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present invention relates to a m croporous soundproofing mat eri al 09 MAR 2004
constituted of a thernoplastic polynmer and having excellent characteristic
i npedance. More particularly, the invention relates to a m croporous
soundproofing material suitable for use in applications in the field of

el ectroni c appliances which require excellent characteristic inpedance,

cl eanness, flexibility, and the ability to conformto various shapes.
BACKGROUND THE | NVENTI OMICROPORRAIGMS UNIPROCE ISGL MhTEGFOfAlng per f or mance of
a honogeneous material for use as conventional soundproofing materials is
governed by the mass | aw. Soundproofing properties of a material can hence
be i nproved by increasing the weight of the material. However, in order

for a soundproofing naterial Bl&ELRPa@F JHEaINVENEIGN/ ed soundpr oof i ng
properties, it should have an exceedingly | arge MEi%QI' Nanmely, the
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wor kability and handl eability. Inorganic materials are used as the
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inorganic materials thenselves are not flexible, the ingrganic
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applications where the soundproofing.materials are required.tqQ _hav
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soundproofing material suitable for use in applications in the
Field of electronic appliances which require excellent
characteristic impedance, cleanness, flexibility, and the
ability to conform to various shapes.
BACKGROUND OF THE INVENTION

It is known that the soundproofing performance of a
homogeneous material for use as conventional soundproofing
materials is governed by the mass law. Soundproofing
properties of a material can hence be improved by increasing
the weight of the material. However, in order for a
soundproofing material to have greatly improved soundproofing
properties,itshouldhaveanexceedinglylargeweight. Namely,
the results are an increased cost and an increased weight,
leading to impaired workability and handleability.

Inorganic materials are used as the materials
constituting soundproofing materials. However, since the
inorganic materials themselves are not flexible, the inorganic
soundproofingmaterialsareunsuitablefbrluﬂeinsoundproofing
applications where the soundproofing materials are reguired to

have conformability, cushioning properties, etc. There also



is a technique in which soundproofing properties are inparted to agg MAR 2004
soundproofing material constituted of an organic nmaterial by formng cells
ininner parts of the material to forma cellular structure or by
superposing a fibrous material thereon. In general, when sound waves
strike on a cellular expanded material, the vibration of air is propagated
to inner parts of the material. This vibration is propagated to the air
present in the cells and the sound energy is |lost due to the viscosity
resi stances ®ftédieninie novivhg chinsbhedpmef 1sgr prcesrf esheredimzar tefhever
such cellular structures in which the nechanismof soundproofing is basea
on Vi scostbya resirstanee iray eatke 1 aflobbuathgupedisnonn Argadlghna ferial
soundproofing properties of a material having |ow flow resistance inprove
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can have desired soundproofing properties only when it has a thickness
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such cellular structures in which the mechanism of
soundproofing is based on viscosity resistance have the
following problem. Although the soundproofing properties of
a material having low flcow resistance improve with increasing
material thickness, a material having high flow resistance can
have desired soundproofing properties only when 1t has a
thickness increased to or above a given value.

Expanded materials are used in various parts for the
purposes of waterproofing, airproofing, heat 1insulation,
soundpreoofing, cushioning, etc. However, there are cases
where such expanded materials are reguired to have flame
retardancy depending on the parts to which the expanded
materials are applied, as in electronic appliances. Because
of this, wvarious investigations are being made on the
impartation of flame retardancy to expanded materials.

A general flame retardant for expanded materials
comprises a combination of aluminum hydroxide and chlorinated

polyethylene, chlorinated paraffin, decabromodiphenyl ether,



antinony trioxide, or the like, according to the material constituting the
expanded materials. However, if a chlorinated flame retardant is uydeidiR e
expanded material containing it generates chlorine ions, which are
causative of corrosion of electronic appliances. Use of decabronodi phenyl
ether is thought to be undesirable fromthe standpoint of environnental
conservation because it may generate di oxi ns upon incineration.
Furthernore, antinony trioxide is a substance which inposes a |oad on the
envi r onmeat t amenys tharofidde, and tbe Uiker.ecfctardiongetandds redbieriahong

t he met hods generally used for formng cellular expanded materials such as
t hose desconbedtaliowg arthen prymardgd exphAsidhst echniighevaerd a chent cal
expansi on techni que. The physical expansion is a technique in which a
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utilizing the expanding force of the gasified,  substance. The.chenical
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thereof is hence undesirable.

Among the methods generally used for forming cellular
expanded materials such as those described above are a physical
expansion technique and a chemical expansion technique. The
physical expansion is a technique in which a polymer is
impregnated with a low-boiling liquid hydrocarbon or
chlorofluorocarbon and then heated to thereby gasify the
low-boiling substance infiltrated in the polymer and expand the
polymer while utilizing the expanding force of the gasified
substance. The chemical expansion is a technigque in which a
resin composition comprising a polymer containing a heat-
decomposable blowing agent is heated to decompose the heat-
decomposable blowing agent and thereby form cells by means of
the gas generated by the decompositicon. However, the physical
expansion technigue has a drawback that the substance used as
a blowing agent may be flammable and toxic and there is a fear
that the blowing agent may exert adverse influences on the

environment, such as ozonosphere depletion. On the other hand,



t he chem cal expansion techni que has a drawback that since the b|§¥jn? ﬁ?s
| eaves a residue in the expanded naterial, there is a problemtha HA !
corrosive gas and inpurities contained in the blowi ng gas may cause
fouling in electronic appliances for which high nonfouling properties are
required. Incidentally, it is difficult to forma finely cellular
structure with either of the physical and chem cal expansion techni ques
and, in particular, it is thought that fine cells of 300 }amor smaller
cannot be ther aRdmt kel evkpiins Res enddiyni qué éctmiodieawibachbbtta hisagaentefpanded
material having a finely cellular structure has been proposed, which
conpri sesbdicsdolavigay draivesr b gasidueaipothreexntnded natepiassutbesfid t hen
abruptly lowering the pressure to forma foaned structure. For exanple,
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formcells. In this method, however, the expanded nateriakﬁgﬁialggd t ends
to have ailtat §edielficult frefermpeddisd s el pBlpRet TR 8n-Sfate at
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Recently, a technigque for obtaining an expanded
material having a finely cellular structure has been proposed,
which comprises dissolving an inert gas in a polymer at a high
pressure and then abruptly lowering the pressure to form a
foamed structure. For example, JP-A-6-322168 {(the term "JP-A"
as used herein means an "unexamined published Japanese patent
application") discloses a method which comprises introducing
a thermoplastic polymer into a pressure vessel, subseguently
introducing a highly pressurized gas thereinto while heating
the contents to the softening point of the polymer, and then
lowering the pressure to form cells. In this method, however,
the expanded material obtained tends to have a large cell
diameter because the polymer is in a molten state at the time
of decompression and is hence apt to expand. In addition, since
a polymer having a glass transition temperature of 150°C or
higher is usually used, the expanded material has insufficient

flexibility at room temperature. Consequently, the expanded

material produced by the conventional technique described above



is unsuitable for use as a soundproofing material for electronic

appliances fromthe standpoints of conformability and cushioning {9 MAR 2004
properties. JP-A-10-168215 di scl oses a process for producing an expanded

t her nopl asti ¢ pol yuret hane sheet which conprises inpregnating a sheet of a
t her nopl astic pol yurethane w th an inorganic gas under pressure and then
heating the sheet to expand the sane. However, there are no descriptions
or suggestions about a soundproofing material in either of these patent
docunent s; ¢ S|YSARG Fe FHE  WENH ShuAdpebairnghymoter o] for efectectyment i on
is to provide a soundproofing material which has a high characteristic
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Anot her object of the invention is to provide a soundproofing nmateri al
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anot her object of the invention is to provide a soundproofing material
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flame retardancy. The present inventors nmade various investjgations on the
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in order to acconplish those objects. As a result, the ,hav% foqu hat a
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can have excellent soundproofing properties even when ,thin, in %Qeogase
wher e t he toceldpaticanthersamew t BPYicEeEpetPEFE PETgd AriF T He Pt AT vE G q
MAR 2004 density of the expanded material is not.higher .than arspgeific

suggestions about a soundproofing materia n el

patent documents.

SUMMARY QF THE INVENTION

Accordingly one object of the invention is to provide
a soundproofing material which has a high characteristic
impedance, is c¢lean and lightweight, and has excellent
flexibility.

Another object of the invention is to provide a
soundproofing material which, even when thin, can have high
soundproofing properties.

Still another object of the invention is to provide a
soundproofingnmterialwhichlunshighsoundproofing;uoperties
even when thin and has excellent flame retardancy.

The present inventors made various investigations on
the structures and constituent materials of soundpreofing
materials and others in order to accomplish those objects. As
a result, they have found that a cellular expanded.mater%al in
which the cells are basically closed cells can have excellent
soundproofing properties even when thin, in the case where the

cell diameter is within a specific range and the relative



val ue. They have further found that such an expanded material is obtained
by inpregnating a specific polymer with an inert gas at a high prBQstéUﬂ’-
and then deconpressing the inpregnated polynmer. The invention has been
conpl eted based on these findings. The invention provides a m croporous
soundproofing material constituted of an expanded material forned through
the step of inpregnating a thernoplastic elastonmer wwth-an inert gas at a
hi gh pressure and then deconpressing the inpregnated elastoner. This

M cr opor ouseseiltdpsddfHengxpanekidanateciudess ndt highdxtbporawpecific
soundproofing material which is constituted of an expanded nmaterial forned
t hrough t heattep dfhénpreegnduirtyeraficunexpeatd ed:aiokdi agreodedimd try Bl

t hernopl astic el astoner with an inert gas at a high pressure and then
deconpr essi agobhainedppegimpedonat dhaga specifiy pohiwedpd: Busan inert
soundproofing material which is constituted of an expanded material forned
by i npregnadsnat @ réldhe prejssumepkast thes| deconeFefFi R9akhe NdtRTeR a

hi gh pressure and then subjecting the inpregnated elastoner to | di ng
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t her nopl asfiB2pBB§rer for use as a raw material for the expanded nateri al
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step of impregnating a thermoplastic elastomer with an inert
gas at a high pressure and then decompressing the impregnated
elastomer. This microporous soundprocfing material includes:
(i) a microporous soundproofing material which is constituted
of an expanded material formed through the step of impregnating
an unexpanded molding comprising a thermoplasticelastomer with
an inert gas at a high pressure and then decompressing the
impregnated molding; and ({ii) a microporous soundproofing
material which is constituted of an expanded material formed
by impregnating a molten thermoplastic elastomer with an inert
gas at a high pressure and then subjecting the impregnated
elastomer to molding simultaneously with decompression. The
expanded material may be further heated after the
decompression.
DETAILED DESCRIPTION OF THE INVENTION

The thermoplastic polymer for use as a rawmaterial for
the expanded material in the invention 1is not particularly
limited as long as it is a polymer showing thermoplasticity and

capable of being impregnated with a highly pressurized gas.



pol ymers such as | owdensity pol yethyl ene, nediumdensity polyethylene,

hi gh-density pol yethyl ene, |inear |owdensity polyethylene, polyproﬁﬁl@ﬁhmﬂk
et hyl ene/ propyl ene copol yners, copol yners of ethylene or propylene with
one or nore other a-olefins, and copolynmers of ethylene with one or nore
conononers selected fromvinyl acetate, acrylic acid, acrylic esters,

nmet hacrylic acid, nethacrylic esters, vinyl alcohol, and the |Iike; styrene
pol ymers such as pol ystyrene; polyam des; poly(am de-imnde)s;

pol yur et hepesplpel Yo desh aad tipoinyetleriig deslyFies theehopeastliafigol yner
includes a thernoplastic elastonmer which has properties of a rubber at

ordi nary pbepmerat unethuassews ddrerinnpl Bsivetbylanehi giediampeieniiies.
Exanpl es of such a thernoplastic elastoner include olefin_elastonmers such
as et hyl enelpetpylene, cbpghyrens; tyetimtverrdviremsyl dridiadiedetoiil§nef s,

et hyl ene/ vinyl acetate copolyners, polybutene, polyisobutylene, and

chl or i natedlypthyéehyl epelysrppydens asitdvdensyRyprlene copolymers,
styrene/ but adi ene/ styrene copol yners, styrene/isoprene/styrene cqpol yners,
styrene/ i soppéneebat adi @tdyveaiems c@mﬁ%ﬁ%, Wikl OREdCIg&dtel Pt yner s
derived fromthese; thernoplastic polgesteg ilastonﬁrs; thernnpleggéc

pol yur et hanelefasfone?sd GARPIMSTopPAst FENALR)RI P ethsfOfer 8F S'Rce these
t hernopl astic el astonmers have_a gl ass .transition_tenperatur j gher
than roonFPRAPEFEESr 8St_CLte fr?gﬁﬁfwﬁiéﬁgiaFﬁénafﬁé e 6cbgwﬁ%£%6§%% t hey
give a soundprgor|ng,matesial Ryl ndeeeedl 00! Yo biel, 1 bhiddornd

and the like; styrene polymers such as polystyrene; polyamides;
poly {amide-imide)s; polyurethanes; polyimides; and
polyetherimides.

