SPECIFI CATI ON EXPANDABLE THERMOPLASTI C RESI N BEADS AND EXPANDED

MOLDED ARTI CLES USED FOR THEM 5 FI ELD OF THE | NVENTI ON The
present invention relates to expandable thernoplastic resin -beads and
expanded nol ded articles used for them More particularly, it is

directed to expandabl e thernoplastic resin beads containing a 10 specific
fl uorine-containing bl ock copol yner and their expanded nol ded

articles. The expandabl e t hernoplastic resin beads according to the
present invention are used as vaPF&UsHHANE®PN i cles and are suitably
used as expansion nolded materials for vessels for foods and dri nks
containing oil and fat conponents such as precooked (instant) noodles, 15
fried chicken, fat-containing foods, regular coffee and the |ike.

Furt her, tE‘é@%‘\HIb‘\BLEoTH%R&OBbAMﬂéh ESH NnBEAD SAND iIEXBANDES ai n
pans (pans) used in honme air-conditioners or the |ike, vessels for

aqueous soMOLDEDfARNECAEINSEDPEORAIEEM e boxes or the |ike. 20
BACKGROUND OF THE | NVENTI ON The expandabl e t hernopl astic resin
beads @gan be manufact ured according to the process as shown bel ow.
For exanple, they are manuf actured by inpregnating pol ystyrene resin

beads in teELoyy OPTHE INVENUEOMs suspension, with a volatile aliphatic
hydr ocarbon enabling to 25 slightly swell them such as n-pentane or the
like, or by i7TRE§ER8bhDSINVention relates to expandable thermoplastic resin
| beads and expanded molded articles used for them. More particularly,
it is directed to expandable thermoplastic resin beéds containing a
10 specific fluorine-containing block copolymer and their expanded molded
articles. The expandable thermoplastic resin beads according to the
present invention are used as various molded articles and are suitably
- used as expansion molded materials for vessels for foods and drinks
containing oil and fat components such as precooked (instant) noodles,
15 fried chicken, fat-containing foods, regular coffee and the like.
| Further, tht;se are also useful as expansion molded materials for drain

pans (pans) used in home air-conditioners or the like, vessels for

aqueous solution of surfactants, portable ice boxes or the like.

20 BACKGROUND OF THE INVENTION
The expandable thermoplastic resin beads can be manufactured
according to the process as shown below. For exampie, they are
. manufactured by impregnating polystyrene resin beads in the form of
aqueous suspension, with a volatile aliphatic hydrocarbon enabling to

25 slightly swell them such as n-pentane or the like, or by impregnating



pol ystyrene resin beads in the form of aqueous suspension containing a
smal I amount of such a solvent as tol uene, cycl ohexane or the I|ike
having solubility for the polystyrene resin beads, with such an bl owi ng
agent as butane, propane or the |ike the gaseous format ordinary 5

t enper at ur e. The expandabl e thernopl astic resin beads thus
obt ai ned are previously expanded to give pre-expanded beads. Then,
t hese pre- expanded beads are _charged in a-netal nold of a nolding

machi ne, ap@lystyrene,sesincbends i He fum ehpayepys sUSBENsiva ¢ndaddpsnied
beads by introducing 10 steamtherein. Thus, each pre-expanded bead is
fused i nt osoredl amount of sitaarsolventl aretbluenectyclobexane ohéhedild nol d.
When the beads in the resultant nolded article are not conpletely

f used i nt ohawing lsolvhitity fol¢he piobydyperssidsinilieadshatith fsocheaabjdveing f t he
article is used as a vessel, contents perneate into an outside wall of the
15 vessel agent Akbutatephoganant ithe dikgltpepdsanofornbat o dichaak t he

contents. In order to prevent this perneation, there has al ready been
proposesl atemperat®@iehod of |owering the surface energy of the bead, that is
to say, a met hod of enlarging the contact angle of the surface of a

ol ded art cl $he oxpaddaIBEhEARLAMStid foshE HRGTTRAUIDDaRkd are FOr_exanpl e,
Japanese Exam ned Pat ent .Publication No. Hei 4(1992)-53890 discl oses

a proposal . ‘Bfevﬁ)‘ﬁrsiy?‘.{éﬁ?%gﬁ%{iﬁgléﬁ% gr@-e&ﬁ%%gr%ﬂ beads. agi‘d}?&‘ {3 sggﬁfet copol ymer

of a fluorine-contain e no da’hydrophilic _
Do 0 SRR RS G AGAER DREOE0] of om0, b 11
heated over t-he softening point of the pre-expanded beads by introducing
10 steam therein. Thus, each pre-expanded bead is fused into one to
obtain a molded article as per the metal mold.
When the beads in the resultant molded article are not completely
fused into one, however, there is a possibility that, for example, if the
article is used as a vessel, contents permeate into an outside wall of the
15 vessel_or into the molded article, depending on the kind of the contents.
In order to p—revent this permeation, there has already been proposed a
method of lowering the surface energy of the bead, that is to say, a
method of enlarging the contact angle of the surface of a molded article
to the contents to be permeated.
20 - For example, Japanese Examined Patent Publication No. Hei
4(1992)-53890 discloses a j)roposal of surface coating with a random,
block or graft copolymer of a fluorine-containing vinyl-type monomer
and a hydrophilic vinyl-type monomer, Japanese Unexamined Patent

Application No. Hei 1(1989)-210435 discloses a proposal of surface

25 coating with ammonium phosphate of perfluoroalkylsulfonamide, and



25 coating with amoni um phosphate of perfl uoroal kyl sul fonani de, and

2. - _ Japanese Unexam ned Patent Application No. He
3(1991)-190941 di scl oses a proposal of surface coating with a random
copol yner of a fluorine-containing vinyl nonomer containing a

hydr ophi | i ¢ conponent (et hyl ene oxide or propyl ene oxide group) w:th
a |ipophilic nononer. 5 Al the surface nodifying agents described in

t hese patengt publications, are, fluori.ne-serj.es c i fying
agents \/\hi@ﬂpg’f&ﬁ%“a examined hatent Appﬂcat&m%eﬁf’l gffﬂasi ﬂyﬁg(g% lic group.
However, even_if the fluotine-series surface nodifying agents

cont ai ni ngdiSCHYERSFHRIIRSS Y Qﬂatﬁlg]y&ﬁbﬁrﬁaH%’%g%g@%‘?reoﬂged, 10
satisfactory results were not always obtained in £e ard to performance
enabl i ng t Bugringeentapping: Vi MeROBEricontayng; 3 hygropidic wmpepent
aqueous surfactant solutions; and stickiness of expan %ELe

t her nopl asfathylens pxisiea@spron B AN OXLGE SHORP Lk aﬂ%ﬂﬁ?ﬂl imAnemerhe

beads after the pre-expanding. At first, the former will be explained 15
bel ow. 5 All the Faeface ssedifymshagentsudessribedan thess radsntdahlications

t her nopl astic resin beads have a wide range of utilities because of
t he economuraflthorine-setiestsurficai modifymgpeents W%lidn ebotain a hadrephilised,
for exanple, as vessels for containing oily foods such as instant
noodl es, feoragonbintkem hpdropdntictgreubi ke. In this case, the perneation of
oil and fat conponents may beconme a problem because the contents
cont ai ned i rHbheveeserin iflthenfluorine-series surface modifying agents

containing a hydrophilic component or a hydrophilic group were used,

10 satisfactory results were not always obtained in regard to performance
enabling to prevent the permeation of fat and oil components and
aqueous surfactant éolutions; and stickiness of expandable
thermoplastic resin beads which occurs during transportation of the
beads after the pre-expanding. At first, the former will be explained

15 Dbelow.
| The vessels mahufactured by molding expandable thermoplastic
resin beads have a wide range of utilities because of the economy and
heat-retaining property. Therefore, thesr are used, fo;' example, as
vessels for containing oily foods such as instant noodles, fried chicken

20 andthelike. In this case, the permeation of oil and fat components may
become a problem, bécause the contents contained in the vessel during
preserving in stock in the marketplace may be affected under the
influence of temperature and moisture so much that oil and fat
compoﬁents or soup may effuse out to the outside wall. Furthermore, if

25 an aqueous surfactant solution having a low surface tension is contained



prese‘rvi ng in stock in the marketplace may be affected under the
i nf | bence- of tenperature and noisture so nmuch that oil and fat

conponents or soup may effuse out to the outside wall. Furthernore, if 25
an aqueous surfactant solution having a | ow surface tension is contained

3 therein, the content will have perneated into the
container so rapidly that it will be difficult to use the vessel. The

above-nenti oned pr opose were made tq cope with these praohl ens but
they were fBerein, the ganfesrtapy isﬁvernﬁ}'grpatﬁdﬂe@wheﬂ@nsﬁn@w&owmdbperty.

5 Secondly, the latter will be explained. A hydrophilic conponent or
hydr ophi | i éhg%/ duyill be diffieulictodusenthavesael f adberahniveymemtianad to

prevent oil perneation, but it still acconpanies a problemthat the

hydr ophi | i propogelsovdreansdel® copeewithwhiesh problemalsd thiey werd aot of the
bead to be sticky. When such beads were pre-expanded, the beads 10 becone
sticky aft eatisfectpreeaspghdnng:gaedttbahiéldéng propbidyi.ty of the beads
tends to worsen. Therefore, there was a problemthat it took a | ong

time transpor Setdiadlyeolls 19tted witl bd expRinue. [ USRYdPEFNSic dbndp He&sk or
transferring pipe. 15 SUMVARY OF THE | NVENTI ON The present

i nventors 'B@*‘d@of)ﬁﬂﬂﬂ%%ﬁ i adtroBuc&PA kR sh*ﬂfhc‘é%ﬁ&ﬁ?hﬁéa ent to €xpandabl e

t hernopl astic resin beads with a fluorine-containing” bloc copol yrer

or i ncor poiabl &gk b1 s ti’&?,fbdﬂ‘ft%t{li‘%cédiﬁnééﬁfeé é%bﬁ&bﬁm tHGt the Deads, a
fluorine-contal ning vinyl-type polynmer segnent 1n e uori ne-
hydrophilic component absorbs water, which will cause the surface of the
bead to be sti-cky. When such beads were pre-expanded, the beads
10  become sticky after the pre-expanding so that the flowability of the
beads tends to worsen. Therefore, there was a problem that it took a

long time transport the beads on a net to remove fused beads in a bead-

transferring pipe.

15 SUMMARY OF THE INVENTION
The pres_ent inventors have found out that, by coating the surface of

expandable thermoplastic resin beads with a fluorine-containing block
copolymer or incorporating the cop olymef into the surface layer of the
beads, a fluorine-containing vinyl-type polymer segment in the fluorine-

20 containing block copolymer can effectively prevent the permeation of fats
and oils or an aqueous surfactant solution and further a lipophilic
vinyl-type polymer segment in the block copolymer can markedly reduce
the stickiness of the beads, thereby providing performances stabilized

over a long period of time. On the basis of this findings, the present

25 invention has been completed.



