second

~ esstifehigenhandement gsdmpeavemint|is adlBdidm staength] Oibodiidy qaeléty, properties and

perforated to formtwo holes 1012 having a di aneter
funciggns2mm 15 Interfacing pattern Formation: A urethane
ink is printed on both surfaces of nmaterials 101la
and 1011b in such a manner that margins of 10mm are
arranged fromthe cutting edges of each direction.
Theleathdgsbeidatnton of the perforated portion is also
covered by the urethane ink, and sel ected one side of

matRGi al $uk@dits aanshulRdidg Tﬁoc@sfsi dTteLekost IRE® Byam hQOLRIGto a
an interfacing pattern 1021. Thereafter, thus-obtained

tenthi gnib@tifnRat BYtHeaiéseitindddddn.i & thalefthi @fbodfiRAM R Internally-formed
Process: The first and second materials 10ila and

surfaddid ki iR @nt@ il A€ 2Ml twPparts in a wide variety of shapes.

Material Preparation: Four sheets of flai-film-type materials 1011a, 1011b, 1011¢
and 1011d are calender-molded at a foaming rate of 150%, and then cut into a shape having a
thickness of 2.5mm, a width of 100mm and & length of 100mm. The 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. Thereafier, 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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each other, and the printed sides of the third and
fourth materials 1011c and 1011d are conbined wth
t he conmbination of the first and second materials
1011b. WO 2005/ 063864 PCT/ KR2004/ 0
#ﬂ%%@g@?gﬁ, the resultant structure is insergégﬁgﬁ?%a%ﬁm
cavity of a press or injection type nolding die 1030,
which has a width of 100, a length of 100nm and a
depth of 10mm and then heated and pressed so as to
be foanmed, thereby form ng a foam 1040 after cooling
and curing. The foam 10404bas a wi dth of 150mm a
| ength of 150mm and a thickness of 15mmis. Further, a
5 nulti-la¥ered internal ly-formed surface 1042 and two
Theysgitcasthy pranltayhyiTushireis dnsavest into aofavignnf 2 press drdujpeignitypetriveding
. foam_ Thus, the internally-fornmed surface formng an
die }(3fevhiehphas tyvigihof 4 0 a lengiht df-1pGywraed asiepth of ifrempdnd then heated
120/120/3.5mm Simlar to the ninth enbodi nent, other
and pigssef sapsto heanarest, thejaby tfethingw Gaanth4biafibecboling tdveouring, The
i nner cavities 942 and the hole 944. 10 El eventh
foanE o diasre widtE b S0R@n, jal length ofltS@snpandanifchedssiof THengD ts0 FRsEer, a
of a cross-linked foam according to an el eventh
muligtryerdd frerhallffotrel rieselt42 iany end heles 10ABilGvial @widtidler of 3mm
enbodinment is to provides a nethod of formng a
are formeden chenfomai dhas, theiheemddhiymi ofde Forfiac e hav daditRhas the
vari ety of curved shapes. 15 Material Preparation
multklayatd sndnse oD/ 1P813eTmhal Sinlilk té Sieafdh dhhbodiie®! Sther materials
i njection- or conpression-nolded froma white
can pdfjeéted Rtowmidedin theaNBdadtiePf 2080 G024 Of 170%
The first and second materials | | Ila and 111 Ib
have bunpy surfaces. Also, a particle type nmaterial
1112 having a weight of 20g is prepared. Interfacing
patgiefethisthQR: An enanel -based ink is sprayed on
both sides of The 20 first bunpy material 111la

exaqegt IPilmﬁéMnﬁ%ﬂa&tﬁﬁhéﬂﬁg&ss 8Pe ey B aIJE)?ding to an
sprayed ink

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 spréyed on both sides of the
first bumpy material 1111a except a masking portion 1113, and then dried. The sprayéd 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 111]a and
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has a thickness of 40m croneters. Foam ng Process: The
dried material 1l11la is conbined with the second bunpy
material | 111 b, and the conbination. of the first
and second bunpy materials 1111 a and 46 11 | Ibis
inserted into a cavity 1132 of a press-type nol di ng
die 1130. Thereafter, a residual space 1134 of the
cavity 1132 is filled with ghe particle type materi al
1112. Then, the conbination and the particle type
material 1112 are together heated and pressed in the

1111 Piciafertedin® I@hityN9380La b3t M6ldiRaNEd136."Eh&PMer, a residual
form ng a foam 1140. The foam 1140 has a 5 curved

o JL DAY OSBRI 112° T, 0
comt g 5 B 10 o SRR S e e

Preparation: A first materjal 1211 a is injection- or
type mgidingedis; R0 e bgdgamedsjtheyeby fuming Fiefo@lyﬂé‘ihaﬂéwei fapmak140 has a

a foam ng rate of 130% and second and third nmaterials
curved pgrgalyrdormed Fudacerld 42 lasan wsidpdi 6t aashewid oaFiChd2r at e

of 150% using the sane material and nethod as the

first material 1211a. Interfacing pattern Formation: A

ur et hane- based ink including a 5% foam ng agent 15 is

SpTaxath PRbadiMaal € surface of the first material 1211
a at a thickness of 30 microneters, and then dri ed.

Foafp n : ' teri 1211..a, cpvered hy,.
t nolnts, FRAEERS = difuditle PRISES ot RkAEK SRS Bredine to o
twelfi nd.third materials 1211 b and 1211 c, and then the
welfth Smbodmebn thereof is inserted into a cavity 1232 of
a press-type nplding die 1230. Thereafter, the 20
coﬁ{ﬂf%i srparatione afi clirshAwtesieb d2bth isoinjestion- e compiessiion-molded
thereby form ng a foam 1240. Then,

| using a particle-type material at a foaming rate of 130%, and second and third materials
- 1211band 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, and has internally-formed surfaces 1241

and 1243.
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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t he obtai ned foam 1240 is cool ed down and cured, and
has internally-fornmed surfaces 1241 and 1243.

Al though the first material 1211 a is foaned
simultaneously with the second and third materials
1211 b and 1211 c, there exists a space between the
foaned first material and the 47 foanmed second and
third materials due to the fact that the foaming rate
of the first material 121la is lower than that of the
second and third materials 1211b and 1211c by

foam@D Recond BRd &lidl mdRbfals UGS fact hab BRAfBMETE 1aRNEF th@eﬁrﬁt material
1242 derived fromthe first material 1211 a can easi |

1211 zpfé lB@Eeﬁm? Hiat Qf thk IEQCOTQ glgﬁ %l‘d a{eﬁ%{ﬁ‘é 178! Eﬁqgf’ﬁhl C%Srdalpﬁ'reoaumately

predeterm ned space I ned

o 1250 i s e sed rd S at her f .
20% dﬂ??f%fr"feema Sebifalf BRRE B o8 ot W@&afﬂﬁda can casily
this ce 125 ?bﬁ Th| rteenth Enbodi nment. FI G
be falﬁerl 891 B¢ Bueraalis fmmag saracsgansh apredelerringd spage k?-ﬁq GgRbg obtained.
foam according to a 10 thirteenth enbodi ment of the
The foraed pirace A Ehisi exposcttpatwanid sudethehobabfdinnefitiffersnt material can be
provide an internally-formed surface connected or
insertepamkiillddantolthis@picei 1860i N nore than one direction
Material Preparation: Afilmtype material 1311 is
cal ender-nol ded at a foamng rat of 150%to have a
size of 1mmthickness, 20 inches w dths and 20nm

| eagiRenm I gahigr. the filmtype material 1311 is
takem up on a rofr. 15 Interfacing pattern Formation:

A 0 s, PVA resi ased i nk |s gravu

on?@" ol TRt B liG ot hBERR Rkl gocgrding to a

) hi ckness of 30 mcroneters so as to form an

thlrteqnﬁft enbodimgnt ¢fathe prasentanyentignd Thigdhirteprsh emborimaent is to provide an
structure having the interfacing pattern 1312 is

internglhyefarmied durifed catncate emppemddito ¢heofut§ide MagoedsanGalesditestion.
for 15 mnutes. Thereafter, the dried material is

t akRreriapPePatioe - Aembi- %e ﬁlﬁténal?rgpl Ishalenl&r-he1deB 4t #Foaming rat
al um num and i ncl udes

of 150% to have a size of Imm 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 ¢ylindrical shape, such that a half of the wound




10

15

20

20 heater. Foam ng Process: The material 1311 wound on
the re-heating roll 1320 is inserted into cavities
1331 and 1332 of a press-type nolding die 1330 where a
installed. Each of the cavities
gﬁi%?%%ﬁﬁh hal f cylindrical shape, such thaﬁﬁéﬁﬂ%&ﬂmgpm)
t he wound WD 2005/ 063864 PCTI KR2004/ 001809 48
material 1331 is inserted into the first cavity 1331
of the upper part of the nolding die 1330 and the
ot her half of the wound material 1331 is inserted into
the second cavity 1332 of ghe other nolding die part.
After inserting the material 1331, the press-type
mol ding die 1330 is closed, and then the inserted
matefiglt 198} éﬁl ingensd inte theefrstewtvian d3Pr fsbedrrat pat ofthp erciding e 1330
of 150 5 degrees Cel sius under a pressure of 150kg/cn®
and the othsr hodf dfehd wametimatafislel33bed ingprutd imto lgbetcorfdr @mity BES2 of the
press-type nolding die, a roll-type foam 1340 is
otherfroglfipg dwnurtt Heter Sequiep theahtyria 182y thegiresa-ty@npeldal Wieel 330 is
of 40 degrees Celsius far 2 hours to stabilize the
closedj zrd therd theHesepthy snatalal 1p3opeichied and Afdsexd 4thadempbiare of 150
foam 1340 is unwound fromthe re-heating roll 1320 and
degreeh Enlsine undud undesdtire 0 VIS0lH/GE e b3 FohmddheA 88 Ybelrpr ¥ i@l ded
a foam having a uniformcross section and a 10

from Geniréssugusnafiapie, I815tyb Fdabe a0 s RERQDATMALN RbhOWSIPeured
formation of a forn1haV|ng a uniform and conti'nuous

