FOAMED DUSTPROOF MATERI AL AND DUSTPROOF STRUCTURE USI NG FOAMED DUSTPROOF
MATERI AL FI ELD OF THE | NVENTI ON The present invention relates to a foaned
dust proof material and a dustproof structure using the foamed dust proof
material, and nore particularly, relates to such a foaned dust proof
material that has excellent dustproof property and can successfully foll ow
a mnute clearance, and a dustproof structure using the foamed dustproof
mat eri al . BACKGROUND ART A dustproof material has been used upon nounting
an i mage di splaying nenber fixed to an inage displaying device, such as a
liquid criGiMEDdbYpIrRR0@N MAT BRIAG! Bih@stENEROMIFS SITRU GNURE phasita

di splay, and an optical nenber, such as a canera and a lens, fixed to a
pot abl e EwmerDdr D& PR ablre MATTORDALI on device, on a prescribed site, such
as a fixing part. A dustproof material has al so been used for preventing a
toner from leaking froma toner cartridge used in an inmage form ng
apparatus, such as a duplicator and a printer. As the dustproof material, a
pol yet hyl ene foaned body RakiLbg G oBEH AAIMENBAMRGNa foam ng factor of about
1 30 has been used, as well as a fine cell polyurethane foaned body having

a low foam ng d%@&fr%@%f&EM%%@thHrelatestx>afoameddustproof

material and a dustproof structure using the foamed
dustproof material, and more particularly, relates to
such a foamed dustprocf material that has excellent
dustproof property and can successfully follow a minute
clearance, and a dustproof structure using the foamed

dustproof material.

BACKGROUND ART

A dustproof material has been used upon mounting
an image displaying member fixed to an image displaying
device, such as a liquid crystal display, an
electroluminescence display and a plasma display, and
an optical member, such as a camera and a lens, fixed
to a potable phone or a portable information device, on
a prescribed site, such as a fixing part. A dustproof
material has also been used for preventing a toner from
leaking from a toner cartridge used in an image forming
apparatus, such as a duplicator and a printer.

As the dustproof material, a polyethylene foamed
body having closed cells and a foaming factor of about
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structure, and a conpressed and nolded article of a highly foaned

pol yur et hane. Specifically, for exanple, a gasket fornmed of a polyurethane
f oamed body having a density of from0.3 to 0.5 g/cnB (as described in

Pat ent Docunent 1) and a sealing material for an electric or electronic
device } forned of a foaned structure having an average foam di aneter of
froml to 500 m(as described in Patent Docunent 2) have been used. In the
conventional inage displaying nenber fixed to an inmage displaying device,
such as a liquid crystal display, an el ectrol um nescence display and a
plasma  displ hgs @wknhesesnventi oradll opti ealf imenbes | lsipehl wisredhgarer a and
a lens, fixed to a potable phone or a portable information device, a part
wher e t he flustpdobbdyaheriialg a 4 capflozedi hasdagckeanance ¢los.ed aejap or a
distance) that is sufficiently large for using the dustproof nmaterial

W t hout substastivale Campr 8SShap r eHes @01 @ mo lided & hiasc beeff rOhAGEESEi ty in
consideration of the conpression repulsive force of the dust proof

mat eri al s. fo dRabepto DegHERMtanld . JP- A-2001- 100216 [ Pat ent Docunent 2]

JP- A-2002- 309198 2 MMVARY OF THE | NVENTION I n recent years, however, a

product having ar,Opf k¢al IMBPPeE(SuchRg18n IIBges detpl AyiRdqder cg, a
polyurethane foamed body having a density of from 0.3
to 0.5 g/cm’® {as described in Patent Document 1) and a
sealing material for an electric or electronic device
j)’ formed of a foamed structure having an average foam
diameter of from 1 to 500 pm (as described in Patent
Document 2) have been used.

In the conventional image displaying member fixed
to an image displaying device, such as a ligquid crystal
display, an electroluminescence display and a plasma
display, and the conventicnal optical member, such as
a camera and a lens, fixed to a potable phone or a portable
information device, a part where the dustproof material
is applied has a clearance (i.e., a gap or a distance)
that is sufficiently large for using the dustproof
material without substantial compressiocn. Therefore,
there has been no necessity in consideration of the
compression repulsive force of the dustprocf materials.
[Patent Document 1] JP-A-2001-100216

[Patent Document 2] JP-A-2002-309198



canmera and a lens) installed therein is becomng to have a thin profile,
and associ ated thereto, the clearance of the part where the dust proof
material is applied tends to be decreased. Mrre recently, such a situation
occurs that a conventional dustproof nmaterial having been used } cannot be
applied due to the large repulsive force thereof. Accordingly, such a
dustproof material is being demanded that exerts excellent dustproof
property and has excellent flexibility capable of follomjng a mnute

cl earance. The gasket disﬁbﬂfﬁgﬁﬁgﬁﬁﬁ @HEOQ%nﬁﬁgﬁ P@ , a gasket forned

wi th a pol yurethane foane aving ‘a of from0.3 to O. 5g/ cm
3) prevents a liquid crystal display fromjolting by suppressing the
foam ng factor trhereofenhutydearsti howasaffi ai @rtoduct! éxdbi higt wnand
buffering property. The sealing material for an electric or electronic

devi ce di spdo5€d1i mehh &Ar2Q82rc309488 al . magthaisgal 4ngngmadeviak ,fer an
electric or electronic device forned of a foamed structure having an

average foahdianBhar a0f enkhomnk d01 508 Phedeas N YLEShihY & LOBRIELSSI ON
repul sive force of the foaned material. 3 Therefore, an object of the

| nvention J Stltli’np{p‘?c‘ﬁ £i£1 esu%l?lc?‘ Qé'%l&rl%oie(ﬁm%ﬁ%'ﬁét& haﬁ:h@‘%ﬁéa%%’dé ent

dust proof properfy and has excel Tent flexi bil ity capable of following a

mnute cl Q?f%Ce?pawb}helpé%él%@sgﬂgo%rﬁﬁaterlal is applied tends

to be decreased. More recently, such a situation occurs

that a conventional dustproof material having been used
7) cannot beapplieddue to the large repulsive force thereof.
Accordingly, such a dustproof material is being demanded
thatexertsexcellent dustproofpropertyandhasexcellent
flexibility capable of following a minute clearance.

The gasket disclosed in JP-A-2001-100216 (i.e.,
a gasket formedwith apolyurethane foamedmaterial having
adensityoffrom0.3toO.5g/cm3)preventsaliquidcrystal
display from jolting by suppressing the foaming factor
therecf, but is stil} insufficient in flexibility and
buffering property.

The sealing material for an electric or electronic
device disclosed in JP-A-2002-309198 (i.e., the sealing
material fof an electric or electronic device formed of
a foamed structure having an averadge foam diameter of
froml to 500 pum) does not refer to a compression repulsive

force of the foamed material.



structure using the dustproof material. Another object of the invention is
to provide such a foamed dustproof material (hereinafter referred to as a
dust proof material) that can be suitably used upon nounting an optical
menber on a product having a thin profile, and to provide a dust proof
structure using the dustproof material. As a result of earnest

i nvestigations made by the inventors for attaining the aforenentioned
objects, it has been found that the use of a dustproof material formed of
a foaned body having particular characteristics exerts excellent dustproof
property and canT$uccesstel | ynfabfjewt afnthatienckpariance.s Thepknwanrtd on has
been made based H on the findings. That is, the present invention has the

fol | ow ng swwoOnst Huktddo o f a fe toanedhdiust peeafs sresliénwhichrperri ses a
f oamed body, wherein the foaned body has an average cell dianeter of from

10 to 90 Pr@pkead agdiNEhs’ eputSi 0B HUPON: GOBRNESSy NEab@ 0% gf from 0.1 to
3.0 NNcm, and an apparent density of fromO0.01 to 0.10 g/cnB. 4 (2) The

foamed dustpf 0glARLLLl Al AGRU UiNgl PERG « AROME tElhr NEEET D &@@tFQ%W body

has a closed cell “structure or a sem -closed and sem -open cell structure.

(3) The foamed.dustrro0f nfRLtEd ak, 8¢¢I Sl POt the )

Another object of the invention is to provide such
a foamed dustproof material (hereinafter referred to as
a dﬁstproof material) that can be suitably used upon

) mounting an optical member on a product having a thin
profile, and to provide a dustproof structure using the
dustproof material.

As a result of earnest investigations made by the
inventors for attaining the aforementioned objects, it
has been found that the use of a dustproof material formed
of a foamed body having particular characteristics exerts
excellent dustproof property and can successfully follow
a minute clearance. The invention has been made based
on the findings.

That is, the present invention has the following
constitution.

(1) A foamed dustprcocof material which comprises
a foamed body, wherein the fcamed body has an average
cell diameter of from 10 £o 90 um, a lcad against repulsion
upon compressing to 50% of from 0.1 to 3.0 N/cm?, and an

apparent density of from ©.01 to 0.10 g/cm’.
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above (1) or (2) , wherein the material further conprises a pressure
sensitive adhesive | ayer on one surface or both surfaces of the foaned
body. (4) The foamed. dustproof material according to the above (3),
wherein the pressure sensitive adhesive layer is forned on the foaned body
through a filmlayer. (5) The foaned dustproof material accordi ngtothe above
(3) or (4), wherein the pressure sensitive adhesive |ayer conprises an
acrylic pressure sensitive adhesive. (6) The foanmed dustproof materi al
according to any one of the above (1) to (5) , wherein the foamed body is
obt ai nabl e by a prdcedd: & spFmtad i Stepsodfnat Rpleghationy &l Bk mépIsast i ¢
polymer with an inert gas at a high pressure; and decreasing the pressure.
5 (7) The Fwaned (dust prbefediter LhlkackordeAgtiorde halsove cepsswereld t he

f oamed body is obtainable by a process conprising steps of: inpregnating a
non- f oamed: tnoh déed rar birckes enapcilsi Hgd @nd heembpbastri cepol wieruwittlrean i nert
gas at a high pressure; and decreasing the pressure. (8) The foaned

dust pr oof mat eri al accor di ngt ot he above (6), wherein the foanmed body is
obtai nable by a process conprising steps of;

(3} The foamed dustproofmaterial according to the
above (1) or (2), wherein the material further comprises

a pressure sensitive adhesive layver on one surface or

both surfaces of the foamed body.

(4} The foamed dustproof material according to the
above (3), wherein the pressure sensitive adhesive layer

is formed on the fcocamed body through a film layer.

{5) The foamed dustproofmaterial according to the
above (3) or (4), wherein the pressure sensitive adhesive

layer comprises an acrylic pressure sensitive adhesive.

(6) The foamed dustproofmaterial according to any
one of the above (1) to (5}, wherein the foamed body is
obtainable by a process comprising steps of:

impregnating a thermoplastic polymer with an inert
gas at a high pressure; and

decreasing the pressure.



i npregnating a nolten thernoplastic polynmer with an inert gas under a
pressuri zed state; and nolding the thernoplastic polynmer while decreasing
the pressure. (9) The formed dustproof material according to any one of the
above (6) to (8), wherein the process further conprises a step of heating
after decreasing the pressure. (10) The forned dustproof material according
to any one of the above (6) to (9), wherein the inert gas is carbon

di oxide. 6 (11) The forned dustproof material according to any one of
clainms 6 to 10, wherein the inert gas is in a supercritical state upon

i npregnating. (12))The FdLredtarstsriodr o pate? Falr iadcaEdaigl B9 Ehfhiche of
the above (1) to (11), wherein the material 1is used upon nounting an

opti cal ¥eonCa presereded tiket §oafmed) Rodustipr 0o tstimpde Lig ebtvora
mounting an optical nenber on a prescribed site, wherein the structure
conpri ses diecopti calmpeibengrmuneed orf the site through the forned

dust proof material according to any one of the above (1) to (11). (14) A
structure conpriisige ghagdtri £alndmrbeamaudtiet ®arra ipt Bs gdmedi sihey

wherein the structure conprises the optical nenber nounted on the
prescribed; thermoplastic polymer with an inert gas at a high

pressure; and

decreasing the pressure.