The thermoplastic polymer includes a thermoplastic
elastomer which has properties of a rubber at ordinary
temperature but shows thermoplasticity at high temperatures.
Examples of such a thermoplastic elastomer include olefin
elastomers such as ethylene/propylene copolymers,
ethylene/propylene/diene copolymers, ethylene/vinyl acetate

copolymers, polybutene, polyisobutylene, and chlorinated

polyethylene; styrene elastomers such as
styrene/butadiene/styrene copolymers,
styrene/isoprene/styrene copolymers,
styrene/isoprene/butadiene/styrene copolymers, and

hydrogenated polymers derived from these; thermoplastic
polyester elastomers; thermoplastic polyurethane elastomers;
and thermoplastic acrylic elastomers. Since these
thermoplastic elastomers have a glass transition temperature

not higher than room temperature (e.g., not higher than 20°C),



Such thernopl astic polyners can be used alone or as a mxture of two or
nore thereof. As the raw material (thernoplastic polymer) for the eppRACIEK
material can be used any of a thernoplastic elastoner, a thernoplastic

pol ymer which is not a thernoplastic elastoner, and a m xture of a

t hernopl astic el astonmer and a thernopl astic polyner which is not a

t hernopl astic el astoner. Exanples of the m xture of a thernoplastic

el astomer and a thernoplastic polymer which is not a thernoplastic

el ast oner ey udeva mi sounelpofocdii g efid teel abt bavingeegceedangly high

et hyl ene/ propyl ene copol yner, and an ol efin polyner, e.g., polypropylene.
In the casEletilislhgyaand xtanEoohabiltilgr.nopl astic el astoner and a

t hernopl astic polynmer which is not a thernoplastic elastomer, the forner
and the latter areSugh xdwimpmlptoporndlamets dagr bexafphealapsuPr f3om 1/ 99
to 99/1 (preferably about from 10/90 to 90/10, nore preferably about. from
20/ 80 to 8UIROyre Tife itwert ogasmede utkeraofhe i AFenthdn F3 ngaterial

particularly limted as |Iong as the thernoplastic polyner_can be
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gas, and air. These gases may be_used as a i xture of .two or nore .thereof.
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t he thernopl astic olymer as a .raw material for_the expanded. natefi in a
large anouht AU 5{) §¥‘ﬁ"ir et g %E@swefgoﬁ? e ?nel}’%xglégewfi \?\‘%ni ch
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not a thermoplastic elastomer.

Examples of the mixture of a thermoplastic elastomer
and a thermoplastic polymer which is not a thermoplastic
elastomer include a mixture of an clefin elastomer, e.g., an
ethylene/propylene copolymer, and an olefin polymer, e.g.,
polypropylene. In the case of using =a mixture of a
thermoplastic elastomer and a thermoplastic polymer which is
not a thermoplastic elastomer, the former and the latter are
mixed in a proportion of, for example, about from 1/99 to 99/1
(preferably about from 10/90 to $0/10, more preferably about
from 20/80 to B0O/20).

The inert gas for use in the invention is not
particularly limited as long as the thermoplastic polymer can
be impregnated therewith. Examples thereof include carbon
dioxide, nitrogen gas, and air. These gases may be used as a
mixture of two or more thereof. Preferred of these is carbon
dioxide because it can be infiltrated into the thermoplastic

polymer as a raw material for the expanded material in a large

amount and at a high rate.



gas in a supercritical state has enhanced solubility in polynmers and can
be infiltrated thereinto in a high concentration. Many cell nuclei 09 MAR 2004
generate upon abrupt deconpression after the inpregnation due to the gas
infiltration in a high concentration as described above, and grow into
cells. These cells are present at a higher density than in conventi onal
expanded materials having the sane porosity as the thus-produced expanded
material. Namely, finer cells can be obtained. Incidentally, the critical
tenmperature and cmihke takrpr @ssweth ofhiczr bdre dheximgplasdig1eodnBey. %S MPa,
respectively. Additives may be added according to need to the

t her nopl adetiagampregratddin pyefleradipaided surerciititid siadderi vBs are
not particularly limted in kind, and various additives ordi naii lé used
for foam melsding sapeber ehptayed:a thasmres nslesaehuady? £Y VEsPPHETEEE cel |
nucl eators, crystal nucleators, plasticizers, |ubricants, color alqtars1Y
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retardants, and antistatic agents. The am)untdof such gdditif/teesrtghge
added candced lsunvabey sEneREE | BPa"r ARFFRN CRRPTRTERE8HdiTT Ves do not
adversely influence cell fornation, et Tge addi ti.ve nN-be-addedni n an
amount usé&FrRITATe ohBre; kR the Qﬁ%?ﬂgfgtfﬁ f'%pllnagthllcg%pgﬁyﬁers I ncludi ng
t her nopl astic_el astoners, The expanded naterial i for@é htough argas
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i mpr egnat ed with%an inert gas at_ a high,pressyre.anca:idesomigssen step
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materials having the same porosity as the thus-produced
expanded material. Namely, finer cells can be obtained.
Incidentally, the critical temperature and critical pressure

of carbon dioxide are 31°C and 7.4 MPa, respectively.

Additives may be added according to need to the
thermoplastic polymer in forming the expanded material. The
additives are not particularly limited in kind, and various
additives ordinarily used for foam molding can be employed.
Examples of such additives include cell nucleators, crystal
nucleators, plasticizers, lubricants, colorants, ultraviolet
absorbers, antioxidants, fillers, reinforcements, flame
retardants, and antistatic agents. The amount of such
additives to be added can be suitably selected in a range in
which the additives do not adversely influence cell formation,
ete. The additives can be added in an amount used for the
molding of ordinary ‘thermoplastic polymers including
thermoplastic elastomers.

The expanded material 1is formed through a das

impregnation step 1in which a thermoplastic polymer is




gas inpregnation step to expand the resin, and optionally through a
heating step in which the cells are grown by heating. This processyg, Fﬂglp
conducted in such a manner that an unexpanded nol ding produced beforehan
is inpregnated with an inert gas, or that a nolten thernoplastic-polyner
is inpregnated with an inert gas under pressure and then subjected to
nmol ding sinultaneously with deconpression. Those steps nmay be conducted
ei ther batchwi se or continuously. In a batch process, an expanded materi al
can be forimshegioted®xanphe, ann it tf ohhswialy sarmiegh Bresspran axdr ader
such as a single- or twin-screw extruder is used to extrude a
t her nopl asidcomot yeeios ucte@si m wpdlcjoltbki preesinecis ldwerepladkier the
el astoner to thereby forman unexpanded nolding (e. g. , a resin sheet for
form ng argexpamdedgnatéchals ttayerted r enpand| ttenatgsigl y, 2BAk #@&diTNg Iddchi ne
equi pped with roller, cam kneader, or Banbury type blades is used to
evenl y kneduraugh kehasphast $tepoiry wbi chbuthe s2ld H6IeodEPFA Tedigr tdhg-
thernopl astic el astoner, and the kneaded thernopl astic polynmer s
pr ess- nol deH SiPERCE SFoTa Y bat ePnpresed i6 $erhrdrriRek faRded YREPRAS k. 9. |
a resin sheet for form ng an expanded materi al therefron%%c_o rj:si ng t he
t her mopl adtexdped pradured e fnrabantdisn  MPREINALRHaRYED 7D TG" M5t ned
is placed in a pressure vessel, ﬁlnd a hi %EI r%ress.uri zed i%?ertw% ains
i nt r oduced® tHE oG 16T FPREGRELESERE B 9@%3 dbd R W't He S her t
gas. This unexpanded nol.ding is not particularly_lim g in - anlf%n MAR
1004 shapel’b’?l’agnﬁf’soeuf‘ﬁetrhepf%?ﬁ?]é? é—mr(%l :Jc,hef)ll a?léf?j%}r:% Re TTke™ e%
highly pr es?frgéiéggeggglyrmywp&l @é@gﬁg&eéjs§fgﬂ| nuof'ﬁ!:é’eorsteps may be
conducted either batchwise or continuocusly.
In a batch process, an expanded material can be formed,
for example, in the following manner. First, an extruder such
as a single- or twin-screw extruder is used to extrude a
thermoplastic polymer such as a polyoclefin resin or
thermoplastic elastomer to thereby form an unexpanded molding
{(e.g., a resin sheet for forming an expanded material therefrom) .
Alternatively, a kneading machine equipped with roller, cam,
kneader, or Banbury type blades is used to evenly knead a
thermoplastic polymer such as a polyolefin resin or
thermoplastic elastomer, and the kneaded thermoplastic polymer
is press-molded with a hot platen press to form an unexpanded
molding (e.g., a resin sheet for forming an expanded material
therefrom) comprising the thermoplastic polymer as the base
resin. The unexpanded molding obtained is placed in a pressure
vessel, and a highly pressurized inert gas is introduced

thereinto to impregnate the unexpanded molding with the inert

gas. This unexpanded molding is not particularly limited in



di sconti nuously. At the tinme when the nolding has been sufficiently 2004
i npregnated with the highly pressurized inert gas, the nolding is r%? gg&ecq
fromthe pressure (usually, the pressure is |owered to atnospheric
pressure) to generate cell nuclei in the base resin. The cell nuclei may
be allowed to grow at room tenperature or may be grown by heating
according to need. For the heating can be used a known or ordinarily used
nmeans such as, e.g. , a water bath, oil bath, heated roller, hot-air oven,
far infrasaadpenaat mad sy éd, tloe fivixer ofley eolAf t pilattke erltlse dike -t hlBegr own,
the nmolding is rapidly cooled with cold water, etc. to fix the shape. On

t he ot her hhahdy i Prassoni kadoga Pproeesdbe ainexpdnded oemtdnuvglusdah B8
fornmed, for exanple, in the follow ng manner. A thernoplastic polyner is
kneaded widtils caom textucndaly suchtastle $imgl eshen tfien-BekdinextafdePeePuri ng
t he kneading, a highly pressurized inert gas _is injected into the kneader
to suffi suédticientgneyiaregrréetisrfbpradtiab yoPyaes Uit ERd e gagas .
Thereafter, the inpregnated polymer is extruded to re#’I ase it fromthe
pressure (hsuaPlgingHes préganpre H70M bR PE@sSSy Tl HBED g}f‘r N& BEEGFBT St o

conduct expansion and nol din si mul taneously. In so cases, .the.resultant
nol di ng i &Shégkegedt bo G IPRETET REeSPHdS a¥Pe?f—‘“‘f—’ﬁ€§“r’m‘?%%h8“i°§erlagﬁd| y

cooled with cold water, etc. ta.fix the shape. th as_.i.npr. pon
step, the $HebegreTFEIf or "o htpl BUC ema%rpb%ﬁgrhigﬁe%e.gﬁ.g%ﬁgﬁ%?g%]om 6

SO0 B ARE YRR M et s oL e
the heating can be used a known or ordinarily used means such
as, e.g., a water bath, cil bath, heated rolier, hot-air oven,
far infrared, near infrared, or microwave. After the cells are
thus grown, the molding is rapidly coocled with cold water, etc.
toc fix the shzape.

