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 foaned dust proof
material, and nore particularly, relates to such a foanmed dust proof

material that has excellent dustproof property and can, successfully
follow a mnute clearance, and a dustproof structure using the foaned

dust proof material. BACKGROUND ART A dustproof naterial has been used upon
mounting__an image di splaying nenber fixed to an inmage displaying device,
such as BOPMES PUSTRRAPFIMIMIERTARMBNE| BUS ToROU mestenceudiEsBhaygnd a

pl asma di splay, and an optical nenber, such as a canera and a lens, fixed

to a pot BBAMEIhJNES BPROQIOIMADER IAT or mati on device, on a prescribed site,
such as a fixing part. A dustproof nmaterial has al so been used for
preventing a toner from |eaking froma toner cartridge used in an inage
formng apparatus, such as a duplicator and a printer. As the dustproof

material, a polyethyl ene Fé&FH CHoBYERIWUYBNTELO¥ed cel s and a foam ng
factor of about 1 30 has been used, as well as a fine cell polyurethane

foamed body hawlngpad<wnt daiw &gt dear£€188¢ 216l 25hikel laustproos
material and a dustproof structure using the foamed
dustproof material, and more particularly, relates to
such a foamed dustproof 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
& 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 formed of a foaned structure having an average foam dianeter of
froml to 500 pm (as described in Patent Docunent 2) have been used. In

t he conventional image displaying nenber fixed to an image displaying
device, such as a liquid crystal display, an el ectrol um nescence displ ay

and a plaGnRasditsetayusa the 9«%&\&6% OQaEi%@iSQ%}Wu{%Eggﬁ%si 2

canera and a lens, fixed to a potable phone or a’p

devi ce, f ' ' lji ed I
o or Yo Denaty' S BAP Iy e kB BRe SoeTBR e FRg K ne

(i.e., a gap or a distanc that is's

dust ' i i al i on.. Therefore, th h
o o e o e B A e b T e 1o a1 K4 9B Mior e of

been no necessi ty 1n consi ation

the dustsyHRE qmater Pat ent Document 11JP- A-2001-100216 (Patent
Docunent 2)JP—Z?£OO%¢%%5P%§ﬂ%'SUNNARY OF THE I NVENTION I n recent years,

dovi co o Camers Gnit RPAME) FBE ShedF frer el AAkobcatrmEdcohare
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
formed of a foamed structure having an average foam
diameter of from 1 to 500 Hm (as described in Patent
Document 2) have been used.

In the conventional image displaying member fixed
to an image displaying device, such as a liquid crystal
display, an electroluminescence display and a plasma
display, and the conventional 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 ¢learance (i.e., a gap or a distance)
that is sufficienfly large for using the dustproof
material without substantial compression. Therefore,
there has been no necessity in consideration of the
compression repulsive force of the dustproof materials.
fPatent Document 1] JP-A-2001-100216

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



a thin profile, and associated thereto, the clearance of the part where
the dustproof nmaterial is applied tends to be decreased. Mdre recently,
such a situation occurs that a conventional dustproof material having been
used cannot be applied due to the | arge repul sive force thereof
Accordingly, such a dustproof material is being demanded that exerts
excel | ent dustproof property and has excellent flexibility capable of
following a mnute clearance. The gasket disclosed in JP-A-2001-100216
(i.e., a gasket forned wth a oI uret hane foamed material having a
density of fromO0 . 3 t oSUMKARK r@% PHBVAAEENTIOYui d crystal display from
jolting by suppressing the foaning factor thereof but is stil

insufficient imdlexgbBiht f r The mat eri al
t tye a08, BehSrdng B 3E§ végg{; L8 oat e

for an electric or electronic device disclos 98 (i.e.,

the sealdpgichat akémbetor ANl 6t bire lqz(a%ea&%g;qﬁyﬁg%%@el& oeggd of a

foamed structure having an average foam df anete 08 n) does

not refefahOra ﬁﬁ@pée%h‘%ﬂ e S V&4 ERE?‘%J.?{ eco ﬁgn@ ? Foof

Therefore, an object of the invention I OVI sSuc

e er) el nlsogerd b ucebent s Suskaanly prgugiLy s e el et

flexibility capable o owi 1y a_monu earande

dust progiz 51 Yt & f@%!’h@%lﬂ*"éﬁ?gg(}fmg@t% 14990 QR &80T the

invention is t suc
to be decreased. More recently, such a situation occurs

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

The gasket disclosed in JP-A-2001-100216 (i.e.,
agasketformedwithapmlyurethanefoamedmaterialhaving
adensityoffrom0.3to0.5g/cnm’} preventsaliquidcrystal
display from jolting by suppressing the foaming factor
thereof, but is still 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 for an electric or electronic device formed of
a foamed structure having an average foam diameter of
from1l to 500 um) does not refer to a2 compression repulsive

force of the foamed material.




f oamed dust proof material (hereinafter referred to as dust proof material)
that can be suitably used upon nounting an optical nenber on a product
having a thin profile, and to provide a dustproof structure using the

dust proof material. As a result of earnest investigations nade by the

i nventors for attaining the aforenentioned objects, it has been found that
the use of a dustproof nmaterial forned of a foaned body having particul ar
characteristics exerts excellent dustproof property 'and can successfully
follow a mnute clearance. The invention has been nade based on the

findi ngs. That Tilssx¢ ferpresantbf QtQﬂ&fOﬂj‘h@q&lﬁ—Qﬁtﬁ_gH oW gg £99$ it Ut i on.
(1) A foamed dustproof material which conprises f oanmed 6’dy mhereln t he

f oamed lsouyh ad uart mves Agea t €k b 10t BER 8% e 0k s féﬂ%j.tgéril)t %%58‘&#06“1

agai nst repul sion upon conpressing to 50% of from cnB8, and

an app@mopedeysidnd ohabr @ de Diche Q‘l@x%iﬁ@ﬁé #%é gibf ggﬁllmi‘d dust pr oof

mat eri al according to the above (1) , wherelin has a cl osed

cel | Smsuiaga fisete e10aptaibd Seilr egggﬁg%](ilﬂesg H?:Ze,;#!pmé ) The

f oamed dustproof naterial according to t ein the

mat eri alstfru¢ bareCAUEPIA§EEh A DL SERYES dﬁsq{gt&k\igladhem ve | ayer on one
surface or both surfaces of the foane

Another cbject 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
dustproqf 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
ofkafoamedbodyhavingparticularcharacteristicsexerts
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 dustproof material which comprises
a foamed body, wherein the foamed body has an average
cell diameter of from10 to 90 um, a load against repulsion
upon compressing to 50% of from 0.1 to 3.0 N/cm?, and an

apparent density of from 0.01 to 0.10 g/cm?.
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(4) The foamed dustproof material according to the above (3), wherein the
pressure sensitive adhesive -layer 1is formed on the foanmed body through a
filmlayer. (5) The foamed dustproof material according to the above (3)
or (4), wherein the pressure sensitive adhesive |ayer conprises an acrylic
pressure sensitive adhesive. (6) The foaned dustproof material according to
“any one of the above (1) to (5), wherein the foaned body is obtainable by
a process conprising steps of: inpregnating a thernoplastic polynmer with an
inert gas at a high pressure; and decreasing the pressure. 5 (7) The
foaned dust pr oof 2rat &hieaf casest dinsg oo s Nma thovel (@ co PRSTR] Bottige f 0aMEd
body is obtainable by a process conprising steps of: inpregnating a

non- f oan@® NS déd )ar tvleeedanpthsi kg amed hboasP 1SS i & RO ygBR Wid{y an inert
gas at a high pressure; and decreasing the pressure. (8) The foaned

dust pr oof ‘et Rak aroorsdmy-Edoiskel ahey s eh@)-opberel P1tbefieaqgd body is
obt ai nabl e by process conprising steps of: inpregnating a nolten '
t hernopl astic polymer with an inert gas under a pressurized state; and

nol di ng the thernopl astic polymer while decreasing the pressure.
{(3) Thefoameddustproofmaterialaccordingtothe

above (1) or {2}, wherein the material further comprises
2 pressure sensitive adhesive layer on one surface or

both surfaces of the foanmed body.

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

is formed on the foamed body through a film layer.

{5} Thefoameddustproofmaterialaccordingtothe
above (3) or (4), wherein the Pressure sensitive adhesive

layer comprises an acrylic pressure sensitive adhesive.

(6) Thefoameddustproofmaterialaccordingtoany
one of the above (1) to (5), wherein the foamed body is
ocbtainable by a process comprising steps of:

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

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 formed dustproof material according to
any one of the above (6) to (9), wherein the inert gas is carbon dioxide.
6 (11) The forned dustproof material according to any one of clains 6 to
10, wherein the inert gas is in a supercritical state upon inpregnating.
(12) The fornmed dustproof material according to any one of the above (1)
to (11), wherein_the material is used upon nounting an optical nenber on a

prescribed site7} (13heAf dame dpdwst pStodIE il 04 1 MUY 89 1 tgmﬂgal
menber on a prescribed site, wherein the structure conprises the optical

menber ndBAVEd On) t hwhsixein htheght o dhedf egmd dustpraaf rial according
to any one of the above (1) to (11). (14) A struc%gfggégagégs%ﬁbi%n

optical PEfbess nbompedsim@ pteperided site, wherein the structure
conprises the optical nenber nounted on the prescribed site through the

formed dust pr dofip matera ol n Q@cHs £ B9 alnfe d A QN8 .t ove (1), to (11).

