12 August 2004 DESCRI PTI ON EXPANDABLE VI NYL CHLORI DE RESI N COVPCSI Tl ON
TECHNI CAL FI ELD The present invention relates to an expandad®uei 2004
chloride resin conposition, and nore particularly to an expandabl e vi nyl
chloride resin conposition which is excellent in processability and
provides cell.ul ar nol ded articles having a high expansion ratio and having
10 excel I ent physical properties. BACKGROUND ART Pol yvinyl chloride resins
provi de nolded articles excellent in physical properties such as inpact

resi stance and heat resistance and Hg %g$ﬁng6§€I properties such as

sol vent resistance, acid resistance K& si stance and, therefore,
have been widely used in the field of building naterials and ot her various
fields. In recent years, foaming nethod attracts attention as 'a neans for

l'ightening of vinyl gRbaNHERT EeSiNG, @@ﬁl@ﬁgﬁErl@ﬁSﬁ‘% |@%%ﬁﬁd articles.
Cel lul ar nol ded articles of 20 vinyl chloride resins having a high
expansion ratio have been demanded strongly fromthe narket. | n foam ng of
vinyl chloride resins, generally known is a mnethod using a bl ow ng agent
in conbinabion with a processing afECKNMPALSHIAR.DEt hyl inethacrylate as a
mai n conponent. 25 It is known that it is possible to achieve foanming in a
hi gh expansion ratio Tiepreserdasiveptivol mlates torgarkpaadhisntingl ehorgdagent
such as an aliphatic hydrocarbon or a hal ogenated aliphatic 12 August 2004
2 resin composition, and more particularly to an expandable vinyl chloride
resin composition which is excellent in processability and provides
cellular molded articles having a high expansion ratio and having

10 excellent physical properties.

BACKGROUND ART -
Polyvinyl chloride resins prdvide molded articles excellent in
physical properties such as impact resistance and heat resistance and in
15 chemical properties such as rsolvent resistance, acid resistance and
alkali resistance and, therefore, have been widely used in the field of
building materials and other various fields. In recent years, foaming
method attracts attention as a means for lightening of vinyl chloride
resins and cost reduction of molded articles. Cellular molded articles of
20 vinylichloride resins haviné a high-explansion ratio have been demanded
strongly from the market.
In foaming of vinyl chloride resins, 'generally known is a
.method using a blowing agent in combination with & processing aid
| comprising methyl 'metl_la_crj,rlate as a main componént. |
25 It is known that it is possible to achieve foaming in a high
expansion ratio when an easily volatile organic solvent blowing agent

such as an aliphatic hydrocarbon or a halogenated aliphatic



hydr ocarbon is used as the bl ow ng agent nenti oned above. For exanpl e,
Japanese Patent Publications Kokoku No. 60- 10540 and Kokojouahust 26040986
di scl ose that foaned articles having an expansion ratio of several tens of
times are obtained by inpregnating a 5 vinyl chloride resin with an organic
sol vent having a boiling point of not morg than 90C such as butane or

di chl orof | uoronet hane as a bl ow ng" agent or -by directly introducing the
organi ¢ solvent to an extruder during extrusion processing. However, the

e of an organic sol.vent blow ng.agent .is 10 disadvantageous in cost as
gzrrpar ed Wi tﬂ%ﬁ’dﬁﬁ‘é?%q i 4at ﬁﬁ%%’é??ﬁ’ QWIPE SRERG MgReneE pREEC equi prent s f or

he | ti ~and f | osi roof .are ihred. in garryi o] t he
ol di g, n the ot her AR AT EasaPBets PRI Al FRLMirariop Ee b aas B0
bl owi ngagent 19eft 234 KIREIRL! ¥ aRanb & OIAABLECH SM A RSN 42 OF
a thermal |y deconposable. inorganic owng agent, tt 1s ditfreult r
exi sting circuxphaBiasri@o lvfistfetdlqef%RANSHAY Jr@td&airg?drg§qg§\ﬁ}%gnagi%g;%ofh4

times so long as it is desired to produce foaned articles

surface andl t eikdemhlbhieleaebls wittenaairgnid e6Meanthalvimes AlingXHIRL 8f not
Japanese Patent Publication. Kokoku No. 63- 20 9540 di scl oses an expandabl e

vinyl cht ori denomsibrrc 800siudloas dhitaineest dishladdhngomatbhacdyhaiiewiggi n
(pol ynet hyl nethacryl ate having a degree of polymerization of 2,000 to
30, 000, that Pgenhonbdyghrecilicindmedwsingdbkarganis siiventf to200 c80@den during
3,000,000) with a thermally deconposable organic blow ng agent such as
azodi car bonanTHEHH PTPRETHIBE! y deconposabl e 25 inorgani ¢ bl owi ng agent
such as sodi um bi carbonate and further with a filler such as cal cium,

carbonate to a vinyl chf8fte Fté%i‘ﬁs%fﬁfi g Qﬁga%eﬁ‘é]@[_énae@f?&én%fage#t is
pol yneri zggi O'&iﬁdx@@ﬁa&@o@@ Qn éést' &s %'o%r?pj)e?rsé?idwtitl?lag El’?ér%ally decomposable

blowing agent, since equipments for the impregnation and for explosion
proof are required in carrying out the molding. -

_On the other hand, in case of using a thermally decomposable
blov&;ing agent such as a thermally.decomposable organic blowing agent
15 or .a thermally decomposable inorganic blowing agent, it is difficult
under existing circumstances to raise the expansion ratio to more than
about 3-4 times so long as it is desired to produéé foamed articles having

a smooth sprface and to kéep thé cells théreof uniform and fine.
For example, Japénese Patent Publication Kokoku No. 63-
20 9540 discloses an expandable vinﬁ chloride resin composition obtained
by adding a me‘thacrylate resin (polymrethyl methacrylate having a degree
'of.polymerization of 2,000 to 30,000, that is, a Weight average molecular
weight of 200,000 to 3,000,000) wi;:h a thermally decomposable organic
blowing agent such as aZodicarbbnamide and a thermally decomposable
25 inorganic blowing agent su‘ch‘ as sodium bicarbonate and further with a
filler such as calcium carbonate to a vinyl chloride resin having an

. average degree of polymerization of S00 to 800. It is disclosed that this



12 August 2004 - 3 expandable vinyl chloride resin conposition is nolded to
give foamed articles having uniformand fine cells and haj g _Ke®I4 ent
surface property and surface hardness, but the expansion ratio Is at nost
about 3-4 times. 5 Also, Japanese Patent Publication Kokai No. 6-9813

di scl oses an expandabl e vinyl chloride +e%i R conposition obtained by
adding a nethacrylate resin and a bi carbonate having a particle size of
not nore than 10 .gymas a thermally deconposable blow ng agent to a vinyl
chlori de resin- dlsclosed t hat this expandabl e vinyl chloride resin
10 conposi ti or?xlp§“ﬁf51 fed'ry ghivaidezeria SeTPEPEYhaYimglded; tomivakenmide

h | but detajl' of
Che average milSetrarar g G et dc P PP abels i b| 'tﬁghsﬁfaﬁf;ﬁs?eﬁfa@a& 0
P P lcati.on. Ko
bslgllgglgosig T(_jd}%g)l 0 e%rll:&larrsihgﬁ%gn ab %%\gliepﬁ/l?hgeﬁ%oP%laglOPe"‘sa}tho to B'Eqsttl ut

obt ai ned by zgidlm,glesa pol ynet hyl nethacryl ate resin having a wei ght
average nolecul ar wei ght of 4,500,000 to 7,000,000 and a thermally

deconposabbe bl owi ng agéq, J a@le‘ébMteﬁ@bgbhgétlbﬁsﬁdkalll\to & 9@'1%C(519§ﬁ)%83t hat
t hi s expandabl e vi nyl chloride resin conposition is nolded to give

i nj ecti on- nol cded ekpandahky virgylurhibeida ﬁéiilhsco&hbb@lﬂiorpe)@lﬂéﬁﬁﬂc@%r dding a
deconposition of the resins. However, in the working exanples thereo

t he pol ynet hylm@r‘é’t&mkagtt aceirr asim bs:a:rbedatmhyv%ﬁbarrmdha bize d\ﬂﬁ@mﬁio&bl
Rayon Co., Ltd. (weight average nol ecul ar wei ght 4,700,000) and no :
eval uation in tbﬁ@ ¥PchA 13p &f hem@ﬂm@ecomﬁomlghblwengageeas tooheeydr

balne nsion ratios are at
wei ght is mildehlor1 g’reglrr]xe qttls disc osecPahat this expandable vinyl chloride resin

