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

provi des cel l.ular nol ded articles having a hi gh expansion ratio and havi ng
10 excel |l 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 & 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

| i ght eni ng.of vinyl banirsien i r 'C}iﬂ‘n@b articles.
Cel l ul ar nol ded arti%%ggﬁgg%%%Esﬁﬁgﬁdgﬁﬁé??ﬁ%Eﬁggﬁﬁi aV|néﬂg%ﬁﬁgh

expansi on rati o have been demanded strongly fromthe nmarket. In foam ng of
vinyl chloride resins, generally known is a nethod using a bl owi ng agent
in conmbi nabion with a processing aMECHNMPALSFIRLDet hyl inethacrylate as a
mai n conponent. 25 It is known that it is possible to achieve foamng in a
hi gh expansion ratio Tiepreserdasiveptivol mlates torgarkpaadhisntingl ehorgdagent
such as an aliphatic hydrocarbon or a hal ogenated aliphatic 12 August 2004
2 hydr ocar bon ¢8R EAPas tioRe apidomiong Pageaulartntd anetpabdeble vinyl chloride

resin composition which is excellent in proc.essability 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



For exanpl e, Japanese Patent Publications Kokoku No. 60- 10540 and Kokoku
No. 58-40986 di sclose that foaned articles having an expamsAlgq}JS{Q{gop of
several tens of times are obtained by inpregnating a 5 vinyl chloride resin
with an organic solvent having a boiling point of not nore than 90C such
as butane or dichlorofluoromethane as a-bldwing agent or by directly
introducing the organic solvent to an extruder during extrusion

processi ng. However, the use of an organic solvent blowi ng agent is 10

di sadvant ageouys j n cqst-as conpared with a thernally deconposabl e bl ow ng
agent, si nge Léi‘(i'ﬁ#rﬁﬁ%ﬁ?? fSoPS‘f‘ﬂpSitﬁ‘ﬁr@ﬁﬁ’é&‘%@@eﬁﬁan‘?rbtrm’é%la@@i"%ﬂ proof are

ired i t | ding,. On the other . hand, i e of using a
ther mal | %: deconposabl ?E’a‘?%%m%ﬁa'g%ﬁensa% et Py ﬁagﬁﬁﬁgilﬁ%ef%

i i f 0 i_nor i
Sgent. it o QUPUEhaKuGlaPbISh HRdde HRCATROSPN Brnl ML IRHCRRLRLER, o

rati o to noreekbafsicPestio 3rdebt M %en deﬂgle§SarEtoBt§ix?ﬁié ngﬁﬁsr%tgﬁ%‘&%gfg

foamed articles having a smooth surface and to keep _ ere

uni f orm and f iviveyl dfdbriekeasle witle panaganRakeRtnPHakicak] wunggkﬁhy ofNgot 63-
20 9540 discloses an expandabl e vinyl chloride resin conposition obtained
by addi ng a nettrecthamPO°Cesiah tpdiytmechyl divtlibadiudratecthaviengs a slegige of
pol ymeri zation of 2,000 to 30,000, that is, a weight average nolecul ar

wei ght of 2002880t pb b3 DUTthoEreduting thherganiosdeconirosa bk e uategahiing

bl owi ng agent such_as azodi carbonam de and a thermal |y deconposabl e 25

i nor gani ¢ bl ofFHY S48 AFCSERNANEs sodi um bi carbonate and further with a

filler such as cal cium,carbonate to a vinyl chlaride resin having an
average degree of pol ynarizati Eil?ue 5539 f‘é gERRNIFt Splyegf Slpgdrg agert dfi s

12 August ;8004isadantageous in cost as compared with a thermally decomposéble
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



expandabl e vinyl chloride resin conposition is nolded to give foaned
articles having uniformand fine cells and having excellenf gkessos
property and surface hardness, but the expansion ratio is at rnpst about

3-4 tinmes. 5 Al so, Japanese Patent Publication Kokai No. 6-9813 discloses-
an expandabl e vinyl chloride resin conpositien obtained by adding a

met hacryl ate resin and a bicarbonate having a particle size of not nore

t han 10 gyn1as a thermal |y deconposabl e bl owing agent to a vinyl chloride

resin- is disclo that t hj s. expandabl e vinyl chlorjide resin 10
Conposi t | on i SCW]G%E) d”@Y]v‘éh‘ll"é‘aﬂf?eHesalPt FRINESSHIAR r‘\@ rppldesy ta & foamed

| d h: d_h bi | h but det aij | fo
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i s disclosed I r e P Publlcatlon Ko

9-151269 15 Eﬂ%glo é?ﬁgﬁhgﬁﬁﬁn ab gggiR??EgﬁkoP?ng?iﬁﬁqPiﬁ) Eﬁﬁ%ﬂ 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 agesq, J aale‘ébMteﬁ@bgbhgétlbﬁsﬁdkaﬂl\to 6. 9@'1%%19&&)% st hat
t hi s expandabl e vi nyl chloride resin conposition is nolded to glve 0

i nj ecti on- nol dad ekpandahky virgyl uthibeid® calih ScorhbBSitiord ©BYAINRACBY 4 dding a
deconposition of the resins. However, in the working exanpl es ?hereo

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 i nthﬁé ¥PchA 13p &f hem@ﬂm@ecomﬁomlghblwengageeas tooheeydr

wei ght is made 1 o, the btal neqd ex mm on ratios are at nost about 2-3
times. It is &R %‘B BITSIOF t ﬁés disdestd thakHrsgrredatds ivirylashlopide gnssn
2004 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. |
~ Further, 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 chloride resin. It 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



4 expandabl e vinyl chl or| de. resin conposition according to which the
expansion ratio can be 'markedly increased by the use of % %%1 g
. deconposabl e bl owi ng agent without using any organic solven se Abl oW ng
agent in the foamng. A further object ?‘f the present invention is to
provi de an expandable vinyl chloride - resin conposition which provides
foaned articles having an expansion ratio of at |east 4, especially at
| east 5, and. having uniformand fine cells. by the use of a thernmally.
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e

conposition for Vi di ng C Y1520 nol ded articles havi ng an expansi on
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sai d conposition containing
~ blowing agent

o oy
DISCLOSURE OF INVENTION.
The pre’sent-_inventors have found that‘ra composition capable
o{,f ‘ gréatlylincreasin_g the expansion ratio as corﬁparéd Wi_th conventional |
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 chIorlde.

