10

15

20

25

30

35

THERMOPLASTI C RESI N PELLET, PROCESS FOR PREPARI NG
THERMOPLASTI C RESI N PELLETS'""AND EXPANDED
THERMOPLASTI C RESIN B 0011 This invention
relates to a process EAﬁ ME ﬂ t her nopl asti c
resin pellets, to a th resin pellet

obt ai nabl e by the process aﬁd ‘t*o an expanded

t hernopl astic resin bead obtainable fromthe pellet.

[ 000 Z]HERMORILAS T DARBDINi POELET, aPRGSBSEeEDR PREPARING
containing 10 Rgdysyr E0erBARRUpEEELASORNB

pol yol efi n-based resin are I n_various
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1.S extr
PEPEhERTab & HEOPrEoAtRRE: HELESDof fo PR Coe AR P eads

steaﬁdéledhensarands aa&ltﬂﬁen@edeameWaaaﬁ Jo st tw itthe

30e8kr 88ds o@fea609hedgand sehidinii.ed. The cool ed
h 8 ﬂs are. then i troducgd into a dewatering zone
IR0 Nen chbetBXOBBESTNOpeRFeTaY BEcHTOUEPANG ToM Tosin

pelhetsi srdpsckasédsi by ihpreexanphe, tHe HelRattentviNo. a
559753015280 JARSBERE P exaTLSH SRl ) T
?@guﬁXEépﬁeF§enﬁ§lB@t§tu|$zéara%dacwbmm&tﬁﬁﬁtéﬁlaﬁnﬁéally
gabgtegsror ARy becpree€ssadolfotfieveekiinl @eSlets, since
the method permits a large scale production of resin
pellets with a uniform size. In the strand cut method, a
base resin and additives are melted and kneaded in an
extruder to form a melt. The melt is extruded into a gas
phase through a die having a plurality of orifices to form
strands. The strands are immersed in water so that the
strands are cooled and solidified. The cooled strands are
then introduced into a dewatering zone and then cut to
obtain pellets. Such a strand cut method is disclosed in,
fbr example, U. S. Patent No. 4,692,507 and Japanese
Unexamined Patent Publication No. H09-174545. Besides the

expanded beads, the resin pellets may be utilized as a raw
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[ 0004] The known strand cut nethod, however, has a
probl em because very small resin pellets having a very
smal | wei ght cannot be prepared on a large scale. A5
demand for such small pellets are now increasing,

since the pellets can give small size expanded beads
which can be suitably filled in a narrow mold cavity

and which can give thin or small size noldings. Snall
mederded Here M lbingh a6 veay dge Phareshey tangbee fillers.

[efofoiagi ent Inhekneaded ddrab 10 extstdes, ang“ebegr ehakeq

b bl {
e AN R0 A5 Al BT LSO S L
smadduoeelsmau lcamsdh pelpeesanedhon aplactiecakkye. A

d@ﬂ%ﬁgfﬂgf5§&3Hr%ﬁ%@ILE%PDeEQthetHSQ hhc@%aSLnﬁe s3ﬁ§e
necessaré to run the strands at an excessi vel

§ FIhF R STRE! c%%??n@xgﬁégédopetaﬁié (‘:’Lh‘-tI{CéX' can
Hmynnotamsy abilidy.iW4 MihﬁokandSté&ﬂLdyClahdnﬁﬂlﬁQﬂm can

%h%reéhqeoftsrhaslfoé PQSI%JDP&J_HCISQ pr§ pg?%lté I%a've also

ets havin ormsize rn'as

JroGusa k2 ot el fleay ncii)@lb@teﬁféﬁaﬁattll@n kmeeled, i20 an

d:heneids alspo &w@f@nepnegﬁ pat sﬁl@abweh@,@@ GG raw

mh h |t th n
e h o o a0 fg” A T oPae, EySuh Sk Pepfegut
nigftioodvar g adeeed ato 66 98 Cc e oshal in sesandpelilkes with a

gresul 140 $taa ta%f@erQQEegx@?h@QOBUQa%% t%%ewaw@ will
water to %}]}\’/ | ets 25 Ja anese Unexam ned

B0 &1 S “Hib- §1603 fandv\h?lt aphéxeﬁesmeﬁddw
eﬂﬁuandnmwllsmzea@eltBéscuthengeqpemebE chst suvater

t LLe
%/ﬁ%l Cg ?an%g{%%ﬁl ngﬂgcp% d)b(gg? r%gg%%dr‘g?t method
gt L 2% obtfi +S peet eP@Sﬁawﬁgta paPHocm smedl 3@sm
pﬁéﬂﬂét@n}@é‘lfiyng notual fothesppl aat kC stasilRs meamnche

ed, UC et hod. . T
%%gfnt ¥ é%f%dﬂc¥?%%ne?? %e§n€§egﬁaa%}88e§§thOd
Tfhl@s@ bt $ @ySOt]h@omen@n@ar wethodcus sepeodor(UWE tieehod)

AMG ed o8l mép@%f =) h@h@fﬁégmastm&e&}@s% has cheen qurde
i.n vi ew of he fore robl ens of

t he
sk atepbl |%ﬁ%}e ?%h%gcﬁt Yhed. orlflces into warm

water at 65-95°C to form strands, the resulting strands
thus cooled being cut in the warm water to give pellets
(Japanese Unexamined Patent Publication No. H10-119037).
While the UWC method may prepare small size pellets, the
equipment costs are very high. Further, the UWC method
requires well-balanced cutting speed and extrusion rate in
order to obtain pellets having a uniform size.
Additionally, not all thermoplastic resins can be
pelletized by the UWC method. Thus, from the standpoint
of production efficiency and process flexibility, the
strand cut method is superior to the UWC method.

[0006] The present invention has been made in view of
the foregoing problems of the conventiocnal strand cut
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[0007] In accordance with one aspect of the present
invention there is provided a process for preparing
thernoplastic resin pellets, conprising the steps of:
5 (a) extruding a nelt of a thernoplastic resin into a
gas phase through a die in the formof strands; (b)

i mrersing said strands in a bath containing water and
a surfactant to cool said strands; (c) taking said
repohed. strands out of said bath; and 10 (d) cutting

F@@@7fakenlﬁugc§5£§9q§e'QEth%k%e5§FeckO%Q8kh%npresent

atte een de b resen i nventors
HF%OQWBFFIFhéFnBEPé@FF@ PeSTRFES 1 IR P astimhd
mmermephadtun whisth aediletpr, o\doted ity wmeISWQ&Qﬁ&ﬁﬂ

nypbgﬁtgudgﬁ?fLcﬁglkso%sgdt%%rmo a%#rpo%eSLn lﬁ%p 2. gas

mai nfainihg the practically acce e extrusi on rate ?
M2 pouthreBaht 8 ﬁﬁ@rééséhﬁhéoéﬂtKﬁh@tgﬁééHS Wth such

&) Netheds i HgWeueH, sadaaeent rstr 32d% ¥R daundd Qh&r and
onde mrersed in water. The

%r%%ﬁﬁ?CE?ﬁg EPgFgoﬁa§§l§I§grﬁﬁﬁﬁH that the bondi ng of
{he sakandss2@docovisddwe reads wiulir atfi gaiaf Hateh; and

@&fa@Q%tQﬁ?sgglﬁh%ﬁkkﬂeouQO%t§%r d%nﬁreéQ£Q&§UH into

contact w wat er Because I st anc et ween
ERPQBEnt ofRfREES™PE Badl PeepnBadg) Bvatthen Pafsehd
vaandsrBStapprépa@&US@aQQn&&@&n@blaﬂﬂﬁﬂﬂﬂgsﬁﬂfﬁﬁmﬁéLs by

r [ whi_ch r sults |n
Li%6ah H0% REVELR) 20, 0ol Sl ApLE oAl
hﬁ@?ﬁéé?@dPym’PéﬁnG’ft rat hitses as swedadtoanttliss purpose of

Bebhaknadngn thbg p\batchﬁ.ic]:atlﬁ@I \déldére@it::a%ld@fextﬁiﬁls iG] @rhgc%
prevent ed.and the 1 Ng.Qr adj ace ands
e P By Bt B A e Mot Mg e Do 40 Bodna™ 2

e prevent
methpd, theweyeru,t aidg aiceinér rS@@tatnhm atree ﬁmrrfchcte) be bonded

t@@étﬁ@ro&h@@tﬁhe aﬁ%%slﬁﬁ%r%%QfﬁkﬂQ%i%&‘St&ﬂ@dgresent
ent er d tha he additi on of

SRVERER SR hAfer RASoIEGr BT afe Henstarnds
ofctihe daterot e nubmmmaentbé wmbraMnmmdﬁ daesest rangds.the

ﬁét[gglg dgnaégoF %DQEkO E@%H(ﬁ?%HEH'WQ%QHO”B cause
3. provi ca thermopl asti ¢ resim pelléet "

the distance be ween adjacent orlflces is small the
v1bratlon of the strands is apt to cause contact of
adjacent strands prior to the immersion of water, which
results in the bonding therebetween.