On the other hand, in a continuous process, an expanded
material can be formed, for example, in the following manner.
A thermoplastic polymer is kneaded with an extruder such as a
single- or twin-screw extruder. During the kneading, a highly
pressurized .inert gas is injected into the kneader to
sufficiently impregnate the thermoplastic pelymer with thegas.
Thereafter, the impregnated polymer is extruded to release it
from the pressure (usually, the pressure 1s lowered to
atmospheric pressure) to conduct expansion and molding
simultaneously. In some cases, the resultantmoldingis heated
to grow the cells. Thereafter, the molding is rapidly cooled
with cold water, etc. to fix the shape.

In the gas impregnation step, the pressure is, for

example, 6 MPa or higher (e.g., about from 6 to 100 MPa),



excessively during expansion and this tends to result in too Ilarge a cell
di aneter and a reduced soundproofing effect. The reason for this i $9a%R 2004
foll ows. When the pressure is too low, the gas inpregnation anmount is
relatively small as conpared with the case of using higher pressures and
the rate of cell nucleus formation is reduced, resulting in a smaller
nunmber of cell nuclei. Consequently, the gas anount per cell increases
rat her than decreases, resulting in an exceedingly large cell dianeter.
Furt her oy fer&Pabhe & a@e oof hpgrssuresy | pwioutthéinot 3/Ra 18@eriPad . sl Ifght
change in inpregnation pressure results in considerable changes in cell

di amet er grd gRidsdensi tiy, bakeng than dbf iR t ced lr egubuth troeetds

di aneter and cell density. The tenperature in the gas inpregnation step
vari es depeadishgedn theikigndspefisihe andrthiastendstherrdpPastie TPl ymer
used, etc. , and can be selected in a wi de range. However, fromthe

st andpoi nt apfeoneredtl dg asiftiesi endya recucachscupdppepitngecf§ector Byl e,
about from 10 to 350C. For exanple, in the case where an unexpanded

nol di ng i neassheébrothisiilas HodmYs | WpesghhecBr AFEHTENIFNEPP 4% in a
batch process, the inpregnation tenperature is generally about ci‘rm{__’%lo to
200C, prthergay ymabegnatiem ATPYL 200KS1 3 W {9y EX8d Lecompared Wi

gas-i npregnated nolten polgmar is extruded to E;Pnul tane nduct

sl co
expansi onthadcase diing st 9alteRe RIRRE ot 898 PR 2 i e&ﬁétli’?)‘ﬁc eus
tenperature i s generally abo from.,60Q to .350C en_ c di oxj i's
usgg as 'ltjﬁ@rlf“ﬁélglo“g&ss, ryteﬁié’ctegjﬁrpéﬂegtu&%én-g 12 %W%@&ﬁﬁdﬁ%i%ﬁxﬁgﬁl

i npregnation_is preferabl C hi ferably Lgher
sgpasgto Rggﬁeﬁhg ﬁgfﬁq}jég%ﬁx,g&ne gggqmom Per& £ ably AQGC Prthig

than decreases, resulting in an exceedingly large cell diameter.
Furthermore, in the range of pressures lower than 6 MPa, even
a slight change in impregnation pressure results 1in
considerable changes in cell diameter and cell density, making
it difficult to regulate the cell diameter and cell density.

The temperature in the gas impregnation step varies
depending on the kinds of the inert gas and thermoplastic
polymer used, etc., and can be selected in a wide range. However,
from the standpoint of operating efficiency, etc., the
temperature is, for example, about from 10 to 350°C. For
example, in the case where an unexpanded molding in a sheet or
similar formis impregnated with an inert gas in a batch process,
the impregnation temperature 1s generally about from10 to 200°C,
preferably about from 40 to 200°C. In the case where a
gas-impregnated molten polymer is extruded to simultaneously
conduct expansion and molding in a continuous process, the
impregnation temperature is generally about from 60 to 350°C.

Wwhen carbon dioxide is used as the inert gas, the temperature



supercritical state. In the deconpression step, the rate of deconpression
is not particularly limted but is preferably about from5 to SOQQMﬁ@QmQC
so as to obtain uniformfine cells. In the heating step, the heating
tenperature is, for exanple, about from40 to 250C, preferably about from
60 to 250C. The expanded material thus obtained has exceedingly fine cells
and a high cell density. For exanple, the expanded naterial has an average
cell dianeter of generally about from 0.1 to 300 m preferably about from
0. 1 to 5,¢iAy "hEro5ehetahl Vis ahoudt dustyind. B2P0 26r mhigiten, celdralensity
of generally about "~ from 105 to 1019 cells per cnB, preferably about from
10B to 1Q%§ef§§bbiypﬂ0°@ngr ADERepr eker abl yoakeepr fthemi®ek(8 qas POLA cel | s
per cnB. 1n this expanded material, the cells are basically closed cells.
However, thgecexpamrdedinstanical may locally have cells having broken walls.
The cells are evenly distributed throughout the expanded materi al,

especial |y in therhhitsknessomdreest bonstéthenthdi s ek pfh #&EWMRETH °havi ng
such a cellular structure is used as a soundproofing material, sound
energy inei deptpantitelsolpdpinotéddutatier Papiesabdy) abpdd pyom ° o
cell/polyner interfaces exceedingly many tinmes, so that pa&é of %he sound
ener gy i s3b0suPafséhesaalsl somktaine verparteli ARt 4+ JoiReHI gAY ?

i mproved soundproofing properties. A preferred expanded terial acgording
to the |svepti thehhea&ipel SEMPETadHEFt ¥S| faén‘%fg’ypg‘ﬁ't%%mér%pgﬁ ’éd‘ﬁ? 13 0
9 MAR 2004 material) / (density. of the unexpand terial)] of generally
0, 6 or I@m??oﬁFefEF&B??E‘@l}?aBPUIto%éPm( g)é 3." ?gé’ggm 0 .002 to 0.3)

The expanded material thus obtained has exceedingly

fine cells and a high cell density. For example, the expanded
material has an average cell diameter of generally about from
0.1 to 300 um, preferably about from 0.1 to 50 um, more preferably
about from 0.1 to 20 pm, and a cell density of generally about
from 10° to 10Y cells per cm’, preferably about from 10° to 10
cells per cm’, more preferably about from 3x10° to 10 cells
per cm®. In this expanded material, the cells are basically
closed cells. However, the expanded material may locally have
cells having broken walls. The cells are evenly distributed
throughout the expanded material, especially in the thickness
direction. When this expanded material having such a cellular
structure is used as a soundproofing material, sound ehergy
incident on the soundproofing material is reflected by
cell /polymer interfaces exceedingly many times, so that part
of the sound energy is lost in the cells and the expanded material
shows highly improved soundproofing properties.

A preferred expanded material according to | the

invention has a relative density [ (density of the expanded

_13_



nore preferably 0.25 or |lower (e.g., about 0.005 to 0.25). A nore
preferred expanded material according to the invention has a conpressive

| oad at 50% conpression (hereinafter sonetines referred to as 09 MAR 2604
"50% - conpression | oad") of generally 20 NN.cn2 or lower (e.g. , about 0. 1
to 20 NNcnR) , preferably 15 NNcn2 or |lower (e.g., about 0.3 to 15 NcnR).
Thi s expanded nmaterial has exceedingly high flexibility. The average cell
dianeter, relative density, and 50% conpression |oad can be regul ated by
suitably sglwectidig / candiitns ateondiengahdethmaktiend 2df) It b€ gaseragidy used
and that of the thernoplastic polyner or thernoplastic elastomer used.
Exanpl es af. sueh gaendi prefserbhtiuilel opdreatd m@e cgndidbants 0. A0RHeo Ogds

i npregnation step, such as tenperature, pressure, and tine, operating
condi t i onsndre thefdecuiy @ssgitonrsieperstiehgas alheut & L0DftdéodHir-esdi on,
tenperature, and pressure, and heating tenperature in the heating

conduct ed neftepraéeonrptiessamieSoatdmriedf i agepdbpertd sBegmveat ¥t ParF
(soundproofing material) are generally expressed in terns of the ratio of
the char acteemimstd ssivepddamt @ tof OfhsoRRr8FFAPD Zbefeinpd tpgesometimes

characteristic inpedance of air, Z (=P airxca’) Nanel ,_th§, é)LL[?j r.oof i ng
proper t i es efrar xadpries s 'HP ZeppyeRsiore 108 a0t /ge("[vfa’iarl r? RIGRE
di mensi onl ess). The l{nit of each gh sical _val,ue is s fgg!o ‘N a%cnggt k g
| s.n2 Z~or Uguemde.gr4 2§°9 HVAR 2%‘642%5%‘:"( JenBFEDSBE Vr))(\g. 13

lower (e.g., about 0.3 to 15 N/cm®) . This expanded material

has exceedingly high flexibility.

The average cell diameter, relative density, and
50%-compression load can be regulated by suitably selecting
conditions according to the kind of the inert gas used and that
of the thermoplastic pelymer or thermoplastic elastomer used.
Examples of such conditions include operating conditions in the
gas impregnation step, such as temperature, pressure, and time,
coperating conditions in the decompression ste;ﬁ, such as thé rate
of decompression, temperature, and pressure, and heating
temperature in the heating conducted after decompression.

Soundproofing properties of a material {scundpreofing
material) are generally expressed in terms of the ratio of the

characteristic impedance of the material, 2%, to the

characteristic impedance of air, 2z, (=p**xc**). Namely, the
soundproofing properties are expressed by z™2%/2., i.e.,
2220/ (p*Fxc*®) (unit: dimensionless).

The unit of each physical value is as follows.

z™" . kg/sm

<

Z : kg/s-m2

c



cair (rate of air (sound) propagation) : ms ZCrat. / (pairxcair)

di mensi onl ess I'n the m croporous soundproofing naterial of the invepduap 00
the ratio of the characteristic inpedance of the material to the
characteristic inpedance of air " [Zcmat./ (pairXCair) j is, for exanple,
about from3 to 50 (-) , preferably about from5 to 50(-). A flanme
retardant may be used in the invention for inparting flane retardancy to

t he soundproofing material. Various flanme retardants can be used wi thout

particular limtafions. Preferred.exanplessthereof include hydrated netal
conpounds and br offi ne‘%%%6§¥d8£ %%gzéi”g?]?@ preferred flane retardants are

of the type which tel eases water _u at.i q+quench fiames. Such flane
retardants includ€ h ﬁ?g?e\é@ngﬁgl Q%%Hﬁgznggg%g?anpl eg of /t he hydrat ed

metal conpounds inal. as@d| Wi nuUm . X | and nmagnesi um hydroxi de. Such
hydr at ed net al co%pouzgg arﬁgt%/m a.\/;ﬁ%%é%%@is%r ace-treated. Such flane

retardants can be-useg, al | oupi 2R £t ot WRa REr1®I € dthetref .
Tt s TR ohrehl i cer

Pol yhedral Conposi e: In the invention, a conposite netal

hydr oxi de ; o, 8Rra3ent Dy 11, (01 | Gl Nehd s subas édici smppliamat afotiet he

hydrated netal conpoun for use as flame retardants. m(MO ) n (QQ)
cH20 (1) formyl a (&) . Mand Qaepresenttdif f erepédartal eb€nenssrand Q

is a nmetal element belonging to a group selected fromGoups - 15 0 9 MAR
2004 |Va, (yame Yi@syibay | Vikl, #br andmple of abbetpefioui 8 tabl 60 (),
preferably about from 5 to 50(-}.