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.



thermal | y deconposabl e organi ¢ bl owi ng agent and no wood fl our having an
average particle size of 50 to 500 m 12 August 2004 4a |In another aspect
of the invention, there is provided an expandable vinyl c i in
conposition conprising 100 parts by weight of a vinyl chlg??ﬁ@qgégﬁﬁ, 0.5
to 30 parts by weight of, as a processipg aid, a (neth)acrylic acid ester
pol ymer having a specific viscosity of not less than 0.73 neasured at 30C
with respect to a solution of 0.1 g of the polynmer dissolved in 100 m of
chloroform and not less than 0.3 part by weight to less than 2 parts by
wei ght of a thermally decdnpasehke aspectgaintie biventiog, dyerst is prdvidei ansai d
conpositio i . rgani ¢ sol vent bl ow ng agent,,..and erei,n the
cxpandabi | e ABbEAR B Focdd AERos oA Ao AE8D 1ooRees PRSTRR 8105,
expansi on raavinyl hhilodde eésine®. Hyto (Hpearfs by graght yf, ds aoprdcessing aid) di ng
of said conpaosition) / .(specifi ravit.y of foaped.nolding of sai
comos t 1 oo aritfiEn Rplim Hatite &, sRPRDE ety of 2¢ BRp than
]'Eher mal | yf d:e'ﬁ:armeaahlea @meogca@m%ep%agmag%t&mdﬁ diulolqsg &Oﬂﬂsm_ §ﬁ1§hﬂe_ r
eature of fhe prese invention_resides in that a pol yner hichis
obt ai ned b;f‘t‘%?ﬂﬁeé% les’n%% P@%ﬁ%%?f%:@%n%ﬁ%gkmhpﬁ B byowrigkt 1P ipsa
pr edoni nantth_amyEbrt@fbyaw@@h%@raymeen@gyghe%ﬁ@bsme/jﬁbrg%mc Bfdwihb Ggntd
ester and whi ch, has, a hi gh nol ecul ar weight is used as a 5 processing aid

for vinyl CHIGFITISIESPRPOSHPSPREFIBECH LTEIeckdHy Blowing genterndl th a
thermal Iy degQRRPERN:QINIRBARY] Sk WdNg AY8Bbandids rad fi8 Hot 18R inbREs,

expansion ratio in thé foam ng can be increased without inpairing
excel | ent PRYSEERANEoE ratie ey defiegsb by i(erecifimgravity ofinpp-foaspd pmaddingesi ns

ori gi nal 'y #Q8ReSsmpa8BA) MBI YitE 6P U &M dile 7 8aid composition).
Sodium bicarbonate is particularly preferred as the

thermally decomposable inorganic blowing agent.



-

10 addition of small anounts thereof. The present inventors already nmade an

invention concerning an expandable vinyl chloride resin WS{?M .
utilizing water or a material capable of generating steamby heating it as

a blow ng agent. Accordingly, the present invention excludes using water
or a material 15 capable of generating water by the heating in an anount
capabl e of substantially expand a vinyl chloride resin. BEST MODE FOR
CARRYI NG QUT THE | NVENTI ON The vinyl chloride resins used in the present
invention are not 2Qtpafddturkaflthe pradeed, inaed tRny residegnveria oagldlymssed
vinyl chloride resins can be used in the present invention. Honopolyner
and copol ynevlsichc ossrmdstedned B0 drouldondpbyymergatiof dinhtsoefoMenthixture
chloride and 0 to 20 % by weight of units of other nononers

copol ymer i zabh¢aining aipmgtoncinlaorti aiecane of @ free e erylikba Sdaspleesred / dhan
ot her nonomner copol ynerizable with vinyl - chloride are, for instance, vinyl
acetate, pregyyenecidtgsteneandrwhnty has aakigh estlerculer gvsighl kgl ueed Wanes
having a Cl1 to C. al kyl group such as 12 August 2004 - 6 nethyl acrylate,
ethyl acvyl arecedsing aacior dngl ahdoxdeyiesats.y| Bye)siransuchtherosddiyhg aid
nononers. These vinyl nononmers may be used alone or in adm xture thereof.
The aver age togefitee wfitlpal ytimerinedly aecoinpbsabienyhorddmici Bowhng egient] $heot
- particularly limted, but vinyl chloride resins having an average degree
of pol yrer i géecornhet thisoertpa@siororaboun thé0Gamnagusaaldeyincreaptdyeithositch
vinyl chloride resins include, for instance, polyvinyl chloride,

copol yner s &inpgaringesxcelHantsphysnalwenghtcheimiosilt propestiiery | 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