20 cbnta[ning bl ock copol ymer can effectively prevent the perneation of

fats' “ and oils or an aqueous surfactant solution and further a

| i pophilic vi nyl -type pol yner segnment in the block copol ynmer can
mar kedl y reduce t he stickiness of the beads, thereby providing
performances stabilized over a long period of tinme. On the basis bof

this findings, the present i nvention has been conpl et ed.
4

25

.. Accor di.ngl i he present .i L vi des expandabl e
t her nopl ast i CAﬁ:Céagfi}.p@gagéem%g%ﬂtsld}vfegggrbﬁré‘{}ﬁ%%%bfigl@gpié)s coated or
I ncorporated wth a fluorinpne-cont.ai ni ng bl ock copol yner conpri sing a
f1uorine-c rﬂ?ﬂqﬁﬁt\?iw}n gﬁﬁii.s w%&ﬁwﬁﬁuﬁﬁaﬂeﬁéxq ?%Er&f;eﬁl (Ugri ne- 5
cont ai ni ng_ vi nyl -type nmpnoner and a Ii,pophibii vi nyl -t ype pol.yner
segment deioPERO¥aigsh With 3 dhHne-containing O(ﬁﬁﬁ@féymgrpconepnm%pt her nor e,
t he present invention provides exp?é\‘ged nol ded . ar tfj cl es .obt ai ned by
expansi on flubineycOHAIRIRE FINEAPERAUYBISTsrganent derived fromg fluorine: | osin
beads. 10 __ DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT
The entfodi eentadniig viyl-jypermonamgr anga lapephilicednyy-tipe @ fl as
fol | ows. The expandabl e thernopl astic resin beads and the expanded
nol ded 15segment idexi ofpa linnnhilicconyl-tyre Mmenampr.esent i nvention are

coated or i ncorporated with a fluorine-caontaini ng bl ock copol yner
conpri si ng of Farthermore, the present invention provides expanded molded '

articles obtained by expansion molding the above-mentioned expandable
thermoplastic resin beads.

10
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

The embodiments of the invention will be explained in more detail as
follows.
The expandable thermoplastic resin beads and the expanded molded
15 articles used for them according to the present invention are coated or
incorporated with a fluorine-containing block copolymer comprising of a
fluorine-containing vinyl-type polymer segment and a lipophilic vinyl-
type polymer segment.
In the present invention, there is no particular limitation on the kind
20 of thermoplastic resins which are a base materials for the expandable
thermoplastic resin béads, as far as they aré resins which can be
expanded with. a blowing agent . Examples of the resins are aromatic
irinyl resins such as polystyrene, high-impact polystyr(;ne, styrene-
(meth)acrylic acid copolymer, styrene-methyl (meth)acrylate copolymer,

25 styrene-maleic anhydride copolymer; AS resin or the like ; olefinic



fl uori ne-containing vinyl-type pol ymer segnent and a |ipophilic vinyl-

t ype'pol yher segnent. In the present invention, there is no
particular Iimtation on the kind 20 of thernoplastic resins which are a
base materials for the expandabl e t hernopl astic resin beads, as far
as they are resins which can be - expanded with a bl ow ng agent.
Exanpl es of the resins are aronmatic vinyl resins such as pol ystyrene
hi gh-i npact pol ystyrene, styrene- met hyacryd i.c aci d.copoel ymer,

ot 91 ener e OORGASF A SARAEREE seD s pSTBC A, A TPRRAT | e
copol yner; resin_or the like: olefjnic .

5 cﬁﬁrlge,msbhsaﬁeﬁ, BPlYRIEBY AR ethelenss ViBYY Aatale Fypelymer

pol yvi nyl i dene _. hl ori de, pol yethyl ene, pql ypropyl.ene, ethylene- vinyl
hoetat e cogbithadike; a homgpotyiael ok dts mikbs BiGHEP POIYRREIAEREEINET R h as
pol yphenyl eneet her or a mxed resin f(ﬁol phenyl eneet her and

pol yst yr en@; mixed aes;arafcmlyahenslqr@grchebaaga? MSégregeb?aéta ¢RMBOP4Lt Of

polyolefin to graft copol ynmerization with vinyl nonomer. O them
aronat i viresin preyiared by subjestingn perepf n palyolgfisfforguafe, and pol ystyrene
Is particularly preferable. The expandabl e thernoplastic resin

beads can bep@yapereatipy with vinyhprenpmer.ngOftberharappticvinylmesins beads
as the base material with 10 one or nore kinds of blow ng agents, which
are a |iquiandopolyabefin ameparaferable, andpplystyranes isf partevdaplyepreferaiat i c
hydr ocar bons such as propane, n- but ane, isobutane, n-pentane,

i sopent ane, cYheaxpanaiabletheimopldstic resin beds @ancloerpoepaiedshizh as Freon
11, Freon 12 or the |ike; and inorganic conmpounds such as carbon
di oxi de, nidpeggnatingtthe thermailastie resin beads s the base material with
10 one or more kinds of blowing agents, which are a liquid or gas at normal
temperature, for example, aliphatic hydrocarbons such as propane, n-
butane, isobutane, n-pentane, isopentane, cyclopentane or the like;
Freon compounds such as Freon 11, Freon 12 or the like; and inorganic
compounds such as carbon dioxide, nitrogen or the like at the ratio of 2 to
15 20 % by weight for the thermoplastic resiﬁ beads. In addition, these
- expandable —thermoplastic resin beads include expanded beads which
were expanded to an optional density (so-called pre-expanded beads).
Normally, the resin beads made of styrene resin are put into market in.
‘the form that they are impregnated with a blowing agent , and the resin
20 beads made of olefin resin are put into market in the form that they aré
pre-expanded.
Furtherﬁore, these expandable thermoplastic resin beads may
contain flame retardants, coloring agents, solvents (for example, toluene,

cyclohexane, ethyl benzene, etc.) or the like to the extent that the effect

25 of the present invention are not lessened.



15 20 % by - weight for the thernoplastic resin beads. In addition, these
expandabl e  t her nopl astic resin beads include expanded beads which

wer e expanded to an optional density (so-called pre-expanded beads).

Normal |y, the resin beads nade of styrene resin are put into market in

the formthat they are inpregnated with a bl ow ng agent, and the resin 20
beads nmade of olefin resin are put into nmarket in the formthat they are

eads nay - As egards hp AL DL ARG GhE SR P RYARE GRSBLRIHRE (1 or

exanpl e, tol ugne cl ohexane, et hyl ;benzene, etc.),or the like to

t he extent 1A 04%%11'6%18@%/“0%1“%? %Pr?éi%tégen Wﬁ?@ﬂ?]@nh&?’? Kot | essened.
6 . As regards the nethod of inpregnating wth bl ow ng
agent (s), dHgpstrated Hmathag |1m&gnamwa@ya@0m5@g§nt&¢ exanpl e,
there is = illustrated a nethod of inpregnating with a bl owi ng agent

t he tthermeplastic sesindhendscagthe foronof RAUEPBS SHEDEBSIONSTWSBBNS| ON i N an
5 autocl ave. Next, the fluorine-containing vinyl-type nononer

whi ch Bonsxutogtase. the fluorine-containing vinyl-type pol yner segnent
according to the present invention illustratively includes the

fol | owi ng gen&Neat, tlve flwlostme-containiyg vinydekype(x@pnombd wieithr atodstitntea (A):
terrl the fluorine-containing vinyl-type polymer segment according to the
present invention illustratively includes the fbllowing general formulae
(A) through (G).
10 general formula (A):
@)
Il

R_f—Rz OCCR3 =CH-.
" general formula (B):

15 Rl O

Rf—-S0Oz: NR: OCCRs =CHz:

general formula (C):
20 R, @)

Rf—CONR; OCCR3; =CH:.

ganeral formula (D):
' OH 0O

1 I
Rf—CHz: CHCHz OCCR3s =CHz¢.

25

7



general formula (B): 15 [err]

general frormula (C): 20 [err]

ganeral fornula (D): _ [err] 25

7 general fornula (E): [err]
5 general formula (F): 10 [err] g

general formula (E):

. I
Rf-CH, CHCH, OCCR: =CH,

general formula (F):

10 O
Il
Rf-O0O-Ar-CH, OCCR,; =CH,
general formula (G): _
o
15 | | - I
- Rf-R: OCCH,
o I
Rf-R, OCC=CH,
If
20

O

In the above formulae, Rf is a polyfluoroalkyl or polyfluoroalkenyl group
of 3-21 carbon atoms, R:is a hydrogen atom or an alkyl group of 1-10
carbon atoms, Rz is an alkylene group of 1 to 10 carbon atoms, Rsis a

25 hydrogen atom or methyl group, and Ar is an arylene group optionally



general fornula (Q: [err] 15

20 ¢ “I'n the above formulae, Rf is a polyfluoroal kyl or
pol yfl uor oal kenyl group of 3-21 carbon atons, R err] is a hydrogen
atomor an al kyl group of 1-10 carbon atons, R err] is an al kyl ene

group of 1 to 10 carbon atons, Rlerr] is a 25 hydrogen atom or nethyl
group, and Ar is an arylene group optionally -

8 . havi,ng.,a substituent. These nononmers nay be used
singly or hﬁ@%@rﬁ&h‘?g’[tl%ﬁgt her eof . Exanpl es of the d |

L i i e
e oe N e e oSl IS5 SRR g ehe abBfRceey
hunber of  EPRBFalBraNtAG ATRGHIFR PPUEE (arRPYbr By PGBy feRE: Heptyl
prefer a5b| e'octyl, nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl,
hexadécyl, heptadecyl, octadecyl, nonadecyl, icosyl, henicosyl and the
like, whose constitutional hydrogen atoms are substituted with a desired
number of ﬂuo;'ine atoms. Normally, a perfluoroalkyl group is
preferable.
10 Examples of the polyfluoroalkenyl groups expressed by Rf in the above
general formulae are such groups of propenyl, butenyl. pentenyl,
hexenyl, heptenyl, octenyl, nonenyl, decenyl, undecenyl, dodecenyl,
tridecenyl, tetradecenyl, pentadecenyl, hexadecenyl, heptadecenyl,
octadecenyl, nonadecenyl, icosenyl, henicosenyl and the like, whose
15 constitutional hydrogen atoms are substituted by a desired number of
fluorine atoms. Normally, it should preferably be a perfluoroalkenyl
group.
The above polyfluoroalkyl or polyﬂudroalkenyl groups are preferred to
have 6 to 10 carbon atoms. If a monomer having not more than two
20 carbon atoms is used, the fluorine-containing block copolymer formed
therefrom does not exhibit a sufficient property to prevent the permeation
of either fat and oil components or agqueous surfactant solutions. Ifa
monomer having not less than 22 carbon atoms is used, the conversion of
the polymerization to a ﬂuoﬁne-containiné block copolymer is unfavorably

25 lowered due to a considerably long chain.



10 ~ Exanpl es of the pol yfluoroal kenyl groups expressed by Rf in the above °
general fornul ae are such groups of propenyl, butenyl. pentenyl,

hexenyl, heptenyl, octenyl, nonenyl, decenyl, undecenyl, dodecenyl,
tridecenyl, tetradecenyl, pentadecenyl, hexadecenyl, heptadecenyl,

oct adecenyl, nonadecenyl, icosenyl, henicosenyl and the |ike, whose 15*
constitutional hydrogen atons are substituted by a desired nunber of

LLS;JL' ”eda””ﬁ %E%b'éih a@kyﬂ‘)”' db %’Eéﬁee%%?éégb% m@f?%&%%ﬁﬁ?ﬁ% offBlps arc
than tuo Sermulac,8FF & egﬁgi. M&Zﬁion% ﬁﬂifpﬂb BRRAL RVl G50R QSLOFELSr
the per neanoaaTe«iecy BODER Y P59 hriaoBF R oA SSB e d'éB’aenﬁx?’P ctant

sol uti ons. havi ng not ss than 22 c n atons i s used,
t he conver;*;h%ﬂllk(ﬁ Oftheﬁ%é@%??z%?@ﬁ’ & oMLy %\S‘thg grﬁaé AR AP Sock

copol yner is unfavorabl | owered due to a co SI derabl | ong chai1

9 5 is preferabl eExaﬁ/ﬁgh@salky 1 greup cRytaigsdupLe 19§1 FHomS:then t he
above gener al formul ae are nethyl, ethyl propyl butyl, pentyl,

hexyl , heptghyexsioylof the polymenizationets/anfavozpblplawenedodae §o 2 i sopent y! |
isohexyl i sooctyl, isononyl and the like. O these al kyl groups, an
al kyl gr oupohsi\diemgblylomgmhaimbon atons 5 is preferable. If the alkyl
group contains nore than 10 carbon atons, the conversion of the

pol yner i zat i oBxample$ af thakhlylenegredpd expressed by Rz indhsiabevelgeperahg
chain. formulae are methylene, ethylene, trimethylene, tetramethylene,

10 pentamethylene, hexamethylene, heptamethylene, octamethylene,
nonamethylene, decamethylené and the like. Of these alkylene grdups,-
an alkylene group having 1 to 4 carbon atoms is preferable. If the
alkylene group has more than 10 carbon atoms, the. conversion of the.
polymerization is unfavorably lowered due to a considerably long chain.