) (8) The foamed dustproofmaterial according to the
above (6), wherein the foamed body'is obtainable by a
process comprising steps of:

impregnating & molten thermoplastic polymer with
an inert gas under a pressurized state; and
molding the thermoplastic polymer while decreasing

Lhe pressure.

(9) The formeddustproofmaterial according to any
one of the above (6) to (8), wherein the process further

comprises a stepof heating after decreasing the pressure.

{10} The formed dusiprocf material according to
any one of the above (6) to (9), wherein the inert gas

is carbon dioxide.



site through the formed dustproof material according to any one of t
above (1) to (11). (15) The fornmed dustproof material according to any one
of the above (1) to (11), wherein the naterial is used upon preventi
toner fromleaking froma toner cartridge. 7 The fornmed dustproof materi al
may be preferably wused upon nounting an optical nenber on a prescribed

site,

and upon preventing a toner fromleaking froma toner

he

ng a

cartridge. The

invention also relates to adustproof structure for nounting an optical
menber on a prescribed site, and the dustproof structure conprises t
nmenber MBdnt ed o FaEMSIt dutERUgR Tt B FF hed @EPF IO Indkteri al
according to the invention. The invention further relates to a structure
havi ng anagyt icat oénigera hpantedo dif a phegserirbedthsi teerdndye bheist ducture
conprises the optical nenber nounted on the prescribed site through
formed dust prooé roatidri @al ascertth ngoba tiep ragerttiiang . The dust proof materi al

opti cal

of the invention exerts

he

t he

excel | ent dust proof property and has excell ent

flexibility capable of following a mnute clearance. The dustproof material
of the invention can also be suitably used upon nounting an opti cal

on a product having) aHd nfPeRbid &ustproof material according to

any one of the above (1) to (11}, wherein the material
is used upon mounting an optical member on a prescribed

site.

(13) Adustproof structure for mountinganoptical
member on a prescribed site, wherein the structure
comprises the optical member mounted on the site through
the formed dustproof material according to any one of

the above (1) to (11}.

(14) A structure comprising an optical member
mounted on a prescribed site, wherein the structure
comprises the optical member mounted on the prescribed
site through the formed dustproof material according to

any one of the above (1) to (11).

(15) The formed dustproof material according to
any one of the above (1) to (l1l1), wherein the material
is used upon preventing a toner from leaking from a toner

cartridge.

nmenber



BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a schematic cross sectional view
showi ng an evaluation nethod for clearance followability in Exanples. 8
DETAI LED DESCRI PTI ON OF THE | NVENTI ON The invention will be described bel ow
in detail. [Foaned Body constituting Foanmed Dustproof Material] The foaned
dust proof material, i.e., a dustproof material (sealant) conposed of a
foamed body, of the invention is constituted by a foaned body having an
average cell dianmeter of from10 to 90 m a | oad agai nst repul sion upon
conpressing to 50% (i.e., a repul sive force upon conpressing to 50% of
from0. 1 to 3 .TheNfawnednd st appatenta teiensilt ynadf Peomr®Dareble. 10
g/cnB. The upper limt of the average cell dianeter of the foanmed body set
to 90 m ( prsefcengiwnyn@mrm i ngprowves: i dastpeobe rpo oEeptry ssowdi b agravés | i ght
shielding property. The lower limt of the average cell dianeter of the
foanmed baedy sepohopkEvehpiekerabtyn2@ mMromplewaes washirom g tpneperty
(shock absorption property). The upper Iimt of the | oad agai nst repul sion
upon conprasstNgqgkq 50%% (i.e., the repul sive force upon conpressing to
509 of the foanmed body set to 3.0 NNcn2 (preferably 2.0 NNcnR2, and nore

preferably 1.8 NrgePjnGamtifewto RAD €85 e 40skeRSf ¢t Wicthe of oaned
dust pr oof
for mounting an optical member on a prescribed site, and
the dustproof structure comprises the optical member
mounted on the site through the formed dustproof material
') acceording to the invention. The inventicon further
relates to a structure having an optical member mounted
on a prescribed site, and the structure comprises the

optical member mounted on the prescribed site through

the formed dustprocf material according to the invention.

The dustproof material of the invention exerts
excellent dustproof property and has excellent
flexibility capablecof following aminuteclearance. The
dustpreoof material of the invention can also be suitably
used upon mounting an optical member on a product having

a thin profile.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic cross sectional view showing
an evaluation method for clearance followability in

Examples.



material fromoccurring even in a narrow clearance. The lower limt of the
| oad agai nst repul sion upon conpressing 9 to 50% of the foanmed body set to
0.1 NNcnR (preferably 0.2 NcnR) can ensure excellent dustproof property.
The upper Iimt of the apparent density of the foaned body set to 0.10
g/cnB (preferably 0.08 g/cnB) can inprove flexibility. The lower limt of
the apparent density of the foaned body set to 0.01 g/cnB (preferably 0.02
g/cnB) can ensure excellent dustproof property. The foaned body is not

limted in conposi o #fp ﬁé%ﬁ b‘l‘%}dﬂf RsThar APvERe sahor ementioned

characteristics are satisfie The cell structure Is preferably a closed
cell structure on,a S4Ms l:?%?xldvﬂtnldl k?gnliégggqbcgélb%ﬁ%%tilf{edé{%?'l’. a cell
structure having a closed cell structurée and an open cel I" structure m xed
with each other with the ratio thereof being not limted) , and such a cel
structure is particularly preferred that the foanmed body has 80% or nore
(further preferably 90% or nore) of a closed cell structure part. In the
f oaned dusipsanédmiteety atoafs tHineu t buentiicame daDprsdgessotoMaredueailng t he

f oamed body may be those processes that have been ordinarily used for

f oammol di ng, sugheas EambYSHCRILgYOCEeSha&RA iaa Them. eal, prenessprbaf the
ordi nary physical process, a low boiling point liquid (foam ng agent), such
as a chl OrnQ{’ié'?ﬁ.@qar(t%%"a§9mﬁqur@omposed of a foamed body, of the
inventionisconstitutedbya foamedbodyhavinganaverage
cell diameter of from 10 to 90 um, a load against repulsion
) upon compressing to 50% (i.e., a repulsive force upon
compressingto 50%) of from90.1to 3.0N/cn?, and an apparent
density of from 0.01 to 0.10 g/cm’.

The upper limit of the average cell diameter of
the foamed body set to 90 um (preferably 80 um) improves
dustproofpropertyandimproves light shieldingproperty.
The lower 1imit of the average cell diameter of the foamed
body set to 10 um {(preferably 20 um) improves cushioriing
property (shock absorption property).

The upper limit of the load against repulsion upcn
compressing to 50% (i.e., the repulsive force upon
compressing to 506%) of the foamed body set to 3.0 N/cn?
(preferably 2.0 N/cm®, and more preferably 1.8 N/cm?) can
prevent problems due to repulsion of the foamed dustproof

material from occurring even in a narrow clearance. The

lower limit of the loadagainst repulsion upon compressing



and a hydrocarbon conmpound, is dispersed in a polyner, and then heated to
evaporate the foam ng agent to form 10 cells. In the ordinary chem ca
process, cells are formed wth a gas generated through thernal
deconposition of a conpound (foam ng agent) added to a polynmer base, so as
to obtain a foaned body. Under consideration of the current environnental

i ssues, the physical process is preferred. The foanmed body can be produced,
for exanpl e, the foll owi ng processes. Constitutional conponents

by
including patural or synthetic ruﬁg r (such_as_a or pprene
rubber-ethgpeﬁgfpﬁgiy?%ﬁe?PéWHﬁ?y %V; éH:vE?cgnﬂzi d”ﬁgeL??egeﬁﬁﬁﬁ¥ﬁg agent
and a filler are, kneaded in a kneading machine, such as a Banbury m xer and
a pressurB-RndHddl)) tS2BbEASH BE kR ikt VS P ERBO Tk R MYt ure i s
then nolded into a sheet formor a rod formwhile being continuously
kneaded i n a cal ehdeMPhREHilde: t &f eRerarriren tadebsidper Tt e feaiie g
machi ne, and then vul cani zed agd foamed by heating to gbtain_a vul cani zed
f oamed bodyodpheeitesal®i hg wdtranizeditoakdds BodB maycmhe c@n limpino e
prescri bed shape depending on necessity. In alternative, constitutional
conponent sfil ealidel hgt ynat fihad 1w ey ntdret £ oo f ubtberg ppavelndaniezi gt gget, a
foam ng agent and a filler are kneaded with mxing rolls
the foamed body set to 0.01 g/cm® (preferably 0.02 g/cm’)
can ensure excellent dustproof property.
The foamed body is not limited in composition and
“) cell structure as far as the aforementioned
characteristics are satisfied. The cell structure is
preferably a closed cell structure or a semi-closed and
semi-open cell structure {(i.e., a cell structure having
a closed cell structure and an open cell structure mixed
with each other with the ratio thereof beingnot limited),
and such a cell structure is particularly preferred that
the foamed body has 80% or more (further preferably 20%
or more) of a closed cell structure part.
E In the foamed dustproof material of the invention,
a process for producing the foamed body may be those
processes that have beenordinarily used for foammolding,
such as a physical process and a chemical process. 1In
the ordinary physical process, a lowboiling point liquid
(foaming agent), such as a chlorofluorocarbon ccmpound
and a hydrocarbon compound, is dispersed in a polymer,

and then heated to evaporate the foaming agent to form

10



to obtain a kneaded conposition, and the kneaded 11 conposition is then
subj ected to vul canization, foamng and nolding in a nold by a batchw se
process. In the invention, a process using a high-pressure inert gas as a
foam ng agent is preferably used since a foaned body having a small cel

di aneter and a high cell density can be obtained. For exanple, such a
process is preferred that a thernoplastic polynmer is inpregnated wth an
inert gas at a high pressure, and then the pressure is decreased to forma
foamed body. In the aforenentioned physical foam ng process, problens nmay
ari se due aG®llaf| afmebitictydinexvcihynasd L PRbCedtesedn 3 A& eehorreshent s,
such as ozone | ayer destruction. In the aforenentioned chem cal foam ng
process, nesihlues gafs thenboartiad ghsconerini nhenmehe deesulptd gt £ coaned body
and thus problens may arise due to contamnation with a corrosive gas and
inmpurities idcompbangas fadmiay ardenth bheldauriposespofll yvelectianke¢ devi ces
requiring |low contam nation property. Carbon dioxide is preferably used as

the foam ngs tgesbtrsince &odead Heaged ledye WiddbnkesiE BAMURKS o the
inmpurities can be obtained. It has been reported that the physical and

chem cal J0eptng RILPEESSEMA T Eiscd, t@h@”@ﬂ§@l@&ﬁ'@%&@égs Stg ucture,
particularly fine cells having a di anet er’ of

preferred.

The foamed body can be produced, for example, by

the following processes. Constitutional components

j including natural cor synthetic rubber (such as a
chloroprene rubber—-ethylene-propylene terpolymer), a
vulcanizingagent, a foamingagentanda filler are kneaded
in a kneading machine, such as a Banbury mixer and a
pressure kneader, to obtain a kneaded mixture. The
kneaded mixture is then molded into a sheet form or a
rod form while being continuously kneaded in a calender
machine, an extruder or a conveyer belt casting machine,
and then vulcanized and foamed by heating to obtain a
vulcanized foamed body.