at a BhQSASL6L HONlegoky G}Blsiﬁ@?oﬁg’thohfs‘ﬁ@s‘i’abﬂﬁe hfe 42088nk hﬁ@ﬂ@%wal
a conventional pressure cross-Ilinked foam ng net

propelt¥d! tAgRN AL FREPREMNERD 1slt'§nvﬁ4u§ﬂ fobih thb kdifdaki ‘Rﬁl ?32@%% %ﬁﬁ re-

of manufacturing a cross-|inked foam accofdi ng t

wountl O Etvﬁ&ﬁﬁ%:be%ﬂp@@t) "BakbPlorhig R5ES gﬂ}illa%qfﬂtﬁﬂ)trﬂn%%ss ;@Eﬁ‘on and a

fourteenth enbodiment 1s to provi

continudh&Ima. | Mad fﬂfrfé@lqth%ﬁfbgﬁ’iﬁﬁanékv@g i ah!npla a %ﬁ@]@\gmg a uniform

structure. Material Preparation: ree s

and cdrtinEids%RRs EE@E&{, 'v@hcch v%AB]n]ot ﬁkel}%lbcla%ng‘%gougﬁ a cgnventlonal 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 1411c
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 maximlﬁn dimensions of each of
the first, second and third materials lélla, 1411b and 1411c is 100x100mm. It is desirable

that the first 1411a have a width of 100mm and 2 length of 100m, the second material have a
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are cal ender-nol ded at a foam ng rate of 150% usi ng
the sane material. Each of the film 20 type materials
1411 a- 1411c has' a thickness of 2mm The maxi num
of each of the first, second and
cr?"a‘?gdra?’hﬁagkamu a, 141 Ib and 1411c is 100x| oo{iﬁ’{‘?%‘m““’mw
desirable that the first 1411a have a width of 100mm
and a length of 100m the second material have a WO
2005/ 063864 PCT/ KR2004/ 001809 49 width of 90mm and a
l ength of 90mm and the third material 1411c have a
wi dth of 80mm and a |engt4e of 80mm for exanple.
Interfacing pattern Formation: A urethane-base ink is
screen-printed on one surface of each of the second
widtlaofdOmini ard! atetigsh pEROmn And the thinddnateripd 44 Michaves YsiyefpOmm and
bei ng spaced apart 5 fromthe side edges by a
a length of &inwe, fof exBmpleexcept from a certai n edge, thereby
formng an interfacing pattern 1421. Thereafter, the
r edutkifatiie sttemRotnatidns Alnietdne-Fanilnig stcocpaed Thene surface
first to third materials 141l a-1411c are sequentially
of eadli bbb estond Andtint natenials! 16 11 dvait 141 e with kendrgioibaigg spaced apart
patterns 1421 formed on their surfaces are arranged in
from@Re sidP P@Fes iy lLhikthd FGnas eR@bt fromfacetataaliye ofhheby &sming an
shown in FIG 15. The second material 141lb 10 is

interfa&ﬁg ?itf%ﬂl et waasedihe thd feaditamintuétiieriddnemt eri al s 1411a
411c, thereby formng a conbination 1410. After

t h %amtd%@r@&@ | THRtfir@o BdA0nhisidln sANhad! icndr@ sequeiily ttached
1432 of "a press- type nolding die 1430, and then

in suaﬁ%ﬁ%eﬂ}g’t 1RE ﬁﬁéﬁt@ﬁ&% gat?e?nsf R2Medmedbh Heirlsifade® @¥laftfnged in an

process, foam 1 is formed and de-nol ded fromthe

uppep ﬁl?e%goﬁ H’% A5 ltodfg&geagh SthifaGhodNth Fiaens. ThesechRPihiesal 1411b

and cool ed down at a tenperature of 40 degrees

is 1n§§ alﬁje%%p?xhthgo DM @Sird Fmitel E fépﬁg‘ al1ﬁ4p41h@5t}@re%5fzﬁnﬁiﬁlg a

engt h and hi ckness,

com?x%al%'%}ltlg Sﬁﬂ?atﬁ%éﬂié%éﬁb]ggtm@ qu% f"s 1ﬁ HE@&%O 844 ? mﬁjoﬁt press-

surfrace ottom sur ace 1441a that is

type {T‘?&ﬁ?g‘l Jig El] L?:}rb gt tmen lgegi ed aﬁ&'ﬁlfe&gg 1o B S AL e arhin® 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 thiclmess, 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 1442¢ 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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material 1411a, the m ddle surface 1441b that is
| arger than the top surface 1441c is derived fromthe
second filmtype material 141 | b, and the top surface
wWifhh erived fromthe third 20 materi al
whergﬂyﬁ?ﬁe sides of the foam 1440 have Stepé§%ﬁ£?¥%FM*E
the size difference thereof. As shown in FIG 15, the
foam 1440 has a doubl e-layered internally-forned
surface 1442b and 1442c which are opened in different
directions as indicated by arrows. This
internally-formed surface 3hown in FIG 15 coul d not
actual ly be acconplished by the WD 2005/ 063864
PCT/ KR20041 001809 50 conventi onal pressure
conveptiosd preswkeetofsolinked famingpethed oherimal PiTseEsqpss-linked foaming
cross-linked foamng nethod, but this fourteenth
meth@irbadhisénirtcentk esbedimers snkes iepossiblet eent h Enbodi ment 5
FIG 16 illustrates a manufacturing process of a
cross-linked foamaccording to a fifteenth enbodi nent
of the present invention. The fifteenth enbodinent is
t oFpiteenth Gientedinmet hod i n whi ch the foam having an
internally-forned surface is forned on a different
MetrIG ab ilaistrated b meanufbtigng atocés eyfar aodsdimked\dair geording fo a
filmtype material 1511a is cal ender-nolded at a 10
fiftecht| coltRERENObf Arinane: Bwentlont ol fifitcntl anbalape ihay proyide a
a diameter of 10mm Interface Formation: A
methdd 81 RARE-the Thdin hasias ah NkteirsilpForitie@ dufadeoist foemed on a different
circular-shaped material 151l1a in a shape of circle
mateih@¥i @@ di ameter of 3nmand a thickness of 50
m croneters, and then dried. Foam ng Process: A second

fil P rdRkebhal AlGd Hinthetmabsa 1Fasa as chlegdet-afolded at a
sh ah{f)gé&%lg)nf% conbi ned Wllt h ){Eﬁemfl rst filmtype

: . ina}ieE b aghRerpAldan 1511a
thICkt %?%%ﬁhqgﬁ&&?ﬁgﬁ%gag%kﬂﬁﬁatHo% 1510 éf the first and

se¢ng b idomhintRe ABlBlhdlRinkaldinRRprinted 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 bas a circular shape
is combined with the first film-type material 15112 having the interfacing pattern 151ia
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 bombina’rion 1510, especially the first film-type
material 1511a, 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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151 Ibis inserted into a cavity of a press-type
nmol di ng die 1530. After that, the conbinations 1510
is coved by a pol yester-based synthetic textile 1520
' hi ckness of 1nm and then a top c
g‘?)/itoﬁgoé%slt‘di ng die 1540 is cl osed. The conbi lgeéﬁlk%%"%&olm
1510 is heated and 20 pressed, and therefore a portion
of the conbi nation 1510,. especially the first
filmtype material 1511 a, is nolten, infiltrated
into a surface 1521 of the textile 1520 and adhered to
the surface of the textilsé 1520. CGenerally, the
conbi nation 1510 is foaned 'in a thick-wise direction
when the nolding die 1540 is opened,.therebyf%qrgig au
f oafierlBadle mwhlingobe Geasd M STRRIRGT e GYHeRs 131 oAbeerle
t he de-nol ding, the foam 1540 is fornmed on the suyf?gf
1520, 558 hasof inthmale kirinke surfse 0542 néichastillgd with air, at an iside 1541 of
internally-fornmed surface 1542, which is filled with
the foainri,54@t ThiR fiftesitdembédimenifcan bhepitisaie pHaGierpases synthetic fiber,
fifteenth enbodi nent can be applied to pol yester-based
textils yoh-hevicfabiibertificidl dectther end nowaltsetber. fEusher the inner cavity can
artificial leather and natural |eather. Further, the
be mbMAET @M e Cafety dfeshapai fccading b dha fifiech earbiodimenp pf the
shapes according to the fifteenth enbodi nent of the
presegtrigﬁﬁmn,i nventi on. Sixteenth Enbodi ment FIG 17
illustrates a manufacturing process of a cross-linked
foam according to a 10 sixteenth enbodi nent of the
present invention The sixteenth enbodi nent is to

pr QuidemEmusaied where a material for inner cavity is
extrusion-nol ded. Material Preparation: A red pellet

tyPRGTRY QfsBhtes W D fakfrih® HrReks fof Qnaréssiiked faain Myording to a
foamng rate of 170% is 1njected into an extruder and

sixteér?@}e Qmﬂﬁﬁltngﬁ dfn@ Ipﬁe)él:ﬂt NEELE TRE shildch@Nemboliierial t@provide a