A flame retardant may be used in the invention for
imparting flame retardancy to the soundproofing material.
Various flame retardants can be used without particular
limitations. Preferred examples thereof include hydrated
metal compounds and bromine compounds. Especially preferred
flame retardants are of the type which releases water upon
heating to gquench flames. Such flame retardants include
hydrated metal compounds. Examples of the hydrated metal
compounds include aluminum hydroxide and magnesium hydroxide.
Such hydrated metal compounds may have been surface-treated.

Such flame retardants can be used alone or in
combination of two or more thereof.

Polyhedral Composite Metal Hydroxide:

In the invention, a composite metal hydroxide
represented by the following formula (1) 1s optimal among the
hydrated metal compounds for use as flame retardants.

m{M,0,) n{Q0,) cH,C (1)
In formula (1), M and Q represent different metal elements and

O is a metal element belonging to a group selected from Groups

._15_



and m n, a, b, ¢, d, and e may be the sane or different and each is a
positive nunber. By using the polyhedral conposite netal hydroxide
represented by fornmula (1) as a flane retardant in conbination wi tl HN%?ML
expanded material described above, a soundproofing material can be
obt ai ned whi ch has excellent flane retardancy while retaining intact
properties of the expanded material (e.g., finely cellular properties,
soundproofing properties, and flexibility). In the polyhedral conposite

met al hydgﬁgk?@ﬁreg&gzegﬁggqbyzg?gryb? L1a 1TEXBPPles Pérdbaepressnéing a

metal el rcl U al um'num magnesi um (My) , calcium (Ca),

ni ckel (NI %;dumc?%);al)% (£0) By ct_i:,]n?g?ng madl BE {KB) sam&OPPedi f £iYent i 4104
| "(TiYy,’ ro

(Fe), tith , “and . Preferred of these is magnesium M may

represent a singl %gl-q}eqﬁﬂ% gr represent two or nore netal elenents.
Q which ?35re§%h%$g§hogﬁeﬁ metal el ement in the pol yhedral conposite

met al hydroxide r Hed RY Fiaidal) cbspasiebalmdieliongydgosdda group
sel ected fron1C}o§%£ |@affva, 6?2?”b1la, VIIl, I'b, and Ilb of the periodic

table. Exanpl ! fedpghideiy ar & Fe)ame Gehalidar@0)in, cambkebtidn) |
paIIadiun?EEB%%e?ngggggr (Cu) , %gd zi nc (%?S - Preferred of these are

ni ckel angd "ﬁ%e‘@ﬂﬁ%hdéﬂﬂﬁﬁ%ﬂﬂiéifﬁéﬁﬁﬁiwﬁmaéb@WQnEmts@mndppoeﬁéng t wo
or nore netal elenments. Such a conposite netal hydroxide having a

pol yhedr al,, 1stial-binnse f @6 f2 £RAd ben ipfio dizee dxlaye 14 doto Wi amet hetlagdercyfor -
16 0 9 MAR 7004
while retaining intact properties of the expanded material
{e.g., finely cellular properties, soundproofing properties,
and flexibility) .

In the polyhedral composite metal hydroxide
represented by formula (1), examples of M representing a metal
element include zluminum (Al), magnesium (Mg}, calcium (Ca) ,
nickel {Ni), cobalt (Co), tin (Sn), zinc (zn) , copper (Cu), iron
(Fe), titanium (Ti}, and boron (B). Preferred of these 1is
magnesium. Mmay representa single metal element or represent
two or more metal elements.

0, which represents another metal element in the
polyhedralcompositen@talhydroxiderepresentedknrformula(1),
is a metal belonging to a group selected from GCroups IVa, Va,
Via, VIIa, VIII, Ib, and IIb of the periodic table. Examples
thereof include iron (Fe), cobalt (Co), nickel (Ni), palladium
(Pd) , copper (Cu), and zinc (Zn). Preferred of these are nickel
and zinc. O may represent a single metal element or represent
two or more metal elements.

Such 2 composite metal hydroxide having a pclyhedral

crystalline form can be produced by a known method (see, for



exanpl e, JP-A-2000-53875). For exanple, a conposite netal hydroxide which
has sufficiently grown in the thickness direction (c-axis direction) as
well as in the length and width directions and has a desired pol yhddrMiR 200
shape, e.g., a nearly dodecahedral, nearly octahedral, or nearly

t etrahedral shape, can be obtained by regul ating various conditions in a
process for producing a conposite netal hydroxide. An especially preferred
pol yhedral conposite nmetal hydroxide is one having a nearly octahedral

crystalline %ﬁigl £h3_3%b%n%gkﬁgugogﬁgﬁ%&£¥%E%§é hydroxide iRefriabl y has

an aspec?x?a 10’ of general’lya preferably about from!l

to 7, m)rﬁy&fS&?ﬁgbl%eiathu%rafsrhsgﬁkfﬁgiéntIﬂg g{;lﬁrféxﬁ?x "gspeche M@l &ndss used

herein for*a conposi net a roxi de nea ratio of the |ength of

the m noraasLacther gofodor tiedanatl) g 4e dimiar cas irdhey sat o e,

pol yhedral ™ conposite neta e has an average particle dianeter of

general | yd?PBHEioBEO%%-I@aBs 0 b Wy Rghenahly sahge!, &rgm, Oa lndaxrBy Lm
e

The average particl i aneter thereof can be determ ned, for exanple,

with alag Eie!:)ﬁﬂ@dpgﬁ.t,iﬁégrﬂz@c@sﬂ?écﬁzﬂ; Jrf naarfel ybedspbdealnasipe, net al
hydr oxi de having an aspect ratio higher than 8 or an average particle

di anmeter Langss dhadkAdh WY iregisethird viagidhlsf could tiensbiai a mrdied y
expanded resin foam Typical exanples of the polyhedral conposite netal
hydr oxi derdesgrbbadi agoue conglodde s Mg@a(11 ts)Nic@ieHRO [ O<s<1, 0<c51 | ,
sMyO- (1-s) ZnO-cH20O [ O<s<l , O<c_<1 ] , and sAl 233- (1-- s) Fe2®3-cH20 |
0<s<1, 0<c<_3 ] .aksSpepicalilayl lgr efesfedred phigbedrel- cbmpca®igeVarePabs
hydroxide is one having a nearly octahedral crystalline form.
The polvhedral composite metal hydroxide preferably has an
aspect ratio of generally about from 1 to B, preferably about
from1 to 7, more preferably about from1 to 4. The term "aspect
ratio" as used herein for a composite metal hydroxide means the
ratio of the length of the minor axis thereof to the length of
the major axis thereof. The polyhedral composite metal
hydroxide has an average particle diameter of generally about
from 0.05 to 10 pm, preferably about from 0.1 to & pm. The
average particle diameter thereof can be determined, for
example, with a laser type particle size analyzer. If a
polyhedral composite metal hydroxide having an aspect ratio
higher than 8 or an average particle diameter larger than 10
pm is used, it is difficult to obtain a highly expanded resin
foam.
Typical examples of the polyhedral composite metal
hydroxide described above include sMgO-(1-s)NiG-cH,0 [0<s<],

0<c<l], sMgO (1-s)ZnO-cH,0 [0<s<l, 0<ec=£1], and sAl;0;(1-

s)Fe,0,-cH,0 [0<s<1l, 0<c£3]. Especially preferred of these are
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conposite netal hydroxides represented by sMjO (1-s) QLO cH2O [wherein QL
represents Ni or Zn, and 0O<s<l and 0<c<l) , such as nagnesiunloxid%@qMQHﬁm
oxi de hydrates and magnesi um oxi de/ zi nc oxi de hydrates. A brom ne
conmpound, a conposite nmetal hydroxide in a thin platy form or the like .
can be used in conbination with' the pol yhedral conposite netal hydroxide
in the invention. The proportion of the polyhedral conposite netal

hydr oxi de represented by fornmula (1) in the flame retardant is, for

exanpl e, about from 1Q t.0 .100% b i gh a :ﬁﬁﬁy |1 i 0o 100%
by azight?oﬁggéatgn“f §ﬂmH5¥eF?*%%%§Lg?é?ﬁ%%ﬁEgpfQﬁ?he prg%o%?gg%ég#jthe

pol yhedr al conposite netal hydroxi | | ghty 44 1S
difficult [Vgeggf"gi h gelﬁrgensleyryicse%ag e‘Ja feés]?er{lﬁ%sgn?%gx%g%n%%éwgfgt hg br oni ne

conpound include _tetrabrombi , .  de/zi
TBA bi 8( 2"SSHE BT BB Segt O WP P Dy LS Il Uy eneston exide/zine

, hexabr onocycl odedecane, tribronophenol, ethyl enebistetrabronophthalim de,
dibronDetﬁ?ﬁ%ﬁbrggggégﬁdhexane, t et r abr onopht hal i ¢ anhydri de,

et hyl enebi sdi br omangt Bs nenedoabhex & dempyLayl heesidiyaroxide in 2
t et rabronocycl ooct ane, and et hyl enebi spent abr onodi phenyl . Anot her

enmbodi m?”%h% E‘@%tﬁzo'fgqm,ogfri RHcTRE REI ahnobet Beedi NN eattbINE 5iannvTtiopor ous
soundpr oofi ng terial which conprises the above-described expanded

material ¢QRtgh My REdRal [daPy Jitiandanl mpkdasdd anhe ehardanoy - ( hehei naf
ter sonetines referred to as "flame-retardant m croporous soundproofing
mat eri al " L oPairt ifdramesr etakedapblyhetepar ousmpoundpr ovétay -hydrogide VAR
=00 represented by formula (1) in the flame retardant is, for
example, about from 10 to 100% by weight, preferably about from
30 to 100% by weight, based on the whole flame retardant. If
the proportion of the polyhedral composite metal hydroxide is
lower than 10% by weight, it is difficult to obtain a highly
expanded resin foam.

Examples of the bromine compound include
tetrabromobisphenolA(TBA),TBA-bis(2,3—dibromopropylether),
TBA—bis(allylether),hexabromocyclodedecane,tribromophenol,
ethylenebistetrabromophthalimide,
dibromoethyldibromocyclohexane,tetrabromophthalicanhydride,
ethylenebisdibromonorbornenedicarboximide, vinyl bromide,
tetrabromocyclooctane, and ethylenebispentabromodiphenyl.