10 chloride-and not nore than 20 % by wei ght of units of other

copol yneri zabl e nononer such as vinyl acetate, propylene, r an
acrylic acid ester, a chlorinated polyvinyl chloride, and ﬁﬁéuq%@ﬁ%@ﬂ These
may be used alone or in adm xture thereof. The processing aid is a
conponent used for the purpose of 15 inpréoving the expandability of the
vinyl chloride resin. In the present invention, as the processing aid are
used (neth)acryl ate honopol yner or copol yners obtai ned by enul sion

pol yneri zati on of mononmer mxture (hereinafter also referred to as
"mononer mi xt tﬁ‘i‘%th@i/)ac)‘y@éﬁt st rrralgdee dorvhasrylato emd oftd 2o viatehaeng! i c
acid ester and[cor an cr%/l ic acid sster, f{ReCi ally nmethyl nethacryl ate.
These pol yrer § B VINH) SPPRAETS hATESS VIV HDABPEEHP 4RaY ks Bhed aifie PRan
specific viscqQsit: e f asured at 30C with respect to a solution of
0.1 g of the %gﬁlﬁéépedﬁgegg ggd in 100 mM of chloroformis at least 0.73,

preferably fromO0.73 t'?heo”a%g%tg? P{%géa{g }581;};&9@& tf71§ntc9f %h%@%?%C{lfl(%[l&QIe][

preferably from0.8 to 1.6, rt her erably from

the specif§c vesigosd ot satt@afathannfedd, baeffihgi %Nmﬁé@%%%'ﬂéaiggfaﬂm

obtained. Also, if the specific viscosity exceeds 1.7, the expandabrlity 12

August 2004 7averwie dexrkewepolytheris@geh fof abviug aee to/aBod81 T £5PA8ds11{ 0
about 7,300,000 in terns of weight average nol ecul ar wei ght of the

(met h) acryl i cempldyedt er pol yner. The specific viscosity can be adjusted by
means of the ratio of 5 polynerization initiator to nononer or the anount
of chain transfer agedich ghyhshieridaprenins Anefedablyr ins@raieoveslpeintyil oned
nmonomer' m xtu is m xture of 50 to 100 % by wei ght of- nmet hyl
met hacryl at e 5ﬁ§3réf[i\g,ocqﬂ) WiRers OL% not less than 80 % 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



by wei ght of a nononer selected froman acrylic acid ester and a 10
nethacrylic acid ester excepting nmethyl nethacrylate, espegigldustfooqm xture
of at least 50 % by wei ght of nethyl nethacrylate and at |east” 10 % by

wei ght of a nononer selected froman acrylic acid ester and a nethacrylic
acid ester excepting nethyl nethacrylate: The nononer m xture may further
contain other vinyl nononers copol ynerizable with 15 the (neth)acrylic
acid esters. Exanples of the methacrylic acid ester excepting nethyl

met hacryl ate are,, for jnstanc et'hyl._net hacryl ate, propyl nethacryl ate,
butyl nethacr ?F&Fé, ?%-ié’t“fﬁﬂ heﬁ%ﬂf ﬁ%%%&&r JiScosityn@- 63 heprrasrgnds to “about
met hacryl at es. \Y . ha | ates having a C2 to C8 al kyl group, 20
especially a C?Zépg)’. _@gﬁﬁyfeé%?%uﬁ? évreégkbge?‘é?rra&?. Iﬁ%ﬁ‘r‘ﬁl‘%’é g’filg Aerifis ¢
acid ester ar qmét%adfgfik%g‘?gtsf%ﬁﬁ%kﬁgy' ate, ethyl acrylate, propyl

acrylate, butyl acrylate, acrylate and ot her al kyl acryl ates.

Al kyl acryl ates havi ngTaeGpek@iChisb i) cgh%@ﬁdﬁﬂgﬁi@ Héa?ls%?f.thg rggigaéfkyl

group, are preferred. These acryl ates and net hacryl ates exceptin

net hyl met bacrpdiptrerizayiobeinisi@onton@ovlon ér adnihe Yhiiebe UhaibXaaRkes of
t he ot her vinyl nononmer are, for instance, an aromatic vinyl conpound such

as styrene or agemgtswehsasy mereapean.l 2 August 2004 8 unsaturated nitrile
conpound such as acrylonitrile, and the |ike. These may be used al one or
in adm xture thereof. FPriepidporthe oot meangioreshenohomee ampaneat @1)i s the
nononmer m xture (I\/% gr§ from50 to 100 % by weight, preferably 50 to 90 %
by weight, nmoPEtHFertrRioy189 % bygwemhyolmieghy] methaemigtc and faty $PLe,
and fromO to,R0 %ig}\( ight, preferagé%%o to 40 % by wei ght,” nore
preferably 15 Po "F18R53 & woghmerose offer 8t &arglict roh enter 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



met hacrylic acid ester excepting nethyl methacrylate and the acrylic acid
ester, and fromO to 20 % by weight, preferably O to 10 %{ya\Wisofiosa 10
nore preferably 0'to 5 %by weight, of the other copol ynerizable vinyl _
nmononer. |f the proportion of nmethyl nethacryalte in the nononer mxture
(M is less than 50 % by weight, the processability and expandability are
| ownered. If the proportion of the nononer selected 15 froman acrylic acid
ester and a nethacrylic acid ester excepting methyl nethacrylate exceeds
50 % by wei ght, the-groce_ss_abi lity and expandability tend to be | owered.