The resulting vulcanized foamed body may be cut
into a prescribed shape depending on necessity. In
alternative, constitutional components including
natural or synthetic rubber, a vulcanizing agent, a
foaming agent and a filler are kneaded with mixing rclls

to obtain a kneaded composition, and the kneaded

11



300 mor less. 12 As having been described, the foanmed body of the

invention is preferably produced by a production process using an inert gas
at a high pressure as a foanmi ng agent, and such a process is preferably
enpl oyed that a thernoplastic polyner is inpregnated with an inert gas at a
hi gh pressure, and the pressure is decreased. Upon inpregnating with an
inert gas, a non-foaned nolded article having been previously nolded is
inpregnated with an inert gas, or in alternative, a nolten thernoplastic
polynmer is inpregnated with an inert gas under a pressurized state.

Ther ef or e comesd et £éd rexamplhesn gfult hecspetitfd ¢ ulpraogdietitdropr otessiinnel ude a
process, in which a thernoplastic polyner is inpregnated with an inert gas
at a hi ghapriessaid,inandih henntdisd pbgssuries t shdecregsedyie s& .process, in which
a non-foamed nolded article formed of a thernoplastic polynmer is

i npregnated W t htanthreihvegasiah,aahbgh g essws engaadhtBen dhespnessure is
decreased; and a process, in which a nolten thernoplastic polynmer is

i mpr egnat egwd ?Hsi rwgtaga%amd%_ agRmassusi ged sd@iliy atykdheince
t her nopl astic polynmer is nol ded ile decreasing the pressure. 13
(Thermopl astd €2 ROLYMRIdy having a small cell diameter and a high
cell density canbe obtained. For example, suchaprocess
is preferred that a thermoplastic polymer is impregnated
with an inert gas at a high pressure, and then the pressure
) is decreased to form a foamed body.

In the aforementioned physical foaming process,
problems may arise due to inflammability, toxicity and
influences on the environments, such as czone layer
destruction. In the aforementioned chemical foaming
process, residues of the foaming gas remain in the
resulting foamed body, and thus problems may arise due
to contamination with a corrosive gas and impurities in
the gas particularly in the purposes of electronicdevices
requiring low contamination property.

Carbon dioxide is preferably used as the foaming
agent since a clean foamed body with less amounts of
impurities can be obtained.

It has been reported that the physical and chemical
focaming processes are difficult to provide a fine cell

structure, particularly fine cells having a diameter of

300 pm or less.

12



The thernoplastic polynmer used as a material for the foanmed body (resin

foamed body) in the invention is not particularly limted as far as it

pol ymer

i npregnated with a high-pressure gas.

exhi biting thernoplastic property and is capabl e of being

include an olefin polyner, such as | ow density pol yethyl ene, nedium
density pol yethyl ene, high density polyethylene, linear |ow density
pol yet hyl ene, pol ypropyl ene, a copolynmer of ethylene and propyl ene,

copol yner of ethylene or

et hyl ene

and an?ét BABhE Qesdt utes ed ihstbnetheefgamsad g dycetiatldre

a

1S

Exanpl es of the thernoplastic polyner

propyl ene and other a-olefin and a copol yner of

a

acrylic acid, an acrylate ester, nethacrylic acid, a nethacrylate ester and
vi nyl al cohoy$ntaost yrepgedd yakty psadhard ol wspyoshec ah@naprocess
acrylonitrile-butadi ene-styrene copol ynmer (ABS resin) polyam de, such as

6- nyl on,

686s hyboanahdei2- gylsont apbliganbdeisdwes polyifvawing agent,

pol yetherim de; an acrylic resin, such as polynethyl nethacryl ate;
pol yvi nyl arcdl suicte;a pokypeiend flupricdsranlygl kaenyl ayemattiicat esi n;

pol yester, such as pol yet hyl ene terephthal ate and pol ybutyl ene

t er epht haltat € mp@llycar bengbea,yrsde hi 3s i mpirsheaek dAwRally cai boRake; gas
pol yacet al ; and pol yphenyl ene sulfide. 14 The thernoplastic resin als
includes &+t a high pressure, and the pressure is decreased. Upon

impregnating with an inert gas, a non-foamed molded
article having been previouslymolded is impregnated with
an inert gas, or in alternative, a molten thermoplastic
polymer is impregnated with an inert gas under a
pressurized state.

Therefore, preferred examples of the specific
production process include a process, in which a
thermoplastic polymer is impregnated with an inert gas
at a high pressure, and then the pressure is decreased;
a process, in which a non-foamed molded article formed
of a thermeplastic polymer is impregnated with an inert
gas at a highpressure, and then the pressure is decreased;
and a process, in which a molten thermoplastic polymer
isimpregnatedwith an inert gasunder apressurizedstate,
and the thermoplastic polymer is molded while decreasing

the pressure.

13
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t her nopl astic el astoner, which exhibits rubber nature at ordinary
tenperature and exhibits thernoplasticity at an elevated tenperature.
Exanpl es of the thernoplastic elastonmer include an olefin elastomer, such
as an et hyl ene-propyl ene copol yner, an ethyl ene-propyl ene-di ene copol yner,
an ethyl ene-vinyl acetate copol ynmer, polybutene, polyisobutylene and

chl orinated pol yet hyl ene; a styrene elastoner, such as

astyrene- but adi ene-styrene copol yner a styrene-isoprene-styrene copol yner,
a styrene i sopr ene- but adi ene- styrene copol ymer and hydrogenated pol yners
t hereof ; alkle¥wopllastt tcpdloyester) el astoner; a thernopl astic urethane
elastoner and a thernoplastic acrylic elastoner. The t hernopl astic

el astomers have dhgl d9sermpadsidtt bn pehperaat ureeiower at et e oomlt Eper at ur e
(for exanple, 20C or lower), and thus are considerably excellent in

f | exi bi | thhantb shape bioal} ofwads i nt ¥ oasead ity pr aof tiwt eémwbnanda iseal ant .
The thernoplastic polynmer nay be used solely or as a mxture of two or nore

ki nds thergof . p ARY icfuBariernnopl asti e €l pstorrr,i @ 1 beamy Bghee pol yner
other than the thernoplastic elastoner, and m xtures of a thernoplastic

el ast omer @Iﬂl@l%ﬂ@ﬂﬂ'&%ﬁdﬁl ngﬁ@br%mt‘}%ﬁ@@ﬁs tBe drnes ropbastis
el astoner nmay be used as th
impregnated with a high-pressure gas.
Examples of the thermoplastic poliymer include an
olefin polymer, such as low density polyethylene, medium
) density polyethylene, high density polyethylene, linear
low density polyethylene, polypropylene, a copolymer of
ethylene and propylene, a copolymer of ethylene or
propylene and other ad-olefin and a copolymer of ethylene
andanethylenicunsaturatedmonomer (e.g., vinyl acetate,
acrylic acid, an acrylate ester, methacrylic acid, a
methacrylate ester and vinyl alcohol}; a styrene polymer,
such as polystyrene and an
acrylonitrile-butadiene-styrene copolymer {(ABS resin) ;
polyamide, such as 6-nylon, 66-nylcon and 12-nylon;
polyamideimide; polyimide; a polyetherimide; an acrylic
resin, such as polymethyl methacrylate; polyvinyl
chloride; polyvinyl fluoride; an alkenylaromatic resin;
polyester, such as polyethylene terephthalate and
polybutylene terephthalate{ polycarbonate, such as
bisphenol Apolycarbonate; polyacetal; andpolyphenylene

sulfide.
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material for the foaned body (i.e., the thernoplastic polynmer). Exanples of
the m xture of a thernoplastic elastonmer and a thernoplastic polyner other
than the thernoplastic elastoner include a mxture of an ol efin el astoner,
such as an ethyl ene-propyl ene copol yner, and anol efi npol ymer, such as
pol ypropyl ene. In the case where the m xture of a thernoplastic el astoner
and a thernoplastic polynmer other than the thernoplastic elastonmer is used,
the mxing ratio thereof (forner/later) nay be about from1/99 to 99/1,
preferably about from 10/90 to 90/10, and nore preferably about from 20/80
to 80/20. (lnert &) tEReRoRE£5§ds thaf leam be° usBg& vt hedi nvention is
not particularly limted as far as it is inert to the thernoplastic polyner
and can bethapregnaa 2ficherla atongnd exanphesxihbpest imthheds catbone
dioxide, nitrogen and air. The gases maybe used as a mixture. Anong these,
carbon di oxtdericsirprebetampe usedrsi roedi exdarb bes itineregrat ed tir the
t hernopl astic polynmer as the nmaterial for the foaned body in a | arge anpunt
at a high atpregnai¢oat espessnpdGathere nert gas is preferably in a
supercritical state wupon inpregnating in the thernoplastic polyner. The
solubility of thegaspilrd heftbaempashbp 1P tyI®r ell®istomer include
an olefin elastomer, such as an ethylene-propylene
copolymer, an ethylene-propylene-diene copolymer, an
ethylene-vinyl acetate copolymer, polybutene,
) polyisobutylene and chlorinated polyethylene; a styrene
elastomer, such as a styrene-butadiene-styrene copolymer
a styrene-isoprene-styrene copolymer, a
styrene—-isoprene-butadiene-styrene copolymer and
hydrocgenated polymers thereof; a thermoplasticpolyester
elastomer; a thermoplastic urethane elastomer; and a
thermoplastic acrylic elastomer.
The thermoplastic elastomers have a glass
fransition temperature lower than room temperature (for
example, 20°C or lower), and thus are considerably
excellent in flexibility and shape followability as a
dustproof material and a sealant.
The thermoplastic polymer may be used solely or
as a mixture of two or more kinds thereof. Any of a
thermoplastic elastomer, a thermoplastic polymer other
than the thermoplastic elastomer, and mixtures of a

thermoplasticelastomer anda thermoplasticpolymer other
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|ncreased in a supercrltlcal state to enable |npregnat|on in a high
concentration. Upon suddenly decreasing the pressure after the
i npregnation, cell nuclei are fornmed in a large anmount owing to the high
concentration, whereby fine cells can be obtained since the density of
cells fornmed as a result of growh of the cell nuclei beconmes |larger with
equal porosities. Carbon dioxide has a critical tenperature of 31C and a
critical pressure of 7.4 MPa. An additive may be added to the thernoplastic
pol yrmer degendin on necessity upon nolding the foamed body. The kind of
the additi ¥Bafs t%b% PRPETMAR B ¥ 1S Rt 28L0MN&Td WY i BEs ‘kff%‘asaéf i ti ves
t hat have been ordinarily wused for foam nolding can be used. Exanpl es of
t he additi®atiedciadelarcdilie nfiepre®d e ddgdrt earcFP@xﬂh?ﬁ@oﬁ&ﬁ%%&an
agent, a plasticizer, a lubricating agent, a coloring agent (such as a
pi gnent apdlymBme); an ultraviolet ray absorbent, an antioxidant, an
antiaging agent, a filler, a reinforcing agent, a flane retardant, an
antistatic agent ,Exaspidfeacefddts ne xdgent pf athelmemp Zesg lagent sdrdear sur f ace
treating agent. 17 The addition amount of the additive may be appropriately
sel ect ed wathhi a tsluehma priangei thatd 1yhe r batred thoan afh €elHsrinspieis t hpai r ed,
whi ch maybe an addition anmount used upon nolding an ordinary thernoplastic
polymer, elastomer include a mixture of an olefin elastomer, such
asanethylene-propylenecopolymer, andanolefinpolymer,
such as polypropylene. In the case where the mixture of
t) a thermoplastic elastomer and a thermoplastic polymer
other than the thermoplasticelastomer is used, themixing
ratio thereof (former/later) may be about from 1/99 to
99/1, preferably about from 10/90 to 90/10, and more

preferably about from 20/80 to 80/20.