15 Examples of the arylene groups expressed by Ar in the above general
formulae are phenylene, naphthylene and the like. These arylene
groups can have a substituent. An example of the substituent is a
hydroxy group. Examp.les of the preferéble arylene group are
phenylene,.hydxoxyphenylene and the like.

20 Specific examples of the fluorine-containing vinyl-type monomers
represented by the general formulae (A) through (G) are shown below.
1) Group of the general formula (A) .
.F‘ (CF:)s (CH:) .0 C OCH=CH.’ (a—1)
. F (CF:)s (CH:;) . OCOCH=CH, (a—2)
25 F (CF:):w(CH.:): OCOCH=CH, (a—38)

H(CF:.:)s: CH: OCOCH=CH, (a—4)
' 10



Exanpl es of the al kyl ene groups expressed by R2 in the above general

formil ae are nethyl ene, ethylene, trinethylene, tetranethylene, 10

pent anet hyl ene, hexanet hyl ene, hept anet hyl ene, oct anet hyl ene,

nonanet hyl ene, decanethyl ene and the like. O these al kyl ene groups,

an al kyl ene group having 1 to 4 carbon atons is preferable. If the

al kyl ene group has nore than 10 carbon atons, the conversion of the

pol ymeri zati on |s u fav r ably e to a considerably long chain. 15

Exanpl es of the (ary e‘he gf OFE Q@gdéez By Ar in the above general

~fornmul ae are phenyl ene, napht i ke, These aryl ene

groups can have a substituent. pﬁm Eﬂé thé:s}ibst(;t[ﬂient ida—5 ) 1

hydr oxy group. ExarrEI es of the preferabl e aryI ene group are ’
p

phenyl ene, hydr d&x§phHeny) eneCakid ¢ Re Rl ika. o Speci fic exanpl es of { he
fl uori ne-containing vinyl-type nononers repr esent ed by the gener al
f I A) th h (G &
formia (8 D e ferr] X ST T Yoot B o
(a- 1)5 F (CF [err] ) [err] ( CH err] ) [err] OCOCH=CHl err] (a
- 2) 25 F err Ez h( [err] ) [err] OCOCH=CH err]
(a- 3) érE(F fe r]i ffe Rerr] OCOCH:CH[err]
- 4
E?:F[err] Y[err] CF (CFlerdAPEQL-(CH;: ) —CHz - ((Ceferi])
OCOCH=CH[ err ] (a- 5) (CFlerr])[err] CF (CF[err])[err] -
- (CHerr] ) [eFr]( OCBGFYH er(IC Hea) §) -5 - F (CF[err] ) [err]
(CHerr]) [err] -
' —OCOC(CH':;):CHz (a-'8)
- 10 F(CFz)Je(_CHz)z“
~0COC (CH;s ) =CH.  (a-9)

H(CF,)s CH; OCOC (CH: ) =CH., (a—10)
(CFs) 2 CF (CF.) ¢ —

— (CH: ). 0COC (CHs ) =CH, (a-11)
(CEs ) 2 CF (CF.2) s —

15

~ (CH:) . 0COC (CHs ) =CH, (a~-12)
2) Group of the general formula (B):
F (CF.)s SO, N (CH; ) — |
00 ~CH, CH, OCOCH=CH, (b-1)
F (CF,)s SO, N(CH: ) —
~ (CH.) « OCOCH=CH, (b-2)
F (CF,)s SO, N (CH,; ) -
~ (CH: ) 1,0COCH=CH, (b-3)
25 F (CF.)s SO2N(C: Hs) C-

~ (CH. CH: ) HCH: OCOCH=CH, (b—4)
11



-ocoC (CH err]) = CHerr] (a-7) F(CF[err] ) [err]

(CH err] ) [err] - -0OCOC (CH3 ) =CH2 (a-8)
10 F(CF[err] ) [err] (CHerr] ) [err] - 0CoC
(CHerr] ) = CHerr] (a-9) H (CF[err] ) [err] CH[err]
OCOC (CH err] ) =CHerr] (a-10) (CFlerr] ) [err] CF (CFlerr]) =
[err] - - (CHerr] ) [err] OCOC(CH[err] ) = CH[err] (a- 11)
15 (CF[err] )[err] CF(CF[err]) [err] -

(CHerr]) [err] OCOC (CH err] =CH err] (a-12) 2) Goup of t he

ener al forrrul err SOerr] N (CHerr - 20
9CH[err] CH[ BQEI}O:)CH[eSrﬁF% f\fl)(%:i‘I (‘gF[er]r] )([err] ]S)qerr] N
(CHerr]) - - (CHerr] ) [err] OCOCH:CH[err] (b- 2)

F (CFlerr] ) [err] sOerfl: NC(BHeOrCPC (CH, ) =CH, (b=5)

(CHerr]) [err] OCOCH = CH err] (b-3) 25 F(CF[err]) [err] SO[err] N

(C[err]H[err] P;l CCF. ), SO(zCI-I[\]er(rtp-iﬁegr})_HCH[err] OCOCH:CH[err]
4)

(b-

Egz-l% gﬁ)ger&[ grqr ]er.z]b I\fggzu-te[r{rz] )O E (()Cg[ eg'% H) [%rr_j eE(r:)% rk}mﬂ[\lef{&[err]
Herr]) - F (CI-'-‘2 (?I[@rr]NCI-d[ rr] (_CH[err]) =CHerr] (b -
6) F(CF[err] [er SO[err Cerr] Herr] -

cmww]CHewlcnxé%ﬂ“@ﬁ Qﬂéél(Pcﬁa)-—%Gowﬁﬁthe

general formula (C): b—-17)
3) Group of the general formula (C):

F(CF:)2CON (C, Hs ) -

0 ~CH, OCOCH=CH, (c-1)
F(CF,):s CON(CH, ) -
—CH(CHs) CH, OCOCH=CH, (¢c-2)
F(CFz)aCON(CchHéCHs)—
15 : —~CH: CH, OCOC (CH; ) =CH, (¢ —-3)
F (CF.)s CON(C, Hs ) -
~CH; OCOC (CH; ) =CH, (c—4)
4) Group of the general formula (D):
20 F (CF.)s: CH, CH (OH) -
 —-CH, OCOCH=CH. (d-1)
(CFs) 2 CF(CF,) ., CH, —
~CH (OH) CH, OCOCH=CH, (d-2)
F (CF:)s CH; CH (OH) —
25

~CH, OCOC (CH: ) =CH, (d-38)

12



F (CFlerr] ) [err] CON (C[err] Herr]) - 10

-CHerr] :OCOCH= CHerr] (c-1) F (CF[err] )[err] CON (CHerr] ) -
-CH (CHerr]) CHerr] OCOCH = CH err] (c-2) F (CFlerr] ). [err]
CON (CH err] CHerr] CHerr]) - 15 -CH err] CHerr] OCOC(CH[err]
) = CHerr] (c - 3) F (CF[err] ) [err] CON (Cerr] Herr]) - -
-CH err] OCOC (CH[err]) = CH[err] (c-4) 4) G oup of the general
formula (D): s rrFl éerr] CHerr] CH (OH -

- CHerr] ocou4€ﬁ4@e re @ Fz ) 2 CHAerr] ) [err] CF (CFlerr] )
err] CHerr] - CH (OH) CHerr] OCOCH=CH err] d - 2)

[
F (CFlerr] ) FeGHCAGHD @HH{QH)GCZEOC (CH: ) =CH, ¢LHgp] OC
OC (CHerr]) =CHerr] (d- 3) 12
(CF[err] )[err] CF(CF[err]) [err] CH err] - -CH (OH) CHerr] OCOC
(CH err]) = CHerr] Ié}() % G oup of the fornula (E): 5 (CF[lerr]
) [err] CFSDCH[}eouﬂxo)ftbe oimoilh £E)] - ~ -CH (ococH err] ) CHerr]
OCOCH = CH err]. é: (CF[err] [err] CF (CH err] ) [err] CH err]
CH(OC@:H[err])( Fa ) 2 CF (CH.Mer@ HGOCt CHerr]) = CHerr] (e
-2) 6) Goup of the general formula (F): 10

~CH (OCOCH; ) CH, OCOCH=CH., (e~-1)
(CFs ). CF (CH.)¢« CH: CH(OCOCH; ) -

. ) — CH. OCOC(CH3)=CH2 (e—'2)
6) ”'Group of the general formula (F):

10

F(CF2)s0 —@—CH20COCH=CH2 ST
F(CF2)80—4 )—CHAOCOC(CHs)=CHz (-

" 'F(CFz)so@—(:Hzococm-CHZ (£-3)

F(CF2)s0 -@cnzococ«:ﬁs) CHe -0

20
7) Group of the formula (G):
F (CFs)s (CH:) s OCOCH,
|
F(CF.)s (CH:): 0COC=CH, (g—1)
25

13



[err] [err] 15 [err] [err] 20 7)

G oup of the formula (Q: F (CF[err] ) [err] (CHerr] ) [err]
OCOCH] er r] F (CF[err] )[err] (CHerr]) [err] OCOC = CH err]
(g-1) 25 13 Exanpl es of the
fluorine-containing vinyl-type nonomers are shown bel ow, as nononers
except for these fluorine-containing vinyl-type nononers (A through

I e ik
)CH% :; ; } SHEEE“]S s }glctrg)&p?rg except for these ﬂuorlne-conta';_,m(xgg: Itryw] ®err]

C F = G oPqRargers (4) through (G) Fcr Loy Tarr] e h ) ©
[err] F (CF [err] ) [err] CH=CHerr]
F(CHerr] ) lerr] G=CHY cF, )« CH, OCH=CH,
5

F (CFz ) s CH: OCH=CH,.

F (CF,) ,,CH, OCH=CH,
F(CF.): CH. OCF=CF,
F(CF.), CH, OCF=CF,
o F (CF,) «CH, OCF=CF,
F(CF,): CH=CH,
F (CF.,), CH=CH,
F (CF.) ,,CH=CH,
"F(CF.) s CF=CF,
15 F(CF,)s; CF=CF,
) F (CF:) wCF=CF,
CH, =CF,
CF. =CF,
30  The fluorine-containing vinyl-type monomers above may be used

singly or in a combination of plural membérs thereof. Further, as the
ﬂuoriné-containing vinyl-type monomer, the monomers shown by the
general formula (A) are preferable because of higher conversion of the
polymerization. Of the monomers as shown by the general formulae (B),

25 (C) and (D), there is a possibility that somewhat stickiness occurs in the

14



F(CF[err]) [err] CF=CF[err] 15 | F (CFlerr]) [err]

CF=CF[err] F (CFlerr]) [err] CF=CF[err]
CH err] = CF[err] CF [err] = CFlerr] 20 The
fl uori ne-contai ni ng vinyl-type nononers above may be used singly or

I n a conbination of plural nenbers thereof. Further, as the
fl uori ne-contai ni ng vinyl-type nnnoner the nononers shown by the

gener al forrm A are rabl e se 0 bgher conv S|on of the

ol yrer | zaRPORLtaEE exRatABhin Eh TSP B EhT PRATSeAATO GERIRE () 25
(© and (D he p055|b|I|tyt some at stickiness occurs in the
14 LY&OPL&%EWP&HF“@(B % U1y ?ﬁeﬁé , because

t hey have hydrophi lic corrponents sucf as sul&g e group in the
general  formply ﬁB} AT SEONRIEN §P6 @general far B 8xY €FOBRd
hydr oxy group in the I(;;1‘a(¢2neral formul a (D Furthernore, it is noted
that the nimdhergenersl foymuy arthesmmpalt(m)n%tﬁé\&hﬁt ¢hemenemersi on of
t he pol yneri zati on than ot her nmononers. In particular, the nononers
(a-2), §a- of the geneyal formulan@)showe higher porevessiaztiof the polymerizationeover ,
t he mononers such as HEMA, MVA, stearyl met hacryl ate or the |ike
except for thae dthepmaemoment.ai i pgriicnldr, theenongmennad), (aAD), t(a 1) may be
copol ynmeri zed with the fluorine-containing

and (a-12) are preferred.