Further, if tHATHEFBIAG RiATiet comgopterush aylacrsiesntrlceroddlie 123G, %lhese

wei ght, the gel gt ibon r%i and .e-él an.dabl|lt1_tl ttend to be lowered. 20 The

above- nent i oned-Proceyst AT oF 13 Bt eutigsPlexanyl e, t aglye di sper si on

enul si on- pol yneri zin noner m xt.ure . using sui

medi um elrorul }s/i fier, go?g‘ﬁ@g? § t|H():)r|rlls P%r(u&f‘? ﬁelfsgorl\é’cﬁﬁﬁ C(9i Oﬁr’](brhneg?qsgn @ﬁﬁ?g?ﬁ’&jtsf Ie:]
ent, in ak - e i ) : |

Foo st ages or Rarale I0Flare R5nt Y, 5, 20008 HAERL SIRPRER Yot B

di sper si onsMedidightiseeré hreheaBiMEsl QNSBOYBBNABhE OB bk tHSH A% ¢, 12
Auggst 2004 9 Knghvm emul g fier smajtre used. E?(grrpl gs o‘? %tr%éHZm?f}ém filwg%lggr’e,
for instance, amul &m0 ¢o DU badlantigtc bratkrablatl bytcAgDoSBY tweidAt Ahdotk

sul fate, an al kyl benzene sulfonate, an al kyl phosphate or a sul fosuccinic
aci d di ester, ranftrablyorid dni 80st% flacverighsuch @smanpeatetoxyrichyd epenalikyl 5
ether or a pol yoxyethylene fatty acid ester. As the pol ynerization
initiator are™edg eracid|afbee eapgpting methyl methacrylate 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,



oi | -sol ubl e polynerization initiators. For exanple, usual inorganic
polymerization initiators such as a persulfate, organic pq@gmxﬂggzaﬁ;azo
conpounds may be used al one, or may be used as a redox systemin
conbination with a sulfite, a thiosulfate, a primary netal salt,

f or mal dehyde sodi um sul foxylate or the Iike. -Preferable persulfates _
include, for instance, sodium persulfate, potassium persulfate, anmmonium
persul fate, and the |ike. Preferable peroxides include, for instance,

t-butyl hydroperoxide,, cunmene hydro er oxi de, benzoyl 15 peroxi de,

| aur ozl p)e/r oxi de, and KRR gEU ‘Fkﬁ'?ré [RaF ﬁl%eldanﬁ’@fmﬁkjérﬂf ﬁl’@dqmtlllSIﬂer arti
articularly | For__ i nstance, dodecyl mer capt an, t-decyl nercaptan,
ﬁ dodecyl marcadﬁlmms A AT PR RSP G ’ff[aﬁwd“ttﬁ Riggeac ybéclj%éél}/t Rk alkyl

0 t ar e. not
bar L cul ar Ly ToaAEEal a8 ATUAS SAOREN T b8k shhenfitt Bh el lamecie r ed
speci fic viscogid Yidddr pé?ﬁ&'acﬁsn%ﬁﬁi éﬁriﬁe tdgﬂ?r? alid golytopce H_lurgose of

use. In case of carryl ng out t he emul si on yrrerlzatl n |n

stages, ths mngﬁbr@pélb@xjﬂ@tﬂyléﬁ@%t*%c?c{ig@ﬁér?fter confirmng 25 t_hat .
the prior stage polynerization is conpleted wher eby the polynerization in

each stage can be carrRedtimupolymbaigktighxidigatdr bhe ueKivatt A8 IMRONEA
with the prior stage nonomer. - 12 August 2004 - 10 The particles in the

t hus obt ai ned %bsywela@bmémlmwwlmytomn aWer ag@anplet | abeasiizerginigbout
100 to about 3,000 A (0.01 to 0.3 gym. The particles are taken out of the
| atex by -salti I&GflzéFloéolé’gUﬁﬁlﬁsowfﬂy asreanssWfatzddirganic péroxidesuat azo

el ectrolyte, or dr in hot air. Also, 5 as occasion demands, _
washi ng, dehy&logf d% €aHge h’:)éopp,kgr dpgy be used as a redox system in

10 combination with a sulfitc, a Vthiosulfate, a primary 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
instaﬁce, t-dodecylmercaptan, t-decylmercaptan, n-dodecylmercaptan,
n-decylmercabtah and the like can be used.

The temperature and time of the 'e;nulsion 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, . whereby the -

| ‘polymerization in each stage can be carrled out without m1x1ng of the

next stage monomer with the prior stage IMONOMET.



carried out in a usual manner. In general, the processing aid obtained by

t he above- nentioned procedures is preferably a white powdgr &ﬁ%{ﬂﬂmﬁn
average particle size of 30 to 300 umfromthe" viewoint of “incorporating
it as a 10 processing aid into a vinyl chloride' resin. The processing aid
is used in an amount of 0.5 to 30 parts- byo weight, preferably 5 to 20
parts by weight; nmore preferably 8 to 20 parts by weight, per 100 parts by
wei ght of a vinyl chloride resin. If the amount of the processing aid is

| ess than 0.5 parts by weight, the effect 15 to be produced by the
addition of the pr oces@hﬁ@aarlequSmnf&te S0is pleiadned ypodvmar helgx hdve heualipunt
is nore than 30 parts excel l ent mechani cal properties of the

vinyl chlori d&% ‘éﬁfﬁga ft F‘rZECP ar‘?Plttth%rt%%mutli}@QﬁtAd -0latq Red Hmtﬁ!)ly
d ble i t.. The t
ety PRl L T ARt R
an | nor g

Gas, amioni o caet B dAREN 51 £ UsHANPICEL CRACTLL BRI 18 e RO

thermal Iy geceapasaiini fahgankc Wbié?lvl\hgg d%ﬂ%ﬂ}aﬂi'éﬁd dirfidd %.n&r BSEMke are

invention are, for instance, sodium bi ¢arbonate, potassi-um bi carbonate, 25

amoni um bi cachefad @utSath wWIeankenaée, anmoni um car bonate, .and the |ike.
These may be used alone or in adm xture thereof. O these, sodium

bi carbonate is preferrbd gemsmal hahei enwpoesdiagohid®xpbihed b3 Algusiboe04 -
11 efficiency and cost. The anpunt of the thermally deconposable
i norgani ¢ bl owenfiongdmrocedguiseist poeferaldycovdane pomddr haenguaposerage hout
particular restriction. According to the present invention, by the use of
t he partlcle size of 30 to 300 um from the viewpoint of 1ncorporat1ng itas 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 bicarbonate,
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