(Inert Gas)

The inert gas that can be used in the invention
is not particularly limited as far as it is inert to the
thermoplastic polymer and can be impregnated therein,
and examples thereof include carbon dioxide, nitrogen
and air. The gasesmaybeusedas amixture. Among these,
carbon dioxide is preferably used since it can Dbe
impregnated in the thermoplastic polymer as the material
for the foamedbody ina large amount at a high impregnation

speed.
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such as a thernoplastic elastoner. The lubricating agent used in the
invention is not particularly limted as far as it exerts an effect on

i mprovenent in flowability of the thernoplastic polynmer, and exanples

t hereof include a hydrocarbon |ubricating agent, such as liquid paraffin,
paraffin wax, mcro wax and pol yethyl ene wax; an aliphatic acid lubricating
agent, such as stearic acid, behenic acid and 12-hydroxystearic acid; and
an ester lubricating agent, such as butyl stearate, stearic nonoglyceride,
pentaerythritol tetrastearate, hardened castor oil and stearyl stearate.
(Production of FdatfedBody PaksleHer f edadtlivanpt 666ssr £61 tgrgdb&itig- € he
foamed body by inpregnating a thernoplastic polynmer with an inert gas at a
hi gh pressipen dpagid¢dealiiypsuth &hgr ddessmamy a2 Pel corddaierirt haf héont ai ns
an inpregnating step of inpregnating a thernoplastic polymer with an inert
gas at a foyhbprdassyref ahdepyessum zZilng sheprofp Hestéasimgl yinke pressure
after the inpregnating step to foamthe polyner, and dependi ng on
necessity, iacheatsewy ist e Wiet3riaatd Ny dioa geaw ehalcked lisnp taghhkits. axase, a
non-foaned nolded article having been previously nol ded nay be

i npregnat egii hntiBe idiécgasatOionn abennatid€endymaldeneakhergmaastic

polymer is inpregnated with the inert gas under a pressurized state,

fol | oned byr8Bkeimng aide the impregnation, cell nuclei are formed
ina large amount owing to the high concentration, whereby
fine cells can be obfained since the density of cells

) formed as a result of growth of the cell nuclei becomes

larger with equal porosities. Carbon dioxide has a

critical temperature of 31°C and a critical pressure of

7.4 MPa.

An additive may be added teo the thermoplastic
polymer depending on necessity upon molding the foamed
body. Thekindoftheadditiveisnotparticulariylimited,
and various kinds of additives that have been ordinarily
used for foam molding can be used.

Examples of the additive include a cell nucleating
agent, a crystalline nucleating agent, a plasticizer,
a lubricating agent, a coloring agent (such as a pigment
and a dye), anultraviolet ray absorbent, an antioxidant,
an antiaging agent, a filler, a reinforcing agent, a flame

retardant, an antistatic agent, a surface active agent,

a vulcanizing agent and a surface treating agent.
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decreasing the pressure. These process steps nmay be carried out as a

bat chwi se process or a continuous process. According to the

bat chwi seprocess, the foaned body can be produced in the foll ow ng manner.
A thernoplastic polynmer, such as a polyolefin resin or a thernoplastic

el astoner, is extruded by using an extruder, such as a uniaxial extruder or
a biaxial extruder, to forma non-foaned nolded article (such as a resin
sheet for formng a foanmed body) . In alternative, a thernoplastic

pol yner, such as a polyolefin resin or a_thernoplastic elastoner is

uni forny nixed By*®stig d KiHead®P Uotlov? HedPowiad AL 819 &2y &b Eam a kneader
or a Banbury bl ade, and the polynmer is press-nolded by using a preSS|ng
machi ne \@@RrﬁéﬁkﬁF%lété@%%ﬁ?@ﬂm%%%%hnfééﬁ&i%D¥é€&%ﬂﬁﬁéte Nesuch as a
resin sheet for formng a foamed body) containing the thernoplastic polyner
as a base Fesimatiteofesel i srigs nort- i bRAEdE 9l dbd Gr red leeias) pHldéddolin a
pressure resistant container, to which an inert gas 1is then introduced at a
hi gh pre&ﬂmeumnuaededmwmxﬁ$mgaﬂbedmm&ﬁpaMEkmm@maduﬂdpoﬂgmﬂﬁh t he
inert gas. 19 In this case, the shape of the non-foanmed nolded article is
not particsthahl ywd ian tedrmand aayike elysobmea roll form a plate form and
the like. The inert gas may be introduced continuously or discontinuously.
After the articleHs lsufiekentdy dqpreonatadiwi thet hb@vention is not

particularly limited as far as it exerts an effect on
improvement in flowability of the thermoplastic polymer,

and examples thereof include a hydrocarbon lubricating

e

agent, such as liquid paraffin, paraffin wax, micro wax
andpolyethylenewax; analiphaticacidlubricatingagent,
such as stearic acid, behenic acid and 12~hydroxystearic
acid; and an ester lubricating agent, such as butyl
stearate, stearic monoglyceride, pentaerythritol

tetrastearate, hardened castor oil and stearyl stearate.

(Production of Foamed Body)

As the production process for producing the foamed
body by impregnating a thermoplasticpolymer with an inert
gas at a high pressure, specifically such a process may
be conducted that contains an impregnating step of
impregnating a thermoplastic polymer with an inert gas
at a high pressure, a depressurizing step of decreasing
the pressure after the impregnating step to focam the

polymer, and depending on necessity, a heating step of
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inert gas at a high pressure, the pressure is released (ordinarily to the
at nospheric pressure) to generate cell nuclei in the base resin. The cel
nuclei may be grown by |eaving at roomtenperature or nay be grown by
heati ng depending on necessity. The nethod of heating nmay be those having
been known and ordinarily used, such as a water bath, an oil bath, a heat
roll, a hot air oven, a far-infrared ray, a near-infrared ray and a

m crowave. After growing the cells, the article is quickly cooled, for
exanple, with cold water to fix the shape thereof. According to the

cont i nuoushprbéass ta herpwame dodyScanIibe Produeadein & FeofoflPw e
manner. An inert gas is injected at a high pressure to a thernoplastic

pol ymer whid édkdeadi ngchy usingnanbedanr udee v isuchl asmaldad axagl bext ruder or
a biaxial extruder, and after the thernoplastic polyner is sufficiently

I npr egnat etnpr ey ndthed mngrit tga@sinele pakynmer iirsagxerudad: vo, rehedse=1 he
pressure (ordinarily to the atnospheric pressure) to effect foam ng and

nol di ng si ik taneauss¥Yiw bb 16acdr aideimp r 3G nfacd d @Wett Ayt Beownrg cefd s by
heati ng depending on necessity. After growng the cells, the article is

qui ckly coph@dr f0rpexamphre z it Breeld wabenowdixyt he 1 shagewthhereof . The
pressure in the gas inpregnating step may be
decreasing the pressure. These process steps may be
carriedout asabatchwiseprocessoracontinuous process.
According to the batchwise process, the foamed body
) can be produced in the following manner. A thermoplastic
polymer, such as a polyolefin resin or a thermoplastic
elastomer, is extruded by using an extruder, such as a
uniaxial extruder or a biaxial extruder, to form a
non-foamed molded article {(such as a resin sheet for
forming a foamed body). In alternative, a thermoplastic
polymer, such as a polyclefin resin or a thermoplastic
elastomer, is uniformly mixed by using a kneader provided
with a roller, a cam, a kneader or a Banbury blade, and
the polymer is press-molded by using a pressing machine
with heated plates to form a non-foamed molded article
{suchasaresinsheet for forminga foamedbody) containing
the thermoplastic polymer as a base resin.
The resulting non-fcamed molded article is placed
in a pressure resistant container, to which an inert gas
is then introduced at a high pressure, so as to impregnate

the non-foamed molded article with the inert gas.
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6 MPa or nore (for exanple, about from6 to 100 MPa), and preferably 8 MPa
or nore (for exanple, about from 8 to 100 MPa). In the case where the
pressure is lower than 6 MPa, cells are grown significantly upon foam ng
to provide a too large cell dianeter, and thus a snaller average cel

di aneter (average cell (bubble) dianmeter) wthin the aforenentioned range
cannot be obtained to inpair the dustproof property. This is because the

i npregnated anmount of the gas is relatively small with a | ow pressure in
conparison to the case of a hi%gmgressure, and the formng rate_of _cel

nuclei is |owered™ ¢Hintreass t uibeP eof fcdite R EC AHE ToLAES
wher eby the gas anmount per one cell is rather increased to enlarge the cel
di ameter edtedbPyls NPk Heapréssurar F indd oft ¢ dnep NEham 6 MPaany of
furthernore, there is such a tendency that a slight change in inpregnation
pressure byidgkl abouwm | aF geledei fidwhsandn tded |1 dkanet @neandnesk! gdensity,
and thus the cell dianmeter and the cell density are difficultly controll ed.
21 The t emzer dbar enitir ddrecgds darptr egnatungy sbep diard @st idepensll gg on t he
species of the inert gas and the thernoplastic polynmer used and can be
sel ected faforem tre margesleUndes uddhist dernatlivon b r epersais dnmal thy thiehe
tenperature may be about from 10 to 350C. For exanple,
inert gas at a high pressure, the pressure is released
(ordinarily to the atmospheric pressure) to generate cell
nuclei in the base resin. The cell nuclel may be grown
_) by leaving at room temperature or may be grown by heating
depending on necessity.
The method of heating may be those having been known
and ordinarily used, such as a water bath, an o0il bath,
a heat roll, a hot air oven, a far-infrared ray, a
near-infrared ray and a microwave. After growing the
cells, the article is quickly cocled, for example, with
cold water to fix the shape thereof.
According to the continuous process, the foamed
body can be produced in the following mannexr. An inert
gas 13 1lnjected at a high pressure to a thermoplastic
polymer while kneading by using an extruder, such as a
uniaxial extruder or a biaxial extruder, and after the
thermoplastic polymer is sufficiently impregnated with
the inert gas, the polymer is extruded to release the
pressure (ordinarily to the atmospheric pressure) to

effect foamingandmoldingsimultaneouslywitheachother,
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in the case where a non-foaned nol ded article having, for exanple, a sheet
formis inpregnated with an inert gas, the inpregnation tenperature in a
bat ch process may be about from 10 to 200C, and preferably about from 40
to 200C. In the case where a nolten polyner inpregnated with an inert gas
is extruded to effect foam ng and nol ding sinmultaneously with each other,
the inpregnation tenperature in a continuous process is generally about
from60 to 350C. In the case where carbon dioxide is used as the inert gas,
the tenperature upon inpregnating is preferably 32C or npre, and nore
pr ef er abl y* AbEPBF ot E, qi—’ﬁwdfrt%rcetlésnﬁﬁht%?ﬁttlﬁég sEpBREA G E¢aPist ate. The
depressurizing rate in the depressurizing steE is not particularly limted
and is prefe?abpy tabouthFEom I awbinBe0 thra/seElPor bt af ACAG Wi £8rm fine
cells. The heating tenperature in the heating step is, for exanple, about
from 40 t cIRbOKLyaneodred er Abkyealbouwtl € r owi 6O E@l@mezthfhélaivé:ﬁmge cel l
di aneter, the |oad against repulsion upon conpressing to 50% and the
apparent demspeythecared®d®.adj usted, for exanple, by appropriately setting
the operation conditions on the gas inpregnating step, such as the
t enperature, theTpesstkesane tihe theegathémpregnating step may be
6 MPa or more (for example, about from 6 to 100 MPa),
and preferably 8 MPa or more (for example, about from
8 to 100 MPa). 1In the case where the pressure is lower
,j than 6 MPa, cells are grown significantly upon foaming
to provide a too large cell diameter, and thus a smaller
average cell diameter (average cell (bubkle) diameter)
within the aforementioned range cannot be obtained to
impair the dustpreoof property.
This is because the impregnated amount of the gas
is relatively small with a low pressure 1in comparison
to the case of a high pressure, and the forming rate of
cell nuclei is lowered to increase the number of cell
nuclei thus formed, whereby the gas amount per one cell
is rather increased to enlarge the cell diameter
extremely.
In the pressure range of lower than 6 MPa,
furthermore, there is such a tendency that a slight change
in impregnation pressure brings about large variations
in cell diameter and cell density, and thus the cell