10 composition is molded to give foamed articles having uniform and fine
cells and having good heat stability and .Weatherability, but no detail of
the average molecular weight of methacrylate resin and the expansion
ratio is disclosed therein. |

' Furthef, Japanese Patent Publication Kokai No. 9-151269

15 disclosés an expéndable vinyl chloride resin composition obtained by
adding a polymethyl methacrylate resin having a weight average
molecullar weight of 4,500,600 to _’7,000,000 and a ‘thermally
'décomposable blowing agent to a vinyl chioride resin. [t is disclosed
that this expandable vinyl chloride resin compos1t1on is molded to give

20 injection-molded foams having uniform cells w1th0ut occurrence of
decomposition of the resins. However, in the working examples thereof,

‘as the polymethyl methacrylate resin is used 6n1y P-531 made by
- Mitsubishi Rayon Co., Ltd. (weight average molecular weight 4,700,000)
and | no evaluation in the vicinity of 7,000,000 .in weight average

25 molecular weight is made. Also, the obtained expansion ratios are at

| most about 2-3 times.

It is an object of the present invention to provide an



" host about 2-3 times. It is an obj ect ‘of the present invention to provide,
an 12 August 2004 4 expandabl e vinyl chloride resin corrposigA%Sgg@é;{ di ng
. to which the expansion ratio can be 'narkedly-.increased b use

thermal |y deconposable bl ow ng agent wi t4hout usi ng any organi c.
sol vent-based blow ng agent in the foam™ng. A. further object of the

present invention is to provide an expandable vinyl chloride . resin
conposi tion -which provides foamed articles having an expansion ratio of at

527 SRR BT oER e sl A
| NVENTI ON. h f dth ti bl e - of
greatly .ncrfé%%fo’fnog‘?? : &éﬁlﬂéf’éﬁw b 38 et & Fhenassrvbn: fovanatly
bt ai ned byeaadreR LIE B (Bent dﬁ%ﬁ”??ﬁgﬁaéea?lyzgfggniﬁ P ahased
thermal |y %%%ag%&l{lﬁg[eﬁf?&pc bl owi ng agent to 'a vinyl chI oride.

resin. |In accor PNt i nvention, there is provided an

expandgbl e vinyl chhogide re ﬂecngﬁp({ L é?g%ﬁ{ ng\élet%&ln#tc ﬁlbtéjllqa}’gdﬁgan '

nol ded articles haV|ng an expa

100 t
o el ght “oPadgbR amoRiad Yol PERETISiA0n° SR S'&}%}é S Oéfnga;ssa
processi ”gaﬁi(ges%a(ﬂﬁ%@ﬁ%&ﬂ n%lgﬁ'rgt%s&eétﬁ) é‘c@reé‘ﬁé’&% $iyPat ﬁaasté ‘and

havmg uniform and fine cells. by the use of a thermally decomposable
| _ blowing agent. | | B |
10 | '
o oy
DISCLOSURE OF INVENTION.
The pre’sent-_inventors havé fouﬁd that‘ra composition capable
o{,f ‘ gréatlylincreasin_g the expansion ratio as corﬁpéfed Wi_th cdnventioﬁalr |
Compositions containing a thei'mally decomposable blowing agenf is -
15 obta_lned by addmg a specific {meth)acrylic acid ester polymer and a
thermally decomposable inorganic blowing agent to a vinyl chlorlde

I'ESln.

In accordance with the present invention, there is proiridéd

an eifgpandable vinyl chloride resin composition for providing cellular

20 molded articles having an expansion ratio of at least 4 without using

organif solvent blowing agents, said composition cpmprising‘ (a) 100

parts by weight of a vinyl chloride resin, (b) 0.5 to 30 parts.' by weight of,

as a pricessing aid, a (meth)acrylic acid ester polymer I'iaving a specific
viscosity -of not less than 0.73 measured at 30°C with respect to a -

25 solution of 0.1 g of the polymer dissolved in 100 ml of chloroform, and

{c) not less than 0.3 to less than 2 parts by weight of a thermally

decomposable inorganic blowing agent, said composition containing no

thermally decomposable organic blowing agent and no wood flour having

an average particle size of 50 to 500 pm.



viscosity of not less than 0.73 neasured at 30C with respect to a 25
solution of 0.1 g of the polyner dissolved in 100 mMl of chloroform and
(c) not less than 0.3 to less than 2 parts by weight . of qzynﬁhgﬁkbﬁ
deconposabl e i norgani ¢ bl owi ng agent, said conposition containing no
thermal |y deconposabl e organic bl owi ng ggent and no wood flour having an
average particle size of 50 to 500 m 12 August 2004 4a |In anot her aspect
of the invention, there is provided an expandable vinyl chloride resin
conposition conprising 100 parts by weight of a vinyl chloride resin, 0.5
to 30 parts by wei ght of, Iasamotheoeepsitngf thalinventipnethgm@cisypravidei dnest er

pol ymer hav L ¢ .vi.scosi.ty of not | ess than .13 asur. 30C
with res pece%{B ?883&231% licg]rllo% i gorélfpoP %émpctﬂm n%?mg&ioss%%%gy i%elglgoggm of
chl or of or ma sing1 midodtids sediha®.P .18 Famartsybyardfiit vf) dseasprdchsesing 4idf tas by
wei ght of t her mal.l y_deconposabl e inor.gani c_bl.owi ng agent, erein said
conposi ti oﬁmc?g&ﬁlflgyr]ilscy%%go?sé rnpgpygbﬁrvﬁﬁ‘flgglao\ﬁfﬁ agé Sﬁ}in‘ﬁ H%WGP& Phe
expandabi | i0.y3 mﬁmmaealtf _39°(aﬁ%itﬁ?%@§é@?t_or atdddutios di"]?(b.ﬂ g&}g magoﬁnlleé-_sai d
expansion rati ei ng defined by (specific gravity of non-foanmed nol ding
of said porfﬁﬁ%q?‘fqdp% 99(_9 P%‘pfgfg‘href%\ﬁ%?@fleﬁgﬁﬂorﬁnpﬂﬂﬂﬁ’ weigkhite less
conposi ti OfthanSPghtE B3 %I@@Mh%e@m@;ﬂ&tde%ﬁh@bké(blﬁriﬁ&@g’ah?@bﬁﬁmhg%_ﬁ?nt,

e

thermal | y deconposab) e i norgani c bl owi ng agent. 12 August 2004
feature of YHEEP &aithComposHiqp FOREERS g joRgaHa SV Dlewring \ageas, jpgd

obt ai ned byyidrlrSHRNRANBBNIE 24 R0l & M BYPRIsith ¥htis 8s iR MR 1RG5 2

predom nant anount of "a nmethacryl'ic acid ester and/or an acrylic acid
ester and WR¢RxPRISIoN AR heinedefined Reilspreifics siryiy gfsian-foamed molding

of said composition}/(specific gravity of foamed molding of said composition).
Sodium bicarbonate is particularly preferred as the

thermally decomposable inorganic blowing agent.