S processing aid as nmentioned above an expansion ratio of about 5-10 can
be achieved with the use of, a small anount of the bl ow ng QsRist 200
exanple, the thermally deconposabl e inorganic blow ng agent is used in an
anount of fromnot less than 0.3 part by weight to less than 2 parts by
wei ght per 100 parts by weight of a vinyliahloride resin. If the 10 anount
of the blowing agent is [ess than 0.3 part by weight, foamed articles
having a. sufficient expansion ratio are hard to be obtained. A so, the
amount of theﬁ%ﬁernalE&Ffeconposable inorganic blow ng agent may be
changed in coff8ffity f°%the anobunt of the processing aid. For exanple,

it eferable to usg,the bl ow agent i 5 an anount, of, per. 100 parts
Iby :/\/Zi th of a vinyl cﬁPSrairﬁ%u?%gf]ﬁ?e _egn%%lTﬁ_&gcorBngng%gw RlREANE he

processing ai %g&eﬁt Lﬁegelie@te%n 1@@%%¥d8£cg dgﬁﬁt ﬁ'éen %ﬁ? h%r%th%)bl(gpé%ztiéﬁﬁp arts

by wei ght when e processing aird s use

- . i id i d
wei ght, and 1res{r@tier? pﬁ'bt:@rdiilﬁg‘r’]‘?ég% %Qé'erﬁth?méearbtl%r?c%s(;:tﬂghﬁ'se 4 etllﬁjégi n

in an anount of 20 parts by we e expan e Vi Chr'ori

conposi ti of ofprbbessing @@ Ak M BBhEQRHIY G085 fsi0NG 8o SR KN R 5908l
additives such as stabilizer, lubricant, inpact nodifier, plasticizer,

colorant, fil lberacindvedevithitke ussopacaablnmEotBRes thENSloRiRETEnkOr For
preparing the expandable vinyl chloride resin 25 conposition of the
present i nvenekempls, Hot thpamadlbutecdmpbsableddorgamicexiamphe agtheicosidsi t i on
can be prepared in such a manner as mxing a vinyl chloride resin, the
processing ai @2 %“loh’é}trﬁlfr%ﬂld@@b}?ﬁémeo-@p%mweimthEsg thergamarts

bl owi ng agent ,and ot.her additives, and ne]t-kneadi n? the mxture at an

appropri ate t C¥p&eigRly Bebyl 00 Rarts ke efaght wihe agnyl hiloride cresinextlr teer |

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, filler 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



The net hod of the nolding processing of the expandable vinyl 5 chloride
resin conposition of the present invention is not particulgyjy USL%{%A{ ed,
and general |y used nol di ng nethods such as extrusion are applitable. Th
present invention is nore specifically explained by neans of exanples and
conparative exanples, in which all parts armd Ware by 10 wei ght .unl ess

ot her-wi se noted. it is to be understood that the present invention is not
limted to these exanples. Methods of evaluation used in the exanples and
conparative exanples are shown bel ow. &I\/Easur ement of specific viscosity
of pol yner saﬂﬁpggf(“bﬁcog]é%’émﬁga&%ﬂ) pnd Sther aggitivgs,ofndhinsiokoeadinms the

di ssolved 0. 1 of a polyner sample, and the neasurenent was carried out
usi ng a Ubbel orﬂ%ét'ué'eﬁt&b@@pr%tte&pﬁaéﬁﬁ?ﬁﬁtmﬁgrﬁi&%rSé1Chi%Sé e fer
bath of 30'C.. r nt of expansion ratio) After. nmeasuring the
specific gr avi%?%f%%@%%i ned powder 20 conpound (non-foamed nol di ng of

vinyl chloride resin c Lid o] S |.ded b mal | - gize-
singl e screw extruder g':;{'? g@h{eﬂﬁ%)f tHﬁ%&%@%@aﬁs&{& geﬁlgiﬂg%g‘g etﬁ;é‘ﬁa? ls¥m
Kabushi ki Kai sthdotide Gieddn @ diti g@% i i

vinyl chloride rg.sli ﬁ (?orrpogigh,’?%rﬁ)lgsﬁa%f; t geg%gci ﬁg@%ﬁ%ﬁy%aﬁﬁgigﬁy

rod-like foandinitet| clrel Wesiersias Uied nldgind Q¥R QhchahlOeMRa skl Cybat ed
fromthe neasured val.ue's according to the foll ow ng equation. 12 August
2004 - 1 3 Eqmdgabderatio = (specific gravity of non-foaned

mol di ng)/ (specific gravity of foamed nol ding) The specifications of
extruder and the nol di AjeasaEeRY imysnsios 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.