Anotherenbodimentcﬂ?thesoundproofingnmterialofthe
invention is =a microporous soundproofing material which
comprises the above-described expanded material containing a
flameretardantandhasflameretardancy(hereinaftersometimes

referred to as "flame-retardant microporous soundproofing

material"). This flame-retardant microporous soundproofing
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material can be produced by mxing a raw material (thernoplastic pol )6rrer)
for an expanded material with a flame retardant and subjecting the miftMARe004
to an expansion step to forman expanded nmaterial containing the flanme
retardant in inner parts thereof. Mre specifically, an expanded nateri al
for use as a flame- retardant m croporous soundproofing material can be
formed through a gas inpregnation step in which a thernoplastic polyner
containing a flane retardant is inpregnated with an inert gas at a high
pressur e nadefi decanpbessieiucstdpyimixinah taemptessat el thermorea Tt af t er

the gas inpregnation step to expand the resin, and optionally through a
heating spepyinerwhiek theezphhsedrmatgromh tytheatfhyne R HRES Ty, of

course, be conducted in such a manner that an unexpanded noldiqg

conpri si nguajethéngophastixctpot Frern COMRE 59y S&<P| g‘?réorré‘t ap = ded
produced beforehand and this nolding is inpregnated with an i.nert gas and
t hen decomptessed ¢onfainipgdheaf janed aPerfT PaF -5t AT 2ol t en

| ner {GaavandeRoprodseRd land 21 LI 0 ol NS 01T ArCel y vt
Soundpr ooF e REFARSY FEHCHRPA TS nGHTBRORHONF M BE CEORGL TN o o1 he
e A o s
Ganoral | yCHBSAR 018 8 PO, SR BAEN ot R SETY Sbstt 25 T 6556 oy wel gt
based on the phole expanded I1pL i Anders s on stbBa s fhaknkhIpPebbiRrd004

is lowered after the gas impregnation step to expand the resin,
and optionally through a heating step in which the cells are
grown by heating. This process may, of course, be conducted
in such a manner that an unexpanded molding comprising a
thermoplastic polymer containing a flame retardant is produced
beforehand and this molding is impregnated with an inert gas
and then decompressed to form the target expanded material, or
that a molten thermoplastic polymer containing a flame
retardant is impregnated with an lnert gas under pressure and
then subjected to molding simultaneously with decompression.

It is important that the flame-retardant microperous
soundproofing material of the invention should be constituted
of a microporous expanded material containing a flame retardant
in inner parts thereof, as described above.

The content of the flame retardant (especially, the
polvhedral composite metal hydroxide described above) 1is
generally about 10 to 70% by weight, preferably about 25 to 65%

by weight, based on the whole expanded material (e.g., the total



anount of the thernoplastic polyner and the flane retardant) . Too | ow
contents thereof result in an insufficient flane- retarding effect,ﬂ%ﬂhpgm;
too high contents thereof result in difficulties in obtaining a highly
expanded material. The expanded material according to the invention may be
used al one as a soundproofing material w thout conbining it wth other
materi als. The expanded naterial nay be processed so as to have a shape
conform ng to the apparatus to which the soundproofing naterial is to be

applied. Furthernpre, a. structure pr f At RPeeSSW=@tsensitive
adhesiveE“WQV%?‘gatgﬁétgﬁrgﬁ 2§itdé ng?ﬁggeg%%ﬁg%g]naterial or by

e s Do tE arenge. 1t 3@ T shest che tfnemexpanded
glfﬁg, g‘éwuéré:dq%qetf s u%laeg‘f Eslae 3% ,El1+ M QEu e

mat eri al proofing material. The pressure-sensitive

adhesive | ayers. may used. in,gcophi.natien el thl bhe r@oft ke dilke.inSi nce
t he nicrdﬁ%%%ﬂélgguﬁggﬁggfiHggﬁétg?Faﬁagg fﬁgkgiﬁventionohas exceedi ngl y

fine cells apd a.low_relatiye;densi Lynightynekpankkdhas tadiew .
509&conpﬁ£%€£%ﬁu}%é San %§¥§ﬁexﬁgle, %gt yhaspirrproved soundpr oofi ng

properties becausg, Lhe, SOUAD)GREEGY: al NEEEEHR: hfiefearhd S madr teotredhsy
cel | / pol ymer inter?aces exceedingly many tinmes and thus partly lost in the

cell's. Furt r8 o8 sSQWHI A9 bd¥eh M irRdeali s0f wi heouinuempi phndast
excellenﬁb?P%%%gfﬁf%y %gcause fﬁgiexpanded material is constituted of a

thernopl agiif QOLYMBHat&rfhlsd MieksRpnasd saekashompay 18k RO e
expanded naterial is produced with an inert gas, e.g. , carbon dioxide, as

a bl owi ng.,agente Hdvd @l thepegessratmsna hartifebppabstasc EondhleBntia ns -
20 0 9 MAR 2004
soundproofing material is to be applied. Furthermore; a
structure produced by forming a pressure-sensitive adhesive
layercnioneoreachsideoftheexpandedmaterialorbyattaching
a molded object such as, e.g., & film or sheet to the expanded
material may be used as a soundproofing material. The
pressure-sensitive adhesive layers may be used in comblination
with films or the like.

Since the microporous soundprocfing material of the
invention has exceedingly fine cells and a low relative density,
it not only has a low 50%-compression load and is flexible, but
has improved soundproofing properties because the sound energy
incident thereon is reflected by cell/polymer interfaces
exceedingly many times and thus partly lost in the cells.

Furthermore, the soundproofing material of the
invention has excellent flexibility because the expanded
material is constituted of a thermoplastic polymer, €.g., @
thermoplastic elastomer. Since this expanded material 1s
produced with an inert gas, €.9., carbon dioxide, as a blowing

agent, it neither generates a harmful substance nor contalns



a residual fouling substance unlike expanded materials produced by the
conventional physical expansion technique and chem cal expansion 09 MAR 2004
techni que. Nanely, the expanded naterial according to the invention is

cl ean. Consequently, the soundproofing naterial of the invention can be
advant ageously used especially in electronic appliances and the |ike. The
soundproofing material of the invention has a high characteristic

i npedance, is clean and |ightweight, and has excellent flexibility. The

soundpr oof i 0g. 1Rl I, tl%ilﬁtglfoswygghmak%?ékﬁwcee@iname&qm@pp@mw@d

properti e& &Ve n n addition, since the soundproofing materi al

has exce%)'y?%efééﬁ%ﬁ@iﬁgﬁ'ﬁ%‘{}%@sﬂéalcap%sam k@8hhe R baawbeesi cal ane

retardancy-i s required. t he soundproofing naterial of the

i nvention can he ysed h0iguil deniAdog, Ofhe $Q¥AARIAOKEBEraRpl dcabionsg The
soundprooflﬁb Taterial co taining the polyhedral conposite netal hydroxide

descri bed .abqye, dQRS. 110to:L 0N Akt . Chldddialan Inesi ther sanhdmpayt togpound
flame retardant. It 1s hence highly safe and | ess inposes a | oad on the

envi ronment . .11e 1 Ayantd 9Avhth che-axpkaidech hiajeynd Ny el dspacial by
reference to Exanples, but the invention should not be construed as being

limted by thase @R esodin anesvahd Titee Iiddative density,
50% conpressi on | oad, and average cell dianeter of an expanded nateri al
were det ermi ned byrHheouhapkowEnggmes hedsal ((elkhei evoehippy)a2 R hpgld MAR

o characteristic impedance, is clean and lightweight, and has
excellent flexibility. The soundproofing material of the
invention can have high soundproofing properties even when
thin.

In addition, since the soundproofing material has
excellent flame retardancy, it can be applied to parts where
flame retardancy is required. Namely, the soundproofing
material of the invention can be used in a wide range of
soundproofing applications.

The soundproofing material containing the polyhedral
composite metal hydroxide described above does not contain a
chlorinated resin or antimony compound flame retardant. It is
hence highly safe and less imposes a load on the environment.

The invention will be explained below in more detail
by reference to Examples, but the invention should not be
construed as being limited by these Examples in any way. The
relative density, 50%-compression load, and average cell
diameter of an expanded material were determined by the

following methods.

(Relative Density)
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Rel ative density was determ ned using the following equation. Relative
density (-) = (Density of the expanded material) (density of the (g MAR 2004
unexpanded sheet) 50% Conpression Load: Several sheets of test piece cut
into a disk formhaving a dianmeter of 30 mmwere stacked up so as to
result in a total thickness of about 25 mm The test pieces stacked were
conpressed at a rate of 10 mimn, and the stress at 50% conpressi on was
measured. This found value of stress was converted to a value per unit

area (cm?2) , and the converted val ue s taken.as 50% cONpPEess| oad.
Average Cel | Di amdrting &giiided “?}Feé:rgpﬁrd‘&fbeé% Wais" g r‘g]}%nf??ﬂggﬂ d
nitrogen and broken, and a resultant section was exam ned with a scanning

el ectron M®EIIBpe (SEM Hitachi-570) at an accel erating voltage of 10
kV. From an inage obtained, the  average cgl

|, di anete ) er ned
t hrough | M@ Pres Eeasigy EXaTPLRERSARY <t's (3% Wﬁeﬁ#%&o%aeﬁeglg{ﬂ ene bl ock
copolyner) (Quintac 3433N, nmanuf,actured by N ppon _Ze , was
kneaded with a batch kneader (Laégeﬁﬁé§¥0%¥| Itl,herré’]r?&f?%?)ﬁirge&d Sbﬂfreqz'llz)yo Sei Ki

Sei saku-Sho, Ltd.) at at erature of 160C, and then forned into a sheet
havi ng a tﬁﬁ%l&%@%‘?ﬁswmﬁgﬁ “a diameter of 100 nmwith a hot press
et of 300 metvar I Ehets L Be8d ol L8 REERSHL © UESRAIONE0GN

capacity of 100 m™~ ressure ‘vessel was set at 40C. After the

tenperat urae A?L%Crinebceecrorcr& 35%%9123 sgca%lé\é%ﬁugogé as to result in a total

thickness of about 25 mm. The test pieces stacked were
compressed at a rate of 10 mm/min, and the stress at 50%
compression was measured. This found value of stress was
converted to a value per unit area {cm®) , and the converted value
was taken as 50%-compression load.

Average Cell Diameter:

An expanded sheet produced was frozen in liquid
nitrogen and broken, and a resultant section was examined with
a scanning electron microscope {SEM; Hitachi-570) at an
accelerating voltage of 10 kV. From an image cbtained, the
average cell diameter was determined through image processing.

EXAMPLIE 1

An SIS (styrene/isoprene/styrene block copolymer)
(Quintac 3433N, manufactured by Nippon Zeon Co., Ltd.) was
kneaded with a batch kneader (Labo Plastomill, manufactured by
Toyo Seiki Seisaku-Sho, Ltd.) at a temperature of 160°C, and
then formed intc a sheet having a thickness of 3 mm and a diameter
of 100 mmwith a2 hot press heated at 160°C. This sheet was placed
in a pressure vessel having a capacity of 100ml, and the pressure

vessel was set at 40°C. After the temperature had become stable,
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supercritical carbon dioxide having a pressure of 15 MPa and a tenperature
of 40C was introduced into the vessel. After the pressure and te r@ﬂ#@ﬁ‘
i nside the vessel had beconme stable, those conditions were maintaine

60 mnutes to thereby inpregnate the polyner wi.th carbon dioxide.
Thereafter, the pressure inside the vessel was | owered to atnospheric
pressure at a rate of 100 MPa/sec. The polyner was then taken out of the
pressure vessel and rapidly inmersed in an 80C water bath to accelerate

expansi On-suL%%cgssp@if@aeld JBLES @i bR @Jatuaingeta d sarcaver agempal hnd

di anet er oOf pmand a cell density of . 7x108 cells per cnB. The cells

were cl osed aanﬁgré/"%ie s¢enhy dhstbibetad intd hdet Riegisrass dErteet i on.
EXAMPLE Z%Att%éirersrrop astic pol yuret hane (E660MZAA, manufactured by Ni ppon

Mractran gq, r&%gu}e\'ﬁﬁj Eshfarékﬂeael_ein\@itdé_ ehbaleah e kneadeicofleabbable,
Plastom I | ngnu actured by Toyo Sei ki Sei saku-Sho, Ltd.) at a tenperature

of 160C, ang thepfQ{fednhsi PtOcamshaehihani F@ra dhimknesss oto3thereby a
dianeter of 100 mmw th a hot press heated at 160C. This sheet was pl aced
in a pressiayessel chadigmee cagati tartionl @3 oxdideand Thkeepfésgur ghevessel
was set at 40C.~ Supercritical carbon dioxide having a pressure of 25 MPa
and a t enpsraldiife a6 vae vedsadwaeadl ovatedt e ateesgiherAfc preskere
pressure and tenperature inside the vessel had becone stable, those

condi t i onsWef erated bR el MR/ s<Q0. nithet pelivoerhershbyhemptayeat evthet

pol ymer with carbon dioxide. Thereafter, the pressure inside the vessel

was | ower ethd @retsmsplversselprpdstari @ty dveaesest IT0enVPE]G &R §]F S5 n an
- 23 09 MAR 2004

to accelerate expansion. The expanded material thus obtained
had an average cell diameter of 11.3 pm and a cell density of
6.7x10° cells per cm’. The cells were closed cells and were
evenly distributed in the thickness direction.
EXAMPIE 2