-

5 processing aid for vinyl chloride resins. By using such a processing aid
together with a thermally deconposabl e inorganic bl ow ng agent, st B§oa ef f ect
that the expansion ratio in the foam ng can be increased mnthéﬁ{ I mpai ring
excel | ent physical and chem cal properties that the vinyl chloride resins
originally possess can be remarkably exhibited wth the 10 addition of
smal | anmounts thereof. The present inventors already nade an invention
concerning an expandable vinyl chloride resin conposition utilizing water

or a material capablfhefemgemerdtthrgpsdsearn ibycherin pgsidesas thdl &Wdlgmer
agent. Accordingly, the present invention excludes using water or a

mat eri al 15vdaighblie adftageadriag iemgulsiber pbyyideeizagrin nd & mamaAernhiaapabl e
of substantially expand a vinyl chloride resin. BEST MODE FOR CARRYI NG OUT
THE | NVENTI ChinThin ivigny Ipreibatiinge traxsions) tusfedl rhethdwerydiceseidt cétey eiid oo ane
not 20 particularly limted, and any of conventionally used vinyl chloride
resins canabeylisextidnestee gmé@sehtch meenti laigh Hooiepellyrevcighd iORSEY NBY &
conposed of 80 to 100 % by weight of units of vinyl chloride and O to 20 % -
by wei ght ofpranéssingf aick feervinyhomtosdeapsiyser Byahsimgnbtibh \d pybcegiihgrdide
are preferable. 25 Exanples of the other monomer copolynerizable with vinyl
chl ori de ar &épgétdreri msttare éhevimally atsepahpospblpyhermnist pienemg ageac| thiec
-~ acid ester (e.g., alkyl acrylates having a C1 to C. alkyl group such as 12
August 2004 etfeet tbahyheaerpdasion eatiglinathy feaminguian becindrateedndithotyt
acrylate), and other vinyl nononers.. These vinyl nononers nmay be used
al one or inimagirguexceHengéophysical and chemical properties that the vinyl
chloride resins originally possess can be remarkably exhibited with the
10 addition of small amounts thereof.
The present inventors already made an invention concerning
an expandable vinyl chloride resin composition utilizing water or a
material capable of generating steam by heating it as a blowing agent.
Accordingly, the present invention excludes using water or a material
15 capable of generating water by the heating in an amount capable of

substantially expand a vinyl chloride resin.

BEST MODE FOR CARRYING OUT THE INVENTION
The vinyl chloride resins used in the present invention are not
20  particularly limited, and any of conventionally used vinyl chioride resins
can be used in the present invention. Homopolymer and copolymers
composed of 80 tor 100 % by weight of units of vinyl chloride and 0O to
20 % by weight of units of other monomers copolymerizable with vinyl

chloride are preferable.

25 Examples of the other monomer copolymerizable with vinyl
chloride are, for instance, vinyl acetate, propylene, styrene, an acrylic

acid ester (e.g., alkyl acrylates having a C, to C; alkyl group such as



The aver age -degree of pol ynerization of the vinyl chloride 5 resin is not
particularly limted, but vinyl chloride resins having an 128N&{ 28 FEIr €€
of polynerization of about 400 to about 1,000 are usually .enployed. Such
vinyl chloride resins include, for instance, polyvinyl chloride,
copolynmers of not less than 80 % by wei ghté of units of vinyl 10 chloride
and not nore than 20 % by weight of units of other copol ynerizabl e nonomner
such as vinyl acetate, propylene, styrene or an acrylic acid ester, a
chlorinated polyyinyl chloride, and the |like. These may be used al one or
in adm xture E’iﬁ%ﬁh@éf%crm‘hée:pﬁ%@s%qrﬁbatﬁi dPutyl aceaporedt catdddmyiateheand
purpose of 15 jnproving the exp abiljty of the vinyl chloride resin. In
the present i R\%%H)V’&H’,l r’g%n?lﬁ'@r Pr gﬁ&%‘? ﬁgl)éiraoawé’leaééaay Oretpshaignaee in
honopol ynmer o I tained by enul sion polynerization of a nonomner
m xt ure (here%ﬁ%ﬁ?@?xgﬁ%%eggferred to as - "nononer mxture (M") containing

a predom nant anount of]].l@ gn%{ﬁg%%géi&f ﬁgig;e}ngﬁ%g{iogn(gy oL an, @ rc¥1|1(i€1%t-1§d d

ester, especially nethy te. T pol'yimers are i nportan

have a high mptgeulamotWeh@hdulapRdiibliteSPeek fifyVi3908HE Yrds i red
at 30C with respect I?%mg soﬁt?igglof 0.1 g o# ghe polyﬁe?%ﬁﬁig%%vgga?ﬁ 100

m of chl orof averdge dairet efpblinddzaibeiof aably 4000 bddt L DD afPhSually
preferably from0.73 to 1.7, 25 . further preferably from0.8 to 1.6, still

further prefeeaiplgyéd.om 0.9 to 1.5. |If the specific viscosity is less than
0.73, sufficient expandability is not obtained. Also, if the specific
viscosity exceeds 1.7,Su¢le drghrdderidet yesins Anglade 2004 iZsteerds palyviowér .
The specific \(/:i’l o(i*?gé télo;g)dl;%e%g rorfer?c?tolnegss tthoa;na'%%ug/o by weight of units of vinyl
10 chloride and not more than- 20 % by weight of units of other
copolymerizable monomer éuch as vinyl acetate, propylene, styrene or
an acrylic acid ester, a chlorinated polyvinyl chloride, and the like.
Thiese may be used alone or in admixture thereof.
The processing aid is a component used for the purpose bf
15 improving the exﬁandability of the vinyl chloride resin.
In the presént invention, as the processihg ald are used
(meth)acrylate homopolymer or copolymers obtained by emulsion
.polymerization of a monomer'mixture. (hereinafter also referred to as
‘;monomer mixture (M)”) containing a predominant amount of a
20 méthacrylic acid ester aﬁd/o_r an acrylic acid ester, especially methyl
methacrylate. These polymers are important to have a high molecular
weight, and the speciﬁc,visco‘sity thereof measured at 30°C with respect
to a s_o.lution of 0.1 g of the polymer dissolved in 100 ml of chloroform is
at least 0.73, preferably from 0.73 to .3, more preferably from O..73 to 1.7,
25 further preferably from 0.8 to 1.6, still further preferably from 0.9 to 1.5.

If the specific viscosity is less than 0.73, sufficient expandability is not

obtained. Also, if the specific viscosity exceeds 1.7, the expandability



7,300,000 in terns of weight average nol ecul ar wei ght of the (neth)acrylic
acid ester polymer. The specific viscosity can be adjustedy,dirapgopf the
ratio of 5 polynerization initiator to nononer or the anmount of chain
transfer agent such as nercaptan. Preferably, the above-nentioned nononer’
mxture (M is a mxture of 50 to 100 % by wei ght of nethyl nethacrylate
and 0 to 50 % by weight of a nononer selected froman acrylic acid ester
and a 10 nmethacrylic acid ester excepting nmethyl nethacrylate, especially a
m xt ure of atAtI east 501 % by V\ﬁight- of. _methyl pethacrylate and at |east 10 %
by wei ght of a RORoM®ro¥&iTect AT FRRTHR XSCPsity Ke7d exireéppandsato about

reunactyLic a0 08e8ay SO GRLPO AL IkaPEIAE 3Ly ToE TRACIEL gL

may further cortaih ot her vi

(meth)acrylic (ﬁggtg , ﬁESac'tpéQfg}ls}?(ﬁ Qfet he nethacrylic acid ester excepting
met hyl met hacryl age re, forsrn aXce, “ethyl methacryl ate, propyl

met hacryl ate, butyl nmghbagetimt Giscldsi® : | r
al kyl methacryl ates. Al kﬁg—f met halgfyISla%géhﬁlﬁ%@ggﬁ{%le%g%acﬁ&%ec%r@%u%f, 20

especi al | ySa Gdlymefikagioky Inigiadshp to Am@nbhede b ethe Exaah €5 ohdiReragkyd ¢
acid ester are, for instance, nethyl acrylate, ethyl acrylate, propyl '

acryl ate, but \dgeadrsyicht &5 n®reaptdhexyl acryl ate and ot her al kyl acryl ates. -
Al kyl acrylates-having a C, to Cg al kyl group, especially a C2 to C4 alkyl
group, are preferred. Prisebdyy yhatasownthangidrast yhonescexaeptiragM)2f a
met hyl nethacryl ate gg% be used al one or in adm xture thereof. Exanples of
the other vi nﬁ”ﬁﬂﬁ% Oa0e 109 5 hynweighdeo! methyl methaeraieyand ShpobAdbsuch
as styrene or ,a-net. {styrene, an 1 2 Augéusit 2004 ) ey
by weight of’a monomer select rom an acrylic acid ester and a
10 methacrylic acid ester excepting methyl methacrylate, especially a
mixture of at least 50 % by weight of methyl methacrylate and af least
10 % by weight of a monomer selected from an acrylic acid ester and a
methacrylic acid ester excepting methyl methacrylate. The monomer
mixture may further contain other vinyl monomers copoiymeri.zable with
15 . the (meth)acrylic acid esters.

Examples of the methacrylic acid ester excepting methyl
methacrylate are, for instance, ethyl methacrylate, propyl methacrylate,
butyl methacrylate, 2-ethylhexyl - methacrylate and other alkyl
methacrylates. Alkyl methacrylates having a C, to C, alkyl group, .