shown bel ow. 5 Specifications of extruder Screw. L/D = 20, conpression
ratio = 2.7, nunber of rotation = 30 r.p.m Die: dianeter —AWd@nd =
20 mm Mol di ng conditions Ml ding tenperature: Cl1L = 170C, _ , C3 =
180C 10 Die = 185C (Measurenent of polynerization conversion) The

pol yneri zati on conversion was cal cul ated asgcording to the follow ng
equation. Polynerization conversion (anount of produced pol yner/anount 15 -
of . nmononers chardged) x 100 (Measurenent of average particle size of

| atex) Wth respe to a | atex obtained, the average particle size was
measured using | i %ﬁp%@?éﬁflﬁg: {siresiligagiaviygi i ut-lemsed mplding) / (specific
Spect rophot oneter U 2000 nade by Hitachj, Ltd, 20 (Evaluation of cell
state) Wth respect to the cell Si&F B#f%m%mdﬂgli cl e obtained, the

appear ance was vi sual | nd eval uated a rding.to the follow ng
criteria. 0: The cell ’%‘{1?%@? %ﬁeg%t%nﬁn(ﬁfedﬁ;}:}ﬁ%‘?{da?ﬁigﬁﬁ‘ﬁﬁg'ﬁﬁﬁ&é’rﬁdéh%%%éF‘F ent .
25 A1 Broken eglhs gepwecattered. X : Mst of cells are broken and the

appearance i s poor. 12 August 2004 - 1 4 EXAMPLE | An 8 liter reactor
equi pped Wbt h SpestfiddtRins\gSegpanged with 0.7 part of sodium '

di octyl succi nate dissolved in water as an enul sifier, and
- Screw: L/D = 20, cornpr_ession ratio = 2.7, number of rotation = 30 r.p.m.
Die: diameter = 5 mm, land = 20 mm
Molding conditions
Moldirnig ter_nperatﬁre: 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.



thereto was added water so that the total anount of- water including water
included in sub-raw naterials added |ater became 200 part sy, 5o R LEsogRaSSi Ng
a nitrogen gas through the gaseous phase and |iquid phase of e reactor to
expel oxygen fromthe space and water, the tenperature of the content was
el evated to 70C with stirring. To the reagtor. was then added at a tine a
first stage nmononmer m xture conposed of 68 parts 10 of nethyl nethacryl ate
(hereinafter also referred to as "MVA") and 12 parts of butyl acrylate
(hereinafter also referred to as "BA"). Subsequently 0.01 part of _ ,
pot assi um persul fate was added as an EXAMPAEod, and stirring was gontl nued.
for 1 hour to substantially conplete the polynerization- 'A second stage
mononer mi xture conposéd %?1“6' rfﬁcﬁgr?@lBPeWﬂéﬁdStlﬁeﬁ&ﬁssdbﬁrA"W&b Oafadeﬁ
dropwi se at a r f .about. par.ts r hour,. After the conpletion of the
dr opwi se addi tﬁa%trt\%f% Rer ’8n418ﬁfyq?‘ﬁc%lﬂét$§éscﬁ°g cd ik Wiedpt 28 an7peUlsiiiegoand f
m nut es and n 0 Y . e_average,particle sj.ze o
the | at ex m‘é‘@ﬁﬁ%é;gu?rgg-é’&[%eb Ef‘gastg* tS%i gh%tﬁ%l\%\ﬁél tngT%ﬁoélr% _szg" 2ff ncluding

POl yITer | 2abi ONv&RAVIRICHh AN WAS 8B 2P bmd 14131 £44 ¥R IPOARLARET Y ;;%'rés'. ng.
out with an aqueous sol ution of calciumchloride,. .heat-t_rfat eIu b

el evating the Afesmedaiitg @ dierdeh @didehydrdlash¥ua piefle ddd8ahid phase
dehydrat or. The obt ai ne% cakeo%gf a-resi Elgglas ;\%shed vIv:;th an agprogl mat el y
same amount ofofwhteracterithexyel ghygef frohethespacand dwaste2btidk tatdpatatde for
15 hours by a parallel flow dryer to give a white powder of polymer sanple
(1). The specidfitheviationt twapElaviadedso 4 0F&H with stierings arffyl €h¢ Travms was
neasur ed- The,ilesult is shown in Table 1. 12 August 2004 - 15 1In a _
Henschel ni xertReR@Esidssrata Bmea Haslshaggmenpmer deixtprarEvipsed 8f 660Tamrade

v

by Kaneka180 ' %?rr%%hgymm%yﬁe[c%gfatge(%re?gin%]}ter also referred to as “MMA”) and 12
parts of butyl acrylate (hereinafter also referred to as “BA”).
Subséquently 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 monoraer mixture composed of 6
15 parts of MMA and 14 parta of BA was added dropwise at a rate of about
30 parts per hour. After the completion of the dropwise addition, the
contenﬁ in the reactor was kepf at 70°C for 90‘ minutes and was then
cooled to give a latex. The average ﬁarticle size of the latex was
measured. The result is shown in Table 1.
20 | The polymerization convérsion-v“raa 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
_ cefrifug’al dehydrator. The obtained cake of a resin was washed With an
‘appro'ximately 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.



pol ynmeri zati on 680) was m xed wth 5.0 parts of the above pol yner sanple
(1), 6.0 parts of calciumrcarbonate, 2.0 parts of titani umzo r?q‘g

parts of an octyl tin nercapto-type stabilizer [di-n-octyl |s(|so-
octyl nmercaptoacetate)] (TVS #8831 nmade by Nitto Kasel_Kabushlkl ‘Kai sha) ,
0.6 part of calciumstearate, 0.1 part of1lydroxystearic acid (LOXIOL G 21
made by Henkel GrbH), 0.9 part of a dibasic fatty acid al cohol ester