A thermoplastic pelyurethane (E660MZAA, manufactured
by Nippon Miractran Co., Ltd.} was mel t-kneaded with a batch
kneader (Labo Plastomill, manufactured by Toyo Seiki
Seisaku-Sho, Ltd.) at a temperature of 160°C, and then formed
into a sheet having a thickness of 3 mm and a diameter of 100
mm with a hot press heated at 160°C. This sheet was placed in
a pressure vessel having a capacity of 100 ml, and the pressure
vessel was set at 40°C. Supercritical carbon dioxide having
a pressure of 25 MPa and a temperature of 40°C was introduced
into the vessel. After the pressure and temperature inside the
vessel had become stable, those conditions were maintained for
90 minutes to thereby impregnate the polymer with carbon dioxide.
Thereafter, the pressure inside the vessel was lowered to

atmospheric pressure at a rate of 100 MPa/sec to obtain an



expanded material. The expanded material obtained had an average cell
dianeter of 8.0 mand a cell density of 3.6x10e cells per cnB. The erbls
were closed cells and were evenly distributed in the thickness di rggt AB 1004
COMPARATI VE EMWPLE 1 A pol yuret hane foam (I noac SC) obtained by a general
chem cal expansion techni que was eval uated as Conparative Exanple 1. This
expanded material had an average cell dianeter- of 480 mand a cell density
of 2.9x103 cells per cnB8. EVALUATI ON TEST Eval uati on of Acoustic Property)
The expandgd.iRicef irad Se£Pi Rl nedhin diparanpheseandl Gopanati vexdxampl e

gi ven above were exanined for the characteristic inpedance of the material
to deterniperbhe ciilodiamhetbirsoehatacperasdiz deipedarcs tho athd . 6x10
characteristic inpedance of air [Z -at./ (pair XCair) ] (unit:

di nensi onkess)ks .pekhecm®soundpr eell i By wereperliasesi ofeldat ek pegrdedeHal &Y al
were evaluated in terns of this ratio. The neasurenent of characteristic
i npedancedwas rinde-ad tim aHenochiickrogwndl reapedance neter at a frequency of
2, 000 Hz. In each found value, the decimal fraction was negl ected and
only the whol e nunber was usdMPARATEE| EXAMPBLGIhed are shown in Table 1.
Table 1 Cell diameterCell densityZz~"'a p areraxrg (.)(cell s/crrBll Ex?m |l e
111. 36. 7x1010. 4 Brampdlayuz®tdanex foam dIoemsass? petained by a gehera

chemical expansion technigue was evaluated as Comparative
Example 1. This expanded material had an average cell diameter
of 480 pm and 2 cell density of 2.9x10° cells per cm®.

EVALUATION TEST (Evaluation of Acoustic Propertyl

The expanded materials obtained in the Examples and
Comparative Example given above were examined for the
characteristic impedance of the material to determine the ratio
of this characteristic impedance *to the characteristic
impedance of air [2.,2%/(p™**xc™¥)] (unit: dimensionless). The
soundproofing properties of each expanded material were
evaluated in terms of this ratio. The measurement of
characteristic impedance was made with a two-microphone
impedance meter at a frequency of 2,000Hz. In each found value,
the decimal fraction was neglected and only the whole number

was used. The results obtained are shown in Table 1.

Table 1
Cell diameter |Cell density 20/ p )
{pm) (cells/cm’)
Example 1 11.3 6.7x10: 10.4
Example 2 8.0 3.6x10 17.9
Comparative ,
Example 1 480 2.9%10 2.7

As apparent from Table 1, the expanded materials

obtained in the Examples had a higher characteristic impedance



Exanpl e 14802. 9x1032. 7 As apparent from Table 1, the expanded material s
obtained in the Exanples had a hi gher characteristic inpedance -- @g AQ ﬁﬁ
MAR 2004 than the expanded material of the Conparative Exanple. Ta g {
further shows that the expanded materials having a small cell dianmeter and
a high cell density had a high characteristic inpedance. EXAMPLE 3 Fifty
parts by wei ght of polypropylene having a density of 0.- 9 g/cnB and a 230C
nmelt flowrate of 4 was kneaded together wth 50 parts by wei ght of an

et hyl ene/ prapyteaeBhasionela tdde ngfa theScémbardhess BkaB9ley rnEans of a
kneadi ng machine equipped with roller type blades (trade nanme "Labo

Pl ast om | 1 "ur fheatfsaetiir edabytfoyparseidcd SeisakalSHmving a) sapla cell
tenperature of 180C. Subsequently, the resultant m xture was forned into

a sheet havhngtart binckressigf =5l meandts Hedmat &iodf SERIRELNEHCEE hot

pl aten press heated at 180C. This sheet was placed in a pressure vessel and
held in ampeOEncar.bon di oxi de gas at nosphere for 10 m nutes at an

el evated pressure of 15 MPa to thereby inpregnate the sheet with carbon

di oxi de. After 10 minutes, the pres&XP¥MBids Hbruptly lowered to obtain an
expanded material consisting of the olefin_ polyners. This expanded
material had a reFAftyeaktsbyywetahb ofopalYRRCRYEFEGET9 aii%%?le‘i'y of 124

pm and a 50% conpregssion |oad of 0.78 N cn?. The result f,acoustic
property efal uatd @C‘i“% Fid tah?%o&(ﬁ&ﬁ&eﬁlﬂ’dt@?eapfagé’afhgﬁﬁalaﬁ%%%?%%?r

VPLE 4with 50 parts by weight of an ethylene/propylene elastomer

having a JIS-A hardness of 69 by means of a kneading machine
equipped with roller type blades (trade name "Labo Plastomill",
manufactured by Toyo Seiko Seisaku-Sho, Ltd.) at a temperature
of 180°C. Subsequently, the resultant mixture was formed into
a sheet having a thickness of 0.5 mm and a diameter of 80 mm
with a hot platen press heated at 180°C.

This sheet was placed in a pressure vessel and held in
2 150°C carbon dioxide gas atmosphere for 10 minutes at an
elevated pressure of 15 MPa to thereby impregnate the sheet with
carbon dioxide. After 10 minutes, the pressure was abruptly
lowered to obtain an expanded material consisting of the olefin
polymers. This expanded material had a relative density of
0.026, an average cell diameter of 124 um, and a 50%-compression
load of 0.78 N/cm?. The results of acoustic property evaluation
of this expanded material are shown in Table 2.

EXAMPLE 4

Fifty parts by weight of polypropylene having a density

of 0.9 g/cm’ and a 230°C melt flow rate of 4 was kneaded together

with 50 parts by weight of an ethylene/propylene elastomer



Fifty parts by weight of polypropylene having a density of 0. 9 gﬁﬁgmn@
a 230C nelt flowrate of 4 was kneaded together wth 50 parts by P

an et hyl ene/ propyl ene el astonmer -- 25 0 9 MAR 2004 having a JI S-A hardness
of 69 by means of a kneadi ng machi ne equipped with roller type bl ades
(trade nane "Cabo Plastom |I|", rmanufactured by Toyo Sei ko Sei saku- Sho,
Ltd.) at a tenperature of 180C . Subsequently, the resudltant m xture was
formed into a sheet having a thickness of 0.5 mmand a dianeter of 80 nm
with a hohaphagea press heatiedsat of86€. b¥hinganheef asnerdted TICRIMT essure
vessel and held in a 150C carbon di oxi de gas atnosphere for 10 m nutes at
an el evatqdippesisui eh afo12@ r\VPape dltarr s iy rpapragtaat'dabrel Shteemin  hr

carbon di oxide. After 10 minutes, the pressure was abruptl | owered to

obt ai N anmexp&adet et by i By« Sedikst Fagsskut RBoel ekdi h 218l _TARYT]
expanded material had a relative density of 0.029, an aver age cell

di ameter of 180°¢n &vbseBEPtdonptéssrervlEang BIX 48 Wt MBI ™R PERul t s
of acoustic property evaluation of this expanded material are sg wn in
Tabl e 2. EX&WREE Baxingerndphasoes spsity &t w&né“gtﬁaﬁéaﬁﬁﬁﬁn 6

manuf actured by Ni ppon Mractran Co., Ltd.% Was, I t-kneaded at 160C with
a batch kwéader Matadd aidte PASRO }Fff%%‘?%rﬁ | 1C nuf actured by Toyo Sei ki
m and 2 df Aot e T S0nCRn VR T IPLAFRT 1t 208 REAPEd - E0E e Cehaet was
g_![ ﬁggghiepéaflgoq’gguc;ﬁeﬁﬁ/ﬁ?i;qxan & hgég E’:l@mo%pﬁggec%roqorh cﬂirﬁ’iﬁi@@egﬁt an
elevated pressure of 20 MPa to thereby impregnate the sheet with
carbon dioxide. After 10 minutes, the pressure was abruptly
lowered to obtain an expanded material consisting of the olefin
polymers. This expanded material had a relative density of
0.029, an average cell diameter of 110 um, and a 50%~-compressiocn
load of 2.16 N/cm?. The results of acoustic property evaluation
of this expanded material are shown in Table 2.
EXAMPLE 5
A thermoplastic polyurethane (trade name "EG6H60MZAA"T,
manufactured by Nippon Miractran Co., Ltd.) was melt~kneaded
at 160°C with a batch kneader {trade name "Labo Plastomill",
manufactured by Toyo Seiki Seisaku-Sho, Ltd.), and then formed
into a sheet having a thickness of 2 mm and a diameter of 80
mm with a hot press heated at 160°C.
This sheet was plaéed in a pressure vessel and held in
2 70°C carbon diexide gas atmosphere for 30 minutes at an
elevated pressure of 10 MPa to thereby impregnate the sheet with

carbon dioxide. After 10 minutes, the pressure was abruptly

lowered and the sheet was heated by immersion in 80°C water for



el evated pressure of 10 MPa to thereby inpregnate the sheet with @¢arMaqpINL
di oxi de. After 10 m nutes, the pressure was abruptly |owered and the sheet
was heated by inmersion in 80C water for - 26 0 9 MAR 2Q04 30 seconds to
obtain an expanded nmaterial consisting of the thernoplastic polyurethane.
Thi s expanded material had a relative density of 0.131, an average cell

di aneter of 150 pm and a 50% conpression |oad of 9.90 N cnR. The results
of acoustic property evaluation of this expanded material are shown in
Tabl e 2. BY¥AMRlLENGIsA dohemilmsin aod ydse@thaner {4 acen nbsei 660 MAAA"
manuf actured by N ppon Mractran Co., Ltd.) was nelt-kneaded at 160C with
a batch kreedeiopltasade npskyiikabhaRkastTid ¢ | ‘expameledf§ acd tieedaby hkdyoa Sei ki
Sei saku- Sho, Ltd.) , and then formed into a sheet having a thickness of 2
mm and a dieasrtiere abn8Qtynatve t1BR, kot apresgeheal 2dHaamd6OC.oITASY Bheet was
placed in a pressure vessel and held in a 60C carbon di oxi de gas

at nospher enfiora 650 %1 aompseatian lel=elad£d 9pPEsdUom’of TheVREIW thepbby

i npregnate the sheet with carbon dioxide. After 10 m nutes, the pressure
was abr upticpustiwe rmetbmentt hevsheations ofiedthdd mrhandadimnte BDGEHAL er
for 30 seconds to obtain an expanded material consisting of the

t her nopl asthicerpdlny (legtleade. This expanded material had a relative density
of 0.21.7, an average cell diameter of 75 p, and a 50% conpression | oad

of 10.6 N cn2. The results of acoustBRRMElEke8ty eval uation of this

expanded material are shown in Table 2.
P A thermoplastic polyurethane (trade name "E660MZAA™,

manufactured by Nippon Miractran Co., Ltd.) was melt-kneaded
at 160°C with a batch kneader (trade name "Labo Plastomill",
manufactured by Toyo Seiki Seisaku-Sho, Ltd.), and then formed
into a sheet having a thickness of 2 mm and a diameter of 80
mm with a hot press heated at 160°C.