20  especially a C, to C, alkyl group, are preferred. Examples of the acrylic
acid ester are, for instance, methyl acrylate, ethyl acrylate, propyl
acrylate, butyl acrylate, 2-ethylhexyl abrylate and other alkyl acrylates.
Alkyl acrylates having a C, to C, alkyl group, especially a C, to C, alky!
group, are preferréd. These acrylates and methacrylafes excepting

25 methyl methacrylate may be used alone or in admixture thereof.

Examples of the other vinyl monomer are, for instance, an

aromatic vinyl compound such as styrene or a-methyls'tyrene, an



8 unsaturated nitrile conmpound such as acrylonitrile, and the like. These
may be used alone or in adm xture thereof. The proporti 0”%?&4@?2004'
respective conponents in the nononer mxture (M are from50 to 100 %by
wei ght, preferably 50 to 90 % by weight, nore preferably 60 to 85 % by

wei ght, of nmethyl methacrylate, and from® to 50 % by weight, preferably
10 to 40 % by weight, nore preferably 15 to 3.0 %by weight, of a nonomer
sel ected fromthe nethacrylic acid ester excepting methyl nethacrylate and
the acrylic acid ester, and fromO to 20 % by weight, preferably 0 to 10 %
by weight, 10U HARRiaSkRITER gomposnsl suely ansicgrtonitile; aAnddhhdike. Thelse o
copol yneri zabl e_vi.nyl oner..l{f the proportion of nethyl nethacryalte in
thg m);norfer ﬁanYLPr%ufﬁrgrosr’q Lt Fﬂé‘ﬁxﬁ‘érq’/fweﬁéi ght , Lhe processab: | i Eyd
and expandability are red...|f t roportion of the monomer selecte
15 frompan acrylic aci ’é‘hggﬁgg ggﬁ%n%oﬁé?{ﬁ% Fiﬁ#‘é’%?@f%?%%‘?%@;@%@éﬁ?ﬁ@gﬁ& thyI
met hacryl at e eXxgeads % By o el 165 G& il X ity
tend to be Iovvefrggd. Iggl?tah%r,oelpf%g% [ljrgp{‘))r foneigﬁet%lg%%ﬁa%& tiﬂeﬁgfgbn%%bﬁer

exceeds 205% hyeight Ohlore thHefGaLRE 6ONtT 85I R w%igﬁea@fdﬁmthw %ﬁ'xettﬁggg}r%%pge

| owered. 20 The above-nentioned processing aid IS obtained; for ex: _
by enul si on- palnghéminz i go e %reyoweightl Hrefeeably) 10Usl 80 %Ubﬁaxpéighg,' ArEsS! on
medi um enulsifier, polynerization initiator and optionally” chain transfer
agent, in a kipeaferabhned. tTha0etultsi oveipht,y wéra zabhomeraygehetédrirbed tAgt in
two stages or nore, or nmay be carried out in a 25 single stage. . The‘,

di spersi on medpeihagselc jasld mstemsksepingoingtieyl ratthanrylate and the acrylic

acid ester, and from O to 20 % by weight, preferably O to 10 % by weight,
10 more preferably O to 5 % by weight, of the other copolymerizable vinyl
| monorner.

If the proportion of methyl methacryalte in the monomer
mixture (M) is less than 50 % by weight, the processability and
expéndability are lowered. If the proportion of the 'monomef sél_ected

15 from an acrylic acid ester and a methacrylic acid ester excepting methyl
rﬁethacrylate exceeds S50 % by weight, the processability and
expandability tend to be lowered. Further, if the proportion of the other
vinyl monomer exceeds 20 % by weight, the gélation ratio and |
expandability tend to bé.lowered. o

20 The aboveQmentioﬁed processing aid is obtained, for example,
by emulsion-polyrnerizing the monomer mixture (M), usingr suitable

. dispersion médium, emulsifier, polymerization in{tiatof and optionally
chain transfer agent, in a known manner. The emulsion polymerizafion
‘may be carried out in two stages or more, or méy be carried out in a

25 single stage. |

The dispersion medium used in the emulsion polymerization

is usually water,



is usually water. 12 August 2004 9 Known enulsifiers are used. Exanpl es of
the enul sifier are, for instance, an anionic surfactant sughygmsBod@tty
acid salt, an alkyl sulfate, an al kyl benzene sul fonate, an al Kyl phosphate
or a sulfosuccinic acid diester, and a non-ionic surfactant such as a

pol yoxyet hyl ene al kyl 5 ether or a pol yoxget-hyl ene fatty aci'd ester. As
the polynerization initiator are used water-soluble and oil-soluble

pol ynmeri zation initiators. For exanple, usual inorganic polymnerization
initiators such as a persul fate, organic peroxi des or azo conpounds may be
used al one, or nmay be WIS HHER adgdtsemh | Axaroplesmfi thetdronlsifichaze,

sulfite, at hif8 ul f te(j a prinmary- netal salt, fornmal dehyde. sodi um

sul foxyl ate or fﬁrels TS @F‘é?ré%l %uf}g??tﬂ_tf Svel 25 Aclabbk acid salty s pde]

sodi um persul f i a ni,um persul fate, and the

li ke. Prpef er absﬁgﬁagg{)%é%zg%%ilghg?{igg!ﬂf?%rgte’ia}{gggﬁ’é@,hotsp Y PT Ryt pecs R e, .
cunene hydr opeyoxi e, I 1 { | i.de nd the ‘
| i ke. The chain tgﬁsétfg’r%g}gn?o?iéﬂgfgggrh?ﬁ% %@Xhaﬁﬁ{)%g &ﬁerﬂ%gpgﬂce,

t - dodecyl n&r ca:pzhaflorb—ﬁ@?ﬁkﬂ@&@@&&@fhttﬁa@ﬂﬂ@&ﬁé‘r@r captan, n-decyl mercapt an
and the |like can be used. The tenperature and tinme of the emul sion

pol yneri zation 20 reaébitire potymetizRbhi litiatdry aké Mde wtdr AbRSIK 538! Y
adj usted so as _to obtain the desired specific viscosity and particle size
i n accor dance oW-splubleepplympoizatidn usétiaterscasBoofexzaipl, ngsaal ihbezanic
enul si on polynerization in two or nore stages, the nonomer of the next
stage is - adde POAYIEFIZaHAR, IpfiaEpTs such as a persulfate, organic peroxides or azo

compounds may be used alone, or may be used as a redox system in
10  combination with a sulfite, a thiosulfate, a p.rimar-'y' ‘metal salt,
formaldehyde sodium sulfoxylate or the like. Preferable persulfates
include, for instance, sodium persulfate, - potassium persulfate,
ammonium persulfate, and the like. Preferable peroi(ides include, for
instance, t-butyl hydroperoxide, cumene hydroperoxide, benzoyl
15 peroxide, lauroyl peroxide, and the like.
| .Thé chain transfer agent ié not particularly limited. For
instance, t-dodecylmercaptan, t-decylmercaptan, n-dodecylmercaptan,
n-decylmercaptan and the like can be used.
The temperature and time of the emulsion polymerization
20 reaction are not particularly limited and are suitably adjusted so as to
obtain the desired specific viscosity and particl'e size in accordance with
the purpose of use.
In case df carrying out the emulsion polymerization in two or
more stages, the moﬁomer of the next stage is added aftér confirming .
25 | that the prior s’tage polymerization is completed,. whefeby the -
‘polymerization in each stage can be carriéd out without mixing of the

next stage monomer with the prior stage monomer.