(15) The formed dustproof material according toaggﬁvyg e‘Eprﬁélgﬁbve (1)

to (11),2 whbeginmop he stEtcerbal yres USEFHUPOR RLEVENL | a_toner froml eaking

froma toner A A% 2akOTy high
pPressure; and

decreasing the Pressure.

(8) Thefoameddustproofmaterialaccordingtothe
above (6), 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; znd

moldingthethermoplasticpolymerwhiledecreasing

the pressure.

(2) Theformeddustproofmaterialaccordingtoany
one of the above (6) to (8), wherein the process further

comprisesastepofheatingafterdecreasingthepressure.

(10} The formed dustproof material according to

any one of the above (6) to (9), wherein the inert gas

is carbon dioxide.



cartridge. 7 The formed dustproof material nmay be preferably wused upon
nmounti ng an optical nmenber on a prescribed site, and upon preventing a
toner fromleaking froma toner cartridge. The invention also relates to a
dust proof structure for nounting an optical nenber on a prescribed site,
and the dustproof structure conprises the optical nmenber nounted on the
site through the forned dustproof material according to the invention. The
i nvention further relates to a structure having an optical nenber nounted
on a prescribed site, and the structure conprises the optical nenber

mounted on the @rEkcrThed fairtaed h0sBB rold¥e nf Of eBd adUSIdU P04 1 HBE @1 @l
according to the invention. The dustproof material of the iInvention exerts

excel | erandusher aof @I apast \6 & h@s ﬁﬁ%@éfﬂ“thé'?ﬁb@ﬂ %%FcﬁgaQEf
following a mnute clearance. The dustproof material of e Irnvéntion can

al so be sustplelryer i5£8alPF T APHNLHRG Ay 9P er on a product having
a thin profile. BRIEF DESCRIPTICNbCF THéQDRg§?ﬁdgﬁgbg 1 is a schematic

cross sectional view showi ng an evaluation nmethod for clearance
followability in Exanples 8 DETAILED DESCRI PTI ON OF THE | NVENTI ON

{12) The formed dustproof 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) Adustproofstructureformountinganoptical
member on a prescribed site, wherein the structure
comprises the optical membexr 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 (11), wherein the materiazl

is used upon Preventing a toner from leaking from a toner

cartridge.




The invention wll be described belowin detail. [Foanmed Body constituting
Foaned Dustproof Material] The foamed dustproof material, i.e., a

dust proof material (seal ant) conposed of a foanmed body, of the invention
is constituted by a foaned body having an average cell diameter of from 10
to 90 gm a | oad against repulsion wupon conpressing to 50% (i.e., a

repul sive force upon conpressing to 509 of fromo . 1to 3. 0 NcnR, and
an apparent density of from0.01 to 0.10 g/cnB. The upper limt of the
average cell dianeter of the foamed body set to 90 gm (preferably 80 m

i nproves dust fioof fpraeet tgu 8o rody avese kiGNt by ehdi Rg QPSEH& The
lower Iimt of the average cell dianeter of the foaned "body set tto 10 m

(preferabsgdApoh romnoiay sHYODERY mORBRE! LY 4 BRAck. APSALPL | £1] :
property). The upper limt of the |oad agai nst repulsion upon ~condpressing

to 50% (ane. upbhe prpukaititd 0 CEoHRYN £ LOHRPRRSI Nt £-B80N, Of L he foamed
body set to 3.0 NNcnR2 (preferably 2. 0 thnQ,%aﬁggﬁnggégke e§3§F% 1. 8

N cnR) czaxtphid¢yent problens due to repul sion of the foanmed dust proof
material fromoccurring even in a narrow cl earance. The lower limt of the

| oad agai nst r@pd $hekPen GO §$Si 500 t he, f oamed, hody set to
0.1 NNcnR (Preferably 0.2 NcnR) canang%gu%é;ae{g{%ﬁpgﬁ%%ﬁ%trp"}%alrﬁroperty.

oo Cor et Erably DeOB o Bt g6 4 PSR P B o1 010
the dustprogf structure comprises the optical member
mounted on the site through the formed dustproof material
according to the invention. The invention further

relates to a structure having an optical member mounted

on a prescribed site, and the structuré comprises the

optical member mounted on the prescribed site through

theformeddustproofmaterialaccordingtx:theinvention.

The dustproof material of the invention exerts
excellent dustproof property and has excellent
flexibilitycapableoffollowinganﬁnuteﬁlearance- The
dustproof 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.



flexibility. The lower Iimt of the apparent density of the foanmed body
set to 0.01g/cnB (preferably 0.02 g/cnB) can ensure excellent dustproof
property. The foamed body is not Iimted in conposition and cell structure
as far as the aforenentioned characteristics are satisfied. The cel
structure is preferably a closed cell structure or a sem -cl osed and

sem -open cell structure (i.e., a cell structure having a closed cell
structure and an open cell structure mxed wth each other with the ratio

t her eof bei ng not lHJH d such a cell structure is particularly
preferred that t g 6%@@% E%ﬁgﬂﬁ%%Tégﬂ)éﬁ‘dﬁﬁﬁ ENYRNREONr ef erably 90% or
nore) of a cl os&i cell structure part. In the foaned dustproof material of
the invention, ~aSprBY&RtIoR piddubingle seribededdiosy imydbe diose
processes that have been ordinarily used for foam nolding, such as a

physi cal process and a chem cal process. In the ordinary physical process,
a low boiling point liquid (foam ng agent), such as a chlorofl uorocarbon

conpound( Fertherd hy dtgc ardwst €@RAWY, rb S idsﬁ%‘?}g’éi["hfa P{)%%/ggra&r]dand t hen

heated to evaporate the foam ng agent to for i nary

chemi cal procesthe cebhmedl & 9FPBE o Wiy generat ed t hrough ther mal
deconposition of a conpound (flggm'ong tggzen ?ggﬁd d%g & 1|1§,F@ %Pdse, so

St onmenta T caute, “Lhe Bhye) P practEed £ubida’ BoayITdE ne
inventionis constituted by a foamed body having anaverage
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 from0.1to 3.0 N/cm?, and an apparent
density of from 0.01 to 0.10 g/em?,

The upper limit of the average cell diameter of
the foamed body set to 90 un (preferably 80 um) improves
dustproof property and improves light shieldingproperty.
The lower limit of the average cell diameter of the foamed
body set to 10 pum (preferably 20 um) improves cushioning
Property (shock absorption rProperty).

The upper limit of the load against repulsion upon
compressing to 50% (i.e., the repulsive force upon
compressing to 50%) 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 load against repulsion upon compressing




preferred. The foaned body can be produced, for exanple, by the follow ng
processes. Constitutional conponents 'including natural or synthetic
rubber (such as a chl oroprene rubber-ethyl ene-propyl ene terpolyner), a

vul cani zi ng agent, a foam ng agent and a filler are kneaded in a kneading
machi ne., such as a Banbury m xer and a pressure kneader, to obtain a
kneaded m xture. The kneaded m xture is then nolded into a sheet formor a
rod formwhile being continuously kneaded in a cal ender nachine, an
extruder or a conveyer belt casting nmachine, and then vulcanized and

foamed by et ¥ngft Ghobtioamad waldpngedsf,o0gmad 2 The resulting
vuIcaniz;Fzgﬁgyedfbody may be cut 1nto a preg?TH§g§¥shlﬁﬁe53ﬁﬁﬁﬂgﬁg on
necessity.- anrf er nam v s apestdyed i o3l nts including natural or
synt hetic rubber, a vul cani zi ng agent, a tfoan1%g§883n§”§ﬂﬂeﬁt i1ler are
and t he kneaded

kneaded with mi Rhegppetd indt ¥ bR dyconpasi tion,
11 conposition is then subjected to vu %gg??@tﬁl%ﬁs it g e &R med di ng in

a nol d bhodaethwbse. poagess i [ rQqcess using a
hi gh-pressure inert gasois a f[ngal&rﬁ&ﬁgraag%\gﬂ“oi@%plggf‘&ﬁbf:ﬁ”héﬁﬁrs-’f‘h%e a

obanesFor xarpt Sucn e 5 ocoue 13 Hf A Bhe o s o
pol yner tBejfipregrhbedly set to 0.01 g/em® (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
characteristies 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
28 closed cell structure and an open cell structure mixed
witheachotherwiththeratiothereofbeingnotlimited),
and such a cell structure is particularly preferred that
the foanmed body has 80% or more (further preferably 90%
Or more) of a closed cell structure part.