eriral 1s conpressed by a screw and di scharged

methé%fvﬁéé?ﬁngghgl)%f LY P& aPitfis TRRickamsligehar ged material is

. a cooling device to be red pipe-type
natl\%rtér%ll P&%%Jr%@o& hfi‘tred pellet type material, which is formed 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 Smm 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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has a 5nm outer dianmeter and a 2.5mm i nner dianeter.
Interfacing pattern Formation: An enanel - based
transparent ink including a 10% foami ng agent is
jnto the inside of the red pipe- tyng
?@H %%ﬁg%d then coated on the inner surface gﬂﬁ%ﬁhﬂﬂmw
red pipe-type material 1611la so as to form an
interfacing pattern 20 1620. After that, the
enanel - based transparent ink is dried. Foam ng
Process: The resultant red pipe-type material 161l1a is
cut into 5 pieces, and théd conbined with a white
mat erial 1611b t hat is simlar to the injection- or
comE RN o ABOUT e e SOrNGrEDy [ B GadE AP R B miterial 1611a and
h QOS/O6%§S€NECT/KR2004/001809 52 conbi nati on
the wglegpater HE ISR TR GHi 648 e prises txpédn%ffhaédw,ééo and
161 a ite material 161 Ib is
then . %Pa%?foth%C%vaW. 116§2 f@“ﬁ@d it \es}el@s@rtt%@pwa@mlgl 650 that
die 1630, and then a residual space of the cavity
has th sng fearping rade ayibe Kedpiprivpe meigrial 161 b- Thpiaseried éﬁliﬂbllﬂatmﬁ 1610
1650 that has the sane foaming rate as the red
and whifpepariigiiatypinaicrial 1656 2k, therﬁe.eatieﬁ gt reasedbsorasito Eomingrfodd 1640.
5 and white particle-type material 1650 are then
healPwingahel fqaménssprdesse thas hellow prtieraoff thbemd I8AOtype Baterialg] 611a
t he foam ng process, the hollow portion of the red
is regrisgpd-ang pentet@ndsain inShkllpforined redee 4640 badng & diameter of 4mm.
becones ‘an internally-fornmed surface 1642 having a
The ditenddtyefornodd @inface 194 fornis enniahdr yeatioy. Mbdnedylrthachitd Fdan 1640
fornms an inner cavity. Namely, the white foam 1640
includexcthedes inkeenallifernieft saefhcek | 143, Off i dathefen @€ Shel 6k cdvities is
the diameter of the inner cavities is 10 between 4 to
betwBenhto Strhie, the &vni 18 fhafetifigla fed calor.ed col or. A
cross-linked foam ng nethod of the present invention
pr o icthes iskedi Fo@nMa metfiod @fthe HroQaf inbaitioh Yor&hiddd Gl #HAIE variety of
integrally formed with the foam The cross-1inked foam

inneXe0H eRdnlY intédagl d;pfoaﬁw tvith ek O MTHEREARE YinEIMRE §8Sduced by
the formbody and the inner cavity structure at an .
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 infernally-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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i nside of the foam body. The shape of the inner cavity
structure may be determned by the 15
internally-formed surface that are classified into a

pe and an open type. In the closed
ﬁh?éﬁné%?y fonned surface is disposed inside£¥ﬂgk?%gﬁ¥mw

body and the internally-fornmed surface is closed.
However, the internally-formed surface of the open
type extends to the surface of the foamto communi cate
with the outside. The foam body may have air passage
communi cating with the inngr cavities, such 20 that
the air or gas can freely keep up the streamfromthe
outside into the inner cavities or vise versa. _

and shapd bthe dhgasfagammbodye peeyndhdingted, sl menys giberompdificatigas and
air passage so as to control a flow of the air, gas

variaGbns\appdssibistierteemn. t he val ve system nay have a check
val ve. The nunmber WO 2005/ 063864 PCT/ KR2004/ 001809 53
andehapeorobf th enagiria! hass dgeamnds vaditferesirfeormgte foam body may
limted, and many ot her nodifications and variations

be filddoor RS 8éDIe heoméhamty Sretuer. T ghofoamheasnistve warlus physical
that is the same as or different fromthe foam body

propdB¥s depéndhiid di6k (Rfts.i nserted into the inner cavity
structure. Thus, the foam may have various physical 5

pr oprid. i1§%0 ﬁﬁiﬂlﬁﬂﬁke@ Qivefe ek Sn&r df$he drdseSinkddBfotia ad&rding to the
illustrates diverse exanples of the cross-|inked foam
pﬂﬁé%ﬁg&ﬂbﬁg to the present invention. FIGS 18 to 27
ows cross-linked foans that are forned by foam ng a

coni;Ratd ey Ghwk EI%ES HRe féﬁﬁ{sq}'lét aksStohav &gfohﬁih%raf (ﬂ)ﬁimﬂitum

patterns 171la to 17 111 and her materi al s.

of ﬂ?thtgﬁg nLas a%vmkﬁglte @:ﬁﬁ_ ohithe 1?{1?5356 |dﬂ{ék %@a’cenals. As

an |1 nner cavl structure

shov%qurl ‘15?83 b1[¥3rt§ 31 JAEI?% J_E hr%ssf L RAE @ozﬁﬂr}faéﬁ ?oamTﬂ'fdy 88k i inner cavity

ucture foanms shown In FIGS™ 18 to
structnd formecg ty an 1ntelnaﬁly—fonned 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 prdperly 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 171 11, 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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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
FNobAlebdstd @ pressure of the inner cavity 15 v n0s001809
structure. Further, as illustrated wth reference ?o
FIG 5, an air passage comrunicating with the inner
cavity structure may be forned in such a cross-|inked
form and a check valve may be installed in the air
passage. FIGS. 28 to 30 shows cross-1linked foans that
are fornmed by way of pilimg up flat type materials
having interfacing patterns 1711k to 17111, conbi ni ng
the piled flat type 20 materials with other )
mafiS. dlste Fhehairenossdislih fanmethatorrdifmraddiy, WAk of HeRmHDS 2
in FIGS. 28 to 30, each of the cross-Ilinked foans_ has

combinafimnnf bddymiagdnaerizbigsitiest portioncindhe fighre) apd e f@é‘«%dfm%lonai
that is formed by an internally-formed surface.

mater2d) O5Vi06 386 e RETHKRRO0 40008090 FEA. §3 ©38, 3ack of the %@é@ked
cross-linked foans that are forned by way of foam ng a

foamelpazha fhat ibody afd atlfeadiongiomal sucake idotine cpoiytsipeiuieformed
the figure) and a three-dinensional material having

by thé Hehdligabmgednatiher nslthodgh BIGSMI itn 3F1IBstr8S the f@8) baskyaid the
of the cross-linked foans has a foam body and a

threeldhif@enail NeAS| RRatd Skuciet Wi ar samltnoesly danmedyby the foaming
structure fornmed 5 by the internally-fornmed surface.

proceé‘sl, Kth@%&ﬁibﬁltﬁ%‘p-the%;eta@ilﬁ&_siohﬁl WEhdtak ésfoiheal fepamtelydithm drdross-

hr ee-di nensi onal inner formed structure that are

hnkeé i banesiisiign fieARdinky the8ndr @@ty Grmpd 0 @k intérhallysformed
possi bl € that the three-di nmensional structure is

surfadeOr Med separately fromthe cross- |inked foam body and
hen inserted into the inner cavity forned by the

| NtgE nay 1lll¥ﬁfa%'s %ﬁerlMafvﬁl%Qhreé@mﬁn@onﬁ Qagek stoaiias the inner-

materials having three-dinensi onal shapes for form ng

-formédhé%u&tﬂ&%ff-‘l“éﬁ@f%ﬁrUCtUf es of FIGS. 31 to 38.

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 silksereen method on a film-type material that has a

.foaming rate of 150% and a size of 24mm width, 24mm length and a 1mm 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, theréby 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 150K g/cm? for




Meanwhi

bet ween the cross-1inked

l e,

vari ous physi cal

properties are conpared in
f oam produced by the

foll owing inventive method and that produced by the

%%@nkssswa'

met hod.

15 Urethane ink is pri
I ' kscreen nethod on a filmtype materia

ﬂHﬁ%%ﬂ%@&ﬁ&m
hat

foan1ng rate of 150% and a size of 24nﬂ1MAdth, 24mm

| ength and a 1mmt hi ckness.

The

urethane ink is

formed at a thickness of 50 microneters, thereby
formng an interfacing pattern having a size of 20mm
wi dth and 201pm Il ength. Ose sheet of material is
formed on a front surface of the filmtype material,
and five sheets of materials are formed on a rear 20
480 seuondsathereby forang & ross-yiped foarer Talle 7ishevesng Bifsicalgprgperties
conbi nation, where those materials are the sanme as
of the hiesslirked tfygue nratfciusdd. byTHe abonbiesathedrmethod g8 epppared with
into a cavity of a nolding die, which has a 24nm

those \of it fyamam @it ehiggt ehccandlt'@né’lnmﬂd@pt h. After that, the

conbi nation is

16%alegr giebreed sf pi®

heat ed and pressed at a tenperature of

petieein eech pes sursigbf forBOkylniRngro pavity

WD 2005/ 063864 PCT/ KR2004/ 001809 55 480 seconds,

struciti@er eby form ng a cross-1linked foam Table 7 shoms

sone physical properties of the cross-1linked foam
nanuf agt ured Hy the abjove-desgri bed net hahréase conpar ed
with tlhose of the foam manufactured by a conventi onal
met hod -lfatg Nl éafvﬁg/ eﬁ&aﬁmﬁ) Fa8RRhiityes hivdneach abkive
on singl Toam hav i nner tavity 5 tructure
Sur f acq Interfac Inner vitly Foanpin Qam ‘SMBMwn
Feerineds B&bullsi ﬁm“toanlarea Vo £ﬂ§1r2 6 g 4
type) elastiC|ty (Cn) (Cm) (% STM D297 ASTM D-(,g
(Cm*) | (Cm’) (%) |[ASTM D-297, ASTM D- %)
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