25 that the prior stage polymerization is conpleted,. whereby the
polymerization in each stage can be carried out mﬁthout r“?@ﬁM@f@dedEE next
stage nmononer with the prior stage nononer. 12 August 2004 The
particles in the thus obtai ned polyner |atex have usually an average
particle size of about 100 to about 3,0001A (0.01 to 0.3.gym. The
particles are taken out of the latex by salting out or coagulation by -
means of addition of a usual electrolyte, or spray drying in hot air. Al so,
5 as occasi on demands, mashlng dehydration, drying and the |like are

carried out in a usual hﬁ@ﬁéﬂCkﬁﬂﬂg @HFSObﬁ%ﬂgddﬁéﬁ®ﬁn¢a%wmhimﬂ@mu@ﬂyby

t he above- nentioned procedger es is preferably a powder havi

average part P8 @'LPLE RATUSH pBeIURRARY Fhnte H’@Ol\ﬁl %\Q/BQ 1?*1':20(91 Fch@g? ;Hﬁ?)at i gg

i d T i ai

i LS L S
b t er, rts

el oht of ' Vet iEhFaBiRIoT AN kstial Akl 8 sBYay LRk AFors

wei ght of a v e resin. OCGSSI

| ess than §. 5a@%é(§a§?¥nv\§érﬁahdst %s@%g%eh%érw? g@?ﬁ%ﬁ%@g e {lﬂﬁe are

addition of the processing aid is not Sufficient . anount

is nore than 3Qrpadicithy aveisghl mexest. | ent rrechanl cal properties of the
vinyl chloride resin are inpaired. In the.present invention, a thernmally

deconposabl e i norgani cin biavirag apentprosessing asd aobtainkdd bygeh. abaeet erm
“thermal Iy 20 deconposabl e inorganic bl owing agent" as used herein neans
an inorganic corrpicemed capatderesf isgpnefem by rwhlm)g:@rwc@shammgb@n alicoxizele

gas, amoni a gas,, oxygen gas and/or hfydro en gas.. Exanples of the
partlcle S1ze of 30 to 300 pum fr € Vlewpomt of incorporating it as a

10 processing aid into a vinyl chloride resin.
The procéssing ai& is used in an amount of 0.5 to 30 pérts-by
weight, preferably 5 to 20 parts by weight, more preferably 8 to 20 parts
by weight, per 100 parts by weight of a vinyl chloride resin. I the
amount of the processing aid is less than 0.5 pafté by weight, the effect
15 to be produced by the addition of the prdcessing aid is not sufficiently
obtained. If the amount is more than 30 parts by weight, excellent
mechanical properfies of the Vinjrl chloride resin are impaired.
In the.present invention, a thermally de‘compos-able"iriorganic
blowing agent is used as a blowing agent. The term “thermally
20 decomposable inorganic blowing agent” as uséd herein means an
_ inorganic compound capable of generating nitrogen gas, carbon dioxide
gas, ammonia gas, oxygen gas and/or hydrogen géts.. E}.:ample's of theA'
thermally deco'mposable inorganic bloWing agent used in the present
" invention are, for instance, sodium bicarboriate, potassium bicarbonaté,
25 ammonium_ bicérbonate, sodium carbonate, ammonium carbonate, and
the like. These may be used alone or in admixture thereof. Of these,

sodium bicarbonate is preferred from the viewpoints of expansion



thermal |y deconposabl e inorganic blow ng agent used in the present
invention are, for instance, sodium bicarbonate, potassi urqsz‘r;?}%pﬂ?;tg‘t e, 25
anmoni um bi carbonate, sodi um carbonate, anmmoni um carbonate, ‘and the IiKke.
These nay be used alone or in adm xture thereof. O these, sodium

bi carbonate is preferred fromthe vi ewpoi ntls of expansion 12 August 2004 -
11 efficiency and cost. The anpunt of the thermally deconposable .
inorganic blow ng agent is selected in accordance with the purpose without
particul ar ,reei riction. According to the present invention, by the use of
the 5 processi {(.jmﬁflﬁyé‘éj%?ﬁt'r oned above an expansion ratie of about 5-10

i ith || t of the bl ow ng agent. For

cxaml 6, "the.t her mal | y‘fﬂéeﬁﬁi%é’ésf&qsﬂﬁqrgaﬁ?s‘éﬁgwé’we@a%éﬁprg%n@ TR ar
fofr . ' - 0. ight to less than arts y

e oo oReASt EgeL AR R S Rabnl U5HOMe RReGhE SRR ek

of the bl ow ngeageéftion s l&%@érdiﬁggg‘?b&gﬁ)?rhg%y }[{\%4/ on ] %Wge ﬁ%t i&jﬁ%%

> <
having a. sufficient expansion e obtarne 50,

amount of §he grbessmhh wideeanpasahke 4296 aaNE ar@;'@i’i’irﬁgioa&%g_ pu{?y-ﬂ%)e -
changed in cor%rormtygwith t he amount of .the >€I?)roclesm ng ai ""For ex%arr%l e,

it is preferalbleeatinicuse wible theowdengf aganklliambdbnaniameUlowthe fpeht10fopart s
by weight of a vinyl chloride resin, 0.5 to 1.9 parts by werght when the
processi ng ai ¢xamplsethd theamallpdetornboSaperinergdyicvisibatihg ageft ivudedipart s
by wei ght when the processing aid is used in an amunt of 10 parts by_
wei ght, and 125 ggoung giffem B9t leseghanvénparteby wegloc bs lssghmind2imrts ed
Lgngg Rt gﬂt o fyt ﬁrg;&atr L3 PYodel At by QweTiQﬁt Py n\gggi S londe Shyoride resin

10 amount of the _blowing agent is less than 0.3 part by weight, foamed

articles haying a, sufﬁcient expansion ratio are hard to be obtained.
~Also, the amount of the thermally decompésable inorganic

blowing agent may be changed in conformity with the. amount of the

processing aid. For-example, it is preferable to use the blowing agent in

15 ~an amount of, per 100 parts by weigﬁt of a viny! chloride resin, 0.5 to 1.9

parts by weight when the processing aid is used in an amount of 5 parts
by weight, 1.0 to 1.9 parts by weight when the processing aid is used in
an amount of 10 parts by weight, and 1.5 to 1.9 parts by weight when the
processing aid is used in an amouﬁt of 20 parts 'by weight.

20 The expanda.ble vinyl chloride resin composition of the
present invention may contain one or more of other additives such as -’
stabilizer, Iubricant, impact modifier, plasticizgr, cblofant, -filléf and the
like, as occasion démands. |
| The process for preparing the ekpandable vinyl chloride resin
25 composition of th-e present invéntion is not particularly limited. For-

- example, the composition can be prepared in such a manner as mixing a

vinyl chloride .resin, the processing aid, a thermaliy decomposable



present invention may contain one or nore of other additives such as
stabilizer, lubricant, inpact nodifier, plasticizer, color i and
the |I|ike, as occasion demands. The process for preparing ?ﬂ%m%%kgﬁggble
vinyl chloride resin 25 conposition of the present invention is not
particularly limted. For exanple, the -conmosition can be prepared in such
a manner as mxing a vinyl chloride resin, the processing aid, a thernally
deconposabl e 12 August 2004 12 inorganic bl owing agent and ot her
additives, and nelt-kneading the mxture at an appropriate tenperature by
a nelt kneader'l8fganigsblpwipenagent andeether @dditives, nandomeadt-kneeding dheg
processi ng of th% expandable vinyl 5 chloride resin conposition of the
present inventTHHE a%(?tn ?)%PEQP&%&FFWPQYPFH{%BY agRaltderaderispolsasakigi ng
met hods such Qir?%gggghgg_are applicable. The present invention is nore
specifically explained by neans of exanples and conparative exanples, in

which all parts and \agg.hy ' | es [ - W noted.. it is to be
understood that the presgnt étﬁvﬁﬁéﬁﬁoﬁ@mﬁoﬁmﬁ%gﬁl &’ tﬁg‘et%@?@d&? ‘?‘dﬁr@’ .

Met hods of sevajtiatiiiendese dombd 8o B XHTHLE S ragkh C ﬁrtﬁ%trf Y€ noBYUMIETady e
shown bel ow. (Measurenment of specific viscosity of polyner sanple -
(processing ailthjtedlmrd geh@bally 10fedc bSO @it asi Jissotl ¥8%eDrudich %frea
pol ymer sanple, and -the measurement was carried out using a Ubbel ohde’s

vi sconet er ke@ppicableonst ant tenperature' in a water bath of 30'C

(Measurenent of expansion ratio) . :
_ The present invention is more specifically explained by means’

of examples and comparative examples, in which all parts and % are by
i0 weight‘unlessrotherwise noted. It is to be understood that the present
invention is not limited to these examples.
Methods of evaluation used in the examlp'les and comparative
_examples are shown below. | | |
(Measurement of specific viscosity of polymer sample (processing aid))

15 In. 100 ml of chloroform was dissolved 0.1 g of a polymer ‘
sample, and the measurement was carried out using alUbbelohde’s
v_iscomete_r kept at a constant temperature in a water bath of 30°C.
(Measurement of expansion ratio) |

After. measuring the specific gravity of a obtained powder

20 compound (non-foamed moldiﬁg of vinyl chloride resin composition), the
compound was molded by a smalll-size single screw extruder attached to
a Laboplasto mill made.by Toyo Seiki Kabushiki Kaisha to give a rod-like
foamed article (foamed molding qf vinyl chloride resin compos'ition), and |
the specific gravity of the ro_d-like‘fo'amed article \&as méasui-ed. Thé-

25 expansion ratio was c:_alculatéd from the measured values according .to_

the following equation.