In the foamed dustproof material of the invention,
@ process for producing the foamed body may be thdse
processesthathavebeenordinarilyusedforfoammolding,
such as a physical Process and a chemical process. In
theordinaryphysicalprocess,ailowboilingpointliquid
(foaming agent), such as a chlorofluoroecarbon compound
and a hydrocarbon compound, is dispersed in a polymer,

and then heated to evaporate the foaming agent to form
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with an inert gas at a. high pressure, and then the pressure is decreased
to forma foanmed body. In the aforenentioned physical foam ng process,
probl ens nay arise due to inflanmability, toxicity and influences on the
envi ronments, such as ozone |layer destruction. In the aforenentioned

chem cal foamng process, residues of the foam ng gas remain in the
resulting foanmed body, and thus problens may arise due to contam nation
with a corrosive gas and inpurities in the gas particularly in the

pur poses of electronic devices requiring | ow contam nation property.

Carbon dfekilde | Irpthkermdlyausedhamitdel peaddyk . agent s Silc | ean
foamed body with | ess anpbunts of inpurit?es can be o t%?ﬁghfoﬁpﬁhas been

reportedibht at igaphyahealatted ched i theamng @éeﬁf@ﬁ]e?i@igndiof icult to
e cé

provide a fine cell structure, particularly fin aving a di aneter

of 300 preempbessd (Lo AR ik idge PESN AE i bed, %Qg[gfmoearn%d%gggyg%fiagst

i nvention is preferably produced by a production process

gas at aditgh PHeasw %%eﬁné@aﬂbagéagﬁrﬁdeﬁa@&nggﬁgr%)t‘;:regﬁg?gdit%eth an

preferably enployed that a thernoplastic polynmer is

i nert gauraéng kirghi peRRSWE. 1 apd sthe pressute Jjs; decreased.  Upon

i mpregnating with an inert gas, a ﬁmﬁ%géﬁgg E&%ﬁ? a%riﬂﬂﬁfﬂﬁvﬁﬁg been
previ ougpine fdkded .is i npregnated with .

The foamed body can be produced, for example, by
the following processes. Constitutional components
‘including natural or synthefic rubber (such as a
chloroprene Iubber~ethylene-propylene terpolymer), a
vulcanizingagent,afoamingagentandafﬁllerarekneaded
in a kneading machine, such as a Banbury mixer and a
pressure kneader, to obtain a kneaded mixture. The
kneaded mixture is then moldea 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 te obtain a
vulcanized foamed body.

The resulting vulcanized foamed body may be cut
into a prescribed shape depending on necessity. 1In
alternative, constitutional components including
natural or synthetic rubber, a vulcanizing agent, a
foaming agent and a filler are kneaded with mixing rolls

to obtain a kneaded .composition, and the kneaded
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an inert gas, or in alternative, a nolten thernoplastic polyner is

I npregnated with an inert gas under a pressurized state. Therefore,
preferred exanpl es of the specific production process include a process,
in which a thernoplastic polymer is inpregnated with an inert gas at a
hi gh pressure, and then the pressure is decreased; a process, in which a
non-foanmed nol ded article formed of a thernoplastic polyner is inpregnated
with an inert gas at a high pressure, and then the pressure is decreased;
and a process, in which a nolten thernoplastic polynmer is inpregnated with

an i nertcgmpowideron s eslseini 288 slcdtedd + ARG, den § eI asd lymer is
nol ded whil e decreasing the pressure. 13 (Thernn%?ggtlc‘P?%?%%?ﬁgThe

t her moplaistti mope ym@r insed ms1a Pt @ ibagt{:m,'s h?)%g@gg body (resin foaned
body) in the invention is not particularly ﬁini ed as™far as it is a

ol yner exhi biztr d het i C : e_Qf beinp
Pnpyegnated wth gg%ighjg?ggggﬁé 32??% %ﬁ%ﬁ%ﬁ?%? %ﬁgﬁgheﬁﬁﬁﬁ gf%c pol ymer
i ncl ude jaterel ¢faan pol ey ' 0 hyl_eng, medi um
density pol i/et %;I ene, %Pgﬁaﬁlﬁ?t §§§o%§ve€§3‘?!é%,e%4gn‘ggrﬁs|e&i HehsPt y

ol yet hyd epg al , opql r .hyl ene_and propyl ene, a
Copol yat o oty ey he¥ind £ ERT i plt S5ghRTRr aah T by

copol yner of ethylene or propyl ene an mer of
ethyl en&ell density can be obtained. For exanple, sucha process

is preferred that a thermoplastic polymer is impregnated

with an inert gas at ahigh pressure, and then the pPressure

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 ozone 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 particularlyin 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 pPhysical and chemical

foaming processes are difficult to provide a fine cell

structure, particularly fine cells having a diameter of

300 um or less.
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and an et hyl enic unsaturated nononer (e. g. , vinyl acetate, acrylic acid,
an acrylate ester, nethacrylic acid, a nethacrylate ester and vinyl

al cohol) ; a styrene polyner, such as polystyrene and an
acrylonitrile-butadi ene-styrene copol yner (ABS resin) polyam de, such as
6- nyl on, 66-nylon and 12-nylon; polyam deim de; polyimde; a

pol yetherim de; an acrylic resin, such as polynethyl nethacryl ate;

pol yvinyl chloride; polyvinyl fluoride; an al kenyl aromatic resin;

pol yester, such as pol yethyl ene terephthal ate and pol ybutyl ene

t erepht hal at e; fpbllyzai bgnbeamn sdiehicadb &l sphieaok ARV Y G @PNaECL he
pol yacetal ; and pol yphenylene sulfide. 14 The thernoplastic resin also

i ncl udesimvenhdraroplsapiiet et as L gnpr o dwtti b 1aX Al Prbeddtbbeh PabUEs s at
ordinary tenperature and exhibits thernoplasticity ,at an el evated

t enper atus engExanphes tobatshe tt hek 1Al pelise &t @ PP EJ el Mgeaganeol ef in
el astoner, such as an et hyl ene-propyl ene copolyner, an

et hyl eneapd opylicénes db 20€e@aPOl ¥ NBEe fﬂha]@l?We‘ﬁﬂﬁrd@{Qw +&Gat af e copol yner,
pol ybut ene, polyi sobutyl ene and chl ori nated pol yet hyl ene; a styrene

el ast onerthesmop lass @i 8t poeRardt BEli LABrIigH HNEICRRBLY BB ifert gas
styrene-i soprene-styrene copolynmer, a styrene-lsoprene-butadleﬁe-styrene
copol ymert anthidly gmgesatred pely/ wefes plhies 80t 2stHeEPRRY &4 1 ¢ pghyester
impregnating with an inert gas, a non-foamed molded
articlehavingbeenpreviouslymoldedisimpregnatedwith
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 thermoplastic polymer is impregnated with an inert
gas at a high pressure, and then the pressure is decreased;
and a process, in which a meolten thermoplastic polymer

is impregnatedwith an inert gas undera pressurizedstate,

and the thermoplastic polymer is molded while decreasing

the pressure.




el astoner; a thernoplastic urethane elastonmer; and a thernoplastic acrylic
el astoner. The thernoplastic elastoners have a glass transition
tenperature | ower than roomtenperature (for exanple, 20C or |lower) , and
thus are considerably excellent in flexibility and shape followability as
a dustproof material and a sealant. The thernoplastic polyner nmay be used
solely or as a mxture of two or nore kinds thereof. Any of a

t hernopl astic el astonmer, a thernoplastic polynmer other than the

t hernopl astic el astoner, and m xtures of a thernoplastic elastonmer and a

t her nopl (@&ie cmppliyesy i ot ken vkt han the thernopl astic el astomer nmay be used
as the material for the foanmed body (i.e., the thernoplastic polyner).

Exanpl es of thEh@>ﬁu€ﬁm@§1agﬂyﬂrggﬁ9ﬁg@:d§é§t9g9% ﬁgggfagﬁefggplastic
u

pol ymer ot her than the thernoplastic ~elastonmer 1nc e a mxturé of an

ol ef i n eiplmfedsHeRy A% i £ IYLARY HARY) e ERBOLKIRI: A9d po ofefin

pol ynmer, such as pol ypropyl ene. In the case he™"nix

th haxt i 13 st | ast.i . ther than th
er "ophay! iwa £+ ALANPF1 ¢4 151 4Ned DR %%f(ﬁgok¥mTﬁrérggﬁﬂﬁégmerflater)

t hermopl astic elastoner 1s used, the mXxi'ng "ratio
TR e R o s R
impregnated with a high-pressure gas.

Examples of the thermcoplastic polymer include an
olefhnpolymer,suchasIun¢densitypolyethylene,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 a-olefin and a copolymer of ethylene
andanethylenicunsaturatedmonomer(e.g.,vinylacetate,
acrylic acid, an acrylate ester, methacrylic acid, a
methacrylateesterandvinylalcohol);astyrenepolymer,
such as polystyrene and an
acrylonitrile-butadiene-styrene copolymer (ABS resin):
polyamide, such as 6-nylon, 66-nylon and l12-nylon;
polyamideimide;polyimide;aapolyetherimide;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
bisphenolJ&polycarbonate;polyacetal;andpolyphenylene

sulfide.