[0009] It has been unexpectedly found that when a
surfactant is contained in the water, the vibration of the
strands can be prevented and the bonding of adjacent
strands can be prevented. Although not wishing to be
bound by the theory, it is inferred that the surface
tension of water causes the vibration of strands entering
the water and that the addition of the surfactant in the
water decreases the surface tension of the water to
minimize the vibration of the strands.

[0010] In another aspect, the present invention
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obt ai nabl e by the above process and having a di aneter
of D and a length of L, wherein the ratio L/Dis
greater than 1 but not greater than S. 5 [0011] The
present invention also provides an expanded

t hernopl asti c resin bead obtai nabl e by foam ng and
expandi ng t he above thernoplastic resin pellet and
havi n an apparent density of 10 to 600 g/L. J5@{12]
PR e et CY %%ﬁﬂ%ﬁlV\H?r‘B@Pélé%llFbé&Snlﬁ Pe

ddovmabld wef ehengeote bhecassorpanyitRgndr awidigsietdm of D

3 cﬁce{‘ &?orfs a 3&@%&‘?}1' %h' ' | %%‘ir aidﬁn %f drater than 1

appara out tran
i le st gr@@@@rlbhanls FI G 2 shoms an exanple of a

F@@ii]Of afhd NhidSdbn £E¥hv§HfY§nOEl§5p§96$§des an expanded
ﬁ& %Igng aseg gsgn gead% ﬁgd f shows. an
C\ ‘F% PraCchart™o 3 sBRGA4TEP H%C GG‘F\}élgofant%e
pobypd Opy| Ehe- based tbsikmopébketis. rep@@13elRlE ahd having
Qﬁpé§%§ @Hteéé‘HELfy Efa'ﬂanBa%%uéekor 20 carrying

Focess o resent i nvention. Designated
EQ032] ¢ anT%&tPH%%?nFnlﬂﬁﬁﬁhlﬁnbﬂéélr§§lﬁeéﬁél g in

aecessapy¥lowneion pereraddet ikveshar acoehietydmnd; drawings,
kgeage The nelt in the extruder 1 is extruded into

a gas pﬂase through a die 2 having a plurality of

orifi cB&Gtolf opnp25ckemands 311vhsretiando L3 aar @pparatds

p@g:ssgrt_rp&ﬁggeu@ 608kirAdq kathrdt30d B3t dhie stdands 3

are coo and solidified. The cooling bath nust
tBNBRF §8nmater and a surfactant. The cooled strands 3
are take@.oldt sbbwshenceskimpgebatth a4 caadt pﬁék@rabhyial DsC

l:GHszH‘EeQbeBQeé ggw?b%wgezl%n%aéedﬂ}% fﬂfea?b% and
strands_3 are cut a cut into pellets 5
havi ngFaC- désFRreysSsp2eXpBBi Gnfed 826t tard guisgeond time

pBCl ensvandfashd paﬂgptapglemeHMAgydsﬁasunnﬁaﬂmﬂn$1y
(H0SF o a0 2agh RsCA LA aacte LORGLTDE cor
CRARERE}It REtnGRBePrOFSEle Oér |tﬁ1|ec@§e§rentthemdfeé9tli@ ‘not
fesspaeickdcakl ¥ hsmahedxbutidies genemaldny a2 Hael GG and,
if necéssary, one or more additives are melted and kneaded.
The melt in the extruder 1 is extruded into a gas phase
through a die 2 having a plurality of orifices to form
strands 3. The strands 3 are passed through a cooling
bath 4 so that the strands 3 are cooled and solidified.
The cooling bath must comprise water and a surfactant. The
cooled strands 3 are taken out of the cooling bath 4 and
preferably introduced into a dewatering zone 7. Then, the
strands 3 are cut with a cutter 9 into pellets 5 having a
desired size. Designated as 6 are guide rollers and as 8
are take-up rollers to continuously run the strands 3 at a
controlled speed.

[0014)] The number of the strands 3 extruded through the
die (namely the number of the orifices of the die) is not
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preferably 5 to 5000, nore preferably 50 to 500. The

m ni mum di stance between the peripheries of adjacent
two orifices (inter-peripheral distance) is generally
0.3to 95 mum preferably 0.5 to 8 nm nore
preferably 0.6 to 5 mm In the conventional strand
cut nethod, the inter- peripheral distance has been 10
mmor nore. [0015] The gas phase into which the nelt
Spe @i Ferfbly it Fﬁebégt Egderneriad lyot? $igedi% Gl y

gdrdtideglo1105CGepepabby, mbhe @s&letfelr%bay suded i3 arhe
at npspher e faH

min imum dl ance beg nlt%g%egeédé erq$uQ%aceng“%wo

gas phase Ps genera
awinpecas uf enbad- pﬁessheealn@ysm@n@%\bh@ gﬁwn@hy a¢f.3 to 9

e $RSFOaPRhagt pesresi B kA tﬁ%ree?[ﬂe%%fak&%n@% 196 MRS

a tenperature. of 110 to 400
et at o BeVhF PRE - WPER AT Re Cigt nale&ﬁ‘qcﬁe Y8 Lnteme
= apldsr 31 | diredeatel yabebera ant em rg tdeerecool i ng bat h

[ e t a 3 0

Goesp Y favescomecatuce ohaRh 10,9800, LOOLEL Ak

@f%p‘éhﬁa9><béué§édlf Y2 pl@é ﬁ@ﬁ@i@@lhyhellmtmcbsent

Gé}r\/@ﬁ&lpp, tre reasons ekiiredieced rAPWH LfmdMdre of air
pos on £oo ed strands pa g ng thr h t he

S et LR L Tt T T IR

%ﬁmEbaKQMCelaftozﬁooﬁ Ie&@biintotemperWhemetheoapm@mbure

4 m@éeﬁsgﬁﬁgs't@heoﬂeibeo?oghgdtﬁEEﬁBg§a3%1Ea ln H% the
strands tend to in the nip etmeen t he ta

?%?F%?%rSgﬁﬁarFﬁé’agéé ac&tefr’g‘?g‘aftémeur%f or q rtrcég‘m%rc
quaghothehEempErpehketyam¢e§Iwaunﬂﬂhy Mﬂnd(ﬂxrﬁhéﬂmblt

h I
P SrEretry andenreny, Dbk Bitdniid KndMbqiing bach
N QRdteYnhaKe ﬁo§femﬁ>¢ma6m¥e| i &9 al&0 r?ave the
boghest number sofrféataﬂihehblszn‘galbldﬁHmw&t@wﬂJl(ilﬂ aired

%Egﬁbgé S%%ems %%d &s?af\é:rrglstoﬁen%@p%rr% ShHrhe

Eﬁ@ﬁ@ﬁﬁ lZﬁénEépﬂlonForbyeKF¢AﬂARA redgr@dreROSANACE water
&époﬁ@ﬂ@ 64, tﬁ@dbbédedbﬁt&én@%g éﬂﬁﬂ“tﬁ?bujltﬂhe(ﬂhke up

??SEFaﬁf gg F@giﬁFk%n%skrefé:ibﬁreﬁ%i!%glt J&ance of
20 or less (1 to 20). When the amount of water deposits
on the cooled strands is large, the strands tend to slip
in the nip between the take-up rollers 8 and to cause
cutting failure or irregular sizes of the cut pellets by
the cutter 9.