(LOXI OL. G 60 made by Henkel GrbH) and 0.6 part of a 10 pol yethyl ene wax
(ACPE- 629A made by Allied Chemical Corporation), and the inner tenperature
was el evated to 110C. I&ft@rHGDQ@hﬂg mll(es, mt§aﬁb sﬁdagm%\]fmlb@habmgwas
incorporated into the mxture to powder conpoun e conpound was
ol deg by a SMNESWM%)?HQQQIH tQY,I"Fé@IQ]%a fcl'_r@féﬁragt @C‘i’ﬁfﬂlge ﬁilﬁéeeegl)_ﬁ)fToyo
Sei ki Kabushi ki ,Kai sha, .t o ve a round r i ke foaned article e
cell state of ptoﬁ‘émfeﬁléﬁganaﬁégb S Rke vﬁ’llﬁh%bﬂ Parg phdb @x%‘é‘h‘éﬁ ORLFRET 0

) Ta ES 2.t d
COvPARATI VE. ERARBESTh 8575 SRR calfpfel. &P Rers of ity apideed
13 80 201858 1000 L B SR PR 6 STRR
foamed articlesy wreagai@ee@ué)]byw@cm@ia}da&& gﬁﬁ%&fo KaQeP AL NG

polymer sanples (2) to (6) into polyvinyl chlori he same manner as
in 25 Exanpl eKhislad 0v6r pagvel ¢atddm Fheara@subt 5 mire FheyrdxysTalhe akid 1 2

August 2004 WCo WN a

(LOXIOL G-21 made by Henkel GmbH), 0.9 part of a dibasic fatty acid

alcohol ester (LOXIOL.G-60 made by Henkel 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 .in,to 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 articlé

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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cT m O U 12 August 2004 - 1 7 Fromthe results shown in,l L§ dopd t 1S
understood that conpositions having a good expandability are ™ %al ned when
pol ymer sanples (1) to (4) having a speci-fic viscosity of not |ess than.
0.73, but no sufficient expandability isjebtained when polyner sanples (5)
and (6) 5 having a specific viscosity of less than 0.73, and accordingly
the specific viscosity of the polyner is required to be not |ess than 0.73
for obtaining the effects of the present invention. EXAMPLES 5 to 7 and
COVPARATI VE EXAMPLES 3Faemi thd OeFulimeshewni ol éabler &, pr épanededstoddiehsame
manner as in Exanple 3 except that the anount of polyner sanple (3) was
changed as sKOWMPeTitPAB| RAVINE W geed ofpandnhlity arperbtedeparhen glolymer

[ [ order to eval ua a, change in expandability when the
g?r:)ﬁ\r/llt I’l)cl):c chl %ralrrgp es (1) to (qﬁ hav?ng a specgf?c _v1scosit39 of not lesps than 0.73,ybut no

“sufficient expandability is obtained when polymer samples (5) and (6)
5 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



pol yner sanple (3) incorporated into polyvinyl chloride was changed. 15 The
expandability of the foamed articles was evaluated. The re 2%3@5 4 shown
in Table 2, provided that in Conparative Exanple 4 a foane t

suitable to evaluate the expandability could not be obtained due to
non-uni formty of a conposition obtained. 20Table 2 Ex. 3Ex. 5Ex. 6Ex.
7Cam. Com Ex. 3Ex. 4 Polyner sanple No.(3)(3)(3)(3)(3)(3) Anmunt
(part)51015200. 140 Expandability 5.66.46.66.81.2 Expansion ratio (times)
25Cel | state00000 Fromthe results shown in Table 2, it is understood that
the 12 August cRD@@ositiong irgwwposdtedomsth rber pooatssingddid tbeomiing easithg
aid. according to the present invention exhibit a good expandability, but
sufficient expsserabi Intgntien nexhobitainedortl téwpamdabilitof bhe prndbessitng
aidis small as sgwgln Conparative Exanple 3. 5 EXAMPLES 8 to 13 and
COVPARATI VE EXARBPESPHygs Aot htatned i |tE‘Fé’§nWEObFféf‘pﬁffé@Sﬁm8Wéi isagrpall

manner as in ce t.ha the | d and anmount of the thermally
deconposabl e ﬁl%gs\?\n{?“énéae ?mﬁgf%t TH ‘shown in Table 3. The

S :
'~ EXAMPLES 8 to 13 and COMPARATIVE EXAMPLES S 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.



10 expandability of the foaned articles was evaluated. The results are
shown in Table 3. In the table, SBC denotes sodi um' bicar g%n%jg% t ADCA
denot es azodi carbonam de. 12 August 2004 1 9 Co N O C7 Rl LO
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LOOOOOO OGO 12 August 2004 - 20 Fromthe results shown in Table 3, it
is understood that as shown in Conparative Exanple 5, a Sllifl{dggk%m
expansion ratio is not obtained if the anbunt of a thermally deconposabl e
inorganic blowing agent is small. 1t is also understood that a sufficient
expandability is not obtained also in theocase that thermally deconposabl e

bl owi ng agents other than a thermally deconposabl e i norgani ¢ bl owi ng agent -

are ,used, as shown in Conparative Exanples 6 and 7. | NDUSTRI AL
APPLI CABI LI TY .10 The F)é‘grgnq’ggl e vinyl chloride resin conposition of the
present invention prov EaReEs BReres ith @bl Sarit éx prdarstoachthat as

of “ther mal Ty G385 OB BB R H G B B SRR PIRAIS PG AL Dot
S oo an oxi strse e FaREPeRkin 1ok Sheh Sl e TRE R e e ctiorlng
expanded.. 12 /c\tggﬁstis 200411 - 2% SLHSWRunderstood that a sufficient expandability is
5 not obtained also in the case that thermally decomposable blowing
agents other than a thermally decomposable inorganic blowilng agent are

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

INDUSTRIAL APPLICABILITY
.;0 | 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
15 since an existing exfruder can be used, and also the range of uses is

éxpanded.