14



The inert gas that can be used in the invention is not particularly
limted as far as it is inert to the thernoplastic polynmer and can be

i npregnated therein, and exanples thereof include carbon dioxide, nitrogen
and air. The gases maybe used as a m xture. Anong these, carbon dioxide is
preferably used since it can be inpregnated in the thernoplastic polyner as
the material for the foamed body in a |large anount at a high inpregnation
speed. 16 The inert gas is preferably in a supercritical state upon

i npregnating in the thernoplastic polynmer. The solubility of the gas in

the ther nopl astiice poh¥iaior Ba st 16! @336 | B13SUpeEeLiddcal state to enable
i npregnation in a high concentration. Upon suddenly deécreasing the

et Bé FRBHINSS | i g e nansy | t
pressur ﬁbﬁfﬁttﬂarég%ﬁﬁémer9aUhr%ﬁ %kHﬁE&%?;gﬁﬁbiﬁ %%%gggaanoun

owi ng to the high concentration, mheréb I ne ce can i ned since

becomes |y ger i T Sty ane PR Gl eR Sn Sl 48t bR o

becones Ilarger with equal porosities. cal

tenpemﬂameagféig;@@gdaggﬂﬁéf@{uggessure of 7.4 MPa. An additive may be
[ pol yner “dependi ng on necessity upon nol ding the

added to the thernoplastic er : _ por
Sl o R B ST O SR N
can be usedsi1efin elastomer, such as an ethylene-propylene
copolymer, an ethylene-propylene-diene copelymer, an
ethylene-vinyl acetate copolymer, polybutene,
pPolyisobutylene and chlorinated polyethylene; a styrene
elastomer,suchaseastyrene—butadiene—styrenecopolymer
a styrene-isoprene-styrene copolymer, a
styrene~isoprene~-butadiene-styrene copolymer and
hydrogenatedpolymersthereof;athermoplasticpolyester
elastomer; a thermoplastic urethane elastomer; and a
thermoplastic acrylic elastomer.

The thermoplastic elastomers have a glass
transition 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

thermoplasticelastomerandathermoplasticpolymerother

15




Exanpl es of the additive include a cell nucleating agent, a crystalline
nucl eating agent, a plasticizer, a lubricating agent, a col oring agent
(such as a pignent and a dye) , an ultraviolet 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. 17 The addition anount of the additive
may be appropriately selected within such a range that the fornmation of
cells is not inpaired, which may bean addition amount used upon nolding an

or di nar ythasr fopt athecmpgilaetic suchsvomart keryopkagkicy el @stgger. The

| ubricating agent used in the invention is not particularly limted as far
as it exwpterdrmlffect tte fommevemilyi 0ifbovahidét ynQfrndisr Shenopl astic
pol ynmer, and exanpl es thereof include a hydrocarbon |ubricating agent,
such as podymearaffin, paraffin wax, mcro wax and pol yet hyl ene wax; an
aliphatic acid lubricating agent, such as stearic acid, behenic acid and

12- hydxoxyst eaBxampled;o ROt eani £6Le% & HBM K&ERBY 130601 ¢ eﬁ%ﬁéﬁe%‘“ yl
stearate, stearic nonoglyceride, pentaerythritol ™ tetrastearate, Hhardened

castor ocahdandlsd emspl asttaar lcd. yhEF WKL 0L 9f FRAEH BN l{ét&@e
Ag a

production process for producing the foaned body by I npregna
t her mopl elba st op@ly Teic A Athikeite 925 Alo Re Bl ANBLITUHEr, SPEEL I cal Iy

such a process may
asanethylene-propylenecopolymer,andanolefinpolymer,
such as polypropylene. 1In the case where the mixture of
a thermoplastic elastomer and a thermoplastic polymer
otherthanthethermoplasticelastomerisused,themixing
ratio thereof (former/later) may be about from 1/99 to

99/1, preferably about from 10/90 to 90/10, and more

bpreferably about from 20/80 to 80/20.

(Inert Gas)

The inert gas that can be uséd 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. Thegasesmaybeusedas amixture. Among these,
carbon dioxide is preferably used since it can be
impregnated in the thermoplastic polymer as the materi'al

forthefoamedbodyinalargeamountatahighimpregnation

speed.
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be conducted that contains an inpregnating step of inpregnating a

t hernopl astic polymer with an inert gas at a high pressure, a

depressuri zing step of decreasing the pressure after the inpregnating step
to foamthe polyner, and dependi ng on necessity, a heating step of 18
heating to grow the cells. In this case, a non-foanmed nolded article
havi ng been previously nolded nay be inpregnated with the inert gas, or in
alternative, a nolten thernoplastic polyner is inpregnated with the inert
gas under a pressurized state, followed by nolding while decreasing the

pressure. Theselhedoesst gteaps snpye Ber atAry ot eulp easc 21 BPAlGhM$ Hy ocess or
a continuous process . According to the batchw se process, the foanmed body

can be pﬂsdmuﬁmpneah@ﬁﬁﬂdthnghmﬁmKﬁrmépuE@ﬁﬂp@lggqyﬁefgﬂy L, such as
a polyolefin resin or a thernoplastic elastoner, is extruded by using an

extruder sodudti bty odnithe afaextinudgie Of ha rhiopX £ £ ¥t WfEime L0 jfPrm a
non-foanmed nol ded article (such as a resin sheet for formng a #oaned

body) . incaletasexhtitve swpéberinl@st iska O BAanILER %sréa%,pguglnefi n
resin or a thernoplastic elastoner, is unifornmy nlxeﬁ by Using a kneader

providedinmhthi@hwﬁdmmenar@&moﬁtkngggﬁrsg@&gg@pb é%?* a t he
polymer is press-nolded by using a pressing nachinegééf?L ea?egﬂﬁlates to

form a npnessaned amtelede et ifpeeghcAoRS Q. eShASheet, forsfQpaing a

foaned body) containing the thernoplastic polyner as a base Tesrh.
n1alargeamountowing1x>thehighconcentration,whereby
fine cells can be obtained since the density of cells
formed as a result of growth of the cell nuclei becomes
large; 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 to the thermoplastic
polymer depending on necessity upon molding the foamed
body. Thekindoftheadditiveisnotparticularlylimited,
and various kinds of additives that have been ordinarily
used for foam molding can be used.

Exanples 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.




The resulting non-foaned nol ded article is placed in a pressure resistant
container, to which an inert gas is then introduced at a high pressure, so
as to inpregnate the non-foanmed nolded article with the inert gas. 19 In
this case, the shape of the non-foaned nolded article is not particularly
limted, and may be any of a roll form a plate formand the |ike. The

I nert gas nay be introduced continuously or discontinuously. After the
article is sufficiently inpregnated with the inert gas at a high pressure,
the pressure is released (ordinarily to the atnospheric pressure) to
generate cell el edditidre basantess fi- tRke seriitduel giaymyebe grown by

| eaving at -roomtenperature or may be grown by heating depending on

necessi t3PPTR@ Mt hed vofsdsatted mhashbe khese havingebesmiknenr and _
ordinarily used, such as a water bath, an oil bath, "a heat roll, a hot air

oven, a fermadficn of caylsd s nearimphl e WRY cAfa ? YH SHQWRY £t 1 Akt er
growng the cells, the article is quickly cooled, Tor exanple, wwth cold

wat er t caménuntthes saneo i herenfng Aﬁ@fdﬁﬂﬁﬂﬁtﬁ@?m%‘iﬁ‘é@ﬂ@ﬁﬁ:d’{9ﬁ3§5’ the
foaned body can be produced in the followng mannér. An irier gas is
i nj ectedswthaals gh phezswpa dot dct BargPpdmeti c  pol ymer while kneading by

using an extruder, such as a wuniaxial extruder or a biaxial extruder, and
after the themMmopllagdittcpeliniEn gies SWddFigNthe i &IPabadi W LB
particularly limited as far as it exerts an effect on
improvement511flowability:xfthethermoplasticpolymer,
and examples thereof include a hydrocarbon lubricating
agent, such as liquid paraffin, paraffin wax, micro wax
andpolyethylenewax;analiphaticacidlubricatingagent,
such as stearic acid, behenic acid and l2-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 producticn 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 foam the
polymer, and depending on necessity, a heating step of

18




the inert gas, the polynmer is extruded to release the pressure (ordinarily
to the atnospheric pressure) to effect foam ng and nol di ng sinultaneously
wi th each other, 20 followed by growing cells by heating dependi ng on
necessity. After growing the cells, the article is quickly cooled, for
exanple, with cold water to fix the shape thereof. The pressure in the gas
| npregnating step nay be 6 MPa or nore (for exanple, about from6 to 100
MPa), a-ad 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

si gni fi cheeltinpobcf gabkwng hd eI Dyi. dera €0Q d arggacell 4 irP—”P:%E& gahd thus
a smaller average cell dianmeter (average cell (bu%ble) I anme erf W thin

the af ormoéueiconendt i 0ge IeaNVg Be PP 6oL 1 ¢ éﬁEeEP%é§B£8r°°f
property. This is because the i1 npregnated anmount® of theé gas " iS relatively

smal| W thpa cign pedsalng thiz HOERRGSON oo enldie: £238Alud Qi pLgssure,
and the forming rate of <cell nuclel is lowered to Incredse e Nunmber of

cell nuchermidpisa$ e Befo 19WRAIER% 4 nt, ne cell is rather
i ncreased to enl arge thg céll di am;{ﬂg ei??% 3‘7.&%—{% % breEsBrE range of

i RO R e LRSI A 0 R SR e o
decreasing the pressure. These process steps may be
carriedoutasabatchwiseprocessoracontinuousprocess.