[0017] The HLB value shows a balance of hydrophilicity
and lipophilicity and is represented by a scale of 1 to 40
wherein the most hydrophilic materials have the highest
number of 40. The HLB value may be calculated or
determined by a method of Davies and Rideal described in
“Chemistry of Dispersion and Emulsion System”, 2°® Edition,
by KITAEARA, F and FURUSAWA, K., page 61, (edited by
Kogaku Tosho Co., Ltd. on June, 15, 1280).
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in the cooling bath 4 in an anount of 0.001 to 0.1
part by weight per 100 parts by wei ght of the water
in the cooling bath 4 for reasons of satisfactory
strand bonding 5 preventing effect and reduced water
deposits on the strands taken-out of the cooling bath
4. [0019] The cooling bath preferably has a
tenperature of O to 60C for reasons of efficient

&f?hg of 1 ¥ hes sk¥ah@esr cant# F eElBNFoF LRFERRE. PRhEAESENt
imetcootboyihat babassannl@nexsmesakvelfyohiogh to 0.1 part by

e i Lity, that . _expan .

SRS obt & h2l TrorrtRE PSArti R SBPI BESRave “emmiooling
kath &i%es apdsdpsnef §ﬁ§mﬁ§é@@0ﬁﬁldaﬁandtponpomgﬂ

JP@végtiﬁétéﬁfeéﬁegnﬁokebﬁéeﬁuwgﬁé% eepb@@ts?@%S%%b 15
nven 0 anl oni C urta a catlonic
Ef?ﬁg?aﬂ?ﬂaénoﬁﬁpﬁotgb?ccgﬁiﬁﬁgtEﬁ?goﬁ ‘a noni oni c

Beoiatt antTh¢ 0024] ikxapptiespoéfehebani hascasuehpetaniure of
@ncbu@@ &aF5¥ r@ghgp§abksef?HEXE subburis¢ a%Edt%%t%trands
sa ts, oxyet eneal ur| C acl
%%@t§r6960@|9y|BéﬁgéﬁedeW%mu%h%c¢@o%am@sbath has an

.@kkybBaphﬂbahegﬁsubﬁﬁﬁtﬁtuaéldt&éhésas a pOSSlblllLy that

f | | kyl d
e AR BB g P R et PR P e B SadrT®
agp bl §aﬂﬂsSlF@@22PdE%anp§sprwtB@Odampédﬁblllty

§Ubﬁﬁ@tantTh@CEHQEacg§nQU§ESHn§B¥ @HHDEhEBb§@|b§ and
al k Ia¥1ne salts. 002%% of t %Ia hoteric
SEF L ARtV ERCE Qe 8 RPI by APHG0 1 End UAEPAE SO dés cat ionic
poo24attEranphesanphbvherncnsomifecsantactrant niomdlonde
Qgg¥g§¥gkgylene al kyl ethers such as pol yoxyet hyl ene
al k 30 ethers, polyoxyethylene derivatives,
§8P§Fﬂan f%ﬁﬁvpé%?dOQSPeﬁsanbapyexyérﬁ9péﬁ@tséﬂ@ﬂpéﬁ fatty
taftlysatkd, eafleys, supﬁhymmyethmleeeesoebutel fatty

n . ester
€8F90§§EQE§ESQE¥$E&F SE§E3¥1C Qd %E%F§o§a%Fﬁylene
aﬂkyﬂaﬁﬂﬁé§esaﬂ£9nla|@aﬁé|aﬁﬂaé,aﬁdkzgnﬁ@@th@é@nesulfowlc

§bth|BQtQI|dﬂ@kameISBEﬁ@@EﬂﬂESacIHeegﬁékfbQQt 6

- 8140,9898n2hl1"0ha0 &; sis Eagtant Ay be a siloxafe oi !

phosphoric acid ester salts.

[0022] Examples of the catiocnic surfactant include
quaternary ammonium salts and alkylamine salts.

[0023] Examples of the amphoteric surfactant include
alkylbetaines and amine oxides.

[0024] Examples of the nonionic surfactant include
polyoxyalkylene alkyl ethers such as polyoxyethylene alkyl
ethers, polyoxyethylene derivatives, sorbitan fatty acid
esters, polyoxyethylene sorbitan fatty acid esters,
polyoxyethylene sorbitol fatty acid esters, glycerin fatty
acid esters, polyoxyethylene fatty acid esters,
polyoxyethylene alkylamines, alkyl alkanolamide and

modified silicone o0il nonionic surfactants. The nmodified
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(e.g. dinethylpolysiloxane oil) having a part of its

al kyl groups (e.g. nethyl groups) substituted with an
organic functional group to inpart hydrophilicity
thereto or a 5 siloxane oil to which oxygen-containing
groups are added to inpart hydrophilicity thereto.

[ 0025] The al kyl noieties of the above-nentioned
surfactants preferably have 10 to 30 carbon atons and
StiHe cqng t3A bt honeti 8¥répcthatapave bsemt isddakane oil

@urd aCdleﬁétsngDp@IyéeI@bJaMeham 1Qathn%0 aC@raQQn A OB alkyl

0026 The surfactant used
era v a ndﬁ? f g écﬁﬁhf% %ggtdc%'g?1fn organic
fpxreﬁem@ﬂ mm@nt@ smpaam aptisophe 1 ifodrt yexdmples,o or a

é%ﬂd%&ﬁ@”$ﬂie@§ w*ﬁ@ﬁbeEEEEEEPHQEégﬁé%t@%d@ﬁ%(§¥é”added

et her,, xyet ene 1
Yol %%%p%¥£§FlE¥hePer658lyoxyethylene hi gher
[aumml emesr anidy hodd f & etle si bEcahe abblve( pantiicmeay | y

copo %3@%%5%? PR EREEY ERe b A ey the

I501i0bleenPhi AhanahEREsTER thoaeshts I aaz;]r@‘mts

.mmamy siipsé andi abl yoi Bsebubl etiomswat er and whi ch

rgan| or inorganic p he agount of
vﬁgﬁ% heS| i %H% ?ﬂg g%ﬁt sggdt80§ Py DR&NgHES
ressleeir vl ¥ he menghnlcoﬁurﬁeccgotlnngathcuExampleseébrred

ﬁm@f@reswﬁfgeeaeegl QgeZSfage@kah@q'eud% ylene
oxi de tltanlun1§ gagne3|un1 arboﬁat Sl C
¥PEY6E

LAWY £ a7 bdRat ePB VePDm CETY n&tt@erfkmwxyethylene
sieary Ll ayhand polyvxyythgﬂenboblefﬁee&&@rof t he

.?@t@§f¥§@thﬂghégegﬁcgﬁglrEQ%%% *ﬁE&ﬁgléH sfhlcone

sur ant I f necessary, an an
%ngenfpeeté%%haaéYsPPwataﬁraﬁwidﬁée@aineélgmqnw ©r
siddedote- phbyetbeklngpbayher[OOZS] The anmount of water

gﬁﬂ??jts Ofl tgfa?Eégndsheuégol% ega%%tm%&ekgﬁﬁ§lonally

urfactant-con ni ng cool Fn°Fs
et &R @Ihaﬁdhﬁmoflal%eﬁvéatl@g agsmicf adtiamt ifsr ee 35

Saost agrbat by Whkbeubbhe wat ehrdepasidt Lol Y P8 rink
§o0L80L1 88 DY Lhenyse glad, Surfactant havino g ! oW HE8
preventing agent is 0 to 3 % by weight based on the weight
of the cooling bath. Examples of the adhesion preventing
agent include aluminum oxide, titanium oxide, magnesium
carbonate basic, zinc carbonate basic, calcium carbonate,
kaolin, mica, clay and polyvinyl alcohol. The use of the
adhesion preventing agent can reduce the amount of the
surfactant. Further, if necessary, an antifoaming agent
such as silica or an inorganic salt may be added to the
cooling bath.