10  as the foam of the conventional method, but the foam of the present invention has a low
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2240 Foam of the present 4 1.35 150 0.26 35 50
i nventi on Foam of the conventional - 150 0.29 50 42
nmet hod The repul sive elasticity is the value of the
i i ght nmeasured when the netal ball ?ﬂ$$
?Egggﬁ%%ﬁg fromthe height of 450mm and boudggf. %éﬁumg
surface hardness and the repulsive elasticity are
nmeasured at a surface of the foam near the inner
cavity. As indicated in Table 8, the foam of the
present invention has the sane foamng rate 10 as the
foam of the conventional msthod, but the foam of the
present invention has a | ow WO 2005/ 063864
PCTI KR2004/ 001809 56 surface hardness and a Iarge .
surface epurnsisvanded dags wiptlpive slastieitn rather thee the Spampof figeconventional
conventional nmethod due to the fact that it has a
methddnine to the faredlaciastayinesr fareed eavity trediere im@aoahen t he
f oam manuf act ured t hroughout the aforenentioned i
meWisdshd Sanambiufetreddhidngbotidie afatementinned gethods is ¢ambined
and artificial |eather and when the conbination of
with Siti&hmatbrisiesueli iaglfiber sndcatipriek kedicmard whemthiedegibingfien of such
volume of the foamis reduced at a predetermn ned .
materRATPEQSSEMBd Liat leanolany e difefelrcioanfis tetiecep rbppredétemined
such as the surface hardness and the elasticity,

compREEVESIM0! MRl £ Qiffednde df e froputtiasf suchens fieasnrfioe hefdeess and the

inner cavity structure filled with air becones

elastili! bdiGber A6 FLABRIEA pditlbs oShe ¥RmSing Nhd int@ntvidi dfueuen@ies with
béf ween the foam manufactured by the conventiona

air b%c%ﬂi& Bl N ghehBidaod This ShowsPEighMicant PAiffeRAcG) Boddlecnhthe foam
oam

manufactured by the conventional foam molding method (i.e., primary process) and the foam

manufactured by a compression re-molding method (i.e., secondary process). 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 -
P hardness(type C) | elasticity |hardness(type C) | elasticity

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

Foam 135 - 58 45 37 55
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10 manufactured by a conpression re-nol di ng net hod
(i.e., secondary process). Afollowng Table 8 shows
suchbdifferences. Tabl e 8: surface hardness and
Waldbsicyds €l asticity of the foams Foam ng rafd o0
portion Inner cavity portion Surface Regul?%%e Hiforsos
Surface Repul sive 'Foam Foam Conpression

har dness(type C) elasticity hardness(type O
elasticity ratio ASTM D-2240 (%9 ASTM D-2240 (%9 (9%
Foam (after foam 150 50 42 35 50 nolding) Foam 135
58 45 37 55 WD 2005/ 0638647PCT1KR2004/ 001809 57
(after conpression re-nolding) Meanwhile, the

cross-linked foam manufactured by the above-nenti-gned
(afterrpomivesd¥OMi | | be applicable to |the shoe| conponents |or
other goqds in many ways. Hereinafter,|the wide rlage
regfioldsgh floam usagej wi || be described ip detail. 5
FIGS. 40|to 45 illustrates exgnplary applications |of

the—cross=t1mkedfoamof the~ present Invention t o
many parts of a shoe.

Meanwhile, the cross-linked foam manufactured by the above-mentioned methods
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 illusirates exemplary applications of the cross-tinked foam of the
present invention to many parts of a shoe.

1) 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 ;1att1ra1/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 ﬁppcr component, the weight of the upper is reduced, and also the
supporting force, air permeability, buffe;ing, 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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i) Upper - This upper conponent constitutes the upper

part of a shoe, and includes an outer surface and an

i nner surface that are attached to each other. The out

i.s generally made of a natural/synt

ﬁgg%ﬁggﬁk?iber, textile, rubber, non-woven fa Aqém%?m'w

a synthetic 10 resin, and the inner surface is made of

a PU, PE, |atex, sponges, non-woven fabric, and

textile. . Wien the foamor re-nolded foam of the

present invention is conbined with the

above- nenti oned upper conpgnent, the weight of the

upper is reduced, and also the supporting force, air

pernmeabi lity, buffering, shape stability and tightness
the canmnentpragheand niesB\essible i hbtpityths dapropgdopie PemEegbilignor to

be differentiated dependi ng on each part of the foam
differdfiateithe flaxitélity sod BardneEhimseacinpeet ofsoinporgdhponent i s

di sposed under the sockliner of the shoe, and absorbs

t hai)mtslar Bhiganipktednbinoompoiobtf afoleablogsder &r the sport Feoes,

conventional art, the |eather, cellul ose board,
slipped@ s br Eaksli oy, and hede ikt EVe., PY arsebberpso asiogmprove the

inner sole, or a piece of steel plate and a trinmed
shockSIORERIcALR] BhildehgekticBy.t he i nner sole of the boots or

ot her specialized shoes so as to raise the hardness

of iR the@bmREThd BBscaNFvédion i ficpiail ifbit e sfoetrhiels€) the weight

forefoot portion. However, the inner sole forned of

of thd 8180 f.oamefs bdtguRr B8 eitler AMEA! fofifled Bl UkeisiteVially-formed surface
2 §/063864 PCTlI KR2004/ 001809 58 the conponent wei ght

| tpR9SS Y £idsQte QB 8L Portnb® of PRMAMERafi dr a re-molded
(mnmgggﬁgggﬁﬁﬁtylor to d%ffgrentia#e theg?lexibility and

foamt}ﬁl&gtﬂ% EI%TSI%%] gﬁlﬁgiggaﬁﬁ'& Btta‘afling‘g%gﬁeﬂherew it shéed2@h Bave a diverse

mal n conponent of a sol e-bl adder for

appe%%}egeglpﬂa%oﬁgﬁﬁée%}%h%%%{igms_sandals or casual shoes,

nmade 0O or rubbers so as to inprove

. : Ezrh? g'lé Ig S,?clé{l %g %%s:ﬂg%‘a%%fa@ﬁgedrbszﬂﬂln‘%!tﬂ@fog}na&gérﬁjeﬂ Yvith\e@Rnce

sent 1 nvention-is adopted for the
o LR L5 B 1 A St s
prodtilcgta%glrr]lglelc )fﬁigs%lierrgo%lbsulilerdfv%%lea 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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contain the air layers. Further, the m dsole can be
formed of primary foamor a re-nolded foamafter the
cutting, grinding and attaching process, whereby the
SR have a diverse 10 appearance and j
propg%ﬁggg and functions, The m dsol e can beﬂ@g%@ﬁ%mumm
manuf act ured by using the foam described with
reference to FIG 9 (the eighth enbodi nent) where the
material is injected into the inner cavity so as to
produce a conplex m dsole conbined with a conposite
material. Additionally, thg mdsole can be easily
formed of the foam described with reference to FIG 10
(the ninth enbodi ment) 15 where the material injected
the nibthosmladineoct & dpphied ® the osiselkj thk slicoanadotitsin dlepr hghtyeighttagd the
the inner formed surface and the outer surface of the
variolisqaoperiies ahdBimbidam of the present invention is properly
nodi fied or conbined for the mdsole to achieve the
des) 1Seck pr Gpeklinees Hnd coasorgnt ist heenilySodeged antoabt shee and
and substitute for a |later- described outsole. 20 iv)
dispobddt &Pthe ik SolUtBR| ®ek onpeukiingr digsciyacoiacisuthe dodtomuch that this
shoes that require resistances against abrasion and
compbhdn€ trk@lires THEpRtsS Qe ERMhD GhRASIYsHbIRN Gfre] Bumbrting forces,
using the primary- nolded foamor the re-nol ded foam

repul@¥e SR, 8RB &rﬂ%ﬁﬁﬁtﬁ@&bs%ﬁgf&&@. foam forned through
WO 2005/ (563861 PCT/ KR2004/ 001809 59 the ninth

eyl TR oatnSor AP hik ht 1n9erttdg 9848 BrQhe §3R ob BAURENE AR weight

obtalin the |lightweight and the various properties and

éf the];J %ﬁﬂé %sié- Red NQcaétQ %5 1RGP ity R ictare T 23 IGRID BTNy, H® foam of

y i1nserted 1nto the'shoe and disposed on the

the p{‘eﬁu{eb?p%\%?‘!io% LI%H ?%IZ‘?‘QFR@‘; 015%%%15)1{5% Ghovl L86 hdenC QMRS Properties

suc onent requires

and f@n&%%ﬁs{iﬁageﬁéy i:%xﬁ Iété gl’% s&n(% SQ®k a@t@?x@& ?hﬁ:gfoglﬂ lof fre prTsieltlt yinvention

o) reSuIS|ve asticity, stab

is atta%ﬂedd e Atﬁetrl“rlrga erh s‘f’ g&c%' 4 Qegtffer, G.S%-woven fabric and natural/synthetic leather,

50 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: disfortions 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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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 |ayers.
b¥essdefe foamof the present invention U?@H@ﬂﬁmmsos
t he socﬁ or sockliner allows easy enhancenent 0
properties 10 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
| eather, so as to be usedstas the sockliner. vi) Foam
paddi ng - This conmponent is a cushioni ng menber for
i nproving the buffering, wear confort and heat .
i NSl Bolded cinpohent shdkis . comirensing arprasaeidiba Fhadko pespivipe; freces,
15 foam of the present invention can protect the .
durationk fopcesi mst eppmmtihgo tarsdsdel dfie thperf gods Waadisye {hp functional
f oam paddi ng can be easily provided with the inproved
enhale@petr dfishsesandinfptoes iteneppbarangs iofighe shhe Thiarm@ded geamponent is
present invention. vii) Stiffener - This conponent is
separiRBahbigel tcobd dtechydpen waioasftie yppev eNsmely stho moldsA soxgponent
t he upper and protect the heel and ankle. The
can 18 tthife8 0@ theCiaAm hgnaRsiuted byrioypreed: inirdrtiobemd c@@plédhiorportisgs of
properties and functions by using the foam of the
the uppegsent invention. viii) Instep pad or tongue - This
conmponent has the simlar finctions as the foam

padgino. AeshionRest, akateal/sWhet0 Wattde Ite4 textile, rubber, non-woven
PCT/ KR2004/ 001809 60 i x) Mol ded conponent - This

fabﬁ%%?@@ﬂ%@ﬁ: bdE SRS RsiNEmE 108 kr H®AEDINNOvationCEpe to be used for

ration forces and supporting forces of the upper so

such 3018l AGHHoEUR, Lldenid BehOaRl or LBHGACRRBRA 10 Eosblaabwithbther
i nproves ‘'t he appearance of the shoe. This nol ded