According to the batchwise process, the foamed body
can be produced in the following manner. A thermoplastic
polyﬁer, 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 polyolefin 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
(suchasaresinsheetforformingafoamedbody)containing
the thermoplastic polymer as a base resin.

The resulting non-foamed 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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in cell dianeter and cell density, and thus the cell dianeter and the cel
density are difficultly controlled. 21 The tenperature in the gas

i npregnating step varies depending an the species of the inert gas and the
t her nopl astic pol yner used and can be selected fromw de ranges- Under
consideration of operationality, the tenperature may be about from 10 to
350C. For exanple, in the case where a non-foaned ,,tolded article having,

for exanple, a sheet formis inpregnated with an inert gas, the
| npregnation tenperature in a batch process nay be about from 10 to 200"C,

and preferably mboth i br es40 2 I wher e a.mpl ten pol ymer
: et e P e o SRR A Rana b )

I npregnated with an inert gas is extrud | di ng

onti nuous. pr bcess | < aeher Ay EhohY T ren §0° 1 BPISU0t TR ERY Bdse where

continuous process is generally abou fro

carbon i oxblUe ifpr8edaasithe ANght P pper at ur e _upop i npregnati ng
is preferably 320C or m%re, anfd m)r%g’gré:fhel:'ngb#geZlOCEil n‘(ﬂ%rgl A3 der to

mai nt ai 4 Yepsupelsbliheal : ressur.izing rate in the
depr essur ij;i ng st etgfb?geﬁgt %ﬁff’%§pg’rﬁdfyyl P hi téelcfca‘?%t?@uﬁr"eﬂel’abl y about

oo SR MR 0 2L SR HLETALD S8 TE GRS Booc
and prefigfabtygalouly fLqm &f) bPessure, the pressure is released
(ordinariLytotheatmosphericpressure}togeneratecell
nuclei in the base resin. The cell nuclei may be grown
by leaving at room temperature or may be grown by heating
depending on necessity.

Themethodofheatingmaybethosehavingbeenknown
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 microwave. After growing the
cells, the article is quickly cooled, for example, with
cold water to fix the shape thereof.

According to the continuous process, the foamed
body can be produced in the following manner. An inert
gas is injected at a high pressure to a thermoplastic
pPolymer 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
bpressure (ordinarily to the atmospheric Pressure) to

effectfoamingandmoldingsimultaneouslywitheachother,
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2500C . 2 2 The average cell dianeter, the |oad against repulsion upon
conpressing to 50% and the apparent density can be adjusted, for exanple,
by appropriately setting the operation conditions on the gas inpregnating
step, such as the tenperature, the pressure and the time, the operation
conditions on the depressurizing step, such as the depressurizing rate,
the tenperature and the pressure, and the heating tenperature after the
depressuri zi ng step, depending on the species of the inert gas and the

t hernopl astic polynmer or the thernoplastic elastoner used. (Foaned

Dust pr oofolMaterd @l byTha-dwangd -dystproof rial oaned seal ant)
according to the inventionﬂ§§ constitu?egg%§%ﬁ{$o%%éguﬂﬁﬁﬂﬁ Hgving t he
af oremenheered payl i cakak LChar&gt 851 $iH ures. The, f.ogmed. body may
constitute the fogned dustgfaof ﬁgtgﬁ#glcégﬁéquﬁ@ei?§§Pﬁz ® tRert the
functionguithareddoefbact iryel ¥, y conmbi ned wi th_anqther |ayer or
substrate (parﬁ?cularly a preéghr sgﬁsV?i9eC%§d£é%?5%rlEQeE}XpFJV?ded on
one surfargper WipdPegyrfaces thereof to constitute the foamed dustproof
material. For exanple, in the case of the foamed dustproof material having

e oared Dot 2. e SR%LLLY nd BT AT TR O
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
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 (bubble) diameter)
within the aforementioned range cannot be obtained to
impair the dustproof Property.

This is because the impregnated amount of the gas
is relatively small with a low pressure in comparison
to the case of a high pressure, and the forming rate of
cell nuclei is lowered to increase the number of cell
nuclel 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 § MPa,
furthermore, there is such a téndency 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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a nmenber or a part, such as an optical nmenber, can be fixed or
prelimnarily fixed to an adherend. Accordingly, the foanmed dust proof
material of the invention preferably has a pressure sensitive adhesive

| ayer on at | east one surface (i.e., on one surface or both surfaces). of
a foanmed body constituting the foaned dustproof material. An adhesive
agent (an pressure sensitive adhesive) for formng the pressure sensitive
adhesive layer is not particularly limted, and known adhesive agents nay
be wused through appropriate selection, exanples of whi ch include an

I t h
at lral fubber adneo e meset o and e i A e 768 3#1“935%%%”% bt a

nat ural rubber adhesive agent and a

sili Con&ieﬁdh@iiln\éf &8efhe & POLYES! %rf a,g}ne3|l\{]a§d:n e{’]t@é a et hane adhesi ve
e S

agent, a polyam adhesi ve agent an epoxy tthg vi nyl al kyl
et her adfwsine pAGEN I dhesi v The adhe5|ve agent may
be a hot-nelt adhes}sggagg Iu% ﬁ"g gﬁbgﬁ Stee fxer wéde y or in
o g R ) S S {700 feLie g e any Lot

I ncl udi ng an enul si on adhesive age
s brof iyt ar Sy MY afefE FERcHB, b6 aTeEIve Foromt b Leandpol nt
of prev@ﬂ'ﬁﬂeoEase where a non-foamed .olded 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 is 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
inertgas,thetemperatureuponimpregnatingispreferably
32°C or more, and more Preferably 40°C or more, in order
to maintain the supercritical state.

Thedepressurizingrateimxthedepressurizingstep
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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Cont am nation of the adherend. The pressure sensitive adhesive |ayer may be
formed by a nmethod having been known and ordinarily used in the art, and
exanpl es thereof include a nethod of coating an adhesive agent on a
prescri bed part or surf ace (coating nethod), and a nmethod coating an
adhesive agent on a releasing film such as a releasing liner, to forma
pressure sensitive adhesive |layer, and transferring the pressure sensitive
adhesive layer to a prescribed part or surface (transferring nethod). Upon
form ng the pressure sensitive adhesive |layer, a coating nethod having

been known in tiee asveiaydece BIPkLaverk t €xamphes 0f awhiagh rE%Ude a flow

casting nethod, a roll coater nethod, a reverse coater and a doct or

bl ade merdpdil sEhen PHRTSHLALTYSE S |
t hi ckness gf gbout F10n12 Fb 100£%¥qaﬁgb§}é¥era a o%%eﬁé%%1¥8 to 100 m

The pr essal ebseasijhidee adhesive x dayes 'ﬁgrﬁég}%@%%g?mf'gg@&ggss' bl e

because the thinnér pressure sensitive a oh an~edge

t her eof th@IQB%&a@Jf@ﬁtcSBdErﬁvﬁ{E'&g H%tﬁafs“i ﬁ?é&ﬁa%q'}xe egte The

pressure sensitive adhesive layer ave a‘sin ayer structdre or an

mmy Do Formad op"the TESeH Body ci%, He e PRORRETEN (o i FhSery

may be formed on the through ano I"ayer er)

Exanpl esog?@rEIE(ichPV@‘SnJ:i’i%?LrorH‘%Hd%h%n de%?éggg' %.tzelllx&ystep, such

| as the depressurizing rate, the temperature and the
pressure, and the heating temperature after the
depressurizing step, dependingonthe species of the inext
gas and the thermoplastic polymer or the thermoplastic

elastomer used.