[0028] The amount of water deposits on the strands just
taken out of the surfactant-containing cooling bath is
generally greater than that taken out of a surfactant-free
cooling bath. While the water deposition may be
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value, it is preferable to wash the strands taken out

of the cooling bath with an aqueous |liquid to renove
the surfactant fromthe surfaces of the strands. The
washing 5 may be suitably carried out by i mersing the
strands into an aqueous |iquid-containing washing

bath | ocated downstream of the cooling bath. [0029]

Pur e mgier may ge used as the aqueous liquid. For the
PuUtpose of P¥pFBdi St Ré SurtEdeaeieMVana @ Ltow RLB
wifuej entyishpueverabaeclteamianty agentstmayndee tsaddralbdyr of
ROt ALOeE s oLBE AINAOUS LiGllte AMRLE S0l Re the

I norgani ¢ Salt capable of destroying mcells on . .
%Rﬁ?%%%%ntofrPﬁetg?r§H6§a§ﬁ§/@ﬁ &RS e SSoap They weehing

nsedbasstibeabtleanirpgedgent. biheh@mBingverd Seahd4faSinto

ed herein,is 15 intended to refer t n ani oni ¢
B T Or AR " s Bh SR n ek Sosh Bty P it ¢
dewRaereAl, obr the goodaniobaghsurfactant when the
EOOL6NY babhirsophakAsnal HANLARKC 2SULhACLANLouENE 5 quid.
%$ve{t soap Erefera?b¥ as a unct i on of ‘destroyin

telP§ BHIBUFFalés TBPTPNE NG FRFdSUEF Jieedolremyal
%éfécisotyblbOWBMeganbccé&bhia@oa@@nﬁemayﬂhﬂﬂsmﬂﬂhbmy)
&bnoh i MeLer nat nd0CoLaAR anRiny of nal, cLeashydqu and

shoul d contain a di'val ent or trlvaﬁent. ani_on or
tRPTBANLFI Fastr SEPFRLET cSuideatire Widide flissi Il @n surfaces
o Aot ganstraabks aang oragnesiny@rehlseEidena yra@esidiMas the

OLLER B, S5eROTeRALTL Shi T alpy BLUTLOT 8 B ey ezcin 1o
}rbAndaAf APerghgri tonanniiiandc Bve fnattemtsolhdsl ¢he
(I BaaA Loreaarel e ik Lgpuseg dnn At o
TACer i EHETAGhagHs rGIIE PRE e freh Lt ins 4
pheprigbbyriisedantt .anTheounveot 6808p1ptrefePablypahtsby
yehebt oRebr18@sRabl s nby miRiedNts @ WRLST, dJy g@ethe strands.
DEUSEYS ) i SOSIL, T onelied Stiands o1 o
belobikebénngOOutmli nfowalerpeltl @0SC -inB ar] GABANLTRE at
basecreshg 9haWahslikhehhernmr! 35U.6 r&SIdY trivalent
anion or cation. Illustrative of suitable water-soluble
inorganic salts are magnesium chloride, magnesium nitrate,
magnesium sulfate, aluminum chloride, aluminum nitrate,
aluminum sulfate, iron chloride, iron sulfate and iron
nitrate. The water-soluble inorganic salt is preferably
used in an amount of 0.0001 to 1 part by weight per 100
parts by weight of water in the aqueous liguid. The
invert soap is preferably used in an amount of 0.001 to
0.1 part by weight per 100 parts by weight of water in the
agueous liquid.

[0031] The non-washed strands or washed strands are

preferably dried or dewaterized before being cut into
pellets.
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pellets are formed may be any thernoplastic resin as
long as it is softened or nelted when heated and is
agai n solidified when cool ed. Exanpl es of the
thernoplastic 5 resin include pol ypropyl ene-based
resins, polyethylene- based resins, polystyrene-based
resins, acrylic resins, vinyl chloride-based resins,

chl.ori nat eth Iene et hy] ene-vi nyl . .
w@gﬁ?‘d c oty o TS, bR Shethe) hGFCaPBRRGE L mesin
t5*5‘“5’““‘1’6'5eg"””““—”ed<’J‘f¢@i1?yﬂ>eC@Ihi’utlutsempgéaﬁ1:,1C1@esin as long

0l yacel aéof‘@ér'xé@ op%éﬁ%gewﬁgﬁ' AsatRAl ¥aer ¥lsat@ain
res| ns her mopl asti ¢ oI yur et h ane el asot oner s,

f’r‘ﬂq%ﬁ#%‘?%‘t%?n %%‘P%/%rs ’i?dmﬂe%%e‘? cther tkerBrriastic
Pod sl densde pol yetbersahéensseforyet hyl, epelyethylene-
£eé’h££‘§i§£e éﬁfgé‘fwe%'—%%é%' ?QSIAS B%r%g"i'l%t Gesins,
S, e resins enyl eéné et her
wezsyhsch ry@ﬁefﬁw@ﬁer@ﬁmé, r @bﬂﬁglnaﬁérﬂypﬁémtéwéene

§@£{ﬁ§e égﬁynfmep@hﬁ9yt@Qé@ﬁ@er@§p6§ymer resins, ethylene-
ene resins
B L Re Sneo ] So ne  BOLYEMLE L85 M 1 s resins,

_p¢hyéeﬂ9abthyblasrypaﬂgamcdpokyﬂensnespﬂsacrylaue resins,

@ﬁgyﬁgﬁfaQE%Eyﬁo@%E¥E@B?n80@95¥g%5m%93reﬁﬁ id crystal

irene net i acrﬁ ate copol yner _resins,
oL yBeE§t oRPLYPFBEACPYIPE §€F8n§tsyr BRé YES3SIapTer
pesyesheraamybﬁsltpbngeshynene cepelpphmrin e m£51ns,

|.gpe ' LN
oL LARC LR ERR I S5 T se i, Pedycaepogrse zesine,
eOpBPYABY LEBS ﬁ§heécr‘f§lséﬁ‘§tr r pp yPhepiylgdice feisisy regfel ns,
ﬁ@ﬂ??bﬁ@ﬁﬂ/léﬁél @ﬁmmdef Iv@@&a@ar b@ﬂy'b%ftlalaﬁeneﬂlfé%ﬂns,

nbi_nat.
RET e R By Pt E DB s RS AdS o B A e ey e tiortast o
bpolymtihyl ereibasedonpasicntesipsl yptomllesse-aidatd acrylate

EEP b@ym@&dreBQBEStE%ﬁ?@éE@S%@th%q %%%ylaﬁﬂ“%dﬂHf¥ME$
torefer to thernnghg tic resing containiing nore than

56ShBFe SyfSBERYE ASFE3CRIT 56 SrEIcd Whsd resins,
pbmgybegéoamdrnﬂeeatham150amubes%@uﬁnﬁayxxmuiymer resins,

?§g§%h¥?é%§ %Qg§gn ?é@%&%% rtehée"L|cr)1rSoperne

ﬁ@%ﬁﬁéFYﬁéPPSPtédééﬁﬁl W?érm% é@ﬁt%%%gw%@r chlipanimg-ed
@ange%hgﬁepé@pyb@ﬁ@eﬁ&@@%&@m@ﬁl&&s;&s ard dyass tthain S0

g%tgd e%f mo §r%%e”%%%éT¥§%é”¥¥sfHEténd fluorocarbon resins.
These resins may be used singly or in combination of two
or more thereof.

[0033] As used herein, the terms “polyethylene-based
resin”, “polypropylene-based resin” and “polystyrene-based
resin” are intended to refer to thermoplastic resins
containing more than 50 mole % of ethylene, more than 50
mole % of propylene and more than 50 mole % of styrene,
respectively. Thus, for example, the polypropylene-based
resin may be a propylene homopolymer or a copolymer

containing more than 50 mole % of propylene monomer units
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[0034] The nelting point of the thernoplastic resin
used in the process of the present invention is not
specifically limted. Preferably, the nelting point is
5 within the workabl e tenperature range of the general
extruder and is particularly 350C or bel ow. The
thernopl astic resin preferably has a nelt mass fl ow
rate (MFR) of 0.1 to 80 g/10 mn., nore preferably
;b kes80thayr 190 il e MERCRe PEEN Offs Mok ea CORIT@mEE Wit s .