diameter and the cell density are difficultly controlled.
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operation conditions on the depressurizing step, such as the depressuri zing
rate, the tenperature and the pressure, and the heating tenperature after
the depressurizing step, depending on the species of the inert gas and the
t hernopl astic polynmer or the thernoplastic elastoner used. [Foaned
Dust proof Material] The foaned dustproof material (foamed seal ant)
according to the invention is constituted by a foaned body having the
af orenenti oned particular characteristic features. The foanmed body may
constitute the foanmed dustproof material sqlely by itself to exert the
functions thereoth %ftfeé‘tﬂ‘?\f/%FVreahB tHag W%%@B%%W StRMERT I er or
substrate épartlcularly a pressure sensitive adhesive |ayer) %rOV|ded on
one surfac@eBENGTY sAif &6es SPRAEBAESF 2 EBAstine¥t Che fadedgust proof
material. For exanple, in the case of the foamed dustproof material having
t he foanedthedyposltdshipresdiyme sersediand cathdst vee Lagsr b one wid€ ace or
both surfaces thereof, 23 a nenber or a part, such as an optical nenber,
can be fixedgers .prélidenarions fdxed tie@mmn Adherardt 1 Acedridi ngl yhet he f oaned
dust proof material of the invention preferably has a pressure sensitive
adhesi ve tayeke @t atelgast bengbsurt deerf il ®.to @6 0he. surbacexamp bof h

surfaces) of a foaned body constituting the foaned
in the case where a non-foamed molded article having,
for example, a sheet form is impregnated with an inert
gas, the impregnation temperature in a batch process may
! be about from 10 to 200°C, and preferably about from 40
to 200°C.

In the case where amolten polymer impregnated with
an inert gas 1s extruded to effect foaming and molding
simultaneously with each other, the impregnation
temperature in a continuous process is generally about
from 60 to 350°C.

In the case where carbon dioxide is used as the
inert gas, the temperatureupon impregnatingispreferably
32°C or more, and more preferably 40°C or more, in order
to maintain the supercritical state.

The depressurizing rate in the depressurizing step
is not particularly limited and is preferably about from
5 to 300 MPa/sec for obtaining uniform fine cells. The
heating temperature in the heating step is, for example,

about from 40 to 250°C, and preferably about from 60 to

250°C.
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dust proof material. An adhesive agent (an pressure sensitive adhesive) for
formng the pressure sensitive adhesive layer is not particularly limted,
and known adhesive agents may be used through appropriate sel ection,
exanpl es of which include an acrylic pressure sensitive adhesive, a rubber
adhesi ve agent (such as a natural rubber adhesive agent and a synthetic
rubber adhesive agent) , a silicone adhesive agent, a pol yester adhesive
agent, a urethane adhesive agent, a pol yam de adhesi ve agent, an epoxy
adhesi ve agent, a _vinyl alkyl ether adheS|ve agent and _a fluorine adhesive
agent. The adheS|J§3a@§ﬁFaﬁﬁ? %%lé HALHREE 7 a i v824ger¥ 21 78& adhesi ve
agent may be used solely or in conbination of two or nore thereof. The
adhesi ve ab@PtlsSh@) BECANGONSME $ fENddi ng Odnaemit BEGPRARES VEcagdHty a
sol vent adhesi ve agent, an oligoner adhesive agent and a solid adhesive
agent. 24 Jhe hdhesﬁj\usstag@nt fiog predmp bl y ban ap ybpe imtesbur setddnsiti ve
adhesi ve fromthe standpoint of prevention of contam nation of the
adherend. fhe ppessitriosenshtiivel adbheshv e Heayed s naybe fqraedngby tae et hod
havi ng been known and ordinarily used in the art, and exanples thereof
i ncl ude a $ethodsotheoatdnife r anvadhesive @gestude amdeshel bechegparihor

surface (coating

operaticon conditions on the depressurizing step, such
as the depressurizing rate, the temperature and the
pressure, and the heating temperature after the
depressurizing step, dependingon the species of the inert

gas and the thermoplastic polymer or the thermoplastic

elastomer used.

[Foamed Dustproof Material]

The foamed dustproof material (foamed sealant)
according to the invention is constituted by a foamed
body having the aforementionedparticular characteristic
features. The foamed body may constitute the foamed
dustproofmaterial solelybyitself toexert the functions
thereof effectively, and may be combined with ancther
layer or substrate (particularly a pressure sensitive
adhesive layer) provided on one surface or both surfaces
thereof to constitute the foamed dustproof material.

For example, in the case of the foamed dustproof
material having the foamed body with a pressure sensitive

adhesive layer on one surface or both surfaces thereof,
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met hod), and a nethod coating an adhesive agent on a releasing film such
as a releasing liner, to forma pressure sensitive adhesive |ayer, and
transferring the pressure sensitive adhesive layer to a prescribed part or
surface (transferring nmethod). Upon form ng the pressure sensitive adhesive
| ayer, a coating nethod having been known in the art may be enpl oyed,
exanpl es of which include a flow castingnethod, a roll coater nethod, a
reverse coater nethod and a doctor blade nethod. The pressure sensitive
adhesi ve | ayer has a thi ckness of abaout from2 to 100 m, and

ener al |
pr ef er abl y? %\B{B‘gterf rom iXLopla(.J): tl’OOSPnC%TI‘?'eS pTRsSRe SehsPERRE adh&ENV P E | ayer
is preferably as thin as pqgssible because the thinner pressure sensitive
adhesi ve 1ay8fh&L, Rune AhMedger t hér édked ntgher et$Reres preventing dusts
from bei ng adhered. The pressure sensitive adhesive |ayer may have a single
| ayer structure &C%: aébdr attée mranefagus toreefuret erds Mgl s sure
sensi tive adhesive layer may be formed on the foamed body through another
| ayer (| owerveayeon pExhapkés. pfhaheal pues duyers enslidder anadhesrimesdi at e
| ayer and an undercoating |layer, as well as a base material |ayer
(particul ardyeraom lam |lay®s) amt anot hecepriessar e osengid | veradhesiore | ayer
In the case where the pressure sensitive adhesive
both surfaces) of a foamed body constituting the foamed
dustproof material.
An adhesive agent {an pressure sensitive adhesive)

,) for forming the pressure sensitive adhesive layer is not
particularly limited, and known adhesive agents may be
used through appropriate selecticon, examples of which
include an acrylic pressure sensitive adhesive, a rubber
adhesive agent (such as a natural rubber adhesive agent
and a synthetic rubber adhesive agent), a siliccone
adhesive agent, a polyester adhesive agent, a urethane
adhesive agent, a polyamide adhesive agent, an epoxy
adhesive agent, a vinyvl alkyl ether adhesive agent and
a fluorine adhesive agent. The adhesive agent may be a
hot-melt adhesive agent.

The adhesive agent may be used solely or in
combination of two or more thereof. The adhesive agent
may be any form including an emulsion adhesive agent,

a solvent adhesive agent, an oligomer adhesive agent and

a solid adhesive agent.
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| ayer may be only one surface (one side) of the foaned body, another |ayer
may be fornmed on the other surfaces, exanples of which include a pressure
sensitive adhesive |ayer of another kind and a base material |ayer. The
shape and the thickness of the foaned dustproof material of the invention
are not particularly limted and nay be appropriately sel ected dependi ng on
pur poses. For exanple, the thickness of the foamed dustproof material may
be about from0.5 to 5 mm and preferably from0.8 to 3 mm The foaned

dust proof nmateri he .inventian,is % ner al | connnd&tized after

| of g .

processing into 3&%?& © Sd1Ehad e0dr + ESPTntIF R ABVACR¥, 1P AP EH fthe
dustproof material is to be applied. The foaned du%%groof mat eri al of the
i nvent i on 3RS L& VreREIRL T I HE EEPFS Fog 150v# 1 8a8 L&daiods © TPENELET Gpon
conpressing to 50% w th hi%h flexibility, and has a |l ow 26 apparent
density, cWThgandnEHel @i oPéndrite opdBeredisd acteristic features. That is
excellent flexibility capable of following a mnute clearance is exerted
with the small d&éld pdiestatee sregi ot Siiveda dhed ithedegye t e y ivat Epiralectan
foll ow am nute cl earance while the dustproof capability, which is primarily
demanded. HRura merinioe €, havhe grivteern atnosnhaghl y ridaredi Agdused iightt hien
wei ght. The foaned dustproof material of the invention is

art, and examples thereof include a method of coating

an adhesive agent on a prescribed part or surface (coating

method), and a method coating an adhesive agent on a

_} releasing film, such as a releasing liner, to form a

pressure sensitive adhesive layer, and transferring the

pressure sensitive adhesive layer to a prescribed part

or surface (transferring method)}.

Upon forming the pressure sensitive adhesive layer,

a coating method having been known in the art may be

employed, examples of whichincludea flowcastingmethod,
aroll coater method, a reverse coater method and a doctor
blade method.

The pressure sensitive adhesive layer generally
has a thickness of about from 2 to 100 pm, and preferably
about from 10 to 100 um. The pressure sensitive adhesive
layer ispreferablyas thinaspossiblebecause the thinner
pressure sensitive adhesive layer has, on an edge thereof,
higher effect of preventing dusts from being adhered.

The pressure sensitive adhesive layer may have a single

layer structure or an accumulated multi-layer structure.
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excellent in flexibility omng to the foaned body containing a
t hernopl astic polyner, such as a thernoplastic elastoner, and is clean
wi t hout harnful substances generated or contam nating substance renai ned
ow ng to the use of an inert gas, such as carbon dioxide, as a foan ng
agent, which is different fromthe conventional physical and chem cal
foam ng processes. Therefore, the foanmed dustproof material of the
invention is useful as a dustproof material for nounting (installing)
various kinds of nenbers and parts éfor exanpl e, .an opti cal nﬁnber on a
I

prescribed site. Tﬁ?£ﬁ§ﬁﬁ%ﬁﬁ§@n§h lﬁ%ﬁ@Be&kﬁ%F&ﬁeﬁﬂ%ﬁpﬁ eam et
suitably wused even in the case where a snmall sized nenber part (for
exampl e, ®5rite 5p2rgdopriccalthepBeh) ane thrmt b¥Yedn alqw%u%@y'ﬁé\h ng a
thin profile. Exanples of the optical menber capable of bein nmount ed
(instal | ed)xdypieis ¢ fitgetleveoaheedusnploste az7imitanatipiel bagsan i mage
di spl ayi ng nenber (in particular, an inmage displaying nenber with small

si ze) to bmadamant eddencantiimagel diyspl,ayd gwdevi s sublasas ma tiqudiadl cryst al
di splay, an el ectrolum nescence display and a plasma display, and a canera
and a |l ensldyarpaphirdcilcarlaalgamer &1 land sayd ehsantdt Ansndldr spzepstuarde fi xed
to a nobile communication device, such as a potable phone and a portable
informati ellevie&e adhesive layer.

In the case where the pressure sensitive adhesive
layer may be only one surface (one side) of the foamed
bedy, another layer may be formed on the other surfaces,
examples of which include a pressure sensitive adhesive
layer of another kind and a base material layer.

The shape and the thickness of the foamed dustpxoof
material of the invention are not particularly limited
and may be appropriately selected depending cn purposes.
For example, the thickness of the foamed dustproof
material may be about from 0.5 to 5 mm, and preferably
from 0.8 to 3 mm.