(Foamed Dustproof Material]

The foamed dustproof material (foamed sealant)
acceording to the invention is constituted by a foamed
body having the aforementioned particular characteristic
features. The foamed body may constitute the foamed
dustproofmaterial solelybyitself to exert the functions
thereof effectively, and may be combined with another
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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and an undercoating |ayer, as well as a base material |ayer (particularly,
a filmlayer) and another pressure sensitive adhesive layer. In the case
where the pressure sensitive adhesive |ayer may be only one surface (one
side) of the foamed body, another 1 aye r nay be fornmed on the other surf
aces, exanples of which include a pressure sensitive adhesive |ayer of
anot her kind and a base material |ayer. The shape and the thickness of the
f oamed dustproof material of the invention are not particularly limted
and may be appropriately sel ected dependi ng on purposes For exanple, the

t hi ckness mémbke foxanedpdust, praoth BBt @ ap fRYahe rphewe rfr ad. fto 5 M
and preferably from0.8 to 3 mm The foaned dustproof nmaterial of the

inventi dixed genermdlymeaayodiyizededl tte) PfOogaARS LNt O various shapes
correspondi ng to devices, to which the dustproof material is to be

applied. ‘The faemad diisgDyoot naRt8bidld QudtirbBYCRLILUL 18R o £xihemel v fine

cells, a low |l oad agai nst repul sion upon conpressing to hi gh

f1exi bi liidwen8dnhas ced P¥H2G ﬁ&%a%erﬁtrﬁgﬁif-gyse \gilr\%{,gcggz,bﬁagef\ggnent i oned

characteristicfeatures. That is, excéellent Tlexib

foll owi e £ BH! BreheyIconeSsarardal 11l 0% IR ! sGeldadlagpter
mai nt ai ned, and thereby the material can follow a m nut e “C1%aT ance whil e
the dushoiwdurfaces) 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 selection, ekamples 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 silicone
adhesive agent, a polyester adhesive agent, a urethane
adhesive agent, a polyamide adhesive agent, an epoxy
adhesive agent, a vinyl 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 therecf. 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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capability, which is primarily demanded. Furthernore, the material is

hi ghly foamed and is |ight in weight. The foaned dustproof material of the
invention is excellent in flexibility owing to the foaned body containing
a thernoplastic polymer, such as a thernoplastic elastoner, and is cl ean
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 foam ng
agent, which is different fromthe conventional physical and chem cal

foam ng processes. Therefore, the foaned dustproof material of the

invention is uskfalhdae s vkiaigRaol st ef L ah bl 2 MRWH I NP (fie@g& Ling)
various kinds of nenbers and parts (for exanple, an optléh nenber) on a

prescri beensitdvd mdipasiveuFabm the E%%Hﬁb?EﬁEpBSOEEQyéﬁﬁf%ngg be

suitably wused even in the case where a small size nber” or ' p (for

exanpl e,cenbamlin=t zef oft itaad ABALRSLKh4 S nounted on a product having a
thin profile. Exanples of the optical nenber capable of being nounted

(installed) by Td brzisy:tde J@i@gvg%agégggieg%ﬁg%%ﬁrg%&fgﬁﬁ%ﬂan i mage

di spl ayi ng nenber (in particular, an iInage smal |

size) topea mutKed hovidl bR i aayﬂ&%ldfykg%’i&sy;‘i%ej: H}'%ﬁ‘gj:ﬁfay and

crystal display, an electrolum nescence display an . .
a camer and ankenxdikp)Bar bkl Alr InCATRIE o RY RSN SEL! ST 20)

to be fixed to a nobile
anadhesiveagentcn:aprescribedpartorsurface(coating
method), and a method cocating an adhesive agent on a
releasing film, such as a releasing liner, to form a
pressure sensitive adhesive layer, and Lransferring the
pfessure sensitive adhesive layer to a prescribed part
or surface (transferring method) .

Uponformingthepressuresensitiveadhesivelayer,
a8 coating method having been known in the art may be
employed,examplesafwhichincludeaflowcastingmethod,
a roll 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 Hm, and preferably
about from 10 to 100 pum. The pressure sensitive adhesive
layerispreferablyasthinaspossiblebecausethethinner
pressuresensitiveadhesivelayerhas,onau1edgethereof,
higher effect of preventing dusts from being adhered.
The pressure sensitive adhesive layer may have a single

layerstructurecn:anaccumulatedmulti—layerstructure.
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communi cati on device, such as a potable phone and a portable information
devi ce. The foaned dustproof material can al so be used as a dust proof
material for preventing a toner fromleaking froma toner cartridge.
Exanpl es of the toner cartridge capable of being attached by utilizing the
f oamed dust proof material include a toner cartridge used in an inage

form ng device, such as a duplicator and a printer. (Structure having
Optical Menber) In the structure having an optical nenber according to the
i nvention (i.e. , the structure having an optical neEnber nounted on a
prescribed sitéhe pes oprecEnsbhbee athesiwy ¢d yar fpiasbal f6dmied t he
prescribed site through the foaned dustproof nmaterial. Exanples of the
struct ured thel fdemed brabe hisplahi agodhk £ela peeh (2w i Er)Crysta

di spl ay, an el ectrol um nescence display and a plasma display (in

parti culE¥ampd esmadet beshbuyirnba devi LRc1h@e 88 2nsERIe$i 2€d 18988
di spl ayi ng nenber nounted 28 thereon as an optical nenber) , and a nobile

comuni catdoan dmdeecosatdmeasl aypet akls whone .and, a, pebt 3l € - aLGr mat i on
device, having a canera or a lens (in particular a canera and a lens with

smal | silzzeyerpipted del £00y, THef ST AU Y S ) rmyd%étﬂre@%@eé‘éﬁkgg a
thinner profile than the - conventional products and I's ndot particularly

limted senshtdkressdRed iviez€.a ¢dHst proof Structure) :

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

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

The foamed dustpxoof 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
gxtremely fine cells, a low load against repulsion upon
compressing to 50% with high flexibility, and has a low
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The dust proof structure according to the invention (i.e., the dustproof
structure having an optical nenber nounted on a prescribed site) has such
a structure that the optical nenber is nmounted through the foaned

dust proof material. The dustproof structure is not particularly limted in
ot her structures than the structure where the foaned dustproof material is
used upon nounting (installing) the optical nmenber on the prescribed site.
Therefore, the optical nenber and the prescribed site, on which the
optical nenber is nmounted, are not particularly Iimted and can be

appropriappky et e@éﬁ@ltﬁxmk gy ob tﬂ?eOQTf'oE—meéFﬁﬁPSE | cl ude those

havi ng been enunerated herei nabove. 29 EXAMPLES rnvention will be

descri beshbpadter gt aid rab i froisef eF . but the
e e e T va%fgiﬁ

i nvention is not construed as being ereto eI

d | in
i amet ercaphb lleodt B NSk inkCRURS hAR O%lrla %HE%ST ngxec}: é Itpy o

a
repul sive force wupon conpressing to e apparen t he

foamed bggly wersg obtained jidnd vera Di aneter)
An enl arged i mage of a cell pé??rog q’foams d $°F d%t H by

di gi t al m@éeiaqpeaﬁ\%ﬁﬁ?%,aﬁﬂ&deecl n@&?@ﬁfﬁ(@e pdragg%;ﬁe) and

anal yzed by using an inmage analysis softwareé
capability, which is primarily 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 polyner, such as a
thermoplastic elastomer, and is clean without harmful
substancesgeneratedorcontaminatingsubstanceremained
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 dustproof material for mounting
{installing) various kinds of members and parts (for
example, an optical member) on a prescribed site. In
particular,thefoameddustproofmaterialcanbesuitably
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 prefile.

Examples of the optical member capable of being

mounted (installed) by utilizing the foamed dustproof
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produced by Mtani Corp) to obtain an average cell dianeter (n. (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 measuring
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 accunul ated to a thickness of about 25 nm and a stress per unit area
(cnm) 30 neasured upon conpressing the accunul ated specinmens to 50%at a
conpression rate of 10 mmmn was designated as the |oad agai nst repul sion

upon comp essing 10c50Ue 4N e dils rfﬂ&%igﬁﬁ%?ﬁ%fggy Was

punched out with a punching die of 40 nm x € SpecT iien t hus

punched anuti e dRASVE QY ricOfh BN SI 1, smﬁ%?ﬁ#e‘?%fe %Igﬁlo%geﬁésur ed

for thickness by using a 1/7100 dial gauge wt asuring

probe oforrGnmimdge MQ!smﬂn%h@et&@:gd %%y%%?nggéggégtc\%d%%{g?nt he

nmeasured val ues The wei ght of the foaned even
deni ty olengy or L et Ponied Uhans fasate T rrdy s Shede it bes.
Exanpl e gl /51 R9! t $nAYa V&L Q0L 508  ROL ylpé’rg)gylfx?eparlléig%&tasr,b% camera
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 Member)

In the structure having an optical member according
to the invention (i.e., the structure having an optical
member mounted on a prescribed site), the optical member
is mounted on (installed in) the prescribed site through
the foamed dustproofmaterial. Ekamplesofthestructure
include an image displaying device, such as a ligquid
crystal display, an electroluminescence display and a
bPlasma display (inparticular, an image displaying device
having a small sized image displaying member mounted
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wei ght of a polyolefin elastoner, 10 parts by weight of polyethylene, 10
parts by wei ght of nmagnesi um hydroxide and 10 parts by wei ght of carbon
wer e 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 cooled with water and nolded into pellets 31 The pellets were
pl aced in a uniaxial extruder produced by Japan Steel Wrks, Ltd., to
whi ch a carbon di oxi de gas was injected under an atnosphere of 220C at a
pressure of 13 MPa, which was |lowered to 12 MPa after conpleting the

I nj ecti onbeFrercasban ap bkcdd gaabeas ) BinkChafobn12 é8hhdcaPiBly nass
based on the total anmount of the polyner. After sufficiently saturating

the car bdevdicexi sachoss 4 e tJdB Xé WiHoNeS rPal$drtana d Fgf%r ui t abl e
for foamng, and then extruded froma die tgﬁgbtain aE oa#@%¥E§8§. The

foaned bbelyithyshahtisigiedchatkan o of 268 skl GaEISh1a 02 10aflt 8 | 02
agai nst repul sion upon conpressing to 50% (iI.e., a repulsive Torce upon

conpr essamd at De BOW1 t WEmA 15 M ¢, LS. densi .03 g/ cnB.
Exanple 2 30 parts by V\gi ght of @go’f‘?g%py gﬁg?e%{ba?{}gé %g/erqv\?e?lég of a

pol yol efidy ebastzomefodd @ tPH i Py Weirght Lyt hyl arts by
wei ght of magnesi um hydr oxi de la.%d 1gg§gP?%rb§9ﬁgﬁﬁﬂ¥ gggga#%B% wer e

kneaded doheehitawmll kpeadert ' 2AUCEd By aPaR cSIEE] 2 YOLKS 1 b fagdt @

in thickness and size.