1. An expandable vinyl chloride resin conposition for providing cellular
mol ded articles having an expansion ratio of at |east 4 wa t 95040
organi ¢ sol vent bl owi ng agents, said conposition conprising 100 parts by
wei ght of a vinyl chloride resin, 0.5 to 30 parts by weight of, as a
processing aid, a (nmeth)acrylic acid e§5§[ pol ymer having a specific
viscosity of not |ess than 0.73 neasured™at 30C with respect to a solution
of 0.1 g of the polyner dissolved in 100 mMl of chloroform and not |ess
than 0.3 part by weight to | ess than 2 Ra g by weight of a, thermally
deconposabl e i norgani ¢ bl owi ng agent, sai aI %orrposi tion containing no
thermal | y deconposabl e organic bl ow ng agent and no wood fl our having an
average particle size of 50 to 500 m 2. The conposition of Claiml,
wherein said thermally deconposabl e inorganic blow ng agent is at |east

one nenber sel ected 1frdkrt kspgndable oniiydt ichjonitles adisinm bonasdxitehe for

pot assi um bj car.honat e amonii,um bi car bponat e, sodi um car bonate_and ammbni um
car bonat e. é.gwf’ﬁgl%8ﬁg8?rrtnﬁqdﬁg]a§]§??ﬁ avifie AR SRR Lo atay least 4ei d
ester pol yngitHouta @ 6r%gﬁgri ' 0 1100 0 wel ght it s of
met hyl nethacrylate, 0 to %by%\}gigrglﬁt bg hr?'é)t gé‘g#h’sa éﬁ%ﬁon(ggrmgggietiqréd'
from the greupprewsgsiGtgpasts byryeightanfi al viasyleckloaittt resihh@C5 tbi 30 geires
esters excepting. methyl nethacrylate, and 0,to 20 % by weight of units of
ot her vi ny%%%gﬂgﬁsogoﬁ%l%%éﬁm% @H@r &M(Wﬁﬁlﬁcrfh% }QHpesteri palsre ai m
1, wherei n Bavicho( A8 i d } 0 0 1S a
copol yner of 5'0g§0 0 %%;ﬁé\’/\%%ﬁt 92%%5?}%%%% ngﬁ%%&@an%%g:?gggg’fﬁgjto
50 % by weikfispest tonat sobftien nefhbel s afetheddlyomr tdhsolvaalipnc200i aili 6y of

et hyl nethagrylate. propyl t hacrylate, b I t hacryl ate, 2-ethyl hexyl
net hacryl aség?%ln‘@toﬁm’ %&ﬂ% ,SS% SafWF{‘;&%" 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



propyl acrylate, butyl. acrylate and 2-ethyl hexyl acrylate, and O to 20 %
by wei ght of other vinyl nononmers copol yneri zabl e therew tQA@JUS{r 4
conposition of Caiml, wherein said vinyl chloride resin s a polynmer of
80 to 100 % by weight of units of vinyl chloride and 20 to O % by wei ght
of units of other nonomer copol yneri zal:glzﬁ with vinyl chloride. 6. The
conposition of Caiml1, wherein said (nme ﬁ) acrylic acid ester polyner has
a specific viscosity of 0.73 to 1.7 neasured at 30C wth respect to a

sol ution of eStetr golyinthis patopEyneksedE0eth VO HByveldht ehuehied of MethylThe
conposition of Claim1l, wherein said (neth)acrylic acid ester polyner has

a speci fi c nmicthasiylatof 10. & 50 % bynwaightedf ainiBH6f W bembespaléctee from
solution of 0.1 g of the polyner dissolved in 100 mM of chloroform 8. The
conposi ti ontld gebaiprednsistgiof ahiyd mkehaetylute dpeoppb seditaorptitearigtyl
bl ow ng agent is sodium bi carbonate. 12 August 2004 21b 9. An expandabl e

vi nyl chl or haesyiate pBpetdiyihoryl nmthaicsylage 1Ak that berplatept thinl afryatd, nyl
chloride resin, 0.5 to 30 parts by weight of, as a processing aid, a

(et h) acr yl projayl alcigdatr, ipatyinecrybatd agda2-cthgthéxyl acsdase,t yndf0 not20 €4s

than 0.73 neasured at 30C with respect to a solution of 0.1 g of the

pol ymer di sbplweighitof kither vinf! chdnonfarsmgomoigmetizablesthddearit. 3 part by

weight to less than 2 parts by weight of a thermally deconposabl e

i norgani c bl owi ng agent, wherein said conposition contains no organic

sol vent bl owm ng agent, and wherein the expandability, expressed as an

expansion ratio, is dofTHesompasitin sdi Glaixpahswdrenedn i saideivingldehlarede by

(specific gravity of non-foamed nol ding of said conposition)/(specific

gravity =~ resinis a polymer of 80 to 100 % by weight of units 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.



of foanmed nol ding of said conposition). ABSTRACT An expandabl e vi nyl
chloride resin conposition that the expansion ratio of a vinyl chloride

resin can be greatly increased by the use of thermally decq 04
i norgani c bl owi ng agents w thout the use of organic sol vent bl%ﬁ?%g agents,

and whi ch conprises 100 parts by weightof a vinyl chloride resin, 0.5 to
30 parts by weight of, as a processing aid, a (neth)acrylic acid ester

pol ymer 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 polyner dissolved in 100
m of chloroform an®.not Aressexphardable3 tvinyll esshlbhida 2resdm t Scdxypositight of a

thermal ly  deGMR08 ACp bl HPRLGNE 2 D9 RUBR: RV A2 S0 3O/ 48T RLiEghonat e
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 chloroform, and not
less than 0.3 part by weight to less than 2 parts by weight of a thermally
decomposable inorganic blowing agent, wherein said composition contains no
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).