The foamed dustproof material of the invention is
generally commoditized after processing into various
shapes corresponding to devices, to which the dustproof
material is to be applied.

The foamed dustproof material of the invention has
extremely fine cells, a low lcoad against repulsion upon
compressing to 50% with high flexibility, and has a low
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The foanmed dustproof material can also be used as a dustproof material for
preventing a toner fromleaking froma toner cartridge. Exanples of the
toner cartridge capable of being attached by utilizing the foaned

dust proof material include a toner cartridge used in an inmage formng
device, such as a duplicator and a printer. (Structure having opti cal
Menber) In the structure having an optical nenber according to the
invention (i.e., the structure having an optical nenber nounted on a
prescribed site), the optical nmenber 1is nounted on (installed in) the
prescri bed@RP&&eit GlghS ithe fOaRRE dostpreor firdtre Bl 1om&tHpl es of the
structure include an inmage displaying device, such as a liquid crystal

di spl ay, adhaFaethieot ust hesteaterdisspl {rand o eplcadnedtsplayibild ity
particular, an inage displaying device having a small sized inage

di spl ayi ngcapabér oduriceldl o@8nigher momeHse anl eptriacial e nigsrbex ¢ rt eghdvia mobi | e
communi cation device, such as a potable phone and a portable information
devi ce, havhagsaadanmecaldr ddeaseli maiait bduleal, aagdneiderang aHens with
smal | size) nounted thereon. The structure may be a product having a

thinner preiteeitNagatheclcenventiona: qrogduehe «andils BRe Pastibd@arly
limted in thickness and size. (Dustproof Structure) The dust proof
structure aggapdiing: §0 HHechNMeNtdOmarily demanded. Furthermore,
the material is highly foamed and is light in weight.
The foamed dustproof material of the invention is
_) excellent in flexibility owing to the foamed body
containing a thermoplastic polymer, such as a
thermoplastic elastomer, and is c¢lean without harmful
substances generated or contaminating substance remained
owing to the use of an inert gas, such as carbon dioxide,
as a foaming agent, which is different from the
conventional physical and chemical foaming processes.
Therefore, the foamed dustproof material of the
invention is useful as a dustprocf material for mounting
(installing) various kinds of members and parts (for
example, an optical member) on a prescribed site. In
particular, the foamed dustproof material can be suitably
used even in the case where a small sized member or part
(for example, a small sized optical member) is mounted
on a product having a thin profile.
Examples of the optical member capable of being

mounted (installed] by utilizing the foamed dustproof
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(i.e., the dustproof structure having an optical nmenber nounted on a
prescribed site) has such a structure that the optical nenber is nounted
t hrough the foaned dustproof naterial. The dustproof structure is not
particularly limted in other structures than the structure where the

f oaned dustproof material is used upon nmounting (installing) the optical
menber on the prescribed site. Therefore, the optical nenber and the
prescribed site, on which the optical nenber is nounted, are not
particularly limted and can be appropriately selected. Exanples of the
optical neRBéRLIR] dd¢  HOSE ThaTRAG BeER | aehune FEMRe Rdridl RABGVE U DIT
EXAMPLES The invention will be described in nore detail with reference to
t he fol | onkhgiBraARpHasP a1 nHeneRbedt ok h saadot sdorst rived asBeErhgdl i m t ed
thereto. The average cell dianeter, the | oad against repulsion upon

conpr essi ngnt en50%ade el i spleapulsidevioece swpore £ompk egsiing ctroy $08)., and
the apparent density of j the foanmed body were obtained in the follow ng
manner. (Averagey Cebh [Blaret eb)l ufn rent acged idgplafy aagel b pardseé a
foamed body was inported by a digital m croscope (VH 8000, a trade nane,

produced bmils@%%,e 08k anand anal ¥ zedh by (Usipgrtand NBge ansysks
software (Wn , a trade nane,
and a lens with small size] to be fixed to a mobile
communication device, such as a potable phone and a
portable information device.

The foamed dustproof material can also be used as
a dustproof material for preventing a toner from leaking
from a toner cartridge. Examples of the toner cartridge
capable of being attached by utilizing the foamed

dustproof material include a toner cartridge used in an

image forming device, such as a duplicator and a printer.

(Structure having Optical Menmber)

In the structure having an optical member according
to the invention (i.e., the structure having an optical
memnber mounted on a prescribed site}, the optical member
is mounted on (installed in) the prescribed site through
the foamed dustproofmaterial. Examples of the structure
include an image displaying device, such as a liguid
crystal display, an electroluminescence display and a
plasma display (inparticular, an image displaying device
having a small sized image displaying member mounted
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produced by Mtani Corp.) to obtain an average cell dianmeter (m } (Load
agai nst Repul si on upon Conpressing to 50% The | oad agai nst repul sion upon
conpressing to 50% was neasured according to the nmethod for neasuring
conpressi on hardness defined in JIS K6767. Specifically, plural pieces of
test specinens cut out into a circular shape having a dianmeter of 30 mm
were accunulated to a thickness of about 25 nm and a stress per unit area
(cnm2) 30 neasured upon conpressing the accurnul ated specinmens to 50%at a
conpression rate of 10 mm m n was designated as the |oad against repulsion
upon conpr EBSIRGT 6 S58%% 0P Ni€rg) memippar et d BeRstid e £ FHaABd ClRGdY has
punched out with a punching die of 40 mMmm x 40 mm and the specinen thus
punched outewase measur ed § @o thlpbag baneThedspecimerb hasi nf ssmadasared for
t hi ckness by using a 1/100 dial gauge with a dianeter of a measuring probe
of 20 mm dJdheive,uhevafnghe daoaeed obody avas Cah i ateduflraoma ke measur ed
val ues. The wei ght of the foaned body was neasured with an even bal ance

wi th m ni mahdneasusabl ehweighl 0fz ) Bbug: 08 dissseohhe appraseptucdansety
(g/cnB) of the foaned body was cal cul ated fromthese val ues.

may be a product having a thinner profile than the
conventional products and is not particularly limited

in thickness and size.

R

(Dustproof Structure)

The dustproof structure according to the invention
{i.e., the dustproof structure having an optical member
mounted on a prescribed site) has such a structure that
the optical member is mounted through the foamed dustproof
material. The dustproof structure is not particularly
limited in other structures than the structure where the
foamed dustproof material is used upon mounting
{installing) the optical member on the prescribed site.

Therefore, the optical member and the prescribed
site, on which the optical member is mounted, are not
particularly limited and can be appropriately selected.
Examples of the optical member include those having been

enumerated hereinabove.
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Exanple 1 45 parts by wei ght of polypropylene, 45 parts by weight of a
pol yolefin elastoner, 10 parts by weight of polyethylene, 10 parts by
wei ght of magnesi um hydroxide and 10 parts by wei ght of carbon were kneaded
in a biaxial kneader produced by Japan Steel Wrks, Ltd. (JSW at a
tenperature of 200C, and extruded into a strand form which was then cool ed
with water and nolded into pellets. 31 The pellets were placed in a
uni axi al extruder produced by Japan Steel Wirks, Ltd., to which a carbon
di oxide gas was injected under an atnosphere of 220C at a pressure of 13
MPa, which was |owered to 12 MPa af¥&fM&dtfpt eting the injection. The carbon
di oxide gas was injected in a ratio of 5% by nass based on the total anount
of the polymer. After sufficiently saturating the carbon di oxide gas, the
m xture was cooled to a tenperature suitable for foam ng, and then extruded
froma die to obtHis lavearednbedyl bFhde & oamde bddynpmss detitaal hédl tad an
average cell dianeter of 70 m a | oad agai nst repul sion upon conpressing to
50% (i .e.,rafeepuics vieo f Dhee fuddmweonpr essimyl ¢ 9, 504t tWie 1i SvRhdniynand an
apparent density of 0.05 g/cnB. Exanple 2 30 parts -by wei ght of
pol ypr opyl esenoG0 quati s riye d wes gbt iefg al peliyeldefime ekast.oner, 10 parts by
wei ght of
The average cell diameter, the load against
repulsionupon compressing to 50% (i.e., arepulsive force
upon compressing to 50%), and the apparent density of

7 the foamed body were obtained in the following manner.

(Average Cell Diameter)

An enlarged image of a cell part of a foamed body
was imported by a digital microscope (VH-8000, a trade
name, produced by Keyence Corp.), and analyzed by using
an image analysis soffware (Win ROOF, a trade name,
produced by Mitani Corp.) to obtain an average cell

diameter {(um) .

(Load against Repulsion upon Compressing to 50%)

The load against repulsion upen compressing to 50%
was measured according toc the method for measuring
compression hardness defined in JIS K6767. Specifically,
plural pieces of test specimens cut out into a circular
shape having a diameter of 30 mm were accumulated to a

thickness of about 25 mm, and a stress per unit area (cm?)
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pol yet hyl ene, 10 parts by wei ght of nmagnesi um hydroxide and 10 parts by

wei ght of carbon were kneaded in a biaxial kneader produced by Japan Steel
Wrks, Ltd. at a tenperature of 200C, and extruded into a strand form

whi ch was then cooled with water and nolded into pellets. The pellets were
pl aced in a uni axi al extruder produced by Japan Steel Wrks, Ltd., to which
a carbon dioxide 32 gas was injected under an atnosphere of 220C at a
pressure of 13 MPa, which was lowered to 12 MPa after conpleting the

i njection. The carbon dioxide gas was injected in_a ratio of A 5% by mass
based on the2fstrad a%ﬁ%tcefnptrﬁt%bp@nébe @r%tﬂmuéeftch&%wwfﬂseémr%@. ng the
carbon di oxi de gas, the mxture was cooled to a tenperature suitable for
foam ng, aRd Eherk exenpded Fiom dadie 256 4Bt i/ alpoared BedyInatedf oamed
body thus obtained had an average cell dianeter of 80 .cm a repulsive

f orce uponagoipreesisiang tga509% of repOl N en? uperrd anmamﬁ@hmgd¢@sii@/%of 0. 05
g/cnB. Exanple 3 60 parts by wei ght of polypropylene, 30 parts by weight
of a pol yol®¥icm?¢l.astomer, 10 parts by wei ght of pol yethylene, 10 parts by
wei ght of magnesi um hydroxide, 10 parts by wei ght of carbon and 1 part by
wei ght of stearic acid nonoglyceride were kneaded in a biaxial kneader
produced by Japan Steel Wrks, Ltd. at a tenperature of

(Apparent Density)

A foamed body was punched out with a punching die

of 40 mm x 40 mm, and the specimen thus punched out was

R

measured for dimension. The specimen was also measured
for thickness by using a 1/100 dial gauge with a diameter
of a measuring probe 0f 20 mm. The volume of the foamed
body was calculated from the measured wvalues.

The weight of the foamed body was measured with
an even balance with minimal measurable weight of 0.01
g or less. The apparent density (g/cm®) of the foamed

body was calculated from these walues.