{(Dustproof Structure)

The dustproof structure according to the invention
(i.g., the dustproof structure having an optical member
mounted on a prgscribed site) has such a structure that
theopticalmemberisnmuntedthroughthefoameddustproof
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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tenperature of 200C, and extruded into a strand form which was then
cooled with water and nolded into pellets. The pellets were placed in a
uni axi al extruder produced by Japan Steel Wirks, Ltd., to which a carbon
di oxi de 32 gas was injected under an atnosphere of 220C at a pressure of
13 MPa, which was |lowered to 12 MPa after conpleting the injection. The
carbon dioxide gas was injected in a ratio of 5% by mass based on the
total amount of the polyner. After sufficiently-saturating the carbon

di oxide gas, the ' mxture was cooled to a tenperature suitable for

foam ng, and then extruded fron1@xﬁuﬁ>dg gobtain a foamed body. The foaned
body thus obtained had an average cell aneter of 80 pm a repul sive
force upon conpressing to 50% of 1.0 N cnR2, and an apparent density of
0.05 g/cnB. Exanple 3 60 parts by wei ght of polypropylene, 30 parts by

bar U5, by wei Ghi of -Peanas om Radrok @3“%&%%%&%%2#@%%?%132‘3 and 1

parts by weight of magnesium hy rOX|de

part by weifghtertdestgathe A0 cerifle were kneaded in a biaxi al
kneader produced by Japan St P?H% AR e 8t BUteddd aknvensfiorooc, and
extrudedlsnh@ﬁaé%ﬁgﬁg ey .th oled with water and nol ded
into pellets. The pell Fets n%%rgbquﬁggﬁ?ﬁ%gduﬁﬁ5§¥%F°extruder produced by

Japan St eel wﬁﬂk§7&b%§agé c@@ﬁcﬁf%ﬁé%gg? %’OXIde Z;gf;;@jected
repulsionuponcompressingtoso%(i.e.,arepulsiveforce
upon compressing to 50%), and the apparent density of

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 software (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 upon compressing to 50¢%
was measured according to 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 (em?)
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under an at nosphere of 220C at a pressure of 13 MPa, which was |lowered 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 anpunt 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 obtain a foaned body. The foaned body thus obtained
had an average cell dianmeter of 80 m a repul sive force upon conpressing
to 50% of 2.4 NcnR, and an apparent density of 0.03 g/cnB. Conparative
Exanpl e Beabyarestl upey campline scoihgi bheg ap@util Bh Badge spavd Iilendnraver age
cell dianeter of 70 m a repul sive force upon conpressing to 50% of 8

N cn2, ahdiantapparemprdensidy retel.okf gf 6nBmvasi niSeds GuExagRLtLug Exanpl e
2 A foaned body mainly containing pol yurethane having an average cel

di anet erasf tB80 Inaddagaiapmareepudensds Yupeh @ik 84648 as, sogpRessed to
50% of the original thi.ckness, and then hot-nolded to obtain a nol ded

article (N/&hé) ol ded article had an average cell diameter of 90 m a
repul sive force upon conpressing to 50% of 5 N cnR2, and an apparent
density of 0.06 g/cnB. 34 Conparative Exanple 3 A foamed body mainly
cont ai ni ng

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

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 values.

Example 1

45 parts by weight of polypropylene, 45 parts by
Weight of a polyclefin 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 cooled with water and molded into pellets.
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et hyl ene-propyl ene-di ene rubber (EPDM having an average cell dianeter of
400 m a repulsive force upon conpressing to 50%of 0.5 NcnR, and an
apparent density of 0.09 g/cnB was used (Evaluation) The foaned bodies
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 follow ng nethods for neasuring the air perneability upon
conpressing to 50% and the clearance followability. The evaluation results
are shomn in Table 1 below. (Method for nmeasuring Air Perneability upon
conpr esstR§ Ped 15obg werai Plperenkdbi ld tunilgpoDa LoaRLeSSdW B Poa0%eqd
(cc/cn/sec) was neasured by using a frazil-type air perneability tester
accor di ng¥t Jan® L30ee)l Whtked fard npasyr Whd <3 ear aRe® Ji0! 4 p¥ahidd ty) A

f oamed body was placed in a jig shown in Fig. 1, and the state of

def or mat g8/ Wi stiltej @actydi wngkat£n @txﬁ&sph@rtépagrz Syi¥ %@a?@fe%ﬁ‘f@' ly
observed. Specifically, spacers having a thickness of nm wer e placed

on both o€n¥3pHPes ofhiarh acs¥! 1 6wRlrale VI 2131 P LR €3O 1 2P and a
f oamed body having a thickness of 1 nmwas placed on the cen raP part

bet ween the impgesrisioAn acrylic plate having a thickness of 10 nn1mas
The carbon dioxide gas was injected in a ratio of
S8 bymass based on the total amount of the polymexr. After
sufficiently saturating the carbon dioxide gas, the
mixture was cooled to a temperature suitable for foaming,
and then extruded frdm a die to obtain a foamed body.
Thefoamedbodythusobtainedhadanaveragecelldiameter
cf 70 um, a load against repulsion upon compressing to
S0% (i.e., a repulsive force upon compressing to 50%)

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

Example 2

30 parts by weight of polypropylene, 60 parts by
weight 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 extfuded into a strand form,
which was then cooled with water and molded into pellets.
The pellets were placed %n 2 uniaxial extruder produced
by Japan Steel Works, Ltd., toe which a carbon dioxide
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placed thereon, and a |load was applied fromthe 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 conpress the
foamed body. The presence or absence of deformation of the acrylic plate
on the upper surface at this tinme was visually observed. 36 cv) m CL O O
Erox wa)co 7NOOla L di EOU

gaswasinjectedunderanatmosphereonZO“Catzapreséure

of 13 MPa, which was lowered to 12 MPa after completing

the injection.

The carbon dioxide gas was injected in a ratio of
S%bynmssbasedonthetotalamountofthepolymer. 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.
Thefoamedbodythusobtainedhadauxaveragecelldiameter

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 polypropylené, 30 parts by
weight of a polyolefin elastomer, 10 parts by weight of
polyethylene, 10 parts by weight of magnesium hydroxide,
10 parts byweight 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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The carbon dioxide gas was injected in a ratio of
5% by mass based on 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.
Thefoamedbodythusobtainedhadanaweragecelldiameter
of 80 um, a repulsive force upon comprxessing to 50% of

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

Comparative Example 1
Afoamedbodymainlycontainingpolyurethanehaving

an average cell diameter of 70 Hl, a repulsive force upon

compressing to 50% of 8 N/cm?, and an apparent density

of 0.4 g/cn’® was used.

Comparative Example 2
Afoamedbodymainlycontainingpolyurethanehaving
an average cell diameter of 250 um and an apparent density
of 0.03 g/cm?® was compressed to 50% of the original
thickness,andthenhot-moldedtoobtainanmldedarticle.
The molded article had an average cell diameter of 90
Bm, 2 repulsive force upon compressing to 50% of 5 N/cm?,

and an apparent density of 0.06 g/cm®.
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Comparative Example 3

A foamed body mainly containing
ethylene-propylene—dienerubber(EPDM)havingaulaverage
celldiameterof400um,arepulsiveforceuponcompfessing
to 508 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 to 50% and clearance
followability by the following methods for measuring the
2ir permeability upon compressingto 50% and the clearance
followability. The evaluation results 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.
1, and the state of deformation of the acrylic plate on
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Ul ro Wdi 37 The foaned bodi es of Exanple 1 and Conparative Exanple 1
were evaluated for cleanliness by analysis of an inorganic gas generating
anount, analysis of an organic gas generating anmount and anal ysis of ion
i ngredi ent ampunts extracted with warmwater. The results are shown in
Tables 2 to 4 below. (Analysis of Inorganic Gas generating Anmount) A test
pi ece having an area of 10 cnR and a thickness of about 1nm was cut out
fromthe speci men and wei ghed on a specinen boat fora conbustion devi ce.
The testi%;ece was heated at 100C for 1 hour by using the conbustion

devi ce, vpegerarafaog 9as Wasueqll\eeiadk | co | hqyid (pure
wat er) The collecting liquid was subj e}gt-ggéjetggaéént Fkgﬁlvggﬁéglci Sis by

usi ng i ospactermsttoui aghy (PX<R9Q s df ade Raps, by_ D gnex
Corp.)._ (Analysis of Organic Gas sgener at ie4ng Am)eun% ﬁg'{?ggtxﬂi[]g%ﬁhavi ng an

and uei ghed Tin e vial Contarners BTrer Soning Rerhiting 1§ pre2o e M
cont ai nemm,t:hﬁdt@&toéiﬁ@&%d@? H’he@i.x?&' af"‘tth]j.%égg olf qorlr{gu was placed

on the central part between the spacers.