[Jdo%zzlp K72“J}Q£ Mﬂlr@h@éﬁhﬂ @@nehtel eﬁa%@elMst%d%e@m

are

B DAL AP ek L e S et ot d 5
%m:tpﬁiq/zslyyehemb‘aeed rks¢heralpbgpethevebyt1h0086inThe s

v&edﬂﬁﬁ %ﬁ@%e@?&@l@egefﬁ?@ﬁﬁ‘c%ﬂé’rﬁ Y& dF I UE[A08

per one pe | éss. The process
St b 6ants ATERL FOR2FLTES0 "6 PecHIET whER® ¢ he
Eh&mmmpﬂ&@tghtreélnnprpébkeblwshhsﬁg ale ltesmssTMissw rate

ellets,of 't rese I nv 1.0 Aart r
Lre gr%% 0F aé% gﬁ gégﬁaggnmé ﬁ%&~ 21 onékﬁH1léi¥%ft%.30
vl @ onbip - |e“§h“s‘< orelpres embwcergaﬁgeomlt sdISnpst
mﬁ@(@@by Omﬂgr%QnotCan@[ﬂtlgﬂeC@;dﬁr age O@ﬁi@hﬁ c’Qfd Qf&je H
e a metic an e
£F5i frabieg LBl bhECHR5550 CpoPrars - RUBSEE HAe B e
odlydehpiesenbasadentsan eand @Qiyﬂﬂyreﬁéjhﬂdaﬂsre51n,

ﬁ@yb@8t§yg@ a smal | average meight of 1 ng or |ess.
der to grod uce smal | | ets extrusi Qn through

EP°a$é whi T n@?h%aFﬁ.ﬁauehebéﬁrpﬁele eé%ﬁeqkmﬁaﬁ@e&n
awéhagt wehgheapengonke pefidiete off éssuice af Udwes. The

ﬁ%&?&gsr 'Ehespr@§%3§saﬁ%e%91dNWB§aﬂo %?gg%%yé) when

orifirces aV|n diameter in t
%&eneveraaﬁewetlaetdpéneper pedflethe sstly @rﬁjsni slgssguc &dus,
tbehpéﬁletbeomUﬁherp@esemthuMﬁEntﬂuﬁﬂpéﬂtidumaﬁﬁﬁed

n_Lncr f the numnber t.he
Yo be bulER i 0P AR e et Bl et o 1 o
@Irsleﬁee mermeﬁeééjrabém Oor2| fngc@sr THser efrss;, Beidtdbly

6 he2cepventi gyal @ﬁéawegggerrﬁ&m e 8¢ 8eeNbestikdnNds an
%

1 r navoi I nde r red. to_each other.
aglt mgtgcamgagagfytgo %ng% of arbitrarily selected

200 pellets.

[0036] The process of the present invention can produce
pellets having such a small average weight of 1 mg or less.
In order to produce small pellets by extrusion through a
die while maintaining the extrusion rate unchanged without
increasing the inside pressure c¢f the extruder, it is
necessary to form a large number of orifices having a
small diameter in the die. For example, when the diameter
of the strands is reduced to half, the number of orifices
should be increased by 4 times. Such an increase of the
number of the orifices results in a considerable reduction
of the distance between adjacent orifices. Therefore,

with the conventional strand cut method, adjacent strands

_10_
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[0037] According to the present invention using the
surfactant-containing cooling bath, even when the

i nter- peripheral distance of the orifices is, for
exanple, 1 mm 5 it is possible to produce
thernoplastic resin pellets having an average wei ght
per 1 pellet of 1 ng or less in a stable manner

Wi t hout decreasing the extrusion rate. £0038] It is
preferreal enat Yt hendker 08i sAnereehEonBREN BENSEXf or med

g@mmWJan E%&&@Q@I%@awbn@h@ @@éé@ﬁtﬁ%ﬂheﬂﬁlég ueghqetre

|l a arr L anet er a | e

AR Eont PREL R ALBUCHERL 1R, kBT oPRS, Bnhr sl dnter-
m@roy@hraheddséaaceaOfatbeober@kgﬁh@av)fwhlbaamo;e, 1 mm,

ﬂ@'ﬂé %BEQle@ Qbsﬁbéag@eaﬁﬁéﬂhoﬁ§és€n@ QEbEhC%eME@ts
ess t al ance B a 5

RET LRF CaB) SBRT160PEACRE. CRher SPRI-ARE BT aroTdoinaday in 2

$teblel hemnag wiodhoutasdeckkasWhy tBe=eWtkdsfion mreawans
Phoshb! e tunplng.and. g&ttpgt0£hghsx?25§99ﬁ 020 c8R0e1 ¢
practical production e

?ﬁepar§@ﬁ@?@euahﬁanﬁnp@ﬁtéﬁéeérhﬁwéégwﬁu§a§éﬁérmu§¢ an

Qn@ldek@ﬁﬁmetﬁﬁefﬁé@bby Ql@ﬁck@&hrFFTmeééﬁp?&dd @1d%§ with
SC r al ance a g r-c ,
pre?mggﬁly%Sg ? nﬁ?ChZEh%gogé §$%pﬁgsg%trudgéz

thvenghohbalQeepﬁﬁvﬁdegueybﬁnﬂrl@thOpelI@hsle maintaining

9baggeaekeebxmbhﬁtagevebqgse&u@géeSMr@@dlggg t%%hh@d5
and. havi ng di apeter of D and en wherein

kH hFaFPG E/51F§h6F8§tBﬁlﬁﬁ5ﬁ ? Bt nétkg/éQFeFH‘ﬁhaﬁ
Sre8Sueh, pehkebsMaredsbi tabl yefiseddf by the Foddwstingn
#9-Rf,1expPanded thernopl astic resin beads which, in
turn, are suited for the production of in-nold

mol di nls™ Bn the ratio L/D of the pellets is |ess
than 1Boe greater than 5, the expanded beads obt ai ned

Eggr?EEgghgag%oEtQBlgegﬁﬁh% gfﬁhhegugg %gw%%dﬂ%gngﬁéands

the resulting noldin
aﬁPa@éﬁFtﬁéaéSPr90@$t1P00¢@Fl¢héﬁﬁﬁernn@?a%@W@rrésmht of

pBEl g sceargeontduit bkr one orifice M is generally 0.01
kg/hr, preferably 0.05 kg/hr. The upper limit of the
discharge balance B is generally 10 kg/(hr-cmz),
preferably 5 kg/(hr-cmz).

[0039] The present invention also provides cylindrical
pellets obtainable by the above-described strand cut
method and having a diameter of D and a length of 1,
wherein the ratio L/D is greater than 1 but not greater
than 5. Such pellets are suitably used for the production
of expanded thermoplastic resin beads which, in turn, are
suited for the production of in-mold moldings. When the
ratio L/D of the pellets is less than 1 or greater than 5,
the expanded beads obtained therefrom cannot be densely
filled in a mold cavity and the resulting molding has gaps
between adjacent beads.