After. measuring the specific gravity of a obtained powder 20 conpound
(non-foamed nol di ng of vinyl chloride resin conposition), 1N nd was
nol ded by a snall-size single screw extruder attached to @& Laboplasto mll
made by Toyo Sei ki Kabushi ki Kaisha to give a rod-like foamed article
(foaned nol ding of vinyl chloride resin-cosposition), and the specific
gravity of the rod-like foaned article was neasured. The 25 expansion ratio
was cal culated fromthe neasured value's according to the follow ng
equation. 12 Augu 2004 - 1 3 Expansion ratio = (specific gravity of

non- f oaned nol di né‘-‘;’m%rb%%?fr%lo YisRertic gRvitlyafawmivatinad)maldeng)/ (specific
specifications of extruder and the npl d} conditions are shown below. 5
Speci fications of extruder ScrewSTdayFy 2 g&m%ﬁ%’l&%@on ratio = 2.7, nunber
of rotation = 30 r.p. | e...di_aneter, = 5 | = 20,.mm Mol di ng

condi ti ons Mol di ng terrmrpké?a gFleﬁ% ne %f@‘(&ru@] inggg&m 108 £eHE1tians pre =
185C (Measur ety PheRQ) yneri zation conversion) The pol ynerization
conversion was cal cul ated according to the follow ng equation.

Pol yeri zasi o peifieitidrnof @Rty of produced pol yner/amount 15 of
.mononers charged) x 100 (Measurenment of average particle size of |atex)

Wth respect. iSorew! by Bx- 00} ebigrtesdiba ravier-agey, RAhbet 81 $b&RiNAS 30 r.p.m.
Die: diameter = 5 mm, land = 20 mm
Molding conditions
Moldirnig ter_npefatﬁre: Cl = 170°C, C2 = 175°C, C3 = 180°C
10 Die = 185°C
(Méasurement of polymerization conversion)

The polymerization conversion was caiculated according to

the following equation.
Polymerization conversion (%) = (amount of produced polymer/amount
15 ' _ of monomers chérged] x 160
(Measurement of average particle size of latéx)
With respect to a latex obtained, the average particle size was
, méasured using light scaiztering in a wévelength of 546 nm by a
Spcctrophotomgter U-2000 made by Hitachi, Ltd. |
20  (Evaluation of cell state) -

With respect to the cell state of é foamed article obtained, the |
appearance was viéuélly observed and _evaluate:d according to the
following criteria. | | | |

| O: The cell ‘str‘ucturé is uniform and tﬁe appearance is excellent.. -
25 “AA: Broken cells are scattered. |

X: Most of cells are broken and the appearance is poor.



measured using light scattering in -a wavel ength of 546 nm by. a
Spectrophot oneter U-2000 nmade by Hitachi, Ltd. 20 (Eval uat{oq), %ﬂ L
state) Wth respect to the cell state of a foanmed article obt ' ne t he
appearance was visually observed and eval uated according to the follow ng
criteria. 0: The cell structure is uniformgand the appearance is excellent.
25 A: Broken cells are scattered. X : Mst of cells are broken and the
appearance i s poor. 12 August 2004 - 1 4 EXAMPLE | An 8 liter reactor
equi pped with a stirrer was charged with 0 ;ﬁfart_of sodi um
di octyl succi nate di ssol ved |n wat er adEXmME) difier, and thereto was
added water so that thgnt& anmount of water, incl ud| ng water included in
I

sub-raw material s adde LG I58CHRCPHOPEE Y Eh iﬂ#‘ﬁéF wWedsedhiarged W]llthr(??jen
h h th h d | e, of the reactor to expe
Ssaen rvom ¢ 16 S EBATAEEGP e RABREES P S e Galiho
I d 7 h t r st en . .
Firer stage master wir i yess o B om0 LR emﬁ%ysat e
(hereinafter als@r'@fcBhd&fl ihosas- fé%&t@'%ﬂslgd&@d tlﬁté{f b%%#ﬂﬂe %roy P8t
ubsequently 0

(hereinafter also referred to as art
pot assi um per AfkérapLsshag a&ﬁ@ﬁ%eﬁsga@ﬂthrb&gh' thleWascdld ;ﬂ{dsrerair‘ﬂcgl %?d gﬂl&%bnued

for 1 hour to substantially conplete the polynerization- second stage
nonomer ni xt urced thenpasted tofexpelloxysart froaf tiMVBpansahd xp@tretrsu@é tdApuasuadded
dropwi se at a rate of about 30 parts per hour. After the conpl et| on of the
dr opwi se addi tafdfe egntent was elevated to 70°C with st1rr1ng To the reactor was
then added at a time a first stage monomer mixture composed of 68 parts
10 of methyl methacrylate (hereinafter also referred to as “MMA?”) and 12
parts of butyl acrylate (hereinafter also referred to as “BA”).
Subsequently Q.Ol part of potassium persulfate was added as an
initiator, and stirring was continued for'1 hour to substantially complete
the polymerization. A second stage mononter mixture composed of 6
15 parts of MMA and 14 parte of BA was added dropwise at a rate of about
30 parts per hour. After the completion of the dropwise addition, the
content in the reactor was kept at 70°C for 90‘ minutes and was then
cooled to give a latex. The average pdrticle size of the latex was
measured. The result is shown in Table 1.
20 '_ | The polymerization conversion-v“rae 99.5 %. The latex was
. coagulated by salting out with an aqueous solution of calcium chloride, .
_heat treated by elevating the temperature to 90°C ‘and dehydrated by a
_ cetnfugal dehydrator The obtained cake of a resin was washed thh an
‘approx1mately same amount of water as the weight of the resin and was
25 dried at 50°C for 15 hours by a parallel flow dryer to give a white powder
of polymer sample (1). The specific viscosity. of the obtained polymer

sample (1} was measured. 'I‘h_e. result is shown in Table 1.



content in the reactor was kept at 70C for 90 m nutes and was then cool ed:

to give a latex. The average particle size of the |atex \A@SZA%QTS%ﬂoqd. The
result is shown in Table 1. 20 The pol yneri zati on conversion s 99.5 %

The | atex was coagul ated by salting. out with an aqueous sol ution of

cal ciumchloride, .heat-treated by elevatisng the tenperature to 90C and -
dehydrated by a <cetrifugal dehydrator. The obtai ned cake of a resin was
washed with an approximately sane amount of water as the weight of the
resin and was 25 dried at 50C for 15 hours by a parall el flow dryer to give
a white powder of poller Hanptlel miixeThel pepatisc ofi scpslvindf chiteride

obt ai ned pol yner sarllipl e (il-é was neasured- The result is shown in Table 1.
12 August 2002@1\@’1 L 8- HeRE cmerdenbx dfanelgp Grrmosatipna qyerasa Wygkrashlodr i de

KANEVI NYL S-1007 de,.b ka Corporatiqgn,_ average degree of
: Db aLot QB0 Wth FBRSUpHi L Sp PG aBbBE pEPYHePolEmApl ¢

pol yneri zat i o’® \ )
i . 2.0 fotit de, 520
éi?ils%? an é?ﬁ‘ﬁp&‘é:”t*nlﬁh%ﬂ?%é%{t%?@i%aEC anabo.aﬁﬁéé%t%?o%-bh@%B%Kﬁag‘ut&Ehlﬁmsgiéi .,
. Ir 4- ,
0.6 part of careiim SPLararey! o mArHBLr it MAIRELIALARN Ko oRfeb & 21

made by Henke £ f (pygi 8¢ Faldy RCI a I e
(LOX C])i G 60 Eg?émlg%/erﬁgﬁ%ﬁ%é% (ang gg%gpart of tﬁpfgttgok&ilggﬁy%ﬁ%ﬁﬁgi

( ACPE- 629A madmidlya)Al0.6epaheMmcailiufpspiralé 00)1 paRhit RPdidxetedr&RRIAL Ur e
was el evated to 110C. After cooling, 1.5 parts of sodium bi carbonate was
i ncor por at ed (POBIOheGE Kimads by HenkelaGrpokijled.  papound. dibagic W was
mol ded by a snmll-size extruder attached to a Laboplasto m || made by Toyo
Sei ki Kabushi Ricats! gsder LOXIOL. G-60 made by Henkeél GmbH) and 0.6 part of a
10 polyethylene wax (ACPE-629A made by Allied Chemical Cofporation],
and the inner temperature was elevated to 110°C. After cooling, 1.5
- parts of sodium bicarbonate was incorporated into the mixture to give a
powder compound. The compound was molded by a small-size extruder
attached to a Laboplasto mill made by Toyo Seiki Kabushiki Kaisha to
15 give a round rod-like foamed article. The cell state of the foamed article

was evaluated, and the expansion ratio was measured. The results are

'shown in Table 1.