Example 1

45 parts by weight of polypropylene, 45 parts by
weight of a polyoiefin elastomer, 10 parts by weight of
polyethylene, 10 parts by weight of magnesium hydroxide
and 10 parts by weight of carbon were kneaded in a biaxial
kneader produced by Japan Steel Works, Ltd. (JSW) at a
temperature of 200°C, and extruded into a strand form,

which was then coocled with water and molded into pelilets.
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200C, and extruded into a strand form which was then cooled with water and
nol ded into pellets. The pellets were placed in a uniaxial extruder
produced by Japan Steel Wrks, Ltd., to which a carbon di oxi de gas was
injected wunder an atnosphere of 220C at a pressure of 13 MPa, which was

| owered to 12 MPa after conpleting the injection. 33 The carbon di oxi de gas
was injected in a ratio of 5% by mass based on the total anmount of the
polymer. After sufficiently saturating the carbon dioxide gas, the mxture
was cooled to a tenperature suitable for foam ng, and then extruded froma
die to obtBha pefdarted woudy.plThe d daned Wiodyx t hdsesbtraided haddars ader age
cell dianeter of 80 m a repul sive force upon conpressing to 50%of 2.4

N cnR2, andbanJapar ehtedéndidykef 0.tQB. g/ toBwh iConpar atineskExdiplxe. de A

f oaned body mainly containing pol yurethane having an average cell dianeter
of 70 m agaepudsiivejdoted wpaar £RLessphg o o502 0P C& tNacht e sandr an
apparent density of 0.4 g/cnB was used. Conparative Exanple 2 A foaned body

mai nly congai nBn@pRg! W et hangshayiRe-e @t Qver age acalfit i a@@ﬁlﬁae@‘l@ $0 m and
an apparent density of 0.03 g/cnB was conpressed to 50% of the original

thi ckness, cgad jthen hot ol ded to obtain a nolded article. The nol ded
article had an average cell dianeter of 90

The carbon dioxide gas was injected in a ratio of
5% by mass basedon the total amount of the polymer. After
sufficiently saturating the carbon dioxide gas, the
mixture was cooled to a temperature suitable for foaming,
and then extruded from a die to obtain a foamed body.
The foamed body thus obtained had an average cell diameter
of 70 um, a lcad against repulsion upon compressing to
50% (i.e., a repulsive force upon compressing to 50%)

of 1.5 N/cm?, and an apparent density of 0.05 g/cm’.

Example 2

30 parts by weight of polypropylene, 60 parts by
welight of a polyolefin elastomer, 10 parts by weight of
polyethylene, 10 parts by weight of magnesium hydroxide
and 10 parts by weight of carbon were kneaded in a biaxial
kneader produced by Japan Steel Works, Ltd. at a
temperature of 200°C, and extruded into a strand form,
which was then cooled with water and molded intc pellets.
The pellets were placed in a uniaxial extruder produced

by Japan Steel Works, Ltd., to which a carbon dioxide
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m a repul sive force upon conpressing to 50% of 5 Ncn2, and an apparent
density of 0.06 g/cnB. 34 Conparative Exanple 3 A foaned body nmainly
cont ai ni ng et hyl ene-propyl ene-di ene rubber (EPDM having an average cel
di aneter of 400m a repul sive force upon conpressing to 50%of 0.5 N cn¥,
and an apparent density of 0.09 g/cnB was used. (Evaluation) The foaned
bodi es obtained in Exanples 1 to 3 and Conparative Exanples 1 to 3 were
eval uated for air perneability upon conpressing to 50% and cl earance
followability by the foll ow ng nethods for neasuringpgge air permeability
i

upon conpr%28i¥RyS tidt 5094 SAd R HE Lt RFrHRie 8P IEHIS Bvab V2L PhBTEPA YR on
results are shown in Table 1 below (Method for neasuring Air Perneability
upon conpre5siAgiPeo BOvHCANARr Lpeeradi TPt y2uiBR adrift BsSPRE Led 5%
(cc/cnz/sec) was neasured by using a frazil-type air perneability tester
accor di ng theligje©oson(-Met hod for neasuring C earance Followability) A
foamed body was placed in a jig shown in Fig. 1, and the state of
deformati on of thH&haceykbonplatex nihe 886s was injected in a ratio of
5% bymass based on the total amount of the polymer. After
sufficiently saturating the carbon dioxide gas, the
nixture was cooled to a temperature suitable for foaming,
and then extruded from a die to obtain a foamed body.
A The foamed body thus obtained had an average cell diameter

of 80 pum, a repulsive force upon compressing to 50% of

1.0 N/cm?, and an apparent density of 0.05 g/cm’.

Example 3

60 parts by weight of polypropylene, 30 parts by
weight of a polyolefin elastomer, 10 parts by weight of
polyethylene, 10 parts by weight of magnesium hydroxide,
l10partsbywelight of carbon and 1 part by weight of stearic
acid monoglyceride were kneaded in a biaxial kneader
produced by Japan Steel Works, Ltd. at a temperature of
200°C, and extruded into a strand form, which was then
cooled with water and molded into pellets. The pellets
were placed inauniaxial extruder produced by Japan Steel
Works, Ltd., to which a carbon dioxide gas was injected
under an atmosphere of 220°C at a pressure of 13 MPa, which

was lowered to 12 MPa after completing the injection.
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t he upper surface was visually observed. Specifically, spacers having a

t hi ckness of 0.4 mmwere placed on both end parts of an acrylic plate
having a thickness of 20 mm and a foamed body having a thickness of 1 mm
was placed on the central part between the spacers. An acrylic plate having
a thickness of 10 nmwas placed thereon, and a | oad was applied fromthe
side of the acrylic plate (having a thickness of 10 nm on the } upper
surface at the positions corresponding to the spacers on both the end
parts, so as to conpress the foamed body. The presence or absence of

def or mati on of tH&€ £KIFYPPE Frarel &n Thé HB&eﬂQﬂﬁQ%EQ-éP £hifé i e has
visually observed. 36 OOV OO0OON OOVpN E O XOO'OON U MC
7 N > cﬁ%gy ©e)s 8 peReE pn The eptal amount of the polymer. After

sufficiently saturating the carbon dioxide gas, the

mixture was cooled to a temperature suitable for foaming,
and then extruded from a die tfo obtain a fcocamed body.
The foamed body thus obtained had an average cell diameter
of 80 um, a repulsive force upon compressing toc 50% of

2.4 N/cm®?, and an apparent density of 0.03 g/cm’.

e

Comparative Example 1

A foamedbodymainlycontainingpolyurethane having
an average cell diameter of 70 um, a repulsive force upon
compressing to 50% of 8 N/cm?, and an apparent density

of 0.4 g/cm® was used.

Comparative Example 2

A foamedbodymainlycontainingpolyurethane having
an average cell diameter of 250 um and an apparent density
of 0.03 g/cm’ was compressed to 50% of the original
thickness, and thenhot-molded to obtain amoldedarticle.
The molded article had an average cell diameter of 90
um, a repulsive force upon compressing to 50% of 5 N/cm?,

and an apparent density of 0.06 g/cn’.
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Comparative Example 3

A foamed body mainly containing
ethylene-propylene-diene rubber (EPDM) having an average
celldiameter of 400 um, a repulsive force upon compressing
to 50% of 0.5 N/cm?, and an apparent density of 0.09 g/cm’

was used.

{(Evaluation)

The foamed bodies obtained in Examples 1 to 3 and
Comparative Examples 1 to 3 were evaluated for air
permeability upon compressing te 50% and clearance
followability by the following methods for measuring the
air permeabilityupon compressing to 50% and the clearance
followability. Theevaluationresults are shown in Table

1 below.

{(Method for measuring Air Permeability upon compressing
to 50%)

An air permeability upon compressing to 50%
(cc/cm®/sec) was measured by using a frazil-type air

permeability tester according to JIS L1096.

(Method for measuring Clearance Followability)
A foamed body was placed in a jig shown in Fig.
i, and the state of deformation of the acrylic plate on
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anal ysi s of

‘\-‘/

the upper surface was visually observed. Specifically,
spacers having a thickness of 0.4 mm were placed on both
end parts of an acrylic plate having a thickness of 20
mm, and a foamed body having a thickness of 1 mm was placed
on the central part between the spacers.

An acrylic plate having a thickness of 10 mm was
rlaced thereon, and a load was applied from the side of
the acrylic plate (having a thickness of 10 mm) on the
upper surface at the positions corresponding to the
spacers on both the end parts, so as to compress the foamed
body. The presence or absence of deformation of the
acrylicplateontheuppersurfaceatthistimewasvisually

observed.
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an inorgani c gas generating amount, analysis of an organic gas generating
anount and analysis of ion ingredient anmounts extracted with warm water.
The results are shown in Tables 2 to 4 below (Analysis of Inorganic Gas
generating Amount) } A test piece having an area of 10 cnR and a thickness
of about 1nm was cut out fromthe speci nen and wei ghed on a specinen boat
fora conbustion device. The test piece was heated at 100C for 1 hour by

usi ng the confjusfti pn evi ce, jand fhe generfating gas was collected in a
collecting liqui purg water). The collectling ﬂiquid was subjected to
quantitative gnalysis hy using ion chgpnatography (DX-500, a trade nane,
produced by Dilon Ebrp.YQ )J(é@a ysi & of \Organi c Gas generating Anount) A
test piece having ancarlea ®f 5%0<nR and a thitkmess of about |mmwas cut
out fromthe specifren gnd weighed |in a vial container. After sealing
hermetically t|lee| contdiner, the tlest piece was|heated at 100C for 1 hour
by using a heecg’“qbc Utﬁsa??lcf, and—the—genrefiating gas in a heated state
was subj ected |[t® quantiftative |38 ahal ysis bycusiing gas chromat ogr aphy
(HP6980, a trads pane, produded by Hewgett-Pagkard Co.). (Analysis of Ion
| ngr edi ent Anqum s|egrlacted with Warfin 5 | >
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Water) A test piece having an area of 50 cn2 and a thickness

Zz. ZVvVN VONNNO VVO pVVCN C 0 a c3 UNCOGo
N O

of about | mm
was cut out fromthe specinmen and weighed in a container fornmed of a

pol ynmet hyl pentene (PMP) resin. 50 nL of pure water was added to the
container, and warm water extraction was carried out in a dryer at 100C for
2 hours. The extract was subjected to quantitative analysis by using ion
chromat ogr aphy (DX-500, a trade nane, produced by Dionex Corp.). 39 + CD (A

U)

ch VCON

The foamed bodies of Example 1 and Comparative

Example 1 were evaluated for cleanliness by analysis of

an inorganic gas generating amount, analysis of anorganic

gas generating amount and analysis of ion ingredient

amounts extracted with warm water. The results are shown

in Tables 2 to 4 below.

{(Analysis of Inorganic Gas generating Amount)

,) A test piece having an area of 10 cm? and a thickness

of about 1mm was cut out from the specimen and weighed

on a specimen boat for a combustiondevice. Thetestpiece

was heated at 100°C for 1 hour by using the combustion

device, and the generating gas was collected in a

collecting liquid (pure water). The collecting liquid

was subjected to quantitative analysis by using ion

chromatography (DX-500, a trade name, produced by Dionex

Corp.).

{Analysis of Organic Gas generating Amount)

A test piece having an area of 50 cm® and a thickness

of about lmm was cut out from the specimen and weighed

in a vial container. After sealing hermetically the

container, the test piece was heated at 100°C for 1 hour

by using a head space autosampler, and the generating

gas 1in a heated state was subjected to gquantitative
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analysis by using gas chromatography (HP6980, a trade

name, produced by Hewlett-Packard Co.).