- 11 -
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desired, one or nore additives, such as an

antioxidant, a UV absorbing agent, an antistatic

agent, a flane retardant, a netal deactivator, a

pi gment, a dye, a nucleating agent 5 and a cel

controlling agent, in an anmount of generally 20 parts

by weight or less, particularly 5 parts by weight or

| ess, per 100 parts by weight of the thernoplastic

[0840]. THhedllemuwmiodtingragent paraiyebe ann gpongading if

Reawders suste &8 ZbRE Dbanat evebal Guchakel UM GabNAIEInt, -
sodi um horate or 10 al um nym hydroxi de. The additives

Y 1BSREmePP 2O 15hE terdftiflast# cfhage retardant,
a esitral deacextauder andi&neadeda tgget Aehud1@RR4lkngTheyent

. . end g

RIEE A DN O B100 BhOLiotn BRPANAAL o gomerady 20

R dihg's He abovel € her nBprASENEaresi B pelitet Svameight or

Thad ,ngsetzﬁn%@@p@éﬁﬂ;_& g nssu?rﬁef oigth/@L@QtQﬁG{olplla\déy’c%% thein.
al ensi . 1S ess an ) e Nno I N

R e st A B ERRE T BRalE i HEOretrowbEeE Such

aﬁlﬂﬂﬂﬁ(hﬁﬁa%¢abt$l¢y cdlueito shripkage, Wehn uhéorate or

[NPAAN SbkYadS gneatefs20: $han,500,g/ %rd_dEBeto a melt
ai ned fromthe expanded beads alls to

| di ng ob
D T R oat e hhC AR st a6 Rt rofssertitbdneaded
{dt2jedThe base resin of which the expanded

pl ast,i I 0. be 0 far

L oD ety T aTeRh el °pIES  BPYvifes Lepandea

U TPy s ehe- based %@gfiﬁspbﬁépwwleeﬁea Basad negints,

@Qfa/rhdlikgc_fj elSlhélSab@@Jay&hbﬂn@pgastﬁ!&:le@'étsﬁiﬂﬂ 2leq 118 rél?nd having
ol ycarbonat e resjins, -acrylonitrile- styrene_copol ymer

P JERPETR B S Eh D an i e pRs il HhERC:ARP TR ne

nylaniisi lesputhdnehl- gr§r ehbecopdlkymer obesiimed 3rom the

shp ordaatied=09! yet hyl epeshesi gsoandiglhvliene1visdpility
cetate co&gl%ner esins. These reglns naﬁ be used

LRt SRETRREEBnbiHIE? ol f=Rhior SRt rigrRS ¢ h¥r o5f dreater

Pody et OY | @, belsedmot dshgsohhnd ipely fropy ltere exasedied beads

i r réi syl : ~SUlLa far.. t .

S Lnded ThaTdarastheX reRr b ahy HegE it

R?é%?ﬁﬁﬁ%&tic resin expanded beads may be - 12

po@4Rr ed fTiosnhdree t hes topbAsthecheshe pgbkatisdby any

thermoplastic resin beads are formed may be, for example,
polyethylene-based resins, polypropylene-based resins,
polystyrene-based resins, acrylic resins, polyethylene
terephthalate resins, polycarbonate resins, acrylonitrile-
styrene copolymer resins, polydicyclopentadiene resins,
acrylonitrile-butadiene~styrene copolymer resins,
chlorinated polyethylene resins and ethylene—vihyl acetate
copolymer resins. These resins may be used singly or in
combination of two or more thereof. Polyethylene-based
resins and polypropylene-based resins are particularly
suitably used for the expanded thermoplastic resin beads.
[0043] The thermoplastic resin expanded beads may be

- 12 -
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sui tabl e known net hod. [0044] One preferred expandi ng
nmet hod for the production of expanded

pol ypr opyl ene-based resin beads 5 from

pol ypr opyl ene-based resin pellets will be described
bel ow. The pol ypropyl ene-based resin pellets are

di spersed i n an aqueous di spersing nediun1together
with a qéf ersi ng .agent bl owi ng a

nd a in
st i 'S¢ N v EReRY ¢ S?h% H?EbErEFg eFé H@aﬁ@&
sati@HIC tlemper aterrleodi gher than the softening point of

t th
e RO R et R S e R M
P i sehisryi hg perdnded Pﬁéyyéeeéleﬂe Eaﬁ@ﬁeFeEFés§@ﬁéS

Ze ﬁ@li@m@@n@newa@ea tbeipepbelets1hi0088] dEBeribed

ro ene-.hased reS|n whi ch constltu the base
PP SRRSO D SOnstidtes Lt

dﬂcﬁﬁmmxn @nc@@@éwera@ppepyhegembasem tbgecher with a
O YOBS o Oé%é’zﬁw@pé(ﬁ&ng B@é@%@aegeﬁtcQHogyg%)snge

| ene” W one Qr npre compnoners havin
J%'r%lp% HENE VRS eht et Df PR 6b° n%%t@/é %’F A
temxben £t ofe t bgloer nohen ohet heseepohynprsntThé the resin
a I h t n
Sugﬁﬂ? %P% pﬁe g %18 ﬁéiTTQE @?th E %ﬁgﬁth Sgent
%@eé$l@%elﬁrBb9ﬂeﬁe555§ééeﬁaﬁééﬁléoﬁéﬁ?hﬁﬁglng port

dmc&h@lev@s@@yleeeaewybenpréeed@@ gepel YBersam and expand
&gop Lene 2 25 but ene random copol yners or

¢¥ene propylene but ene random copol yners. The
e eht of Thhepebypnopel¢ss-baseteresdpoiehsconstitutes

ﬁ@&p@éy@E£§si§ genehélé%pgq@édteeéés%ﬁa§ peeight,
i cul a ﬂi b ME|ghﬁ % 6] As_the _
S ten i s, BPRE R aR: . RacePolyae APEPEVABRE-based

hisedk ¢opaddintronrt proayvéeneabyssdl ventomaygobeliyased of
ﬁ§oﬁ998m@swi£hcéﬂedb§pﬁB§§ EB%OB%&EQSpﬂﬁbhﬁéxé Fogylﬁne

herein without dissolvin base resin
?%% B spef sfhglRBaruRt ofAéR FhaRrwat B XtHERUAE two or more

ef hyhese pglymeks.glYeercsmonatdanaty ave ehhandlefdd other

{094 ggg @gyw% dgaeﬁrgkngtﬁgﬁehe fﬁnspxeﬂ' vided. 13,¢ or 1-

I nor m oxi dé
%?%ﬁ?ﬁOSIEK%ﬁH¥?S of the propylene-based random copolymer

include propylene-ethylene random copolymers, propylene-
butene random copolymers or ethylene-propylene-butene
random copolymers. The content of the comonomer(s) in the
copolymers or terpolymers is generally 0.05 to 15 % by
weight, particularly 0.1 to 10 % by weight. '

[0046] As the aqueous dispersing medium, water is
preferably used. In addition to water, any solvent may be
used as long as it can disperse the resin particles
therein without dissolving the base resin. Examples of
the dispersing medium other than water include ethylene
glycol, glycerin, methanol and ethanol.

[0047] As the dispersing agent, finely divided
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Is suitably used. The alum nosilicate preferably

contains silica-alumna as its major ingredient and

has an average particle dianmeter of 50 pmor snaller.
Exanpl es of the 5 alum nosilicate include natural or
synthetic clay mnerals such as kaolin, talc or clay,
preferably with a nean particle dianeter. A portion

of the Si f th | um nosi || ate ma bi , o
RARTIT R PURTh G nRLUIOR SHLRC G5 PB 33umigosilicate
porguigminfy theedl Fhd heheofnomyl beatl® subSérbtbigedcontains
§MﬁfbétéﬁﬂﬁﬁnéoQ SHEQ ﬁéjgg 24 Qédwghf E@exﬁgm%ﬁnaégrage
the nmetal | on substit & 4% andlor 3+

Réout - DS HRE P BOPY PO H’Br@rt RAAL20T9 byxWeP4Re ef the
dlumiﬁdﬁfdlﬁ@t@|1&@DﬁdéOﬁatﬂasmnSrOEyﬁﬂ&@th&gcﬂ@%'minerals

dledog RSy SN0 SBEOCL syt pAERLEER A0 R0 LI

I Spersing agent _such“asYti Pani om
pmgm@l@mlze@m@b@at eA masiionint @aﬁtbﬁmat @f dddeci um

atc%irb%s@é i?ll@&?é r@fly oxk dguﬁgﬂthQeHS@ggho%ﬁ'éntég%\yn:cﬁofsuch
e_aj-umi nosi | i cate or oxi de.
et add P RNPQﬁQﬁ%ﬁé¥§dH§béﬂt i §hegerér BRYy Bfo nore

$¢bﬂt£ﬁb@é®ywmemghtm@ﬁskdlon theht asaFe30 anougt'.of The
L SPErSHOGn 208N Son [ 0048E ik Ly RLE! Gired LRAL o

|sper3|ng agent depositing t
xpatd e b%a%e%%h%a %@reotsag 8.0 Fe§§ wer abgo of dfhe
ttdmeabaaeisai ofofiseasensrefsonat bsf aﬁtsaﬁ:inbuweb@é@l%dﬁ