EXAMPLES 2 to 4 and COMPARATIVE EXAMPLES 1 and 2
QO ' | Polymer séﬁlpies (2) to (6) were prepared according to the
regipe shown in . Table 1 in .the. same manner as in Example 1, and the
characteristics thereof were measurred.‘ Also, roﬁnd rod-like foamed
articles. were obtained by i_néorporating each of the obtained polymér
'sémples (2) to (®) into pblyvinyl chloride in the éame manner as in

25 Example 1, and were evaluated. The results are shown in Table 1.
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From the results_ shown in Table 1, it is .understood. that
compositions having a good expandability are obtained when polymer
samples (1) to (4) having a specific viscosity of not less than 0.73, but no

“sufficient expandability is obtained when polymer samples (5) and (6)
S having a specific viscosity of less than 0.73, and accordingly the specific
viscosity of the polymer is required to be not less than 0.73 for obtaining

the effects of the present invention.

EXAMPLES'S to 7 and COMPARATIVE EXAMPLES 3 and 4

10 ' ' Foamed articles were prepared in the same manner as in
Eﬁarhple 3 except thaf the amount of polymer sample (3) was changed as
shown in Table 2 instead of 5.0 parts per 100 pé.rts of polyvinyl chloride

in order to evaluate a change in expandability when the amount of
polymer sample (3) incorporated into polyvinyl chloride was changed.

15 The expandability of the foamed articles was evaluated. The results are
shown in Table 2, provided that in Comparative Example 4 a foémed
article suitable to evaiuate the expandability could not be obtained dué

to non-uniformity of a composition obtained.

20 : - . Table2
Ex.3 Ex. 5 Ex.6 Ex. 7

Com.. Com.

Ex.3 Ex. 4
Polymer sample No. (3) (3) (3) 3y (3) (3)
- Amount (part) 3 5 10 15 20 0.1 40
_Expandability : _
Expansion ratio (times} 5.6 6.4 6.6 6.8 1.2 -

25  Cell state O. O 0O O e -

From the results shown in Table 2, it is understood that the



cTm O U 12 August 2004 - 1 7 Fromthe results showm in Table 1, it is
understood that conpositions having a good expandability 3 ’Q‘EQQ'P’ Sigred when
pol ymer sanples (1) to (4) having a specific viscosity of no ess than
0.73, but-no sufficient expandability is obtained when pol yner sanples (5)
and (6) 5 having a specific viscosity of hgss.than 0.73, and accordingly
the specific viscosity of the polyner is required to be not less than 0.73
for obtaining the effects of the present invention. EXAMPLES 5 to 7 and
COVPARATI VE EXAMPLES 3 and 4 10 Foaned articles were prepared in the same
manner as in cExapEilgoBsexvEppordtatl whth dieuptoodssied yaidr asesraliag (&) thas
changed as shown in Table 2 instead of 5.0 parts per 100 parts of

pol yvi nyl chI (Prrieﬁ‘ént | TG t exbibitua e gaodhaspandrlikifnndbbt | isuffiakeert t he
anount of lﬁ% s§gpl e (3) incorporated into polyvinyl chloride was
changed. 15 T 6& |1P|I%C3F itapnel lrféaﬁ@dn%wt el Hie preCesvIdAded. SRl
results are @ovi% ﬁp }éjded t in Conparative Exanple 4 a
foamed articl® sw‘?’%tﬂl ?rBP@% pandabl lity could not be

obtai ned dge to non-uniformty of a conposition obtained. 20Table 2 Ex.
3Ex. 5Ex. b6Ex. 7Cam . Com

EXAMPLES 8 to 13 and COMPARATIVE EXAMPLES 5 to 7
Foamed articles were prepared in the same manner as in
Examp'le 3 except that the kind and amount of the  thermally
decomposable blowing agent were changed aé shown in Table 3. The
.10 expandability of the foamed articles was evaluated. The results are
| shown in Table 3. -
In the table, SBC denotes sodium bicarbonate, and ADCA

denotes azodicarbonamide.



Ex. 3Ex. 4 Polymer sanple No.(3)(3)(3)(3)(3)(3) .Anmount (part)51015200 140
Expandabi l ity 5.66.46.66.81.2 Expansion ratio (times) 25Ceg £542000
Fromthe results shown in Table 2, it is understood that the August 2004
- 18 conpositions incorporated with the processing aid. according to the
present invention exhibit a good expandabj hity, but suf fi ci ent
expandability-is not obtained if the amount of the processing aid is snal
as shown in Conparative Exanple 3. 5 EXAMPLES 8 to 13 and COVPARATI VE

EXAMPLES 5 to 7 Foaned artjcles were prepared,in the same nmanner as in
Exanpl e 3 .except that the klmd and amgunteof the therpmlly deconposabl e
bl owi ng agent were changed 3Eshqgmtbr T&b| & 3. Thch expandability of the
foamed articl es was eval uafe The re<u|£% ate ShoWin|in Table 3. In the
t abl e, SBC denotes sodi um/| bi carbonate, and ADPCA denptes azodi car bonam de.
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From the results shown in Table 3, it is understood that as
shown in Comparative Example 5, a sufficient expansion ratio is not
obtained if the amount of a thermally decomposable inorganic blowing
agent is small. It is also understood that a sufficient expandability is
nbt obtained also in the case that thermally decomposable blowing

agents other than a thermally decomposable inorganic blowing agent are

used, as shown in Comparative‘Examples 6 and 7.

INDUSTRIAL APPLICABILITY

The expahdable vinyl chloride resin 'cémposition of the

present invention provides foamed articles having an expansion ratio as

high as about 5-10 and, moreover, having a good state of cells, by the
use of thermally decomposable inorganic blowing agents without the use
of organic solvent blowing agents. Therefore, cost reduction is possible
since an existing exfruder can be used, and also the range of uses is

éxpanded.

r-a COLOco LOmO bOCd bANCo 0O CONLOOOODO



0 12 August 2004 - 20 Fromthe results shown in Table 3, it is understood
that as shown in Conparative Exanple 5, a sufficient expafsh@st 8oL i s
not obtained if the anbunt of a thermally deconposabl e i norgani ¢ bl owi ng
agent is small. It is also understood that a sufficient expandability is
not obtained also in the case that ther | y deconposabl e bl owi ng agents
other than a thermally deconposabl e ino?g nic bl ow ng agent are ,used, as
shown in Conparative Exanples 6 and 7. | NDUSTRI AL APPLI CABILITY .10 The

expandabl e vinyl chloride resin conposkﬁhﬂmdgf the present invention

provi des foaned articles having an expanSion'ratio as high as about 5-10
and, noreover, having a good state of cells, by the wuse of thermally
deconposabl e i norgani ¢ bl owi ng agents wi thout the use of organic sol vent

bl owi ng agents. Therefore, cost reduction is possible 15 since an existing

extruder can be usedl. amihalespandablanyinydf didesides resikpandesbosi@oAudyst
hl oride resin conposition for

2004 -21 CL H\/E 1. Anle and $I vi.nyl

provi di ng cet{t flifie Geiyg leoi E‘?é”gt’ﬁi‘?ﬂ ﬁ@"’é}g aRpERHoR et of ableasdabt 4
W t hout usi WtHRAGANISIrEO! ¥EFHNiRl 0¥ g s Sal 0Si:l5i O f1.s1ng
100 parts by wei ght olfrfgg Vi nyIlac(r)ﬁ&'c}?ig%?a1 ?Zés?lnr}goage]tqgggoédﬁgrtés})mggg&%?rbht
of, as a prevmpsisggai@) partsrbytyeight! ofca vimylickekbtrite pedinmexs tba30 fgres

specific V'ﬁff Ov%ltg\ﬁtofaf, ngé rltegi'soctegg{]ngo aﬁ, r{rie r%lér )dac%lig Oa&:i\élm Eegter polymer

having a specific viscosity of not less than 0.73 measured at 30°C with
respect to a solution of 0.1 g of the polymer dissolved in 100 ml of
chloroform, and not less than 0.3 part by weight to less than 2 parts by
weight of a thermally decomposable inorganic blowing agent, said
composition containing no thermally decomposable organic blowing

agent and no wood flour having an average particle size of 50 to 500 pm.