Moreover, the monomers such as HEMA, MMA, stearyl
methacrylate or the like except for the ﬂuorine-contéini_ng vinyl-type
10 monomer (A) to (G) may be copolymerized with the fluorine-containing

vinyl-type monomer to the extent that the property preventing

permeation of oil and fat components and aqueous solution of surfactant

is not lowered. In that case, appropriate amount thereof is not more

than 3 % by weight to the fluorine containing vinyl-type polymer

15 segment.
Next, the lipophilic vinyl-type polymer segment of the present
invention is formed from a lipophilic vinyl-type monomer. This
lipophilic vinyl-type monomer means é lipophilic vinyl-type monomer

which does not contain a fluorine atom. Specific lipophilic vinyl-type

20 monomer is repres.ented by the following general formula (H):

(H) :R, —OCOCR; =CH,

(wherein R4 is an alkyl group of 8-22 carbon atoms, a cycloalkyl group of

25 6-15 carbon atoms or phenyl group, each group obtionally héving a

15



vinyl -type nononer to the extent that the property preventing

pernmeation of oil and fat conponents and aqueous sol ution of surfactant
is not lowered. In that case, appropriate anmount thereof is not nore
than 3 % by weight to the fluorine containing vinyl-type polynmer 15
segnent . Next, the lipophilic vinyl-type polynmer segnment of thé
pr esent i nvention is formed froma |ipophilic vinyl-type nononer.

Thi s | i pophilic vinyl-type, nononer neans ,a-Lipophi!lig.vinyl-type -

rrpnolrrer substaﬁwﬁ, aaésﬁﬁb% a rAreBRAn AP, 8F F‘?‘Fé‘ié({l(gﬁ?‘?%jpecfhgﬁel i pophi lic

vinyl-type 20 nononer  is represented by the follow ng general fornula

(R ZD : Tnkonlomel‘s mayfbeg }1525;3 SR}%Wr‘]r m@%%k}‘éﬂlﬁm ﬁ’@ﬁt‘&r r] (wher ei n
is an al kyl group o - carbon atons, a_ cycloal kyl group of 5 6-15

carbon at ons Bxampdey bf the abkylegronns exnyesped gﬁiﬁ n ﬁé@/ PE@"% genera.lz

15 substituent, and Rlerr]_is a hydrogen_atom or nethyl
group). Thfmeula are ochybmosyhulecyb undsrydi dedseyds trideqydnintradest t her eof .
Exanpl es of the al kyl groups expressed by R4 in the_above general

f or mul & ar pentdddeyl fbewadeaydcheptadedel yictadesydcnponadesdetgosylt et radecyl, 5

pentadecyl, hexadecyl, heptadecyl, octadecyl, nonadecyl, icosyl,
heni cosyl , hdaiwsyl, dowdsyhantithe lilxanBkamples ofishe gytlvalkyl gxpungparer e
cycl ohexyl, cycl oheptyl, cyclooctyl and the Ilike. The al kyl ,

cycl oal kyl cps1ehekel) Wyclheppsl, @yclbctyyampthediddd.y have a

‘The alkyl, cycloalkyl and phenyl groups of R4 may optionally have a
substituent. Examples of the substituent are a lower alkyl group of 1 to

10 3 carbon atoms, an aryl group such as phenyl and the like.

Specific examples of the above general formula (H) (hereinafter
referrred to as “(meth)acrylate” in combination of acrylate an&
methacrylate) are 2-ethylhexyl (meth)acrylate, octyl (meth)acrylate,
isooctyl (meth)acrylate, decyl (meth)acrylate, isodecyl (meth)acrylate,

15 undecyl (meth)acrylate, lauryl (meth)acrylate, dodecyl (meth)acrylate,
tridecyl (me%h)acrylate, tetradecyl (meth)acrylate, pentadecyl
(meth)aci'ylate, hexadecyl (meth)acrylate, stearyl (meth)acrylate,
behenyl (meth)acrylaite, cyclohexyl (meth)acrylate, benzyl
(meth)acrylate and the like.

20 Of the lipophilic vinyl-type monomers above, examples of the
component which does not lower the prevention of permeating water and
oils contained in the ﬂuori_ne-containing vinyl-type polymer segment
particularly without inducing stickiness of beads are lauryl
(meth)acrylate, dodecyl (meth)aérylate, tridecyl (meth)acrylate,

25 tetradecyl (meth)acrylate, pentadecyl (meth)acrylate, hexadecyl

16



substituent. Exanples of the substituent are a |ower alkyl group of 1 to

10 3 carbon atoms, an aryl group such as phenyl and the |ike.

Speci fi c exanpl es of the above general fornmula (H) (hereinafter

referrred to as "(neth)acrylate"™ in conbination of acrylate and

met hacryl ate) are 2-ethyl hexyl (nmeth)acrylate, octyl (neth)acryl ate,

| sooct yl (neth)acrylate decyl (neth)acrylate | sodecyl (meth)acrylate, 15

undecyl ( th yl.ate, |aur Iate ec, ryl at e,

riocy (ToetselRtcsteier) bt ictidi Bufppilteiethunedled frd e

(et h)acryl ate, _hexade acrylate, stearyl (mefh)acry)ate

behenyl ( rdka) aéHﬁ H?%f%rébfq ¥h Prgﬁ?é’ctﬁfléfépﬁ"é‘t@ Ig{%*ﬁ‘%?l the huorme-

(meth)acrylate and the_like, 20 O the i hilic vinyl-type nonomers

above, exasgitainife blpsk CODOIY@GW&ﬂ?hﬁM bpopse CNbQYII BRE MOREMATSy ent i on

of perneating water and oils_contained in_the fI uori ne-cont ai ni ng

vi nyl -type pdfyribersmpnomers otherphan the Bppphilie wutl-typeusrngmerscki ness

of beads are |auryl (meth)acryl ate, dodecyl (meth)acrylate, tridecyl

(et h) dcr yinstyebe uBbd. t dty apprepriabe amoartyof mpe.nnmifécyhe( #han)ther yl at e,

hexadecyl

(et h) acr ylipophilid ehrylHtypraniohaorers as eot ebemihar ﬁe%l‘bjaweyg}at t toel t he

like. It is preferable in the present invention to produce the fluorine-

cont ai ni nglipbphldicofig}lyvivpre paliyngert degseent jrophisldasevi nyl -t ype nononers.

Further, nononers other than the |ipophilic vinyl-type nononers 5 may be

used. An apprpié nddrora 6P other tHdie the ipophslio viveyl-tyanmiohemers are -
shown by the general formula (I):

10 (1) - 0 0

(- Il
(HO) 2 PORs OCCR7 =CH2

(wherein Re is an alkylene group of 1-4 carbon atoms optionally having a
15 substituent, and R~ is a hydrogen atom or méthyl group). Itis
considered that the monomer of the general formula (I) contributes in an
effect to prevent corrosion of metals by the resultant fluorine-containing
block copolymer. The corrosion occuniﬁg in the metal mold at the time
of molding can be prevented by using a copolymer obtained by
20 copolymerizing the lipophilic vinyl-type monomer with the monomer of
the general formula (I). Appropriate ratio of the monomer of the
general formula (I) is not more than 3 % by weight to the lipophilic
vinyl-type polymer segment.
Specific examples of the monomers of the general formula (I) are

25 monomers (i-1) through (i-6) as shown below.

17



| i pophilic vinyl-type nononers is not nore than 3 % by weight to the

i pophilic vinyl-type polyner segnent in this case. The nononers
ot her than the lipophilic vinyl-type nononers are - shown by the
general formula (I): 10 (r):

[err] (wherein R err] is an al kyl ene group of 1-4 carbon atons
optionally having a 15 gubstituent, and rr] is a hydrogen atom or

met hyl group). It is consi dered that the nononmer of the general
formula (1) contributes jjn an effect”to prevent corrosion of netals

by the resultant fluorine-containing bl ock copol ymer. The corrosion

by i ng 2 CopdIan obi BiWed Byt 200 ool 21 bt he |1 pobr 1ol 3

vi nyl -type nononer with the nononer of the general fornula (1).
Appropriate ratio of theOmononer of the O general formula (1) is not
nore than 3 % by weight to the lipophilic vi nyl -type pol yner segnent.

Speci fic exanples of the|jnononers of the g¢neral formula (1) are 25
nmononers (i-1) through (i1-6) as shown bel ow.

17 (HO) . PO (Ef] ), occH=CcH., [¢{-2)
0 CH, O
I L
| (HO) , POCH, CHOCCH=CH, (i—38)
10 O O

H i
(HO) . PO (CH; ). 0CC (CHs ) =CH,

(i—4)
0 0 |
15 o I
(HO) » PO (CH: )3 OCC (CHs) =CH, (- 5)
0 CH. O
l I I
(HO) » POCH: CHOCC (CH:, ) =CH, (i=-6)
20

The ratio of the ﬂu'orine-coﬁtaining vinyl-type polymer segment to the
lipophilic vinyl-type polymer segmént in the fluorine-containing
block copolymer is preferably 20/80 to 80/20 by weight, more preferably
50/5.0 to 70/30 by weight. If the fluorine-containing vinyl-type polymer

25 segment is in a ratio of not more than 20 % by weight, the arrangement of

18



5 ' 10 [err] [err] 15

20 - * The ratio of the fluorine-containing vinyl-type polymer segnent
to the | i pophilic vinyl-type polyner segnent in the

f1 uorine-cont ai ni ng bl ock copolyner is preferably 20/80 to 80/20 by
wei ght, nore preferably 50/50 to 70/30 by weight. If the

fluorine-containing vinyl-type polyner 25 segnent is in a ratio of not
Tore 1R 30,0 B8 NSRRI Bl aypfgt b e et DS e o
the resin Pn(asa%%ment t at unfavorably there is an inclination of running short of the
preventing property of permeating oil and fat components and aqueous
surfactant solutions. If the content of the fluorine-containing polymer
5 segment exceeds 80 % by weight, it is difficult to coat uniformly the
fluorine-containing block copolymer on the surface of the expandable
thermoplastic resin beads. Therefore, the fluorine-containing block
copolymer may _unfavorably fail in prevailing all over the molded articles
in the course of pre-expanding and molding these resin beads without
10 sufficiently exhibiting the effect of the present invention.

The molecular weight of the fluorine-containing block copolymer is
appropriately in the range of 3,000 to 300,000 in the form of weight
average molecular wei_gﬂt by converting into polystyrene in a solution in
tetrahyd:tofuran (THF) as a solvent, using Gel Permeation

| 15 Chromatography (GPC) (Device HLC-8020 manufactured by Tosoh
Corporation_in Japan), and most of them can be used in the range of
10,000 to 50,000 as weight average molecular weight. Ifit does not
reach 3,000, no sufficient oil repellency is attained. If it exceeds
300,000, the viscosity becomes so high that the film-manufacturing
20 property and surface permeation property on the surface of the
expandable thermoplastic resin beads will unfavorably decrease.