This sheet was placed in a pressure vessel and held in
a 60°C carbon dioxide gas atmosphere for 60 minutes at an
elevated pressure of 10 MPa to thereby impregnate the sheet with
carbon dioxide. After 10 minutes, the pressure was abruptly
lowered and the sheet was heated by immersion in 80°C water for
30 seconds to obtain an expanded material consisting of the
thermoplastic polyurethane.

This expanded material had a relative density of 0.217,
an averége cell diameter of 75 pm, and a 50% compression load
of 10.6 N/cm®. The results of acoustic property evaluation of
this expanded material are shown in Table 2.

COMPARATIVE EXAMPILE 2
A thermoplastic polyurethane (trade name "E660MZAA",

manufactured by Nippen Miractran Co., Ltd.} was mel t-kneaded
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COMPARATI VE EXAMPLE 2 A thernopl astic pol yurethane (trade nane "E660MZAA",
manuf actured by N ppon Mractran Co., Ltd.) was mnelt-kneaded - 27 (| OMAR NBR
2004 at 160C with a batch kneader (trade nanme "Labo Plastom ||",

manuf act ured by Toyo Sei ki Sei saku-Sho, Ltd.) , and then fornmed into a
sheet having a thickness of 2 mmand a dianmeter of 80 nmmwth a hot press
heated at 150C. This sheet was placed in a pressure vessel and held in a
40C car bon di oxi de gas atnmosphere for 90 m nutes at an el evated pressure
of 20 MPaat 01 6bar ekiytH npregnat & ridwiashettrade mamsarYerpaifdhasdemidiit'sr 90
m nutes, the pressure was abruptly |lowered to obtain an expanded nmateri al
consi st i nga®f £ &beurtdasymphas Betkpobgisathafeo , THick Jex pafdeeemdixred had a
relative density of 0.329, an average cell diameter of 4 m and a 50%
conpr essi nmtd oadsheét 22204ndl ankhiFheeseseft2 B RSB 19T operty B0
evaluation of this expanded material are shown in Table 2. COVPARATI VE
EXAVPLE Rahywi ebhanbotopmelssoheatyde a3C 168 6duced by a general cheni cal
expansi on techni que, had a relative density of 0.071, a.cell }Qi ?geitner of
460 pm and a 509Fkoaprieast 6ird GA@CEK AN7R PRFTTHES HRs sl s 3t Y dddusti ¢

property evaluation of this _sanple are shown in Tab 2. AL U OF
ACOUSTI C PROPERT vaTlhene Feritfede ndd &r PSS ien%’i néﬁhlé“lﬁggﬁgl él@ %Jb

Conpar ati ve Exanpl es gi ven above were exam.ned for th ri st C
i npedance=beVEhERARTIEF ¢ OF AR EEATRE Effee@étlfngregflat%ﬁi%r%%g%%?t eﬁ stic

! npedancec;gbggedggggg%t.erk%%!ag 90 minutes, the pressure was abruptly

lowered to obtain an expanded material consisting of the
thermoplastic polyurethane.

This expanded material had a relative density of 0.329,
an average cell diameter of 4 um, and 2 50% compression load
of 22.04 N/cm?. The results of acoustic property evaluation
of this expanded material are shown 1in Table 2.

COMPARATIVE EXAMPLE 3

Polyurethane foam Inoac Type SC, produced by a general
chémical expansion technigue, had a relative density of 0.071,
a cell diameter of 480 pum, and a 50%-compression load of 0.70
N/em?. The results of acoustic property evaluation of this
sample are shown in Table 2.

EVALUATION QF ACQUSTIC PROPERTY

The expanded materials obtained in the Examples and
Comparative Examples given above were examined for the
characteristic impedance of thematerial to determine the ratio
of this characteristic impedance to the characteristic
impedance of air [Zcm"/(pai’xcai‘)] (unit: dimensionless). The

soundproofing properties of each expanded material were
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| npedance of air [Z0",/ (paiixcai=) ] (unit: dinmensionless) . The
soundproofing properties of each expanded material were - 28 0 9 Mﬁﬁm&@%ﬁ&
evaluated in terns of this ratio. The nmeasurenent of characteristic

| npedance was made. with a two-m crophone i npedance neter at a frequency of
2, 000 Hz. In each found value, the decimal fraction was neglected and
only the whol e nunber was used. The results obtained are shown in Table 2.
Table 2 Z mat. P aixxCair) c¢ Exanple 35.82 Exanple 46.62 Exanple 512.54
Exanpl e 6&2a82=Ganparrattiemedcned 'thvias xabbde to be neasured because Exanple
2o0f value characteristic of solid Conparative Exanple 32.66 As apparent
from Tabl e 2, the Towparchethremicerti @lfs chalyegitead sita ot hBPELAREEeY2Aa8>3%hi gher
characteristic inpedance than the expanded materials of the C%nga géive
Exanpl es. wiahl @ t2ofmithephohensmphrdenchenekpamied FHSSNSAY Riv né smal |
cell diameter and a high cell density had a high characteristii ted

i npedance HzEXAVBLEazhFifpupdpapi yehy thei §RE1IBRLpSFFFFopYI BAg REFI R 8
density and only the whole number was used. The results cbtained are

shown in Table 2.

Example 3 5.8B2

Example 4 6.62

Example 5 12.54

Example & 12.82

Comparative |2 was unable to be measured because
Example 2 of value characteristic of solid
Comparative

Example 3 2.66

As apparent from Table 2, the expanded materials
obtained in the Examples had a higher characteristic impedance
than the expanded materials of the Comparative Examples. Table
2 fufther shows that the expanded materials having a small cell
diameter and a high cell density had a high characteristic
impedance.

EXAMPLE 7

Fifty parts by weight of polypropylene having a density
of 0.9 g/am® and a 230°C melt flow rate of 4 was kneaded together
with 50 parts by weight of an ethylene/propylene elastomer
having a JIS-A hardness of 69 and 100 parts by weight of

polyhedral MgO-ZnO-H,0 (average particle diameter, 1.0 wum;



of 0. 9 g/cnB and a 230C nelt flowrate of 4 was kneaded together wth 50
parts by wei ght of an ethyl ene/ propyl ene el astoner having a Jl S—A[fgaﬁ S
of 69 and 100 parts by weight of polyhedral MyQZnO H20O (average particle
dianeter, 1.0.m - 29 0 9 MAR 2004 aspect ratio, 4) by neans of Labo
Plastom || equipped with roller type blades (manufactured by Toyo Sei ko
Sei saku- Sho, Ltd.) at a tenperature of 180C Subsequently, the resultant
m xture was formed into a sheet having a thickness of 0.5 mm and a

di aneter efspRQumpaiiidy, adhobyphaten pfedskredtledt amilgoGauippredshéél was
placed in a pressure vessel and held in a 150C carbon di oxi de gas

at nospher edidrer] ypeitlesiced  amrel faateded prestoye $e1k8 KPaseEUrREPeby

i npregnate the sheet with carbon dioxide. After 10 m nutes, the_pressure
was abr uptltyl .Dower edtempeobtaire af b&@%ﬁde@U#§ﬁ@PP@¢16bn§PFSFﬁéuﬁﬁé“GIef in
pol yners. This expanded material had a relative density of 0.04, an

aver age celilxtdizametes fofrmers imtaard sk es0vhEdHmde 8sithd FesF Sort 9.'%2"‘&]/ cne.
EXAMPLE 8 Fifty parts by wei ght of polypropylene having a ,densjty. .of 0. 9
g/ cn8 and am 308 ametef| o B0a® Bt ABet %@apﬁ“@ggétﬂ@ﬁt 2 h 289 Gt < by
wei ght of an ethylene/proEyIene,elastoner havi ng .a_JI.S:- A Bardng dub 69,
100 part s T swsiget oPspBLoRedr 3P 2 MG R G 258 PSH t1e® diamst er |

ci hy| enebISTTAI G bHEry | 3 TP TREBTE EFY LARO"PRSEBmPEI *BqSTSS80% 1
{erper at URF SIS TR0, TBMEaqbmT o e PESA Rt REXt e whs T orea nt o
dioxide. After 10 minutes, the pressure was abruptly lowered
to cbtain an expanded material comprising the olefin polymers.
This expanded material had a relative density of 0.04, an
average cell diameter of 175 um, and a 50%-compression load of
2.22 N/cm’.
EXAMPLE 8
Fifty parts by weight of polypropylene having a density
of 0.9 g/cm® and a 230°C melt flow rate of 4 was kneaded together
with 50 parts by weight of an ethylene/propylene elastomer
having a JIS-A hardness of 69, 100 parts by weight of polyhedral
MgO-Zno-KE,0 (average particle diameter, 1.0 pm; aspect ratio,
4), and 25 parts by weight of ethylenebispentabromodiphenyl by
means of Labo Plastomill equipped with roller type blades
(manufactured by Toyo Seiko Seisaku-Sho, Ltd.) ata temperature
of 180°C. Subsequently, the resultant mixture was formed into
a sheet having a thickness of 0.5 mm and a diameter of BO mm
with a hot platen press heated at 180°C. This sheet was placed

in a pressure vessel and held in a 150°C carbon dioxide gas

atmosphere for 10 minutes at an elevated pressure of 15 MPa to
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a sheet having a thickness of 0.5 nmand a dianmeter of BOnm wth a hot

pl aten press heated at 180C. This sheet was placed in a pressure Vﬁﬁiﬁh
and held in a 150C carbon di oxi de gas atnosphere for 10 m nutes at 2004
el evated pressure of 15 MPa to - 30 0 9 MAR 2004 thereby inpregnate the
sheet with carbon dioxide. After 10 mnutes, the pressure was abruptly

| owered to obtain an expanded material conprising the ol efin polyners..
This expanded material had a relative density of 0.077, an average cel

di aneter ofnS19y ﬁ%‘r@?ﬁ@% CONPI eRSkeNwl eRdcatban3diNkine.. EXARPLE 09
Fifty parts by wei ght of polypropyl ene having a density of 0. 9 g/cn8 and
a 230C meld; £k ey | ahe pfedswibs vkBedsieapbt bgébherediic bbS@ipaan exippngedght of
an et hyl ene/ propyl ene el astonmer having a JIS-A hardness of 69, and 100
parts by weightiof deelptiedmal e ZGHRO: (@edvage Par t iTies dexwensed 0. 5
gym aspect ratio, 4) by neans of Labo Plastom || equipped with raqller
type bl adasa{amnal absdr ed dal shoye Stehei Qei ofk@-SAT,, an dayerpgg cell
tenperature of 180C. Subsequently, the resultant mxture was_forned,into a
sheet havidgametér cdfie8® jof, 02153 A SQFTEResIe? BP2B0Tme wit NA ot

pl aten press heated at 180C. This sheet was placed in a pressure vessel and
held in a 150C carbon di oxi de gas aEﬁ%@Eh%#g for 10 minutes at an el evated

pressure of 15 MPa to thereby inpregnate the sheet wt carbond dggxéde.
After 10 minutes, ThEtypasdsr By wed 9t apBI YRFEREL"E §2YB0G A 8 “éxpanded

ol at i ve GoRd 19 Sginb 00s 3 GiraPalE I ATE 21 e RO R eensi t y

of 1.66 x with 50 parts by weight of an ethylene/propylene elastomer
having a JIS-A hardness of 69, and 100 parts by weight of
polvhedral MgO-ZnO-H,0 (average particle diameter, 0.5 um;
aspect ratio, 4) by means of Labo Plastomill equipped with
roller type blades (manufactured by Toyo Seiko Seisaku-Sho,
Ltd.) at a temperature of 1B0°C. Subseguently, the resultant
mixture was formed into a sheet having a thickness of 0.5 mm
and a diameter of 80 mm with a hot platen press heated at 180°C.
This sheet was placed in a pressure vessel and held in a 150°C
carbon dioxide gas atmosphere for 10 minutes at an elevated
pressure of 15 MPa to thereby impregnate the sheet with carbon
dioxide. After 10 minutes, the pressure was abruptly lowered
to obtain an expanded material comprising the olefin polymers.
This expanded material had a relative density of 0.052, an
average cell diameter of 103 um, a cell density of 1.66 x 10°,
and a 50%-compression load of 2.61 N/cm?.