[ sucgceed] 25 nDI sta
#Pg?% vgfégggndgﬁ seL %g 43 dlsper gﬁﬁﬁ%ﬁ
PRmE %911 bas a’élél%@ln%’émt pEides pbﬁ§nﬁgmﬁg@wmuﬁmcaxtbfwate ,
pasposeint caPrONAPg, t Be1di aRerakrRengthl 6ireney oo ik may

ng agent i.s an
S PELTL D% R0R0L D dsret sh N e0hancl ng 20e
nat e - |ﬁﬁmammmﬂnnn0ﬁﬁtkﬁ d&astidnay dhsp®fsihgobgent 1is
@@ﬁ@faﬁiy4ﬁg:ﬂ89e QﬁaﬁrQU'g'BQ Qngh%nba%%dth'V%%%nkotal

ani on_or_cation, nE es of " the di spersion enhanci ng
%@%ﬂ?tlﬁglgﬁ% Qhﬁ@ﬁ@%? th 88FBFPde, magnesiumnitrate,
eQaesi um Bul fatere B&raddntnatn theodi 8peral vl aygnt

@%%?@i@lnﬁlyg1QHP%éHégage’tbe %&pahﬁga 8@ %rlg%tak%%% be

lron nit
5 g or less per 100 g of the beads for reasons of

satisfactory fuse-bonding of the beads in the succeeding
molding stage. '
[00489] In the above expanding method, a dispersion
enhancing agent may be added to the dispersing medium for
the purpose of improving the dispersing efficiency of the
dispersing agent. The dispersion enhancing agent is an
inorganic compound capeble of being dissolved in water in
an amount of at least 1 mg in 100 ml of water at 40°C and
of providing divalent or trivalent anion or cation.
Examples of the dispersion enhancing agent include
magnesium chloride, magnesium nitrate, magnesium sulfate,

aluminum chloride, aluminum nitrate, aluminum sulfate,
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[ 0050] The di spersing agent and di spersion enhanci ng
agent are generally added to the dispersion nediumin
anmounts of 0.001 to 5 parts by weight and 0.0001 to 1
part 5 by weight, respectively, per 100 parts by
wei ght of the resin pellets. [0051] The bl owi ng agent
used in the above expanding nethod is preferably an
inorgani c physical blow ng agent such as nitrogen,
B8yt ar ¥4 cat BOA apéiﬁgé ahd w&ocser nitrgtapove all,
fooB0 ¥ he ?Mﬂﬁd@9$pér§iq§tabéhtt¥n@fd&Bpe%@@@he@hnanc1ng
s t n eads ost.s _and
g§V|r6%ﬁ§H?é$gr§¥E? ggg?%e%gsgh%fdﬁﬁ o m%ﬂﬁ?Ws?
ity cof Yabet u@ea Rerasdpypeesichy medi Pmotl dosd part

e wakseth ﬂ3r§§ﬁ€c€§vb|ﬂgl bbawi ngoagants by desidgied.od hge

15 lhOf%fﬂlC physical bl ow ng agent may be used in
onTurRETon W t h an organic physical bl owi ng agent
BR¥lhs dmalbpbaing hgdnocasbdn;netge ab@W@nexpanding

ﬂ%%ﬁwﬁ i eﬁi@@@rabﬁgxgﬂe195r§%33%n%h .fhg agent

ydrocar opent ane or “cycl exane
W%g%%a%*arﬁyaﬁocaw%m 201& g Caghosy @mqa@rd@m%n@ter
Awd¥d uer Det hamnethé, atadublolmrcgaltfhﬁslrt%mdllty of the
t or.ge orl ae
%‘%Iﬁ ][2 tl%? C%’ QUC % %H gﬁl oﬁédcé} thésedOStharﬁr}:d
%m‘owm'reag@htpmplﬁ@,u%@ gisgglof eriy e covidinvateron s

M&ébefﬁ@dor‘Wﬁﬂé&t@§é@0£s JhélgﬁEHBEngmeBQuﬁlBﬂynglso be
egt IS su g determ ned .in %g élderatlon of
?%% |ﬁ?eﬁ88 8§péH§| hOYLREI 6967 thel ExPERUEG e,

khpdoahithehpasealebilowang agemd afavt e hisaw nigh agent
@QQ Lﬁcgggﬁrﬁhkﬁ QB gQ%%nZQ ﬂwyéf%ébfsﬁ§d¥H R eﬁ%xéuch as

ht of the base resin
% 0%%19 ﬁt%ﬁehé{%%aé?ﬁ&ndueng n&qmneph@ug:,mt Rﬁntane,
héranbl owi hgpagent, ehapgdeédyiclia weskelcarorhe suj.t ably

gg& ébﬂ@gnécﬁgr@ @gohg %%% kk&d Oﬁl?ﬁ%?é%agﬁ%P?Fﬁgkrgarbon,

era ure an a par ent en

%x%an@@éo*B@éé@rpﬁeﬁéaﬁﬁodGéééluWMQmQQhﬂM§geﬂ42§ used
asflherd3bthkavi ng, agent -aed ralFam oricth ars us@tr@,ﬁldﬂl%nde,

gk??g%é%n?%dsré erabgygwhec%ﬁo%ﬁ%gpleThggg 8g8gglc Elow1ng
agent may be used singly or in combination with two or
more thereof. The amount of the blowing agent is suitably
determined in consideration of the intended expansion
ratio of the expanded beads, kind of the base resin and
kind of the blowing agent and is generally at most 20
parts by weight per 100 parts by weight of the base resin
of the pellets. )
[0052] In the above expanding method, the amount bf the
blowing agent charged in a vessel may be suitably
determined according to the kind of the blowing agent,
expansion temperature and apparent density of the expanded

beads to be produced. When nitrogen is used as the

blowing ageht and when water 1is used as the dispersing
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such that the pressure within the closed vessel in a
stable state inmmedi ately before the initiation of the
expansi on, namely the pressure (gauge pressure) in the
5 upper space in the closed vessel, is in the range of
0.6 to 6.0 MPa(G, preferably 0.62 to 5.0 MPa(Q.
[0053] It is preferred that the pressure in the upper
space in_the closed vessel be relatively high when the

NSt eHtre d HppzfEi L Yensit y2BPUEhe® exPahd aeBeéasppgferably
S”“ﬂlfham'Wﬂ@ﬁ@eg@wE@X@BDUEﬂ poté ypt opytenesbasedn a

:iaV|ngq§§%§Td$ﬁ?é§{£€% ue ofbeeh%gglgﬁggggﬁgggsege@%e

GI%WOD{OWS?lYI'heh%aP%‘PWPéevég@égéf PERESHFgH 1n the
deiperapad e ma&éhe of 1 b hed expandef beads thet laf@nq&o@ﬁrt 0.6
of e and_1 espo stotea an

h o{kﬂgﬁ?ﬂ %ea&r Pelﬁgb% ?e?r%eraturg pe%ﬁl) ng" whi ch
i@Piksentlonia mregﬁ@rreql ebipet atlue epsédeuné an the upper

Shdat her W&}@e p@ﬂsséa n&éw& cb@eagiatl@elynhégkl LBenDSbe
curve which i 2. These peaks are

IHt SRR %@p§ﬁ%n5|$m%§éﬁylgﬁ EE%nﬁ?H@DQGdcgﬁééFnéFrF@all
Eaasgbls Vittes e xp @hdle drgpo oI yexpantiede beadsdaresiheateds
t r at 2 eati

R e TR T I AT
Y%ﬂ%ﬁl@chV%@ué/ﬁaynbEhed Per A KES 5§9F6P¢0m5 In the
Fﬁﬁssyrve'EﬁeS@@M@riﬂl5|fél@e oﬁ?tﬁeshi@hgbbmbbﬂﬁtyre peak

ext endi.n poi n rve a
%%dal gd%gnggé |nl?hgﬁ%u?98u3 O@ eP?O%%8§818P|on
¢@n*p%$1a@m¢% trE bhethéeéxpénaedebéaabemldr asmk (Fhéigh
@@?ﬁeﬁ@ﬂ?i@tpéﬁk§eﬂBEY@BH&Q iE §egeheng?r@t%5§£gf"an
i ntersection at yre
L RET ST oo bdeeot | 7B, SRAQERCam PrBCa hnrEipana Perk)
Wt hint defordinBfeé andvehwbhcphasseshawpoint FYGi.n2t.heThese
SELNE ate &B@abg%%o{héEal@fegk@xt%w‘g%anh% .