Subsequently, a process for manufacturing the fluorine-containing

block copolymer is explained in detail. For the purpose of
~ manufacturing the fluorine-containing block copolymer, for example, one

25  or more lipophilic vinyl-type monomers are polymerized in the presence
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insufficient that unfavorably there is an inclination of running short of
the ° preventing property of perneating oil and fat conponents and
aqueous surfactant solutions. If the content of the
fluorine-containing polymer 5 segnent exceeds 80 % by weight, it is
difficult to coat uniformy the fl uori ne-contai ni ng bl ock copol yner
on the surface of the expandabl e t hernopl asti c resin beads.
Therefore, the fluorine-containing. bl ock copal ynmer may unfavorably
fail in prefaipolymyesia peipxide pe aminidatay foxpelymerizatipp toBve Gur se of
pre-expandi ng and nol ding these resin beads wi thout 10 sufficiently
exhi bi t i ngpetmxidé bend-ofn taleing pelymel. nvEnrther, the mixture ghenewvraserer

wei ght of the fluorine-containing block copolyner is appropriately
the range kinds 60fluboinB6o@Aning vimylftypm mbnosiayktis polymenizeddge nol ecul
wei ght by converting into polystyrene in a solution in

t et r ahydr ofigianti d tEsulesn fpepdsdatbondstartaieinPpolyentt as anlimitiator for

Chr omat ogr aphy (GPC) (Device HLC- 8020 nanufactured by Tosoh

Cor por a i Ogoiﬁnéﬁeaﬂbn_. argl diPg tp oM mieREiatiA it hyd &@4nl e pBefoiandebpf
10, 000 to 50,000 as wei ght average nolecular weight. If it does not

reach 3, 00 1.Ci i L t - } xceeds
500,000, ¢ ARPHfnE A4 GhaanAICthSRE HRRAL U LBIABIE, Jan et e 20

property a%ﬁﬁ&feﬁfﬁa{éﬂt%ﬁﬁ’ ibh$ W.FI??Pﬁgyaé\?%%i{ﬁb?C%é@waﬁei

expandabl e " thérnopl'astic resin beads w Crease.

Subsequent s for manufacturing the fluorine-containing
bl ock copokglr%grgg)%sé)ée:%r ained in detail. For the purpose of

T A o SRR AR B Pt OB B, 20
19 10 fluorine-containing block copolymer means a compound containing two
or more peroxide bonds in one molecule. Various polymeric peroxides _
described in Japanese Exainine& Patent Publication No. Hei 5(1993)-
59942 can be also used as the polymeric peroxide in the present
invention. Furthermore, the polymeric peroxide may be used singly or
15 in a combination of plural kinds thereof.
For exar;lple, the following polymeric peroxides of the general

formulae (1) through (3) can be used as a polymeric peroxide.

general formula (1):

0 CH. CH, O
20 I l I
— [C(CH:) ¢« CH(CH:) s COO] n-
general formula 2):
25

20

in
ar

25



of a polyneric peroxide as an initiator for polynerization to give a

per oxi de bond-cont ai ni ng pol ynmer. Further, the mixture of one or nore

ki nds of quorYne-antaining Vi nyl-type nononers is polynerized by

usi ng the resul tant>~per oxi de bond~contai ning polyner as an initiator for 5
pol ymeri zation. Such a pol ynerization nethod can be perforned by :
appl yi ng known nanuHacturing met hdlds (for exanple, Japanese Exam ned
Pat ent Publications No. Hei 5(1993)-41668 and No. Hei 5(1993) - 59942) .
The pol yneric perdxCdgl Cotbg usgd(Ca0 tO€ H ge OH par@@hagt uring the 10

fl uori ne-contai ning bl ock copol ynmer means a conpound contai ni ng two or.
nore peroxi de bonds in one nolecule. Variougypol yneric pergxides .

descri bed in Japanese Exani ned Patent Publication No. Hei 5(1993)-

59942 can be al so used as the polyneric perqude in the prﬁsent :
invention. Furthernore, the polyneric peroxi'de may be used'singly or 15

in a conbination of plural kinds thereof. For .exanpl e, the !
foll owi ng pol ynmeric peroxides of the gener‘aIC (C Hor r?ul4ag(up(é)ot)(1r8u§h (3)
can be gse 31 RRY i5. per oxi de. general formula (1):

[err] go Cige"i‘ﬁel genera {ﬁbr mula (2): 25

20 0

|
(CHs) 3 COO [C (CHz ) T

0O
1
~C00] nC (CH, ) ,

10

(in the above general formulae above, n is an integer from 2-20).
The fluorine-containing block copolymers can be manufactured by
15- any of solution polymerization, buik polymerization, suspension
polymerizaf—ion and emulsion polymerization methods using the above
polymeric peroxide.
In case of the solution polymerization method for manufacturing the
fluorine-containing block copolymer in the present invention, for
20 example, the preparation of the lipophilic vinyl-type polymer segment in
the first step and the preparation of the ﬂuorine-containi"x_lg vinyl-type
polymer segment in the second step can be explained as follows.
Thus, the lipophilic vinyl-type monomer to prepare the lipophilic
vinyl-type polymer segment is at fil‘ét polymerized in a solution (organic

25 solvent or the like) by using a polymeric peroxide as a polymerization

21



[err]” 0 0
5.general formula (3): [err] 10
[err] - (in the above general fornulae above, n is an integer from
2- 20). The fluorine-containing block copolynmers can be

manuf actured by 15 any of solution polynerization, bulk polynerization,
suspensi on pol yneri zati on and enul si on pol ynerization nethods using

the ab s | ' i,de. Ly, 10f _1-h | ut i

pol yrer 1 2at¥SRAECH BT Hhe RirRdE Bgpepnthining LisORi vt SRe s o1 ock
in th t | Lon, f . 20 I . '

[he. || popria mtich ke HeFpEi R bopd R dhonin Fadiecd I Fhe chArL: “Ten 4RA (e

preparation of the fluorine-cqntaining vinyl- ol ymer segnment in
t he secondflgpeineceen iganng VI HFPEIPBPMARSS added to thel'ﬁit)%:,t PhEIEFEESOhi | c
|-ty

seghent | SobtaInEaSn the Griratendand thedesuliant mbrigaRie SubiECieoent or ¢ he
| i ke) by using a polyneric peroxide as a polynerization
5 polymerization in the second step, whereby the peroxide bond in the
peroxide bond-containing lipophilic vinyl-type polymer is cleaved to
produce effectively the fluorine-containing block copolymer.
In addition, the order of the step in the above-mentioned two step '
polymerization method may be reversed by using the lipophilic vinyl-

10 type monomer in the first step for the second step and reacting the
fluorine-containing ﬁnyl-t@e monomer of the first step for the second
step.

The amount of the polymeric peroxide to be used in th;e first step for
manufacturing the fluorine-containing block copolymer in the present

15 invention is normally 0.5-20 parts by weight to 100 parts by weight of the
lipophilic vix_lyl-type monomer or the fluorine-containing vinyl-type
monomer, and the polymerization at that time is performed at a
temperature of 40-130°C for a period of 2-12 hours. The polymerization
at the second step is performed at a temperature of 40-140°C for a period

20 of 3-15 hours.

The fluorine-containing block copolymer thus-obtained can be used in
the form of a solution or suspension in an organic solvent as shown below
or in the form of an emulsified solution by dispersing in water in the

presence of a surfactant or the like. Further, it can be also used in the

25 form of fine powders of the fluorine-containing block copolymer.
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21 initiator to give the peroxide bond-containing |ipophilic
vi nyl -type pol yner in which the peroxide bond has been introduced in
the chain. Then, the fl uori ne-containing vinyl-type nononer is added
to the reaction mxture obtained in the first step, and the resultant
m xture is subjected to = 5 polynerization in the second step, whereby the
peroxi de bond in the per oxi de bond-containing |ipophilic vinyl-type

polymer is cleaved to ) roduce, ef fectively. the fluorine-gontaining-
bl ock copol yi¥ext, the organic V&H’&'i"{ﬁ]oﬁ? exR aft%lwe@%p ﬁ\ﬁef‘ﬁés
above-nmentioned two step pol ymeri zati on nethod,.nmay be rgversed by
usi ng t he npgduBHiation to thye orgamic sojyentas&apasihcaRdipsqlye ordisgpexse ( he
second step and reacting the fl yorine-containin vingl-type nononer
of the firthe fuspinercontaining bherk copolymerp Examples ’Htﬁ!réo AB®int of the
pol ymeric peroxide to be used in the first step for manuf acturing the
f1 uori ne- corethianiohcetblanok, waropanel, 3-nrepanel; dskutanols2-hytaaeli on i s
normal Iy 0.5-20 parts by weight to 100 parts by mei%ﬂt of the
| i pophi8 i conethyl-l-ppep anlofemethyl: 2@ropavel, fepevtanel 2rigentangl, 3ype
nmononer, and the polynerization at that tine is perforned at a
t enper at ur pentadfl; tpclopentandly 2-hexmndlo8-néxand? cycdohexaimble methyder i zat i on
at the second step is performed at a tenperature of 40-140[err]C for a
period 20celdbsadvaSetialiicellosolve, acetohlee 2fbutzviane, Sontedhpl-Bebitanmine; opol yner
t hus- obt ai ned can be used in the formof a solution or suspension in
an or gani e2sséntRiionas 3spevanaple) @-methyl-8¢pertabbaef 8rmetiyla®- emul sified
soluti-on by dispersing in water in the '

pentanone, 4-methyl-2-pentanone, 2,4-dimethyl-3-pentanone, 4,4-

10 dimethyl-2-pentanone, 2-hexanone, 3-hexanone, cyclopentanone,
cyclohexanone, 2-heptanone, 3-heptanone, 4-heptanone, 2-methyl-3-
hexanone, 5-methyl-2-hexanone, 5-methyl-3-hexanone, methyl acetate,
ethyl acetate, propyl acetate, isopropyl acetate, butyl acetate, methyl
trimethylacetate, isobutyl acetate, sec-butyl acetate, pentyl acetate,

15 isoamyl acetate, methyl propionate, ethyl propionate, propyl propionate,
butyl propionate, isobutyl propionate, tert-butyl propionate, isobutyl
propionate, methyl butyrate, ethyl butyrate, propyl butyrate, isopropyl
butyrate, methyl isobutyrate, ethyl isobufyrate, methyl 2-
methylbutyrate, methyl caproate, benzene, toluene, ethylbenzene,

20 xylene, cyclohexane, hexane, isohexane, isohexene, heptane, octane,
isooctane, nonane, isononane, decane, undecane, dodecane, tridecane,
isoparaffin solvent (NAS-3, NAS-4, NAS-5H manufactured by NOF
Corporation in Japan), formamide, acetamide, dimethylformamide,
dimethylacetamide, acetonitrile, tetrahydrofuran, 1,1,2-trifluoro-1,2,2,-

25 trichloroethane, tetrachlorodifluoroethane, methylchloroform,
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presence of ‘a surfactant or the like. Further, it can be also used in the
25 formof fine powders of the fluorine-containing bl ock copol ymer .