An acrylic plate having a thickness of 10 mm was

placed 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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by using a head space autosanpler, and the generating gas in a heated
state was subjected to quantitative 38 anal ysis by using gas chronmat ography
(HP6980, a trade nane, produced by Hewl ett-Packard Co.). (Analysis of lon
I ngredi ent Amounts extracted with Warm Water) A test piece having an area
of 50 cnR2 and a thickness of about 1mmwas cut out fromthe specinen and
wei ghed in a container forned of a pol ynethyl pentene (PMP) resin. 50 nL

of pure wat §r Wap adgqied to The gomtarnery—ang warm water extracti on was
carried out [in dryer at 1pOC flor 2 holrs. [The extract was subjected to
gquantitative |an@alysifs by usking{ion chroifatodgraphy (DX-500, a trade nane,
produced by |DijenexaChrp . BQgN COgHz{0=20 z UCDO
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The foamed bodies of Example 1 and Comparative
Example 1 were evaluated for cleanliness by analysis of
aninorganicgasgeneratingamount,analysisofanorganic
gas generating amount and analysis of ion ingredient
amounts extracted with warmwater. The results are shown

in Tables 2 to 4 below.

(Analysis of Inorganic Gas generating Amount)

A test piece having an area of 10 ¢m® and a thickness
of about lmm was cut out from the specimen and weighed
on a specimenboat for a combustiondevice. The testpiece
was heated at 100°C for 1 hour by using the combustion
device, and the generating gas was collected in a
collecting ligquid (pure water). The collecting ligquid
was subjected to gquantitative 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 in a heated state was subjected to quantitative
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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 5C cm? and a thickness
of about lmm was cut out from the specimen and weighed
inwacontainerformedofiapolymethylpentene(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 chromatography (DX-500, a trade

name, produced by Dionex Corp.}.
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Oor VV zO r, LO UOD 4 U 0. RE U x w4l It was confirnmed from
the results shown in Table 1 that the foaned bodies of Exanples 1 to 3 had
no air permeability upon conpressing to 50%to exert excellent dustproof
property. The foaned bodies of Exanples 1 to 3 exerted good cl earance
followability even when they were conpressed to a thickness of 0.4 mm and
thus it was confirnmed that they did not deforman optical nenber, which
was nounted on a prescribed site with a mnute clearance between the
optical nenber and the prescribed site. Furthernore, it was confirned that
t he foaned dudttpmesf confirmed from the results shown in Table 1 that

the foamed bodies of Examples 1 to 3 had no air permeability

upon compressing to 50% to exert excellent dustproof property.

The foamed bodies of Examples 1 to 3 exerted good clearance

followability even when they were compressed to a thickness of

0.4 mm, and thus it was confirmed that they did not deform an

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

ninute clearance between the optical member and the prescribéd

site.

Furthermore, it was confirmed that the foamed'dustproof
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 foamed bodies of Examples 1 to 3 were clean 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 ratent applications
No. 2003-29840% filed on August 22, 2003, the entire contents

thereof being hereby incorporated by reference.
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material could be suitably used as a dustproof material for preventing a
toner fromleaking froma toner cartridge. It was also confirmed fromthe
results shown in Tables 2 to 4 that the foaned bodi es of Exanples J. to 3
were clean foaned bodies with | ess amounts of inpurities. Wile the

i nvention has been described in detail and with reference to specific
enbodi nents thereof, it will be apparent to one skilled in the art that
vari ous changes and nodifications can be nmade therein w thout departing
fromthe scope thereof. This application is based on Japanese patent
appl i catWhns idocl2D08d4298409 filed on August 22, 2003, the entire contents
t hereof being hereby incorporated by reference. 42 What is clained is: 1. A
f oamed dust proof material which conprises a foanmed body, wherein the

f oaned body has an average cell dianmeter of from10 to 90 m a | oad

agai nst repul si.OnAUPOAMEA NI AFIHE 18tePIA Afn fcflP'Eb 0 %érM £ne, and
an apparent density of from 0.01 to Oelo g/ cl' m?EIQFgfai? stproof

mat er i albaDEondai 10 thledifBhhed MHGY aidy fahaeaizgi‘ﬁpg 989!65?@95%6 Qged cel |

structure or a sem-closed and sem -open cel | ructur foamed

dust pr oof romtiey ital 9aGa0r di NgaliCagd BldR %ep%rls%on""ﬁﬁéﬁ'ébr{xﬁf @{Ig‘# tg)l further

COI’TpI’I SeS a pressure sensitive adhesive ayer on one s ace

Sur T acond dEichated thogYo /e hamIRugHEL B0k BLEY | 4 ARGOT 01 N 10

claim 3,
0.0l to 0.10 g/cm’.

2. The foamed dustproof material accerding to claim 1,
wherein the 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
orz,whereinthematerialfurthercomprisesapressuresensitive

adhesive layer on one surface or both 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.
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wherein the pressure sensitive adhesive layer is formed on the foanmed body
through a filmlayer. 5. The foaned dustproof material according to claim3
or 4, wherein the pressure sensitive adhesive |layer conprises an acrylic
pressure sensitive adhesive. 43 6. The foaned dustproof material according
to any one of clains 1 to 5, wherein the foaned body is obtainable by a
process conprising steps of: inpregnating a thernoplastic polynmer with an
inert gas at a high pressure; and decreasing the pressure. 7. The foaned
dust proof material according to claim6, wherein the foanmed body is

obt ai nabl e by %rpﬂ@%ﬂﬁ@am&mpthtpgooftﬂ@ﬁe@iélig@é@g@fﬁéTEbEh nsdoaned
nol ded article conprising a thernoplastic polynmer wwth™an inert gas at a

hi gh presSutlaimndl et eadicrgibhehpr €5sHER: b8dy THhE 5@@5%@%? , 0pf
material according to claim6, wherein the foa%ed body 1s o gﬁ%éble by a

process RS S| ognpsi sy oStepdyegnating a nol ten thernopl astic pol yner
with an inert gas under a pressurized state; and nol ding the thernoplastic

pol yner whi | e idgorepsitigd e thE&%&?gégtig- pdD6né Pried, déiétiQ{%%f ésﬁ erial

according to any one of clains , Whereln the process turt

conpri sest & Higth 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 ipert gas at a high pressure; and

decreasing the pressure.

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

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

- molding the thermoplastic polymer while decreasing the

pressure.

9. The formed dustproof material according to any one
of claims 6 to 8, wherein the Process further comprises a step

of heating after decreasing the pressure.
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of heating after decreasing the pressure. 44 10. The forned dust proof

mat eri al according to any one of clains 6 to 9, wherein the inert gas is
carbon di oxide. 11. The formed dustproof material according to any one of
clainms 6 to 10, wherein the inert gas is in a supercritical state upon

| npregnating. 12. The fornmed dustproof material according to any one of
clains 1 to 11, wherein the material is used upon nounting an optical
menber on a prescribed site. 13. A dustproof structure for nounting an
optical nenber on a prescribed site, wherein the structure conprises the

optical nenbetCroufhedamadeusitbe colfr aHedri e AR rQof nmaterial
according to any one of clains 1 to 11. 14- A structur(afpc'g(%):tr?gra:P1 iﬁaean

optical #EnBéaimoufit 6d 8n whepeeACthbednsiteqa Wher el rycture
conprises the optical nenber nounted on thegpr escr#%%%i?%o?fﬁé%tjgh t he

formed dustproof material according to any one of clainms |I to 11. 15. The
formed dustproof nmaterial according to any one of clains 1 to 11, wherein

the material iklusdthalformREed8stHPY0t and fr | eaki ng from a toner
cartridge. 45 b 8 a) ¥ H NG Yo' SRy She
°f claims 6 to 10, wherein the inert gas is in a supercritical

state upon impregnating.

12. The formed dustproof material according to any one
of claims 1 to 11, wherein the material is used upon mounting

an optical member on a prescribed site.

13. A dustproof structure for mounting an optical member
onaprescribedsite, wherein the structure comprises theoptical
member mounted on the site through the formed dustproof material

according to any one of claims 1 to 11.

14. A structure comprising an optical member mounted on
2 prescribed site, wherein the structure comprises the optical
member mounted on the prescribed site through the formed

dustproof material according to any one of claims 1 to 11

15. The formed dustproof material according to any one
of claims 1 to 11, wherein the material is used upon preventing

a toner from lezking from a toner cartridge.
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