BRI b SISy P oo
the foam described above singly or with other re-molded foam, a_nd then attaches the foam fo
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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5 can be formed of the foam manufactured by the

present invention, and coupled to portions of the

upper. In the conventional art, a natural/synthetic

cgiber, textile, rubber, non-woven ]&ﬂ;é%ﬁ&mﬁﬁwg

synthetic resin is conpression-nolded or extruded 1n a

various shape to be used for such nol ded conponent,

and then the nolded or extruded material is conbined

with other 10 adhesive buffing material to be attached

to the upper. However, the present invention adopts

the foam descri bed above singly or with other

re-nmol ded foam and then attaches the foamto the

upper of the shoe. FIG 41 illustrates upper formed,

f r 6EGRMAUppEet SHratcemosal sedt®noviewh Bluptggsive anshosrihailis obpinsd by

is first cut into a desired shape, and then the cut
attachiBg €midablej & mzectinii sockiing tathe dubredintegsiond uppeh ef FIG. 43.

materials to formthe upper. FIG 42 illustrates a i

marmié adbid-dagipdocassnafts tarr @gsddhereinssonal to ughfrstiveln explain

filmtype material 1820 having a thickness of 1nm
embddAVREsSotheBir@kntl aséntidB34hdt thattyfeasf tsheesfaonos trapisted by those

Then, the netal last 1830 covered by the filmtype

comp¥BdrRy. TBé chSptfReihts cadseedeleCiivelyusdd cambiified 8alék toafanafacture shoes
nmol ding die, and foanmed by the pressure cross-1linked

of a WRAWNGy BBlshOshd ERBRETFOF Sambplethe 20pdriRueBe sinpBnsinacuadd to the
upper i's conpleted. FIG 43 illustrates upper obtained

midsgl;x @b RGN R SRR Ind BAJAIBNRE BRbEndnd dah®e tabplRd-to in-line
I mensi onal upper of FIG 42. WO 2005/ 063864 :

skatelolods SRAQOA.001809 61 FIGS. 44 and 18F are cross
section views illustrating a shoe that is obtained by

at t ' FQ%ﬂL an outsole and a sockliner to the
thggg@ggﬁgﬁgg%na ﬁﬁber of FIG 43. The

2?&!@%?&3 ?c{/ 'SQ Efgvfsgr?%p&@ﬁﬂfaﬁr Qﬁp@icaﬂﬁ)ﬁg oRQELEAsSBNIRS hén of the

vel

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 structurs
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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enbodi nents of the present invention, and the types of
shoes are not restricted by those 5 conponents. The
~conponents can be selectively used or nodified so as
ygjﬂﬁg%&%%ture shoes of a wide variety of usgs.2R8hese01500
designs. For exanple, the upper can be sinply
connected to the mdsole so as to manufacture
slippers and sandals. The conponents can be applied to
in-line skate shoes or ski shoes. Exanples of upper
structure 10 FIGS. 46 to 50 illustrate exenpl ary
applications of the cross-§1nked foam of the present
invention to an upper of a shoe. FIG 46 shows side
and cross-sectional views of upper that is ] L.
192 Inadudrate iudacebyf Binefoamh eTheiefpreiet UrppleBeving yeflous properties 1s
thirteenth and fifteenth enbodi ments. A foam havi ng an
completaeilso dawippyr nstyrhgcittached 18th bilies comppapehdent | y di sposed
on a textile 1912, thereby formng a 15 internedi ate
st IRIGt 48 showAsidaadi drosrattiombiufidwskdbgper $ut ks raanufasikeed ey one of
or natural/synthetic leather, is attached to the _
the :Sotehanenef fishand fberdadbatirersd. r Achbam daviagdintibvesy cevigy 1931 1s
internedi ate structure including the additional stuff
provilBd 3nil Sheh @-Aabe 493X diplurahfeintite foanrs hitlchsd Ok fdaor befere or
air flow, conpleting the upper. O her conponents may

afterBRrfoltiAL Redle tihet BEVINPEBN th @5rdle @OkaIBON.Alkd, Ghe Hdnshoivg the
Ssi de and cross-sectional views of tipper that is

mateFRNWERGIdHhE HolPY o NG ay BOret RQdSRT. OMRERRY dppeckhvaipghé kir sifthlation
ninth enbodi nents. A material.1922 that is the sane as :

Gt S L0h oA Gerh @aTbd Gbtdiddect ed into an inner
agm%ggwty oﬁﬁgdlgy gg ?nternally-forned surface 1921.

A tﬁEn abi Y&y ugé/eitﬂ ted;c{toi"é‘ MR FRRRGNGH ohO oh e 1R la8d FOFtkenth

to the inner c 1921, and tHhHe material 1922 is

g5 et B 100153 5320 oy b e

com%igezdl m@ght%‘%oﬁliﬂlgneiwtg ﬁ'ﬁﬁrog’ée)?ljoﬁb‘?ﬁés%g‘fun-gﬁ&{aﬁwr e, the
upper having vari ous properties is

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, t_he foam

‘jointed with the material 2010 is perforated to form holes 2030 that expose the inner cavity



10

15

20

conplete. Also the upper may be attached wi th other
conponents. FIG 48 shows side and cross-sectional
vi ews of upper that is manufactured by one of the
joned first and second enbodi nments.
ﬁ’;ﬁoﬁ%ﬁ%&i nner cavity 1931 is 5 provided, %@A’E@@ﬁwgw
material 1932 different fromthe foamis attached to
the foam before or after perforating to the inner
cavity 1931 to forma hole 1934. Al so, the foam having
the material 1932 and the hole 1934 may be re-nol ded.
Thus, the upper having thegmair circulation system and
buffering functional system can be obtained. FIG 49
shows upper that is manufactured by one of the twelfth
2020 anperkuate teefot, st tenbedbame narshavE ke inppeed 6i vEptdationgind the
is fornmed to have an air circulation system and
moisteentiseieckewi Espeoiatier arc exqumie ti)soft BIG. ridr basediffetsple fletikility and
and functionality. FIG 50 shows upper that is _
hardnegnid flacfowtest day hesleoaifont btk iimst saendAdditiondly, an example {(c) of
enbodi nents. A foam having an inner cavity 1951 is
FIG. BNl ek desbqanel Barfedst o at dpecifiprdesiedsparon pervayr ofeidjecing other
forma hole 1952 to the inner cavity 1951. Thereafter,
mate{IRQr desired material 15 1954 is attached to the foam
so as to achieve the inproved buffering and heat
insulating performances. Thus, the upper of FIG 50
is conplete. Exanple of inner sole shucture FIG 51

|| EAshERlE hidlRxammlar v appl i cation of the
cross-T1 nked foamof the present 20 invention to an

in | D9Exe KREiplBPPpRAMIAToBR: ERBRSlinke@Matryof the
st ?E%%ﬁs(r%é%%doﬂ rpsl’1 J&%ien%d W th A malter?aleZOlO, for

presegt?(i%@lltign toaz% 1'11%0%51%%?& pRte, a cellulose plate, a
non- woven apri c,

or textile. Thereafter, the foam

oA b B A A o Lo

showﬁgﬁﬁﬁ@pﬁo‘?&]ﬁ% are%rmed 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, e.g.; in the slippers or sandals. The
midsole has an inner cavity structure 2230 that has a wide variety of shapes, and an innerl
cavity structure 2240 that is formed of composite materials. The inner cavity structure 2240
can be exposed éthward 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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2020 or penetrate the foam such that the foam can
have the inproved air ventilation and the nvoisture
di scharge. Especially, an exanple (b) of FIG 51 has
' flexibility and hardness in the f
gﬂ%&ﬁggﬁﬁ%ortions of the inner sole. Additioﬁgﬁ%ggmg%umg
exanple (c) of FIG 51 has a required hardness in a
specific desired portion by way of injecting other 5
material (s). Exanple of mdsole structure FIGS. 52, 53
and 54 illustrate exenplary applications of the
cross-linked foamof the ps#esent invention to a
m dsol e of a shoe. 10 Foans or re-nolded foans, which
have a variety of inner cavity structure 2110, are
assewhidygnthie rfodh GavBa. th¢dohtegifado andapre irfigr padtyi eontafrdng eigreyers, as
or renol ded foans, and a valve 2130 is attached to
shovirhie ah esampde Ol RFIGhé3hol e 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
2158k ahipteaftduesofecaintare re- nol ded foam 15 FIG 53
illustrates shoes including the mdsole of the present
| NVEH, 59 Bhovangtelplay drsoled it sdopsthe $SeEis i predeatimvention. As
illustrating the foam structure. The m dsol es of FIGS.

shovan3 pAferyF8ard ol secoidady fvash WiicIChHs ivaget® of Gineneivitg stdvare 2310 is
panel - shaped foam The obtained m dsol e can be used in

used®Br @R EhdeSuRRTe | PAoIZ23ED B Korthed & duck ZobihsQind tahAIvE 2880 is installed
outsole, e.g.; in the slippers or sandals. The

in S0 LSuRREeabld TARI £ alelivl BUD WEtR foABHethah i afecRd into
wi de variety of shapes, and an inner 20 cavity

the @%rﬁ UG HLLR ARHEh Thahnek $aVi9 %8G R HALRASREE a@tdgféréﬁ't $rom the

e inner cavity structure 2240 can be expose

ﬁmﬂgﬁgﬁgﬁaﬁﬁﬁtﬁ§mhgwﬁ |eMg the inproved functionality

aesthetic enhancenment of the midsole. The present
invention permts shoe conponent to be fornmed by WO
2005/ 063864 PCT/ KR2004/ 001809 64

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 (¢) 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 inl,ef/discharge
can be repeatedly performed when the volume of an inner cavity 2440 contracts/expands by a

pressure applied from an external source.
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assenbling the foam having the cut surface and an
inner cavity containing air layers, as shown in an
exanple (ii) of FIG 53. Exanple of outsole structure
5 FIG 55 shows exenplary outsol es that adopt the
foans of the present invention. As shown, primary
foam or secondary foam which has a variety of inner
cavity structure 2310 is uged for the shoe outsole. A
hol e 2320 is forned in such foanms and a valve 2330 is
installed in the foam around the hole 2320. A

Mgk ippdserSthPerttion! 8108Rt fof LMutRArd 888 dSor RS G4t R a wide
the foamto be attached to the inner cavity 2310, or a

. i al ! i t. f : i .
v B B2 08 SR LARAAR b O o e e
.. or sockliner structure FIG 56 illustrates exenplary :
€avilishock or socl di ner t hat adopts the foans of the
present. inventjon. As shown, exanples (a), (b) and
( cFxamplgs (b do ditit) of o SR, are seosprapdtionnl Yigws dHsimting ife sock or
and the heel part, respectively. ' An exanple (d) of
socklipgrGhattigaves: widervasistysdqiroentids andeimationa. €healkc mdrerof thmmaterials
or nore of a variety of materials 2410 is attached. A
2410 isaktdched42@ fodm boay,ant agliralidysE Hola mubodie fofméd@erest) 08 knaterial
so as for an inner cavity to inhale an external air.