22 Next, the organic solvent will be explained in detai

bel ow. There is no limtation to the organic solvent as far as it can
di ssol ve or disperse t he fluorine-containing block copol yner. :
Exanpl es thereof are nmet hanol ,. et hanol, n-propanol, 2-propanol,

e S
e R R BRI,
:2% ﬁeg;ggtng?g’fgyﬁéﬁf‘ﬁgﬁé‘;uﬁeé twﬁ(S’r IHP’F%FWE% Qinetrgﬁgﬁe 2- hexanone,

4 hopt anone, O HePHyEreieTable solws;eﬁ%@%&exgﬁ&lﬁﬁr@gﬁ%ﬁgﬁg >-heptanone,

5- et hyl - 3- hexanone, nethy et at et h tate, acet at e,

i sopr opyl ﬂ@@?’é&eecorb‘i?t“,?"rn%g@é‘t |are he ayn(er’ Fﬁ@f gfogf €0€s obut yl
acet at e, sec butyl acetate, pent yI acet at e, | soarryl cetate, nethyl

pr opi onat ef eEt&Eﬂ qﬁﬁ%‘ﬁdﬁ?@ta% SRSy biﬂW decane, Eﬁ&?‘Fa&ﬁ 'opi onat e,

i sobutyl propionate, tert-butyl propionate, isobutyl ropi onat e,

met hyl ~ but ¢ e@neettmdecanﬂytmaP gp elﬁﬁ‘% % mg@bﬁaﬁﬁmﬂdo by RSR Fputyrat e,
met hyl isobutyrate, eth i sobutyrate, nethyl 2- met hyl but yr at e,

met hyl capccmnoeatibah tha bkeene, ethyl benzene, 20 xylene, cyclohexane,
hexane, isohexane, isohexene, heptane, octane, | sooct ane, nonane,

i sononane; déEhe\ﬂuarmnie«:anemndngéﬂwkﬁonalydmrmordmg to the present
10 invention is usually diluted in the organic solvent for coating or
incorporating into the expandable thermoplastic resin beads. The
coating or incorporation may be carried out by a method of coating the
- surface of the resin be_ads with the ﬂuoﬁne-containing copolymer
through sufficient mixing using such a mixer as ribbon blender, V
15 blender, Henschel mixer, Ledage mixer or the like, and.a method of
adding the fluorine-containing block copolymer at the time of
impregnating the resin beads with a blowing agent to contain it in the
surface layer of the resin beads. |
When the fluorine-containing block copolymer is used in powdery
20 form, it is preferable to coat beforehand the surface of the expandable
thermoplastiq resin beads with a spreader such as liquid polyethylene
glycol, liquid polybutene or the like and then with the powdery fluorine-
containing block copolymer.
In addition to the fluorine-containing block copolymer, other coating

25 components already known may be added in the coating above. For
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i soparaffin solvent (NAS-3, NAS-4, NAS-5H manufactured by NOF
Corporation in Japan), formam de, acetam de, dinethylformam de,

di met hyl acet am de, acetonitrile, tetrahydrofuran, 1,1,2-trifluoro-1,2,2,-
25 trichloroethane, tetrachl orodifl uoroethane, nethylchloroform

23 hexaf | uor oi sopropanol , (neta)paraxyl ene hexafl uoride, *
per fl uor ohexane, perfl uoroheptane and the |ike. These organic

ol vents TR REINSE) st 5 WeoDlastd B Kol Be SlpHB,QY Bigu00r
| sohexene, 1he etgiuicy o Agkirercfatey 8BSt iRk MG BARIng SREGHRMEn of
TGRSR RRMAR ) R R S AR
'n"the. or GHMPECEBRGBAER POPPEBRSGEGRE Tolded FEatiBand FIgSH o the
O e PG oo vesSer o BESHRSRL O
beads wth the fluorine-containing copolyner . t hrough sufficient
mi xi ng usi efjtkeimetal saltsrofhishephattyined dae zine, magngpitetalciis chel
m xer, Ledage m xer or the like, and a nethod of .. adding the .
f1 uori ne- cahtmimwmgand sbe lkpmeatatsalis of higherfaldy acids suchngsetparicng t he
resin beads with a blowing agent to contain it in the surface | ayer
of the resacidyéadsic acid, myristic acid or the like. Of them, zinc stearate is
preferably used.
10 The fluorine-containing block copolymer of the present invention for
.coating the resin beads or incorporating in the resin beads is preferably
used at 0.003-0.2 % by weight to the expandable thermoplastic resin
beaas, more preferably 0.005-0.1 % by weight. Ifits amount islessthan
0.003 % by ﬁeight, it is difficult to attain satisfactory effect in
15 preventing the permeation of oil and fat contents and aquebus solution of
surfactant. If it exceeds 0.2 % by weight, there is unfavorably an
inclination to inhibit the fusion éf each expanded beads at the time of
molding. | |
Meanwhile, in case of using together the fluorine-containing block
20 copolymer and the metal salt of higher fatty acid in the present
invention, the metal salt of higher fatty acid is used at 0.05-0.5 % by
weight, preferably 0.05-0.35 % by weight to the expandable
thermoplastic resin beads.

The characteristics of the present invention consists in that the

25 expanded articles which are obtained by molding the expandable

25



When, the fluorine-containing block copolymer is used in powdery 20 form
it is preferable to coat beforehand the surface of the expandabl e

t hernopl astic resin beads with a spreader such as |iquid polyethyl ene
glycol, liquid polybutene or the like and then with the powdery fl uorine-
cont ai ni ng bl ock copol yner. In addition to the fluorine-containing
bl ock copol yner, other coating 25 conponents already known nay be added
in the co

' . F : . oy . 24 -
exanp! e niGHngBiAsEe festh hrafs oL thy PiepeRt inKpRion prhkif theRTPRERtisd:
200r gat i oft BRSYSIRE HBe pereatisth sheflnghe IS A haaRFO PHERSRe
orEvens T ngbedicu PRT e B A i i bands
of the metal salts of higher_fatty acid are zinc, nesium cal ci um

) A
al umi num aduchedfacts aresprsideapd 4o skerengrapon the fagl Bhech as stearic

acid, lauric acid, nyristic acid or the like. O them zinc stearate is
pr ef er dbl yarrangzemant of perflisordallky} geouwmin sheflprinecrntaipsngbdeclf t he

present invention for coating the resin beads or incorporating in the
resi n beadeopdyprest paaticylarly in ansudifsrmoaneaigenrent of theeteyminad Che
expandabl e thernopl astic resin beads, nore preferably 0.005-0.1 % by

wei ght . | f gtduwp anttiet surfatest théarpandabledrd3ia biady wenlghmarkedlss di fficul t
to attain satisfactory effect in 15 preventing the perneation of oil and
fat cont enlevantheasurfage enelrgy itoaffird water-sapdlbatcyrdnd bil-tdpedberegds 0.2 %
by weight, there is unfavorably an
The expanded molded articles can be manufactured in a conventional
10 manner, for example, by filling the expandable thermoplastic resin
beads in a desired shape of metal mold and heating it with steam.
Even if the expanded molded articles such as vessels for foods (e.g.
tableware, etc.), containers for foods or the like molded from the
expandable thermoplastic resin bea&s in the present invention were
15 used directly for packaging oily and fat foods such as tallow, vegetable
oils such as éoybean oil, rapeseed oil or the like, lard, pre-cooked noodles,
stew, mayonnaise, dressing sauce, curry roux, butter, margarine, white
sauce, yogurts, ice cream, doughnut, hamburger, fried chicken or the ]iké,
or for preseMng aqueous solution of surfactant, it is possible to refrain
20 from permeation of oil and fat contents, aqueous solution, pigments or
the like from each expanded beads into outside over a long period of time.
Thus, the application range of the piesent invention has been enlarged
to the uses in which the products of the present invention were never

applied in the past.

25 Similarly, it is also possible to raise the commercial value of vessels
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inclination to inhibit the fusion of each expanded beads at the time of

mol di ng. Meanwhi | e, in case of using together the
fluorine-containing block 20 copolyner and the nmetal salt of higher fatty
acid in the present i nvention, the netal salt of higher fatty acid is
used at 0.05-0.5 % by wei ght, preferably 0.05-0.35 % by weight to-the
expandabl e t hernopl asti c resin beads. The characteristics of
t he prese [ i i ' [ - whi ch -are
e fres [)%Jr n%%gi@éﬁgﬁghgi@ pg%xg £hhbBR at¥on diflon8Y PAOREIIC 10, Tis

25 ﬁ}ernnplastic resin beads of the present invention

exhi bi t tﬂgnbpﬁﬁg? 1S of preventing the perneation of oils and fats

and aqueous aﬁrfact ant and, of 'hn i fusi.on at the tine

l.ut i hi biti ]
o ol g’ t Adordsiet. ot any matéridls e BRpd I shi rdsbnt Puveifudt Hiedsk |

upon the fagct that the o .aryangenent . of. perfl uprpal kyl, gro Ln. the

f1 uori ne- cHniSing Yy Mmafexials for w*mygp‘éﬁsﬁpﬁiﬁﬁﬁédﬁrﬁ%ﬂpﬁﬂ&th%
arrangenent of th ermnal CF3 | roup an the surface of the

expand&b| toree picg shaBl hbaI amITPREY of which saeigeem the Séaitﬁazé)féﬂ%%yaﬁo
afford water-repell ency and, oil-repel|ency. . . . The expanded. nol ded
articles deeemhgupsantesd; ansitiis noraalle wsed dnlthedpmitpdrange mpywhaghnpl e, by

filling the expandabl e thernoplastic resin beads in a desired shape
of netal namguat@risheregnditions ko bearsed is allowable.Even if the expanded
nol ded articles such as vessels for foods (e.g. tabl eware, etc.),
cont ai ners f &Phé poesendrinvien tionkwilkbledaddé¢tashexplained by the following
examples.
10
Example 1.

[Synthetic example of a fluorine-containing block copolymer]
To a 500ml four-neck flask equipped with a thermometer, dropping
funnel, nitrogen gas inlet and stirring device, nitrogen gas and then 175
15 g of isoparaffin (NAS-3 manufactured by NOF Corporation) were
introduced, and it was heated at 70°C. Then, the mixture of 39 g of
stearyl methacrylate as a lipophilic vinyl-tsrpe monomer, 5 g of polymeric
peroxide of the general férmula (1) and 50 g of isoparaffin was dropwise
added in 2 hours. Thereai_'ter, the resultant mixture was allowed to
20 react at 70°C for 4 hours. And 58.5 g of the fluorine-containing vinyl-
type monomer of the formula (a-2) were dropwise added in 1 hour.
Subsequently, the reaction was continued at 70°C for 5 hours.
It was found that the fluorine-containing block copolymer occupied
30 % by weight in the isoparaffin solution, and the resultant ﬂﬁorine-

25 containing block copolymer consisted of 60 % by weight of the fluorine-
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expandabl e thernopl astic resin beads in the present invention were 15

used directly for packaging oily and fat foods such as tallow, vegetable

oils such as soybean oil, rapeseed oil or the like, lard, pre-cooked

noodl es, stew, mayonnai se, dressing sauce, curry roux, butter,
margari ne, white sauce, yogurts, ice cream doughnut, hanburger
fried chicken or the like, or for preserving aqueous sol ution of
surfactant, it.is possible to,refrain 20 f r meat i,on oil and fat
contents, GRtabAsHNYLItERE RAlYmEH Seepent and aﬁh‘%%yf W&Wl?"oﬂf@b"ch expanded
beads into outside over a |long period of tine. Thus, the application

range of t

t he products of the Present i nventi on were
25 Si rifxample of

hemgnufaghars of an e3paR s elirlﬂléie@oﬁxf@ﬁagi al val ue of

vessel s 26 for
surfactant, dnte Henschedmixeroveneraddathil0Ne eef exnandalle nalgstygenesi sh
box or the I|ike. : Mor eover, of any materials to be used in the

present i mesin beadsiof (c3dk5 mm diaphetesioogptaininged.8r% s weitghtefwf act uri ng

vessel s for foods, such additives 5 to be used should be a materi al
whi ch saf epentamet e aShowing ggaht, lodgsoftle above idopemaffimsalutéeniofand it is
normal ly used in the limted range in which anount or ot her
condi t i onsflhoribe-comadiningebloelalopelymer, 0.2 g of pokyephyleavet glycokeandhdwi | |

in detail

10

15

20

25

expl ai ned by the foll ow ng exanples. 10 Exanpl e 1.

g of zinc stearate, and the resultant mixture was stirred to give
expandable polystyrene resin beads of which surface was coated with the
copolymer. The whole beads were pre-expanded by uniformly heating
in an atmospherically saturated steam at about 90°C for 5 minutes so
that pre-expanded beads of 100 g/L of bulkiness were obtained.