(Analysis of Ion Ingredient Amounts extracted with Warm
Water)

A test piece having an area of 50 cm® and a thickness
of about 1lmm was cut ocut from the specimen and weighed
in a container formed of a polymethylpentene (PMP) resin.
50 mL of pure water was added to the container, and warm
water extraction was carried out in a dryer at 100°C for
2 hours. The extract was subjected to quantitative
analysis by using ion chromatocgraphy (DX-500, a trade

name, produced by Dionex Corp.}.
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O7 NVAON U O CC 7N O(D EE QU VNr >r CU NN-0 NE
QEE ~7 v) cOcOCh WCwWN Uo z 411t was confirnmed fromthe results
shown in Table 1 that the foaned bodies of Exanples 1 to 3 had no air
perneability upon conpressing to 50%to exert excellent dustproof property.
The foamed bodies of Exanples 1 to 3 exerted good clearance followability
even when they were conpressed to a thickness of 0.4 mm and thus it was
confirmed that they did not deforman optical nenber, which was nounted on
a prescribed site with a mnute cl earance between the optical nenber and
the prescribed site.
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Furthernore, it was confirnmed that the foaned dustproof material could be
suitably used as a dustproof material for preventing a toner from |l eaking
froma toner cartridge. It was also confirmed fromthe results shown in
Tables 2 to 4 that the foamed bodies of Exanples 1 to 3 were cl ean foaned
bodies with | ess anounts of inpurities. Wile the invention has been
described in detail and with reference to specific enbodinents thereof, it
will be apparent to one skilled in the art that various changes and

nmodi fi cations can be made therein wi thout departing fromthe s e t hereof.
Thi's applicati on'F S'Ga&E IR 456%e L A5t BREYV EEI‘T’Q‘%"(W&% T E208§f5112'98409
filed on August 22, 2003, the entire contents t her eof bei ng hereb

i ncor por at & epyormpererkes of dxmmrles ] A% aned HGSP&FOBFrHﬁFEHéFYV\hl ch
conprises a foaned body, wherein the foaned body has an average cell

di anet er oRPPROIANY a%s 90 e a0% |[‘snaxagai erseek bpult siustoupef BeoApRESTing to
50% of fromO0.1 to 3.0 NNcn2, and an apparent density of fromO0.01 to 0.10
g/cnB. 2. The foamed ldudipsoof Febéepilak actordi agetbed| gpntlclehersca t he

f oamed body has a closed cell structure or a sem -closed and sem -open cel |
struct ure. £311dhebl batgdewhis oot heptver it @lccapeestiauy tboa dhdidknle sar oZ,
wherein the material further conprises a pressure sensitive adhesive |ayer
on one supfacenprahptthisuriftacas ebnthenéganedt botyy dhid He Heaaeth dust proof
material according to claim3, wherein the

optical member, which was mounted on a prescribed site with a

minute clearance between the optical member and the prescribed

'\,.—“.

site.

Furthermore, it was confirmed that the foamed dustprool
material could be suitably used as a dustproof material for
preventing a toner from leaking from a toner cartridge.

It was also confirmed from the results shown in Tables
2 to 4 that the feoamed bodies of Examples 1 to 3 were ciean foamed

bodies with less amounts of impurities.

While the invention has been described in detail and with
reference to specific embodiments thereof, it will be apparent
to one skilled in the art that various changes and modifications
can be made therein without departing from the scope thereof.

This application is based on Japanese patent applications
No. 2003-298409 filed on August 22, 2003, the entire contents

thereof being hereby incorporated by reference.
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pressure sensitive adhesive layer is formed on the foamed body through a
film layer. 5. The foaned dustproof material according to claim3 or 4,
‘wherein the pressure sensitive adhesive | ayer conprises an acrylic pressure
sensitive adhesive. 6. The foamed dustproof material according to any one
of claimse 1 to 5, wherein the foaned body is obtainable by a process
conprising steps of. inpregnating a thernoplastic polyner with an inert gas
at a high pressure; and decreasing the pressure. 7. The foaned dust proof
material according to clai mqaipyberein the foaned body is obtainable by a
process conprising steps of: Inpregnating a non-foaned nol ded article
conprising a thernoplastic polyner with an inert gas at a high pressure;

?nd fiecreZSI ng the ppefismied didtfioofl heaté@%i{rwﬁmﬂu%bmpﬂgés retfgamel Bs@ypr di ng
O Clalm er.ei.n (0] 1S O a S CcO I‘ISII’I
oens of: 1 WEPER e Fkaed 8RN ﬂ*ami’@{%ﬁg%ﬁﬁ@ nSient fel PEH PSR aLe
under a premmgm repalsion upuh carhpiessingite Sﬂ%rufnﬂmnaﬁﬂlto&GINAmmz mhdl e

decreasi ng EE%QB%?‘?QEEM"':E%% {835 16@&1}3_0& material according to any

one of cl ai fein e proce durther conprises a step of
heating after decreasing the pressure. 10. The foaned dustproof materi al

S?ggrg'eng to any pnerTrd féamedTudtirBof hatdMi RicBrdiRg tb il 92Whefeifi AhEON
foamed body has a closed cell structure or a semi-closed and semi-open cell
structure.

3, The foamed dustproof material according to claim 1 or 2, wherein
the material further comprises a pressure sensitive adhesive layer on one
surface or bath surfaces of the foamed body.

4, The foamed dustproof material according to claim 3, wherein the
pressure sensitive adhesive layer is formed on the foamed body through a film
layer. '

5. The foamed dustproof material according to claim 3 or 4, wherein
the pressure sensitive adhesive layer comprises an acrylic pressure sensitive
adhesive.

6. The foamed dustproof material according to any one of claims 1 to
5, wherein the foamed body Is obtainable by a process comprising steps of:

impregnating a thermoplastic polymer with an inert gas at a high
pressure; and

decreasing the pressure.

7. The foamed dustproof material according to claim 6, wherein the
foamed body is obtainable by a process comprising steps of:

impregnating a non-foamed molded article comprising a thermoplastic
polymer with an inert gas at a high pressure; and

decreasing the pressure.
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11. The foaned dustproof material according to any one of clains 6 to 10,
wherein the inert gas is in a supercritical state upon inpregnating. 12. The
‘f oamred dust proof material according to any one of clainms | to 11, wherein
the material is used upon nounting an optical nmenber on a prescribed site.
13. A dustproof structure for nmounting an optical menber on a prescribed
site, wherein the structure conprises the optical nenber nounted on the
site through the foamed dustproof nmaterial according to any one of clains 1

to 11. 14. A strugt L S§ | cal e . scri bed
site, wherein thgg‘sﬁrﬁ%?‘8@‘5‘2%&@@‘s%&%‘Faiﬁ#g@ﬁ%%@hng'uﬁﬂggeln gﬁgt he
prescri bed faamed bedyigrottaivablehysa prheesp conprisingesteps oficcording to any one
of claims 1 to 1%L b ali ' one of
claims 1 to 11, %W?lé%qérwghée rra? grtﬂgﬁ%@gﬁscegam%hwgp Zﬁgmﬁng&ahﬁ%ﬁ% from

| eaki ng froRfagsulizefbetataidndi dge. 16. Use of a foamed naterial as a dustproof
material whi ch comBldirPthe thefcpTBStiDNSlYme AR Idecid2Rir ebaffy, has an

average cell dianeter of from 44 10 to 90 p.m a |oad agai nst repul sion
upon conpressing to 50% of fromO0.1 to 3.0 NcnR, and an apparent density
of fromO0.01.to 09.10Thy foePned dustpesof shaterial ccanaidg natapyiore oicelaimt 8doto
cl aim 16, ereLn.; . .

cerm - ci osedCatietei e peRaRE et bolftyisBs o 435 YTl B bekRaghadne, o
accordi ng tpressdién 16 or 17, wherein the material further conprises a

pressure sensiti vy adfigsfosmd P @tp/idf Aitferial according to any one of claims 6 to
8, wherein the inert gas is carbon dioxide.

11. The foamed dustproof material according to any one of claims 6 to
10, wherein the inert gas is in a supercritical state upon impregnating.

12. The foamed dustproof material according to any one of claims 1 to
11, whersein the material is used upon mounting an optical member on a
prescribed site.

13. A dustproof structure for mounting an optical member on a
prescribed site, wherein the structure comprises the optical member mounted
on the site through the foamed dustproof material according to any one of
claims 1 to 11.

14, A structure comprising an optical member mounted on a
prescribed site, wherein the structure comprises the optical member mounted
on the prescribed site through the foamed dustproof material according to any
one of ¢claims 1 to 11, |

15. The foamed dustproof material according te any one of claims 1 to
11, wherein the material is used upon preventing a toner from leaking from a

toner cartridge.

16. Use of a foamed material as a dustproof material which comprises
a foamed body, wherein the foamed body has an average cell diameter of from
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surface or both surfaces of the foanmed body. 19. Use of the foanmed nmaterial
according to claim 18, wherein the pressure sensitive adhesive |ayer is
‘formed on the foamed body through a film layer. 20. Use of the foaned
material according to claim18 or 19, wherein the pressure sensitive
adhesive | ayer conprises an acrylic pressure sensitive adhesive. 21. Use of
the foanmed nmaterial according to any one of clains 16 to 20, wherein the
foamed body is obtainable by a process conprising steps of: inpregnating a

ih Last i : . : : _ ¢
the praseur 0 B90HALe 3‘?@%@*‘%‘%‘%@5&'%@“?@ CoRpA R B SOt B P Far e
3190%Fm sand ap;apRerent Bensityp é@@i-@‘gfﬁ)&i’] igfgms-t eps of.

the foaned
i npregnating a non-foaned nol ded article conprising a thernoplastic polyner

with an inert gas,.-at hi ressure:. and decreasi he pressure. .23. Use
of the foaned mat€ria S&d@gngifﬂaﬂ‘#g @?%nﬂ ff,go@m g?qr?ﬁqme%' Wﬁﬁﬁp BB%y is
obt ai nabl e fopmedbotdye biascoolosedicel) stuspreddr: a isemi-elpsadi and aembbpem cell

t her nopl astj_ﬁ; ag}eymar with an inert gas under a pressurized state; and

nol di ng t he lF|1er nopl astic polynmer whil e decreasing the pressure. 45 24. Use
of the foaned material according to any one of clains 21 to 23, wherein the

process further cramrigesf theStcined miRatdINibcafdifg t6'efiMafd BY 1Y hheRfigSSUr €.
the material further comprises a pressure sensitive adhesive layer on one
surface or both surfaces of the foamed body.

19. Use of the foamed material according to claim 18, wherein the
pressure sensitive adhesive layer is formed on the foamed body through a film
layer,

20. Use of the foamed material according to claim 18 or 19, wherein
the pressure sensitive adhesive layer comprises an acrylic pressure sensitive
adhesive.

21. Use of the foamed material according to any one of claims 16 to
20, wherein the foamed body is obtainable by a process comprising steps of;

impregnating a thermoplastic polymer with an inert gas at a high
pressure; and

decreasing the pressure.

22. Use of the foamed material according to claim 21, wherein the
foamed body is obtainable by a process comprising steps of:

impregnating a hon-foamed molded article comprising a thermoplastic
polymer with an inert gas at a high pressure; and

decreasing the pressure.

23. Use of the foamed material according to claim 21, wherein the
foamed body is obtainable by a process comprising steps of;

impregnating a molten thermoplastic polymer with an inert gas under a
pressurized state; and

molding the thermoplastic polymer while decreasing the pressure.
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25.. Use of the foaned material according to any one of clains 21 to 24,
wherein the inert gas is carbon dioxide. 26. Use of the foaned materi al
"according to any one of clains 21 to 25, wherein the inert gas is in a
supercritical state upon inpregnating. 27. Use of the foanmed materi al
according to any one of clains 16 to 26, for nmounting an optical nmenber on
a prescribed site. 28. Use pf a dustproof structure for nounting an optical
menber on a prescribed site, wherein the structure conprises the optical
menber nounted on the site through use of foanmed material according to any
one of clains 16 to 26. 29. The foaned nmaterial according to any one of
clains 16 to 26, 28or Uspreftbatfoamed matesial aecordingatei any oneof slaimadit to

cartridge. ZH wherein the process further comprises a step of heating after decreasing the
pressure. '
25, Use of the foamed material according to any one of claims 21 to
24, wherein the inert gas is carbon dioxide.

26. Use of the foamed material according to any one of claims 21 to
25, wherein the inert gas is in a supercritical state upon impregnating.

27. Use of the foamed material accordi'ng to any one of claims 16 to
26, for mounting an optical member on a prescribed site.

28. Use pf a dustproof structure for mounting an optical member on a
prescribed site, wherein the structure comprises the optical member mounted
on the site through use of foamed material according to any one of claims 16 to
28,

29, The foamed material according to any one of claims 16 to 26, for
preventing a toner from leaking from a toner cartridge.
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