2450 WiFdrff fomhethe ObaRalst infltdiNGie U iR cavidy P labhidld e 9£riety of

ventilation holes 2430 are forned 1 n order to achi eve

' :rcul ation of the 20 inner cavity structure
propeé%%al?df@%% I§S; the socl diner has the structure where

air inlet/discharge can be repeatedly perforned when
the volune of an inner cavity 2440 contracts/expands

by a pressure applied froman external source. 65
Thﬁxmﬁgéﬁfoanhwﬁmgm ingt¢ronas! stwetupanuf act ure of sock

or sockliner that has a wide variety of air flow
di FKE&.i nanda il iBbstratd exedsplany fvamopatilingeand idstdphgad, respectively,
- structure of the inner

which adopts the foams of the present invention. In FIG. 57, a figure (d) is a cross-sectional
view of a figure (a) and figures (i) to (viii) are embodiments of the cross-section of the figure
(a). In FIG. 58, figures (b) and {c) are cross-sectional views of a figure (a) and figure (i) to
(vi) are embodiments of the cross-section of the figure (a). 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 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
along line A-A, respectively. Examples (i) to (vii) of FIG. 59 are cross-sectional views

illustrating inner cavity structure of the stiffer.




cavity. Exanmples (i) to (viii) of FIG 56 are
cross-sectional views illustrating the sock or 5
sockl i ner that have a wide variety of properties and
functions. One or nore of the materials 2410 is
attached to a foam body, and a plurality of holes 2430
are formed therein. A material 2450 different from
the foamis injected into tfyg inner cavity to achieve
the variety of properties and functions. 10 Exanple
of foam padding or instep pad structure FIGS. 57 and

58 1 ihd8ddvah oK 8P h ket QA RASEPJed q’s in@étrt&lpmpﬂ‘lg leather and

respectively, which adopts the foans of the present
then d tfh\éﬁi%hg 95’%tta£l§]ed] th %e lg'Ztheratoffbr?ﬂlJ gh%rsé?% % gla ave]yer tl}e epgeiens

to (viii) are enbodlnents of the cross-section of the
figure (a). In FIG 58, figures (b) and (c) are
cross-sectional views of a figure (a) and figure (i)
to 15 (vi) are enbodi nents of the cross-section of the
figure (a). As shown, the foam for the foam padding
and instep pad has air |ayers 2510 and 2610 in various
shapes. Also the foans have foreign materials 2520
and 2620 in the inner cavity structure, holes 2530 and
2630 penetrating the foamor the inner cavity, and
val ves 2540 around the hol es 2530. 20 Exanpl e of
stiffener structure FIG 59 illustrates an exenplary”
stiffer that adopts the foam of the present invention.
Exanples (a), (b) and (c) are a perspective view, a
front view and a cross-sectional view taken along
line A-A, respectively. Exanples (i) to (vii) of FIG
59 are cross-sectional views illustrating inner
cavity structure of the stiffer. 65a 1In the
conventional art, a |ightweight synthetic resin is
inserted in the | eather and then a cushiony is
attached to the leather to formthe stiffener.

However, the present
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WD 2005/ 063864 PCT/ KR2004/ 001809 66 i nvention
provi des a foam 2710 having an inner cavity structure
2720 where a separately- nade foam 2730 is inserted or

@63559&%4 material 2740 different fromthe f% 04/001809

injected. The injected foreign material 274
extend to the surface of the foamto forma protrusion
2750. Further, an air layer 2760, a ventilation hole
2770 and val ves 2780 may be fornmed 5 installed in the
foam of the present invention so as to control the
density and hardness of thgs stiffener. Exanple of
nol ded conponent structure FIGS. 60 and 61 illustrate
nol ded conponents of shoes that adopts the foans of
inventige pravadesraeemt 2714 vhaning an. inex aaptyesrutiuye 2R0(Where efseparately-
FIG 60 and exanples (i) to (iii) of FIG 61 are
madecfoems2 738 d¢ inpertedd ori cefvseighomierigh 274 diffmens fofn tHeefomnlig egected.
conmponents. The nol ded conponent of the conventiona
The igjetted fgtigd emicaial Z@0 hery\exend erthaburfite 6f the foatrhetfoen 4 p®irdsion
conposite, which is designed and cut into various
27501 atttbers amni thyeg 360, anekndlatiby hble 27NQ@ anvslvdsal 730 Hamwemeformed
t he nol ded conponent of the present invention adopts a
instalf c@laimtiSfob il tagehi ink Yok So £5bQoaRsl/ 1Ry ddnBiseidaSithrdness of the
conposite materials 2820 to obtain a variety of
stiffed@nsi ti es and hardness, Al so a foreign material 2830
different fromthe foam nmay be attached or printed
onto the nol ded conponent. A plurality of holes 2840
may be fornmed to the inner cavity structure of the

fo%iﬂ?ﬁ%fﬂﬂoﬁﬂdk&nﬁgﬁnﬁ'&ﬁaﬁﬂt i nvention. 20 Exanples
of enploying the foam of the present invention in

VarpiQY ol 23l 63 s tefnilcﬁéiéélscom hlgéts F2and8 st fﬂhé)ﬂi’yﬁl rft I of the

a wde variety of applicati where the formo

erence nu an alr

cross sX¥Bhal SR HoWhE UEIMER: of B SERANPEIRRL 2920 denotes
mat éri al, refeéerence

an I njecte

| presei?t'é §§§1@ﬁ3n. iEQXﬁgltre% @‘ 5%?6’6%% gg'angl%ﬁaﬁﬁﬁfg 9)(6? g@zofta}ﬁ(}?%i are

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
butfering 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 fo 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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WD 2005/ 063864 PCT/ KR2004/ 001809 67 nunber 2930
denotes foreign nmaterials joined wth the foam
ref erence nunber 2940 denotes a material nolded
tly and inserted into the inner cayj
“@gggﬁﬁgﬁpnark denotes the portions where ﬁﬁg%¥8gﬁﬂggm)
the present invention is applied. FIG 62 illustrates
a foam of the present invention enployed in a |aptop
conputer 5 bag. Additionally, the foam nay be applied
to the carrier for the electronics goods, such as
canera bags, or the briefcgge, especially in tops,
bottons, and handl es of the bags. FIG 63 illustrates
a foam enpl oyed i n knapsacks or backpacks. The foam of
numbehn 893 depsten forbigu entdrals joingd With the @binedefetense Slidher @10 denotes
strap and a back part of the bag. Additionally, the
a matepiahmobled Hedapsadtnty aad idsatedrinm! theXhes navith uhé esfmRte mark *
material in the golf bags and other 10 sports bags.
denofel (e pSionk Ivisie tlad fosm af fhe presemiivenes ik sydnedy protective
equi pnent. Here in FIG 64, exanple (|) shows a

helAiG! 62 examRtea Ehan) oﬁm@\fﬁesQ{th{tﬁéﬁhmﬁéﬁﬁB%&i fol d [a}:toﬁh:@i’f@uter
a shin guard or |leg protector, exanple {iv) shows

bag. | RiREonBIOE MhPFRIEEEPEe apied BX8ERABed 10} 1RNIMBroRicS BRI, such as
protector. Exanple (vi) of FIG 64 is cross-sec I ona

came¥d 1988 ok teWdiefcdld BgeRA) i 'tcﬁa@tﬂoﬁgﬁs Qhd b QW e bags.

Additionally, the foam of the preésent |nvent|on may be

appiGegh ﬁﬁlstli’%!es‘@'féam %&ﬁﬁ\g%ﬁq{ﬁm 304 &%F%%&%S%eat%alﬁ%f the

i nternal / external fering materi al

preseht 111\5"6:?&151?&1%2 g@ \z}t%}gtﬁgtc?% ogbﬁgldstllﬁﬁ a{\& ?Ei&crl ¢ }e ba%\lj ?iﬁ%nﬂly,

over al resen

the f&afH 'm %9 LB@de}lell iinet‘gnél@xt%m\cﬁa&lﬁ.ee g ?{1/%{14 ? br}, g%?gozfﬂl%?gﬁ Q%CF other

requl exa
qmn%%% Iatlng artlcles and life vests or preservers.
present i nvention can be applied to the varlous
and

SR R O B AR B Bl e
example %Bq Sfl)OWSt Q HelPie ?Se(}ecerllrtnple ?I\II)es%Bxlw? glovesy 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 belapplied 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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be used for various fishing conponents, marine product
i ndustries (e.g., buoys), and other oceanic
i ndustrial equi pnents. WO 2005/ 063864
/001809 68 FIG 66 illustrates a {
enp%oye g#n hats. The foam of the present |ﬁﬁ§@ﬁ9%¥mmsm
can be applied to inner and outer nenbers for hats

and caps. FIG 67 illustrates a foamenployed in a
bui | di ng construction. The fgamof the present
i nvention can be applied to ceiling, wall, and floor

appl i ances, as a soundproof or heat 5 insulating

mat eFi@| . illddnetet adoant ampRlePinliatsU SR fodin 6DMB ipRatit @ivention can
with other materials for finishing the indoor of the

belpliedito BunerdnGouBmehbets fdrdh@andedp9am appl i ed to foam
tapes. An adhesive 2961 is forned on the foam of the

pr eseIt. §7ViefiadkRh faOehhl6ytddn aehBafzNGnshR84n. 2%&% fdath of the
attached to the adhesive 72961, thereby form ng the

prés@@Thiciiéh caf be ﬁ}gi’éﬁ té EeiBr 2R Sind El))orcgppﬂn@es 68, scﬁﬁ?%ﬁ@!)f%r heat