The pre-expanded beads were aged and dried in a thermostatic
chamber of 30°C: for 6 hours, filled in a cup-shaped metal mold of innler
volume 500 ml and wall thickness 2 mm and heated with 2.0 kg/cm? of
steam for 5 seconds, and cooled to give a polystyrene resin expanded
article molded from the metal mold. The expanded molded article was
subjected to the oil and fat permeation test and the surfactant
permeation test. Table 4 shows the results above.

[Permeation test for oils and fats]

Into the cup above was put flavoring ingredients (Kayaku) containing
curry powder usually used for pre-cooked noodles up to about 80 % height,
and the whole cup was wrapped and sealed with a sheet of drawn
polypropylene resin film, allowed to stand in an oven of 60°C for 48 hours.

The state of permeating oil and fat components and yellow pigment of

28
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LipophidicevinyliyBamolvmes segatten| ar ged to the uses in which
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[ Synthetic exanple of a fluorine-containing bl ock copol yner] To a

500m "four-neck flask equipped with a thernoneter, dropping funnel ,
nitrogen gas inlet and stirring device, nitrogen gas and then 175 15 g of
i soparaffin (NAS-3 manufactured by NOF Corporation) were i nt roduced,
and it was heated at 70[err]C. Then, the m xture of 39 g of stearyl

met hacrylate as a Iipophilic vi nyl -type nononer, 5 g of polyneric

per oxi de of the er al a. d 5 of iso ara fi wa [ap i se
Dded 1 n Fon oW ar e e ouidide belee 28 e ten FES B R T EHR L,
react at 7Q[err]C for 4 And 58.5 g of the quorlne cont ai ni ng vinyl -
type nonortovs the gt qlb‘i?ﬁ.ifg’r(%vazl)‘aﬂgpe dropwi se added in 1 hour.

Subsequent | é_, he reaction was continued at 70[err]C for 5 hours.
It was fourldabi@dlthe I uorine-containi ng bl ock copol ymer occupi ed 30

% by wei ght in the |m§kaﬂ|n SOl utlon nd thegesu tanA’rIuon&e 25
cont ai ni gPu. Oek—Eopoiypr—e G| Stet 5 1 'og gh T .5[ tHo -

27 ermeatiop Fatiy (Phet of rﬂﬂ ty ol ynefr( 3 8 “1? a 4() 'by)%ight
of the |fatcompanentsand pellowype pol %ﬂ?ﬁr sedng Slighthsy aﬁﬂ t he
manuf act Urpigofentrpex patetesiinfacelatear t igobd) | hbadHens¢hel m xer
wer e addedfiBROcup of expandabl e pol ysgtyrene 5 resip beads ¢f 0.3-0./5 mm
di aneter containing 5.5 % by wei ght of n- pentane as a flow ng agent,
0.4 g of the above i soparaffin solution of fl uori ne-cont ai ni ng bl ock
copol yner, g of polyethylene glycol and 2.3 g of zinc stearate,

and thé reémemﬁat%ﬁ%q&téow aquequisysyfagtand solution]

Into the cup was introduced a colored solution of 1.0 g of a nonionic
surfactant (Kao Emulgen 810) and 0.05 g of Eriochrome Black T'in 1 L of
water, and it was allowed to stand at room temperature for an hour.

The state of perme'ation into the outer surface of the cup was evaluated.

10 Table 2 shows the standard for evaluation.

[Table 2]
Mark © O A X
Standard for | Very good Good | Slightly bad | Bad
evaluation ~

[Stickiness test]

Soon after the pre-expanding, the pre-expanded beads were
15 introduced into a vessel in cylindrical shape of diameter 80 mm and
height 70 mm, and the vessel was picked up. Diameter D of the
mountain occurred at that time was measured and evaluated. Table 3

shows the standard for evaluation.
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expandabl e pol ystyrene resin beads of which surface was coated with the 10

copol yner. The whol e beads were pre-expanded by unifornmy heating in
an atnospherically saturated steam at about 90[err]C for 5 mnutes so

t hat pre-expanded beads of 100 g/L of bul ki ness were obtai ned. The
pr e- expanded beads were aged and dried in a thernostatic chanber of

30[err]C for 6 hours, filled in a cup-shaped netal nold of inner 15
vol unme SOOEIm and wall thickness 2 nmand heated with 2.0 kg/cnferr] of -
e

steam f or s, and cooled to give a polystyrene resin expanded
article rﬂmﬁ fromthe me@l nol The)expanded npl ded a{rti cl ex was

subj ecte 9] R f per Qo9 LEST T Orf

per meat i nb%aélé‘.é?eér}gbl er}}lgot;% Ws th r'!e)%]r ]tcgisablgé\/\lse{.9 ﬂgﬁﬁl [ g(ré%r%a ?%nlgt gst for
oi I's and |f at s] than, 8 p above wajs £ i$19.i ngredi ents

( Kayaku) i Ver B¢ usuall ys d odl es
up to about 80 % hei ght, and the whol e cup was w apped and seal ed
with a sheet of drawn pol ypropyl ene resin film allowed to stand in

an oven ofEQQ%l%rl'E%?tfh%ugﬁ 51_our s. 25 The state of perneating oil and fat
conponent s and“yel N'ow piI gnent of

! h i _
cval uat ed. T Rrocellrt RERRIL] Seapd Rabi R oecBY KREF ¢85 W68 FHRETEE, )
Per reaP orflPEFR-ROAtaiing TIEY | ype goonoyier bad S4bltioted & Hhown in ;o

fat Corrponﬁﬁt eaZ? gxg tﬁg é&?@%esis\é?%eb%w%gg-coai%x},jgl%blg}?éck I?’:aoIC)Iolym_er.pi gment per

outer surf

Table 4 shows the result of evaluation.
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[Permeation test for an aqueous surfactant sol ution]
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The procedure of Exanple 1 was repeated except that the kind of the
fl uori ne-containing vinyl-type nononer was substituted as shown in
Table 4 in the synthesis of the fluorine-containing block copol yner.
Table 4 shows the result of evaluation.

30
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20
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Comparative Example 1.
[Synthetic example of fluorine-containing random copolymer]

Into the four-neck flask as described in Example 1 were introduced
nitrogen gas and then 175 g of isoparaffin (NAS-3 manufactured by NOF
Corporétion). The mixture was heated at 60°C. Then, the mixture of
39 g of stearyl methacrylate as a lipophilic vinyl-type monomer, 58.5 g of

the fluorine-containing vinyl-type monomer (a-2), 1 g of t-butyl

“peroxypivalate and 50 g of isoparaffin was dropwise added in 2 houxs.

The reaction then was continued at 60°C for 7 hours.

It was found that the fluorine-containing random copolymer occupied

30 % by weight in the isoparaffin solution, and the resultant fluorine-

containing random copolymer consisted of 60 % by weight of the
fluorine-containing vinyl-type polymer and 40 % by weight of the
lipophilic vinyl type-polymer.

[Manufacturing example of expand.eci molded article]

Into Her;schel mixer were added 1000 g of the expanded polystyrene
resin beads of 0.3-0.5 mm diameter containing 5.5 % by weight of n-
pentane as a blowing agent , 0.4 g of the isoparaffin solution of fluorine-
containing random copolymer, 0.2 g of polyethylene glycol and 2.3 g of
zinc stearate, and the resultant mixture was stirred to give expandable
polystyrene resin beads of which surface was coated with the copolymer.
The whole beads were pre-expanded by uniformly heating in an
atmospherically saturated steam at about 90°C over a period of 5
minutes so that pre-expanded beads of 100 g/L of bulkiness were

obtained.
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[érr];‘

: Conpar ati ve Exanpl e 1. [ Synt heti c exanpl e of
fluori ne-contai ni ng random copol yner] Into the four-neck flask as
described in Exanple 1 were introduced nitrogen gas and then 175 g of
i soparaffin (NAS-3 manufactured by NOF 5 Corporation). The m xture was
heated at 60[err]C. Then, the m xture of 39 g of stearyl nethacrylate
as a lipophilic vinyl-type nononer, 58.5 g of the fluorine-containing

U soner ot £ n e Breshap abdsdibads mertited and driBEiRS Prddtmedic, *nad
continued at 60[err]C for 7 hours. .1t was found th t
f1 uori ne- (?é‘r%bﬁ[h‘i ﬂégpﬁ]érﬁﬁﬁc}ﬁﬁbqw%gj@éﬂ agqup-shap tgt“\ﬁi&@ﬁﬁopn t he

i soparaffin_solution, and the resultant fluorine- cont ai ni ng random
copol yner mbafinnexivelume apdy)d mus gfiwadk thipkness.  The yohelgevasheated ng
vinyl -type polyner and 40 % by wei ght of the |'i pophilic vinyl

t ype- pol yrmerth 2.05kg/cmérfisteany foxrcs saconslscand cenledntvegivedibeplistyirene]

Into Henschel m xer were added 1000 g of the expanded pol ystyrene

resin Beadesid efpanfed article andded fromt iemneyalbm®lds bl heesxprandsfd n-
pentane as a blow ng agent, 0.4 g of the isoparaffin solution of fluorine-
cont ai ni ngnokRtdbartideokgssubjdtdd go shemdl grdfat peemglagion testcn@ 3 g of 20
zinc stearate, and the resultant m xture was stirred to gi ve expandabl e
pol yst yr ensarfacian tipadseaionibésth stablackshews thatredulti 4oviehe copol yner.

The whol e beads were pre-expanded by uniformy heating in an
Example 6.
The proce(i:ure of Example 1 was repeated except that no zinc stearate
10 was added in the manufacturing process of the expanded molded article.
Table 4 shows the result of evaluation.
Example 7.
The procedure of Example 1 was repeated except that in the
manufacturing process of the expanded molded article the expandable
15 polystyrene resin beads of 0.3-0.5 mm diameter containing 5.5 % by
weight of n-;;entane was replaced by a expandable denatured
polyethylene-type resin beads (complex resin of 70 % by weight of
polyethylene and 30 % by weight of polysiyrene) 0of 0.3-0.5 mm diametei
containing 7.0% by weight of isobutane. Table 4 shows the result of
20 evaluation.
Example 8.
The procedure of Example 1 was repeated except that in the .
manufacturing process of the expanded molded article the expanded

polystyrene resin beads of 0.3-0.5 mm diameter containing 5.5 % by

25 weight of n-pentane was replaced by a expandable AS-type resin beads
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at nospherjcally saturated steam at about 90[err] C over a period of 5
m nutes so that pre-expanded beads of 100 g/L of bul ki ness were 25

" obt ai ned. 32

The pre-expanded beads were aged and dried in a thernostatic chanber
of 30[err]C for 6 hours and filled in a cup-shaped nmetal nold of 500
m of inner volunme and 2 mm of wall thickness. The whol e was heated

with 2.0 kg/cnf.err team f ar econds .and cool t0. give 1h
pol yst yr endOPEYT} s&?%[{)gﬁd’&?}gggt"?@lcﬁy%@n% W‘gr%%? %eb%g{eéghﬂgfd_ The
expanded | ded iclewas subjected to oil and fat perneation
test and Styrergﬁr&&?%% B8} ﬂ*ba&f‘?%ﬁ ‘{oé’g??m?ﬁb@'y% @ﬁ&ﬁé&% result above.
Exanpl e 6. The cedyre of Exanple.l S r.epeated except that no
zi nc st ear &Veloppntangs gp@é’i%l‘li e the Fes %@Wﬁ@‘%?eﬁess of the expanded
nol ded article. ) Table. 4 shows the result of evaluation. Exanpl e
7. C%Eamﬁﬁéﬁ?ﬁ%ﬁﬁeﬂé}%{ﬂ‘bﬂl%s repeat ed except that in the
manuf act uri ng process of the expanded nol ded article the expandahle . 15
pol yst ybene r hierprasedurept Conparmtive Bxamnler]l w@s xepeabed sxeeph Hiat in
wei ght of n-pentane was replaced by a expandabl e denatured
pol yet hyl erthetqymhemiexalmphasofttdmﬁuemmeemmammwam@n\mpghtm@t, the
pol yethyl ene and 30 % by wei ght of polystyrene) of 0.3-0.5 mm dianeter
cont ai ni ng kin@%fuh e giineeor tanbmgaviayl-Tyabe endnehensvahsubsisbitedats
shown in Table 4. Table 4 shows the result of evaluation.
Comparative Example 5.
10 The procedure of Example 1 was repeated except that the isoparaffin
“solution of the fluorine-containing block copolymer was not added in the
manufacturing process of the expanded molded article. Table 4 shows
the result of evaluation.
Examples 9 through 14.
15 The procedure of Example 1 was repeated except that in the
synthesis of the fluorine-containing block copolymer, the amount of the
fluorine-containing vinyl-type monomer and that of the lipophilic vinyl-
type monomer were substituted so that the ratio of the fluorine-
containing vinyl-type polymer segment to other segment in the fluorine-
20 containing block copolymer would be as shown in Table 5. Table 5

shows the result of evaluation.