COMPARATIVE EXAMPLE 4

Polyurethane foam Inoac Type 5C, produced by a general

chemical expansion technigue, had a relative density of 0.071,
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106, and a 50% conpression |load of 2.61 N cn2. COVPARATI VE EXAM LE 4
Pol yur et hane foam I noac Type SC, produced by a general chem cal expansion
techni que, had a relative density of 0.071, - 31 0 9 MAR 2004 an a&@r%ﬁbmm
cell dianeter of 480 m and a 50% conpression load of 0.70 N cn2.
EVALUATI ON The expanded materials obtained or examned in Exanples 7 to 9
and Conparative Exanple 4 given above were evaluated for flanme retardancy
and acoustic properties by the followng mnethods for flame retardancy

eval uati on and_acousti.cy RLONRILY: (vabyah Oknd Besogsubhprebkabhetoane

shown i n TALFETS: ame Retardancy Eval uation: The expanded
naterialso%foEg%pRg%§f7 to 9 and Conparative Exanple 4 each was sliced to
obtain a sanpl'e piece having a thickness of | mm These sanples were

evaluated for flane retardancy in aggopgdeneg with the UL 94 HF-1 standard.
The results obtained are shown in Table 3, in which the sanples which bore

the standard test @Lcipdhsad ad Ry i'AGCEPtabhed candrambatdvihi ERadpdienot
bear the test is indicated by "unacceptable". Method for Acoustic Property

Eval uati on: The gxpebged -aet okl Bk smef e EXghipbasafote eradvalomiacafiove
Exanpl e 4 given above were exam ned for the characteristic inpedance of

the materimlafed deteraimeyt Badr aldansofc thispehtiast & sthe Fopéddaes to
the characteristic inpedance of air [Z ~t'/ (pa SxcdlS) 3 (unit:
di mensi onlRs$ods Hae flame retardancy evaluation and acoustic property
evaluation. The results obtained are shown 1in Table 3.
Method for Flame Retardancy Evaluation:
The expanded materials of Examples 7 to 9 and
Comparative Example 4 each was sliced to obtain a sample piece
having a thickness of 1 mm. These samples were evaluated for
flame retardancy in accordance with the UL 94 HF-1 standard.
The results obtained are shown in Table 3, in which the samples
which bore the standard test are indicated by "acceptable” and
that which did not bear the test is indicated by "unacceptable™.
Method for Acoustic Property Evaluation:
The expanded materials of Examples 7 to 9 and
Comparative Example 4 given above were examined for the
characteristic impedance of thematerial to determine the ratio
of this characteristic impedance to the characteristic
impedance of air [2.°%/(p™*xc*™)] (unit: dimensionless). The
acoustic properties of each expanded material were evaluated
in terms of soundproofing properties.
The measurement of characteristic impedance was made

with a two-micreophone impedance meter at a freguency of 2,000

Hz. 1In each found value, the decimal fraction was neglected
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acoustic properties of each expanded material were evaluated in ternms of
soundpr oofi ng properties. The measurenment of characteristic i npedant® MAR2004
made wth a two-m crophone inpedance neter at a frequency of 2,00D Hz. In
each found value, the decinmal fraction was neglected - 32 0 9 MAR 2004 and
only the whol e nunber was used. Table 3 Flane retardancyAcoustic property z
mat. / 1 p airxcai.s} Exanple 7Acceptabl el5. 4 Exanpl e 8Accept abl e6. 92
Exanpl e 9Accept abl e4. 17 Conparati ve Unaccept abl e2. 66 Exanple 4 As apparent

from Table 3, the undpr oafin j al ich respectively were the
expanded ﬁﬁ’tdeﬁn;ilysscg_‘b a’i‘?’r?glc? i'n %Ee Eif‘:alxs:rﬁ?ﬁeec:\é\(naccor ding to the invention had
better flame retardancy and a highgy,gharacteristic inpedance than the

soundproqfing .material which wasthe—expanded—ateria—of—theConparati ve

Exanple. [0 9 MAR 2004 WHAT | S MVED, ' A QL gus, rsodRr 00f i ng
mat eri al jconprising an expand%l‘rrat er%%ﬁ% I?:)‘%aned nlé‘%ﬁgtept.!n%}%qp gf

e
i npr egnatling a mxtwe i-n—amolten—state—of—a-therfroptasticetastonmen and
a t her noy lg%{%[n{pclem} ynmer which| i SA'&%%p%atlﬁ%r nopl asti c el aggoner
Example 8 Acceptable 6.92
Example 9 Acceptable 4.17
Comparative
Example 4 Unacceptable 2.66

As apparent from Table 3, the soundproofing materials
which respectively were the expanded materials obtained in the
Examples according to the invention had better flame retardancy
and a higher characteristic impedance than the soundproofing
material which was the expanded material of the Comparative

Example.
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with an inert gas under high pressure of from6 to 100 MPa and then

rapi dly deconpressing the inpregnated nixture, wherein the expanded)9 MAR 2004
mat erial conprises closed cells having an average cell dianeter of from
0.1 to 300 muniformy distributed throughout the whole interior thereof,
wherein the expanded material has a conpressive |oad at 50% conpressi on of
20 Ncn2 or lower, and wherein the ratio of characteristic inpedance of
the m croporous soundproofing naterial to characteristic inpedance of air
(ZC't/ Zc) WHAT] ISMCLAIMEBY . I The m croporous soundproofing material of
claim 1, wherein the expanded material is forned from an unexpanded

mol di ng conpri si nd -t hé whiemupsirasts ceiradpoeefing matesr a6l repepoising
soundproofing material of claim 1, wherein the expanded material is fornmed
from a noklneexpeingiad pladstziiale fasmede thranght thei sbele phitivtbxegratting is
subj ected to nol ding sinultaneously with deconpression. 4. The m croporous
soundpr oofi mgxrtatsr i@l aofmoditesnmstatennr ai hhermopkasitiie et bener

undergone heating after the deconpression. 5. The m croporous

soundpr oo hermepliagitist pelwnar whighdsenatishébpnepPlgasirsetas b

di oxi de. 6. The m croporous soundproofing material of claim- 34 0 9 MAR
200; 1, wiértdi A hinerkr gagayrper highspressurs of frem & &ke i P ¥Fp

i npregnation, 7. The m.crqporous soundproofing material of claim 1,

wherei n t #®9 FREP TpRIGLE dgCprRIsgFangrti iNREegPa ke Mdr tud G TS T

| npregnat It%r.]é expanded material comprises closed cells having an average

cell diameter of from 0.1 to 300 pm uniformly distributed
throughout the whole interior the;eof, wherein the expanded
material has a compressive load at 50% compression of 20 N/cm’
oxr lower, and wherein the ratic of characteristic impedance
of the microporous soundproofing material to characteristic
impedance of air (2.™%/2.) is from 5 to 50.

2. The microporous soundproofing material of claim
1, wherein the expanded material is formed from an unexpanded
molding comprising the thermoplastic elastomer.

3. The micropbrous soundproofing material of claim
1, wherein the expanded material is formed from a molten
thermoplastic elastomer, and the impregnated elastomer is
subjected to molding simultaneously with decompression.

4. The microporous soundproofing material of claim
1, wherein the expanded material has undergone heating after
the decompression.

5. The microporous soundproofing material of claim
1, wherein the inert gas is carbon dioxide.

6. The microporous soundproofing material of claim
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8. The m croporous soundproofing material of claim 1, wherein the expanded
material has a cell density of from 105 to 1014 cells per cnB. 9. The

m cr opor ous soundproofing material of claim 1, wherein the expandeliS MAR 2004
mat erial conprises closed cells having an average cell dianeter of from
0.1 to 20 pmevenly distributed throughout the whole interior thereof, and
t he expandﬁd material has a cell density of from 3x108 to 1014 cells per
cnB. 10. The m croporqus soundproofing material of c|ai 1, wherei.n the
expanded rat #hegeimdhe iqext \Bﬁ'%le‘r%?’c’y B SURLECHT ti ok State $H§"ng

m cr oporous saqundproofing material of claim 1, wherein the expanded
material &R dMHRFeIHREM retardant. 12. The microporous soundproofing

mat erial of claiml11, erein the flame refardant co i ses. a drated
metal conpound, & ‘br g\ﬁgné‘%ﬁﬁ’&ﬁ?d’sors"d’ B&‘tﬁ%“f%e‘?n%{ﬁ?li%.o Kgﬁ'al’e“

m cr oporoys sqQundproofing material of claim 12, wheregj he hydr.at ed netal
((:orrpg;md ily a’(&ﬁﬁ%ﬁéi?ée TERSFt IRAUMBE R ?’éfﬁ%‘éﬁﬁtgg g?/ny%?nﬁfag&? *m

MO n (QdQ ) cH2O (1) wherein Mand Q represent different netal elenents
and Qis dgj?é{%lgé?e’%@%ﬁe%?%%ﬂfhg to a group selected from Groups |Va, -

35 0 9 MAR 2004 \a, , Ml || i f i i | e;
b W3 i3y bz é&ncg’ézd%éhgﬁ’fmé@&%i' ggi e%galnsea

and m n, a, b, c,"d ~and’ e he sa erent and eac

o U TSty AR O 59 A8 fouag auhisey e socince

10° to 10* cells per cm’.

9. The microporous soundproofing material of claim
1, vherein the expanded material comprises closed cells having
an average cell diametexr of from 0.1 to 20 pm evenly distributed
throughout the whole interior thereof, and the expandedmateria
has a cell density of from 3%10° to 10** cells per cm® .

10. The microporous soundproofing material of claim
1, wherein the expanded material has a relative density of
0.6 or lower.

11. The microporous soundproofing materiél of claim
1, wherein the expanded material éontains a flame retardant.

12. The microporous soundproofing material of claim
11, wherein the flame retardant comprises a hydrated metal
compound, a bromine compound or a mixture thexeof.

13. The microporous soundproofing material of claim
12, wherein the hydrated metal compound is a composite metal
hydroxide represented by formula (1):

m (M.0p) ‘1 (Q40c) -cH20 (1)

wherein M and Q represent different metal elements and Q is

a metal element belonging to a group selected from Groups IVa,
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the m croporous soundproofing material of claim1l inside the

_ el ectronic
appl i ance.

09 MAR 2004

Va, V1a, V1Ia, VIII, Ib, and IIb of the periodic table; and
m, n, a, b, ¢, d, and e may be the same or different and each
is a positive number.

14. A method of improving the soundproofing
performance of anelectronicappliance, which comprises applying

the microporous soundproofing material of claim 1 inside the

electronic appliance.
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