(ii) shows 10 t cutting process of foamto

millh%n%@;ﬁﬁe?mlsn Vi ERHS cHNAREBe u@‘lmoﬁﬁbzr&t 1)1{ )vvuﬁn{ghefrvrhgtﬁnals for

|G 68 are cross-sectional views illustrating t

ﬁnqulgigfthég%dogg§ﬂlgfbu{qchﬁg_f oamtape. FIG 69 ! [lustrates a
foam enpl oyed in a héad cover of golf clip. The foans

for ﬂ} 6R YL d}sggtesag At ghé&)t%q’gaﬁ ?a%%sn?!hn LEIN {196 %9%'1 90EDmSS on the

n|nt embodi nent  can
B PR BRI SR Hp e
S X TR
o P bk S L 1 o
POy 0B BT R O B G

sh ocﬁ& 28 il ulgt?atltesae{ g)a}cxlre%%icl)y%d%g] g he\:/alélcgsgr%ttllgglf th?p ! I’P"he 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, fennis
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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20 FIGS. 72 to 76 illustrate a foam enpl oyed in
packing articles. The foam of the present invention
is used as heat insulation and reservation materi al
W?ﬁm@s/o%gh%k absorbing material, such as boxgs.. .. 0601500
conpat i bl e box assenbly, and a varlety of envel opes.
WO 2005/ 063864 69 PCT/ KR2004/ 001809 FIGS. 77 to 80
i 151t ¥aicelillpgemin afham usd eusishion mrsrtsesrfor bals, pjHdss, chairs,
pillows, chairs, and mattresses. Exanple (iii) of FIG
and m‘rfse%% debleyiin 06 BIG 78 chpaciall96dorisn fah 896Wiarthb iy, beyokich
that the air generated by the fan 2960 fl ows through
that the pis geppeted bathe fine296@ b wisHienugisthel imeheavies and thet Bdischarged
out si de through the ventilation holes, i.e., an air
io the @\gggg@eougmﬂwsfenmlhmrfm Df., dnhy fasage NThis, the fRM 6fQRe SNt
be utilized in the artlcles requiring the air
inventype el battiload Myt @tivleseqhiriag theattve SRS syad, &6 M AlSresses
Further, the foam of the present invention can be used

and cushiphoy @drtheﬁ theefoai afythk afrERROMOMRHOR @AMel used employed in the
car/train/airplane seats, and chair back so as'to

bicycledibiaicycla chaf, barttssdhilane kbde, aﬁcﬂ-cﬂaﬁﬂ B sit £0345Q§ oBtafnQAN: cusluon.
enpl oyed in car equipnments. The foam of the present
| N@NST Qlisas: DeaaPithpeded B @r 49QpmERY €Frhd
vi sor 2972, headllnerb 73, sﬁegﬁﬁg974 18&%$3ﬁﬂﬂtme“mt

inventié® é& brh%ﬂié&?d a 89F%ovaCRI73, 43 Ahsor 30%h MeHIGLE SAT f 2974

2978. itionally, the foan1of the present Tnvén

trunk 20%%) hBQIr&kS 88V 6ASaR 2991 Rdg 9&9 ﬂﬂﬁg 29?3’“ Aélcﬁfz 2 aﬁ;g, Hégfoam oa' the

nmenber or a buff erlng ne r vehic

piesentt 1[1@énﬂon B E@ Gled dsla §o%n@?)§0%f & h%a? 1113%.1?1%11% %}ae%telgﬂr & buffering

mbi ned wth ot her eri a

membei W“f@l‘ﬁbl@g sfngve v?/ﬁ{ 1{h§1§‘it 1¥ ggslfsﬁbge%{e %8?ncego%ﬁ com%med with

equi pnent’s
other n%gfég:rglt@gfér%hé e ;irg\%né %edlt?tre] eﬁ(‘t k%??i%ﬁﬁg%\;q a! %;ttlipir}sents.
E rt the foam can ed in. a
Rl e Tl ﬁ%@%@ﬁb@%@ B OF B Ry ﬁf@ld%mws and
oveg for .toilet seat ljds, in

sports 15%*%%?. 5 B R BPnBon UL SR maBEyudlghes SR ioRs,can be
el B e R Bhe B atien i e prcunt Joryel oo
e to varlogs fields, such as a househol d

toiet segf) (l-?* ¥ e Gus FORYY PGS Heiest HUT 28& b timen Brap

for electric wires. Namely, the foam of the present invention is effectively applicable to

various fields, such as a household supply field, a rdecorating supply field, a securing or

~ protecting supply field, and an industrial supply field.

The foam ijs 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
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20 protecting supply field, and an industrial supply
field. The foamis not Iimted only in the enbodi nents
of the present invention, but the various
§ohd ,ons are possible. The present inveptj
ma icaot]%tﬂ&géﬁ?oam in various WO 2005/ 063864 Pt RRab a0
PCT/ KR2004/ 001809 70 designs, sizes and structures to
have desired properties. Nanely, the above-described
enbodi nents and exanples are not limted to the
specific type. It will be apparent to those skilled in
the art that various nodifizations and variation can
be made in the present invention wthout departing
fromthe spirit or scope of the 5 invention. Thus, it
desigrs, jsiee Red tiupigrest ieehgye edesined propentics. orNanmslpr the habove-described
modi fications and variations of this invention
embpdigighig et exmplesanenosimfteditotthespeciipeypefl t he appended
clainms and their equivalents. [|INDUSTRI AL :
APPILt VGABE pv§nt 10 libkeskicd Se il artrikantiior meBkdatibacthnd variation
above provides the foamthat is nmade of a conposite
can [patmegdeain, thageseats invyntioantittols dégastingesit the ispirBURIfope of the
parts of the foam Thus, the foam nanufactured by the
invepties e Mhus, nivéntintended akatt the preRAOURESNRMORREE RS moAHeRi@S and
hardness, repulsive elasticity and shock absorbance,
variaiods dMtlspavadast pRRiicd alel QUie WG the Bk bF 88 dpPended claims and
different portions. The present invention elimnates
theirtdgeivalesgdvant ages of the conventional art 15 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 foamis
primary-nol ded or secondary-nol ded. The present

INDUSEREATOA PRLIOABILEY]f 0oam t 0 have diverse properties
and ventilating ability, although the foamis

COMHegir@6nttivetish Bt SoedABH Mo IR RSBl Widt KEmAdi&f 2 composite

- conventional art. Since the’single foam ng process is
matefiBll @nd G2ROdNERIS BR HORMY NRWAY HMEISRe 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 fabn'cation, 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. -




20 properties and functions, the fabrication process
becones nmuch nore stable and sinple. Thus the
def ecti ve-product proportion and the product costs are
elt g&ﬁkﬁ@] ly reduced with the raised pr Odu‘i:tCTHHQl)dJersog
and the mass production is achieved in the foam
fabrication. ------------ WD 20051063864
PCTI KR2004/ 001809 71 Moreover, since the foam of the
present invention has air layers therein to contro
the pressure of the inner cavity, the gravity,
buffering, heat insulation7and sound proofs are
i nproved. Because the present invention permts
materials to be easily applied to the inner or outer
sur Mareaves simperthpfopmy q%hefm%mm@awn@@ ls eiyriquess therein to control the
material to have a superior ability in 5 various
presgure Ofdhe inper: saity, theeerprieys enfferingy bent iiovvlatiod umessotnk proofs are
. environnental contam nation and the waste anount
impre¥ge geage e prasgnttinventienpeiait materigl tof lwamsi hbapiese thdianer or
present invention foamis fornmed by a single foam ng
outep pustees of wlaime treefdani vag beveeralpbsiprmatesads havida sipeRANGH ity in
OF CLAIMS ] [ CLAIM1 ] A cross-linked foam ng nethod,
variqyig glds.s iFngherpihe pacsemgnedntibe asiticas W §0aishngnaBi@fandhSion and
: for a cross-linked foam ng, each of the 5 foam ng
the wraateerm cahsgqpeatdsieig tige Ranticturd bARRnBbecause the present invention
t hr ee- di nensi onal shape with the cross-1linked foam ng
foamsis ipmed bedsinglé dramingpratest @BSE re@itend dVeRil R6deaG pat tern
on a surface of at |east one of the foamng nmaterials
using at |east one interfacing material that prevents
chem cal and physical interaction between nei ghboring
foam ng materials; and
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10 formng a cross-linked foam by foam ng the foam ng
materials including the at | east one of the foam ng
mat erials having the at | east one interfacing pattern
thereon, the cross- |inked foam having a foam body and
an internally-formed surface which is formed in the
foam body by the interfacing pattern. 15 [ CLAIM 21
The nmethod according to claign 1, further conprising
conmbi ni ng another foam ng material wth the foam ng
material having the interfacing pattern thereon before
the step of formng the cross-linked foam CLAIM 31
73 [ RMeGREShedAResqrding to any one of claims | and 2,
wherein at | east one of the foamng nmaterials is
sel ected froman EVA-based filmand material having a
[CLgﬁ@EZ or three- dinensional shape. 5 [CLAIM 4] The
net hod according to any one of clains 1 and 2, wherein
at | east one of the foamng materials is selected
onpsi sti.-ng of: synthetic resins
‘ACK$%@ ﬁ%?ﬁ%g%%¥§?ﬁ$£§%%PQ? | acetate (EVA)-based resin
and a pol yet hyl ene- based resin, or a copol yner of
resins; 1Q a natural. or synihetic rupber; and a
cBpaae e bR an}ﬂh%ﬂna@%ﬁﬁ ta s Risodaing: sash of the

selected fromthe synthetic resins and the copol yner

foamigg magatialspracrssesh tohadae plgpe onigreerdiglensiena shang Wiklothecrss-linked

natural rubber and the synthetic rubber. 15 [CLAI M 5]
foaming suppressed ;

forming at least one interfacing pattern on a surface of at least one of the foaming
materials using at least one interfacing material that prevents chemical and physical

interaction between neighboring foaming materials; and

forming a cross-linked foam by foaming the foaming materials including the at least
one of the foaming materials having the at least one interfacing pattern thereon, the cross-
linked foam having a foam body and an internally-formed surface which is formed in the

foam body by the interfacing pattern.