[0062]
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bl ock copol yner, the anount

Other segment

Ratio

(wt %)

10
20

30

50

80
90

Kind of the
monomer -

SMA
SMA

SMA

SMA

SMA
SMA

Composition of the fluorine-containing block copolymer

Fluorine-containing vinyl-type

polymer segment

Kind of the

Ratio

(wt %)

90

50

monomer

a-2
a-2

a-2

a-2

a-2
a-2

[Table 5]

Example 9

Example

10
Example

11

Example
12

Example

13
Example

14
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fl uorj ne-containing vinyl-type nononer and that of the |ipophilic vinyl-
t ype nononer were substituted so that the ratio of the fluorine-
cont ai ni ng vi nyl-type pol ymer segment to other segnent in the fluorine- 20
cont ai ni ng bl ock copol ymer woul d be as shown in Table 5. Table 5

shows the result of evaluation [ 0062] :
34 [err] Exanpl es 15 through 17, Conparative

Ex I 6 h f t ed
cccep: “Cnact PSR B oy 1 Ko RV R PR et LDk
mer ot her, than t fl uorj ne-contai ni ng

copol yner nd of
Vi lr[:yl }ltype mﬁgﬁpgomr@f%’f&;@?ﬂf‘% gt"éﬁs agp%ﬁtﬁ%e’i%v*rib%l% %abl e 6 shows

the result of tion
synthesis of/ ‘31 uorine-containing block copolymer, the kind of the
monomer other than the fluorine-containing vinyl-type monomers was
5 substituted as shown in Table 6. Table 6 shows the result of

evaluation.
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The expandabl e thernopl astic resin beads of the present invention are
characterized in that the expandabl e thernoplastic resin beads are
coated with or incorporate a fluorine-containing block copol ymer 5
conprising a fluorine-containing vinyl-type polyner segnment derived
froma fluorine-containing vinyl-type nononmer and a |ipophilic vinyl-
type pol yner segnent derived froma lipophilic vinyl-type nononer.
Accordi ngly, the expanded nol ded articles show ng excell ent property
for preventing the perneation of oils and fats, aqueous 10 surfactant
solution and the like into outside can be obtained. Further, since
sti cki ness of Theespaaddble themisoplastintrebint beadnabthepresent invendimr t en t he
time for transportation and drying the pre-expanded beads when the
expandabl e ateechmpchetized irghat thedxpandable tkspanplastic resin beptsaral
density, inprovenent on the productivity can be attained.

coated with or incorporate a fluorine-containing block copolymer

5 comprising a fluorine-containing vinyl-type polymer segment derived
from a ﬂuorir_le-containing vinyl-type monomer and a lipophilic vinyl-
‘ type polymer segment derived from a lipophilic vinyl-type monomer.

Accordingly__, the expanded molded articles showing excellent

property for preventing the permeation of oils and fats, aqueous

10 surfactant solution and the like into outsidg can be obtained.

Further, since stickiness of pre-expanded beads is inhibited enabling .

to shorten the time for transportation and drying the pre-expanded

beads when the expandable thermoplastic resin beads are pre-expand to

. optional density, improvement on the productivity can be attained.
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38 Wiat is clained is: 1. Expandabl e
therm)pl ast-r—t—reﬁl—ﬁ—beads—whese surface or surface | ayer S

coat ed or |nﬁ1 or te V\nthafluorlne cont ner
5 conpri si ng © di ni ng vinyl -typ eTPHSISHFeEtT NEYREEN Jderi ved
froma fluori , l vinyl -type nono sel ReResliftr om t e general -

formul ae (A) gener al fUT'TTUI QA

[err] general formula (B):
[err] ~ general fornula (CO):
Lerr] What 1§Q:Ia1med is: general formula (D):"

[err]

1. Expandable thermoplastic resin beads whose surface or surface layer
5 is coated or incorporate with a ﬂliorine-containing block copolymer

comprising a fluorine-containing vinyl-type polymer segment derived

from a fluorine-containing vinyl-type monomer and a lipophilic vinyl-

t'ype polymer segment derived from a lipophilic vinyl-type monomer.

10 2. The expandable thermoplastic resin beads according to claim 1
wherein the fluorine-containing block copolymer comprises 20-80 % by
weight of the fluorine-containing vinyl-type polymer segment and 80-

20 % by weight of the lipophilic vinyl-type polymer segment.

15 3. The expandable thermoplastic resin beads according to claim 2
wherein the fluorine-containing block copolymer comprises 50-70% by
weight of the fluorine-containing vinyl-type polymer segment and 50-

30 % by weight of the lipophilic vinyl-type polymer segment.

20 4. The expandable thermoplastic resin beads according to any one of
claims 1-3 wherein the fluorine-containing vinyl-type monomer is
selected from the general formulae (A) to (G):

general formula (A): 0

25
Rf-R, OCCR; =CH,.

39 _
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25
Terr]
[err]
[err]

general fornula (E):

10 general formula (F): Q 1
15 general formula (G: THIS § HFET%BEEN‘
20 25 ,wherein Rf is a pol yfl uoL@I kﬁ%‘—g .-
pol yf | uoroal kenyl group of 3-21
: This Sheet Has Been Replaced
gonerl ormula 5 ' A I!I

10

15

20

25

Rf—-S0:; NR:. OCCR; =CH,.

general formula (C):

R O
I I
Rf-CONR. OCCR: =CH.

general formula (D):

OH O
1 Il
- Rf-CH, CHCH., OCCR; =CH,

general formula (E):

OCR3 O
l I
Rf-CH, CHCH. OCCRs =CH,.

A
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2 . A carbon atonms, Rlerr] is a hydrogen atomor an al kyl group
of 1-10 carbon atonms, Rerr] is an al kyl ene gr oUgumailemteGud. SN
atons, R3.is a hydrogen atom or methyl group, andTHS T4CENHAS BEEN
group optionally having a substi t uent 5 and a { i popHedLAGHD ny! - t3y pe
pol yner segnent derived froma |ipophilic vi nyl . NS

2. The expandabl e thernoplastic resin beads according to¢laiml1

wherein the fluorjine-containing bl ock copol ymer conprises 20-80 % by 10
wei ght of  BRECFRLEAARIE,

tai ning vinyl-type polymer segmeTtis Saedn@Gse.
20 % by weight of the lipophilic vinyl-type pol yner segnent °baged
expandabl e thernopl astic resin beads according to claim?2 ”wﬂmll e
| e

f1 uori ne-contai ni ng bl ock copol yner conprises 50970% by 15

fl uori ne-containing vinyl-type polynmer segnent and 50- 30 % by wei ght
of the lipophilic vinyl-type polynmer segnent. Il 4. The expandabl e
t hernopl astic resin beads according to any one of clains 1 through 3

wherein the |ipophilic R dy QypeAmgnomer (4 I 20 ~fr.omthe
nmononerd represented by the foll owi ng generzl ﬁo(Fercglqgs( I—'lf:C #:I 2
[err]

general formula (G):

O
10 !
Rf-R, OCCH,
|
Rf-R, OCC=CH,
1l
15 0

,wherein Rf is a polyfluoroalkyl or polyfluoroalkenyl group of 3-21

carbon atoms, Riis a hydrogen atom or an alkyl group of 1-10 carbon

atoms, Rz is an alkylene group of 1 to 10 carbon atoms, Rs is a hydrogen
20 atom or methyl group, and Ar is an arylene group optionally having a

substituent.

5. The expandable thermoplastic resin beads according to any one of
claims 1 through 4 wherein the lipophilic vinyl-type monomer is selected

25 from the monomers represented by the following general formula (H):

e
e

o [



25 wher ei n Rlerr] is an al kyl group of 8-22 carbon atons,. a cycloyw
3

group of
a2
e,

carbon atons is BREY; ach group optionally ha

substi tuent, gﬁme a géEl%’élﬁalcfzfgdr ogen atom or net hyl .

expandabl e therﬂlﬂﬂl m)ﬂﬂn n beads according to any e : 1
t hrough 4 wherél lic vinyl-type polyner se conpri ses a
copol ymer consisting of not |ess than <17 % by wei ght s " L YaTalaTH
vinyl “type mononer and not nore than 3 % by wei ght of falMiS SHFEFOMSSEEN
represented by the follow ng general fofjmula (I): RePLALLD

[err] 10 wherein R err] is an al kylene grou T ro-ATTars

atonms optionally ('gv ng R ‘suhsgi tuenk and rr] is a hydrogen atom
-or met hyl group. 15 6. The expandabl € therhopl asti & resin beads
according to any one of clains 1 through 5 wherein the expandabl e

t hernopl astic resin beads are further cozﬁt ed w tg glr in(r:]orporiat etfa
netal salt of a higher fatty acid. 7. The expandabl e t hernopl astic
resin brad¥hexes: &%ﬂg appakky} gzaap ot 8-28 cazgben mioms; Areyelralkylgeowp oft he
expandabl e t hermppl astic resin beads are pre-expanded beads.

6-15 carbon atoms or phenyl group, each group optionally having a

substituent, and Rs is a hydrogen atom or methyl group.

6. The expandable thermoplastic resin beads according to any one of
10 claims 1 through 5 wherein the lipophilic vinyl-type polymer segment
| comprises a copolymer consisting of not less than 97 % by weight of a

lipophilic vinyl-type monomer and not more than 3 % by weight of a

monomer represented by the following general formula (I):

O 0
15 _ I I
(I) : (HO) , POR¢« OCCR, =CH,
, wherein Rs is an alkylene group of 1 to 4 carbon atoms optionally
having a substituent, and R7is a hydrogén atom or meﬂiyl group.
20

7. The expandable thermoplastic resin beads according to any one of claims |
1 through 6 wherein the expandable thermoplastic resin beads are further

coated with or incorporate a metal salt of a higher fatty acid.

25 8. The expandable thermoplastic resin beads according to any one of

——— e
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8. THe expanded nol ded articles obtained by pre-expandi ng and nDIdlng
t he expandabl e thernopl astic resin beads according g
1 through 7.

expanded nol ded articles according to claim8 wher
articles are vessels for foods and drinks contai ni rjgeses . E
conponents. 10. The expanded nol ded articles accordlng to cIa|n19 mhereln
the  expandsd: ol dsdodih! Flutesdlif ci§eaBhiabtle PAEGOHRH 200 vaRds | nst ant

are pre-expanded beads.

9. The expanded molded articles obtained by pre-expanding and molding
5 the expandable thermoplastic resin beads according to any one of claims

1 through 8.

10. The expanded molded articles according to claim 9 wherein the
expanded molded articles are vessels for foods and drinks containing oil

10 and fat components.

11. The expanded molded articles according to claim 10 wherein the

expanded molded articles are vessels for pre-cooked foods and instant

drinks.

R
eet Has Been Replaced

T

H

RN A

43