2. The composition of Claim 1, wherein said thermally
decomposable inorganic blowing agent is at least one member selected
from the group consisting of sodium bicarbonate, potassium bicarbonate,

ammonium bicarbonate, sodium carbonate and ammonium carbonate.

3. The composition of Claim 1, wherein said (meth)acrylic
‘acid ester polymer is a polymer comprising 50 to' 100 % by weight of
units of methyl methacrylate, 0 to 50 % by weight of unité of a
monomer selected from the group consisting of acrylic acid esters and
methacrylic acid esters excepting methyl methacrylate, and 0 to 20 %

by weight of units of other vinyl monomers copolymerizable therewith.

4. The composition of Claim 1, wherein said (meth)acrylic acid



respect to a solution of 0.1 g of the polyner dissolved in 100 m of
chloroform and not less than 0.3 part by weight to | ess tﬁ%‘u&s?%ézﬁ by
wei ght of a, thernmally deconposabl e i norgani c bl owi ng agent, said
conposition containing no thermally deconposabl e organic bl owi ng agent and
no wood flour having an average parti cl_%gi_ze of 50 to 500 m 2. The
conposition of Claim1, wherein said thermally deconposable inorganic

bl owi ng agent is at | east one nmenber selected fromthe group consisting of

sodi um bi caesterapelynpat &s ai copdlyassion§Oeto 98D biyukreliitoash andtsof Oy
carbonate and ammoni um car bonate. 3. The conposition of Caim1l, wherein
sai d (neth)acrthlaiceyladej dOetd 80 Pobynweidlst ef peliysref o engrhbeir nglodteddofroll0 %
by weight of wunits of methyl nethacrylate, 0 to 50 % by weight of units of
a nononer ted grbegp tonsistheg efcethyd anstshcndacé, peopyl mediatreidte; Hwid
met hacrylic acid esters excepting nethyl nmethacrylate, and 0 to.20 % by
wei ght of unidthactylitbe?-athiytherphmmthaceyiateynerthydbleeyidier ethilcrélate)e
conposition of Claiml, wherein said (neth)acrylic acid 12 August 2004 -2la
ester pol ynpropyl aciydatd,yoetyldciylatooafd Redthylegylt aofylute,t andf0 metdy ko
met hacrylate, 10 to 50 % by wei ght of units of a nenber selected from the
group- consi byimegightt cftdtilermniyhonghateersprapmlymetizaloleyttsdrewibhr vl
nmet hacryl ate, 2-ethyl hexyl nmethacrylate, methyl acrylate, ethyl acrylate,
propyl acrylate, butyl. acrylate and 2-ethyl hexyl acrylate, and 0 to 20 %
by wei ght of other vinyl nononers copal ynerizable therewith. 5. The
conposi tion of d ai 1 Theheoshposisian wifn{laioh| by wdeereinssaidi siraylpohioréde of
80 to 100 % by weight of units of vinyl chloride and 20 to O % by wei ght
of units ofrestinds axpabraer 6858 {ord 00 %by weightvifrghits of vinyl chloride and

20 to 0 % by weight of units of other monomer copolymerizable with vinyl

chloride.

6. The composition of Claim 1, wherein said (meth)acrylic acid
ester polymer has a specific viscosity of 0.73 to 1.7 measured at 30°C
with respect to a solution of 0.1 g of the polymer dissolved in 100 ml of

chloroform.

7. The composition of Claim 1, wherein said (meth)acrylic acid
ester polymer has a specific viscosity of 0.8 to 1.6 measured at 30°C with
respect to a solution of 0.1 g of the polymer dissolved in 100 ml of

chloroform.

8. The composition of Claim 1, wherein said thermally

decomposable inorganic blowing agent is sodium bicarbonate.



chloride. 6. The conposition of daim1l, wherein said (nmeth)acrylic acid
ester polynmer has a specific viscosity of 0.73 to 1.7 neasured at 30C wth
respect to a solution of 0.1 g of the polyner dissolved i“1%9§1@¥tﬁim
chloroform 7. The conposition of Caiml1, wherein said (nmeth ékry Ic acid
ester polyner has a specific viscosityo,f 0.8 to 1.6 neasured at 30C with
respect to a solution of 0.1 g of the polyner dissolved in 100 m of
chloroform 8. The conposition of Claiml1, wherein said thernally
deconposabl e i norgani ¢ bl owi ng agent is sodi um bi carbonate. 12 August 2004
21b 9. An expandabl e %i nylArchl| opiagddablesi rimgydnpdslotiden resmpr cainpgsitiof parts

by weight of a vi.nyl..chloride resin, .0.5 t rts. by ight _of,.as a
o ocessi ng APl SEp s i R ot o i sBIRARE! thi 05" YD ps 18
vi scosity ofeigiof of, ess at prirefsing adaaumecthpicrPCavid bstee Siteiet hading @l uti on
of 0.1 g of the palynmer dissolved.in m of chloroform_ and not |ess
than 0.3 paPEH§ MRTHHY ?f]onﬂe StihaR é%%amegswﬁﬁ 80‘1’#& 19TBFRalT ¢
deconposabls@nitiéd @8l T gbbOMd GoRARIH disUBIERN 19V th1CATRNSHd6QN, 6AAL@INS NO
organi ¢ sol vent bl owi ng agent, and wherein the expandahility, expressed as
an  expansilet® Han 83 imrhdy veight (tadsss than % paxtsahy ivwighaet ¢ Burmpldef i ned
by  (speci fdeeoipd¥ibi¥ iRbrga@i: hRANRE a¥ehdivigerefn §ahckoﬁs§1,m@§&ﬁi BRIdihsReCi fic
gravity of foamnmed noldiﬁ%gbf saidgcgﬁhos[tion). ABSTRACT ¢
organic solvent blowing agent, and wherein the expandability, expressed as an
expansion ratio, is not less than 5, said expansion ratio being defined by
(specific gravity of non-foamed molding of said composition)/(specific gravity

of foamed molding of said composition).



An expandabl e vinyl chloride resin conposition that the expansion ratio of

a vinyl chloride resin can be greatly increased by the use“££%¥g§§ |y
deconposabl e i norgani ¢ bl owi ng agents w thout the use of orgaric so

vent

bl owi ng agents, and which conprises 100 parts by weight of a vinyl
chloride resin, 0.5 to 30 parts by weight 20f,-as a processing aid, a
(meth)acrylic acid ester polynmer having a specific viscosity of not |ess
than 0.73 neasured, at 30[err] with respect to a solution of 0.1 g of the
pol ynmer dissolved in 100 m of chlorofor and not less than 0.3 toless
than 2 parts by weight of a thermally Ale éﬁﬁggable i norgani ¢ bl ow ng agent
such as sodi um bi car bonat e. '

10

An expandable vinyl (;hloride resin éomposition that the
expansion ratio of a vinyl chloride resin can be greatly increased by the
use of thermally decomposable inorganic blowing agents without the use
of organic solvent blowing agents, and which comprises 1A00 parts by

weight of a vinyl chloride resin, 0.5 to 30 parts by weight of, as a

processing aid, a (meth)acrylic acid ester polymer having a specific

viscosity of not less than 0.73 measured at 30°C with respect to a

solution of 0.1 g of the polymer dissolved in 100 ml of chioroform, and

' not less than 0.3 to less than 2 parts by weight of a thermally

.decomposable inorganic blowing agent such as sodium bicarbonate.