[CLAIM 2 |

The method according to claim 1, further comprising combining another foaming material

with the foaming material having the interfacing pattern thereon before the step of forming

| the cross-linked foam.

[CLAIM 3]
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The nethod according to claim1, wherein the
interfacing material is selected fromthe group
consisting of |iquid phase naterials, solid phase
materials, and filmtype materials. 73a [ CLAIM 6]
The net hod according to claim1l, wherein the
interfacing pattern is fornmed by one of nethods
including a printing, a tramgcription, a coating, a
deposition, a spraying, a cloth or other nmateri al
attachnent, and an inserting. 74 [ CLAIM7] The
met hod according to claim1,wherein the interfacing

The H&hEd ARbrdidEloUAQ Dndbf LGRS 1 ARE2, WIRATH 301cA98AL of MR tfodrding
the same as or different froma foam ng agent

c [ [ e f I ' . 5
materf AR AP it EFASIns Ol Bim Shd ORI, RNFL Bl |
di t he Ete% of formng the at |east one interfacing

imensihalshabe wo or more interfacing patterns are forned,
and each of the interfacing patterns is formed using
the sane or different interfacing material. 10 [CLAIM

9] The nethod according to claim 1, wherein the step

of formng the cross-linked foamis perforned either

by using a pressure cross-linked foam ng nethod or b
[CLAﬁh g Y g y

15

My a normal pressure cross-linked foaning nethod.

‘The method according to any one of claims 1 and 2, wherein at least one of the foaming

materials is selected from the group consisting of’

synthetic resins including an ethylene-vinyl acetate (EVA)-based resin and a polyethylene-

based resin, or 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 of resins and at least one material selected from the natural rubber and the

synthetic rubber.

[ CLAIM 5]

The method according to claim I, wherein the interfacing material is selected from the group

consisting of liquid phase materials, solid phase materials, and film-type materials.




[ CLAIM 10] The nethod according to claim1l1, wherein
the step of formng the cross-linked foamis
performed by a nodified nethod either of a pressure
cross-1linked foam ng nethod or of a normal 75
pressure cross-linked foam ng nethod. [ CLAIM 11] The
nmet hod according to any one of clains 9 and 10,
further conprising addi ng gggaterial 5 that is the
same as or different fromat | east one of the foam ng
materials to a remai ning space of a nolding die
before the step of formng the cross-1inked foam when

[cLARg step of forming the cross-linked foamis

performed by using the pressure cross-linked foanm ng
met hod. [ CLAIM 12] 10 The nethod according to claim
eria

n rn

The rrgreta}tlcf&“gc{':{ﬁ%fn ?%Eﬁﬂlsﬂ Gﬁ‘ﬂie .ﬁgtiljg %&mﬁ{eﬁf‘ig%gﬁﬁyﬂﬁf %{réirggénethods

0 a space forne

SRR X R O

met hod according to claim1, further conprising

materjab aitaonpeply aadhan PPFERE| | nked foam after the step of

formng the cross-linked foam [CLAIM 14] 76 The

met hod according to claim 13, wherein the re-nol ding
is perfornmed together with one of materials that are
the sane as or different fromthe cross-1linked foam [
CLAI M 15]
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5 The nmethod according to any one of clains 1, 13 and
14, further conprising inserting at |east one of
materials that are the sane as or different from at
| east one of the foaming materials into a space
formed by the internally-forned surface after formng
the cross-linked foamor re-nolding the cross-Iinked
foam 10 [ CLAIM 16] The nmethod according to claim 15,
further conprising re-nolding the cross-Iinked foam
after inserting the material into the space fornmed by
the internally-forned surface. [ CLAIM 17] 15 The
[CLA®Ythgd according to any one of clainms 1, 13 and 14,
further conprising the steps of. formng an air
passage extending froma surface to a space forned by

The n?é?l?od J&E@rﬁﬁ@ th %Iafilﬂrlr@ﬂereiﬁ%é oo e?fagfngﬁgﬁ?ﬁgﬁﬁaﬁ&és %Eﬁegst

? one
oam 7/ Inserti ng one of materi are the saine

as or different from | east one of the foamng.

foamifg o8 Hiak 15 ThE S " sitarefiiom GroaosagransB8Bingin sy jgpst one
re-nplding. the cross-linked foamafter inserting the

of the fograing apaterials.t or the step of forming the cross-Iinked
foam 5 [CLAIM 18] The nmethod according to clai m 15,
wherein the different material fromat |east one of
the foamng materials is selected fromthe group
consisting of gas, liquid and solid materials. 10
[ CLAIM 19] The net hod according to any one of clains 1

[ CLAANO 8P, further conprising rolling up the foam ng
materi al having the interfacing pattern thereon before
the step of form ng the cross-Iinked

The method according to claim 1, wherein in the step of forming the at least one interfacing

_pattern, two or more interfacing patterns are formed, and each of the interfacing patterns is

formed using the same or different interfacing material.

[ CLAIM 9]

The method according to claim 1, wherein the step of forming the cross-linked foam is
performed either by using a pressure cross-linked foaming method or by using a normal

pressure cross-linked foaming method.

[ CLAIM 10]

The method according to claim 1, wherein the step of forming the cross-linked foam is
performed by a modified method either of a pressure cross-linked foaming method or of a

normal
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foam 15 [CLAIM 20] The nethod according to any one of
clains 1 and 2, further conprising adding a materi al
different fromthe foam ng naterial to the foam ng
material having the interfacing pattern before the
step of formng the cross-linked foam 78 [ CLAIM 21]
A cross-linked foam conprising: a foam body, the foam
body being obtained by foanyng at |east two foam ng
materials w th the cross-Iinked foam ng suppressed;
and 5 at least one inner cavity structure in the foam
body, the inner cavity structure being obtained by an
pressuidlcedsb-dinkedfaaatisemethbar ned on at | east one of the
foam ng materials in order to prevent a physical and
a chem cal interaction between nei ghboring foam ng
materials during a foam ng process of the foam ng
mat eri al s; wherein the foam body and the inner cavity
structure are forned sinultaneously 10 during the
hng process of the foam ng materials. [CLAI M 22]
[Cﬂjgﬁgqgross-linked foam according to claim 21, wherein
the inner cavity structure is connected to at |east

one surface of the fogm bady. 15 Al M 231 The.. .
The ridM o RS pk e RSPl U fUair SATOURRS Biding hateral
.foam body includes at | east one air  passage connected
that iy the s#pe agprelitfersyy irgm ot leastione ef the foaming materials to a remaining space

of a molding die before the step of forming the cross-linked foam when the step of forming

the cross-linked foam is performed by using 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 step of

forming the cross-linked foam.

[ CLAIM 13]

The method according to claim 1, further comprising re-molding the cross-linked foam after

the step of forming the cross-linked foam.

[ CLAIM 14]
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79 [ CLAIM 24] The cross-linked foam according to
claim23, further conprising a valve at the air
passage to control an inflow and an outflow of air
and noi sture. 5 [CLAIM 251 The cross-1linked foam
according to any one of clainms 21 to 23, wherein the
inner cavity structure is filled with one or nore
materials that is the sanme ?ﬁ or different fromthe
foam body. 10 [ CLAI M 26] e cross-1linked foam
according to any one of clainms 21 to 23, wherein a
nol ded material mnade of or fromthe same material as
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into the inner cavity structure. CLAIM
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erial ‘Tromat 'Ieast one o oam ng materials
is selected fromthe group consisting of gas, liquid
and solid material.

[ CLAIM 15]

The method according to any one of claims 1, 13 and 14, further comprising inserting at least
one of materials that are the same as or different from at least one of the foaming materials
into a space 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 any one of claims 1, 13 and 14, further comprising the steps of:

forming an air passage extending from a surface to a space formed by the intemaliy-fbnned

surface of the cross-linked foam;
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inserting one of materials that are the same as or different from at least one of the foaming
materials into the space through the air passage; and

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

after the step of forming the cross-linked foam.

[ CLAIM 18]

The method according to claim 15, wherein the different material from at least one of the

- foaming materials is selected from the group consisting of gas, liquid and solid materials.

[ CLAIM 19]

The method according to any one of claims 1 and 2, further comprising rolling up the foaming

material having the interfacing pattern thereon before the step of forming the cross-linked

foam.

[ CLAIM 20]

The method according to any one of claims 1 and 2, further comprising adding a material

different from the foaming material to the foaming material having the interfacing pattern

before the step of forming the cross-linked foam.
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[ CLAIM 21]
A cross-linked foam, comprising;

a foam body, the foam body being obtained by foaming at least two foaming materials

with the cross-linked foaming suppressed; and

at least one inner cavity structure in the foam body, the inner cavity structure being

obtained by an interfacing pattern formed on at least one of the foaming materials in order to

prevent a physical and a chemical interaction between neighboring foaming materials during a

foaming process of the foaming materials;

wherein the foam body and the inner cavity structure are formed simultaneously

during the foaming process of the foaming materials.

[ CLAIM 22]

The cross-linked foam according to claim 21, wherein the inner cavity structure is connected

to at least one surface of the foam body.

[ CLAIM 23]

The cross-linked foam according to claim 21, wherein the foam body includes at least one air

passage connected to the inner cavity structure.
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[ CLAIM 24]

The cross-linked foam according to claim 23, further comprising a valve at the air passage to

control an inflow and an outflow of air and moisture.

[ CLAIM 25]

The cross-linked foam according to any one of claims 21 to 23, wherein the inner cavity

structure is filled with one or more materials that is the same as or different from the foam

body.

[ CLAIM 26]

The cross-linked foam according to any one of claims 21 to 23, wherein a molded material
made of or from the same material as or different material from the foam body is inserted into

the inner cavity structure.

[ CLAIM 27]

The method according to claim 17, wherein the different material from at least one of the

foaming materials is selected from the group consisting of gas, liquid and solid material.