intrinsic peak % erature peak "b"
?%lﬂFé%ﬁtr#ﬁl%nﬁﬂﬁélscWB§§§ént e4|maeoéaeﬁya§@e§ psiefe are
beallbe Arem oboimheehpghaBbrtenperatice peak20Bt ks the

ﬁgg@lg%hggﬁg ﬁgr%be@/;ﬂg ELG - 16 2) defined by the

curve erature peak "b",
[0056] More spec1f1cally, the calorific value may be
determined as follows. In the DSC curve as shown in FIG. 2,

a straight line (a-B) extending between the point o in the
curve at 80°C and the point B in the curve at a melt
completion temperature Tg of the expanded beads is drawn.
The melt completion temperature Tg is a temperature of an
intersection p at which the high temperature peak “b”
meets the base line. Next, a line which is parallel with
the ordinate and which passes a point v in the curve at
the bottom of the valley between the intrinsic peak “a”
and the high temperature peak “b” is drawn. This line
crosses the line (a-f) at a point &. The area of the high

temperature peak “b” is the area (shaded portion in FIG.
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the line (5-R), and the line (y-b) and corresponds to
the <calorific value (anobunt of endotherm of the high
tenperature peak "b". 5 [0057] Such a high tenperature
peak "b" is present in the first DSC curve neasured

in the manner as described above. The high

tenperature peak "b" no | onger appears in the second
DSC curve obtai ned when the sanple after the first
DSClewiazed drenthe sceovked ff tom 2200 ttempsowrt UGC pdplat™b”,

ehd af gnOf é—OQmQHBe ﬁedlll%ehee@t%d g r&d‘vqrest;!t%ds to the
second DSC curve heat

R S L S (g Ra OB FPEOR RS A P Eat NS |

mmm@efafuratpeabufbd to the endothermin the nelting
ba esi e hingh e
RO et 22\ MLbfvEefblratlice RRECNED MRS in
%%hfﬂa%S*% hlé %xﬁaﬁgﬁoweaﬁéﬁﬁér apuft@eaﬁmq% FfolRs pfibed
dEﬁN@lOWHEJEmgﬂﬂtiﬁéﬁiﬁﬂuﬁ@egéapaﬂﬁedgo longer appears in
y e sed r : i din rv
B B B TBRe BB YL PR e pE R e B oo Tt Che

forsexppl I@eaﬁeaemﬁgtt Ae d:pgéeﬂafaﬂ@m R2ANE 2 mke:ssturlbo C

Aeshsting yessetcyRiauvkenpenatur @Rt #xeRed Ny thee

etion t rature (Te).o he base resin
Eherd BB G RRe B e 2 et 8 Eaffers. 10°C/min.
The sheemdngstscstuppedswbenyaahemm&makum&:@ﬁﬁK “a”

Q@E%fﬁstré Esnpggagﬂa%th%w iRy &%Cﬁél ay%wﬁ% NGse
e

enperat ure Tower t T ”
Eofplet P8R Féfpedat urBhe (freyhi sempgepEyreTReak “b” may

daspew$tnnths ﬁapahau@@dc@hdﬂmﬂbnﬁeyuﬁﬁ1§3”&hé1§@piﬁglon
@eﬁ§%£é€I$ 2Rerigd gf hl& Qf L gfer abl 1o i%o ]

ereaf ter, i spersionis
{e@p8Y at urehe T@%pbédw@leméypmpe'rlam@r@alwﬁerre:mrb;be@@ls

%hamamﬁgrrgl bsngcp@kz@t h(amgarad h@gqfrﬂ@rr Mtﬁlré”;%@lf may

5C than .t t co tion
7 BERUPE%A, Y GFore Fatlin T heiidie it ddpgrsion in the
pearpeua@uresmt1agsme{suse|lertto raertleo@alfattunﬁe roft exceeding

Qﬁgfﬁé§@|¥omﬁget1@9 Mo e AR AN g Td)SRE I HSse resin
di schar fromthe_ 35 Cl osed vessel to a | ower

EPEEEngtéFﬁDEBﬁePQltYBr&BtY eRethased FPS iy Reldefs. The

beatlsng is stopped when a temperature (Ta) between a
temperature lower by 15°C than the melting point (Tm) and
a temperature lower than the melt completion temperature
(Te) is reached. The dispersion is maintained at that
temperature (Ta) for a sufficient period of time of
preferably 10 - 60 minutes. Thereafter, the dispersion is
heated to a temperature (Tb) between a temperature lower
by 5°C than the melting point (Tm) and a temperature
higher by 5°C than the melt completion point (Te). If
necessary, the dispersion is maintained at that
temperature for a sufficient period of time of preferably
10 - 60 min. Then the dispersion is discharged from the

closed vessel to a lower pressure atmosphere to obtain the

- 17 -



10

15

20

25

30

35

[0059] The calorific value of the high tenperature
peak nainly depends upon the tenperature Ta, the tine
for which Ta is nmintained, the tenperature Th, the
time for which 5 Tb i s nmaintained and the rate of
heating of the resin pellets at the tine of the
production of the expanded beads. The calorific val ue
of the high tenperature peak of the expanded beads
erREFEERSe % decrease of the Ta and Tb in the

[@bcs\sq desamiebedh ] r@m@& amaruaes dhecketiendh oferdfets teratpeak
dR.d 1 feasoer?% a %k? 1109, Qt{%alsthgeﬁﬁé' E¥r which

C p = condl ions’ for
Ty@r eﬁamurmﬁlafe@xp@w&er@%@%t%@.ﬁ@ atdestiwg for which

beall%{ Iﬂalgmta@é@ %H% thee th{let@ﬁDﬁééltyﬁg @gakh@aeebgn

| eterm ne relrrmn exper

CRAOE Trle SV e bty e pan e GE CERE S prEnaea
bedhaidt ed Thie tche ccdse averleiaaro il norganiah plargpeadture peak
& qwng, ﬁgﬁ@%ca §dlﬁér@a9é9w@99aaaseke ¥@eefaeBe Ta

or gani ¢ OMAn gent 1s Used suita
X altrhrfehe r%@%‘%??mjlﬁ?@t TeoRar daPé\/\PFeﬁﬁér aetpBtion

tSingke @ndradyd 20 Wihbréhee ki ndrkwdu@mmm e eds .

006 The ter t|n nt T
<$é¥er % a § gaggﬁpera ﬁ?géof éﬁ a%ié é ﬁgren% %Or the
nmam@eom e@f nexpanfed pbﬁyéﬁopwén@ ba@@dlrféslu galorific

Reldetse i ha haszgoagm@@%@uwepégkaeahebbh@ag@iyl S
hown jn FIG by.a differenti al
§ EﬁﬁW+@F%a?%r? ?§lnﬁ€¥sﬁ?8ﬁ%ﬁFeB§Fforned in the

B0 hannefhasaivdred fempeobtarai ngnghe BSE csulivebofy
C?:I@p vsnmﬂ&'egsg gxpagded 198@9%9%‘ RYy214aM08bwing

lets. The term "nelt onpletion tenperature
Q%Bﬁ %% %S?Qnﬁér%tﬁiéwéFgaﬁg§thnt%@%%c%?oﬂrg?%%c
p%wshcahebln@ingsageendmshes&ﬁc peak statabieetempeeature

gn 'Qfl?th£996g%w398 2BRALERbIERSLLY S(gklhndl Ll

ene-based re bea S i s obtaine
%@t@|Vb%|hgndtﬁ@dmém@HPtV¢b§¥e@¢ the expanded beads by

tbesappar ente 3be vl unRLYihl) pbhﬁteq)'&r_nﬁ appar eAtedanai ty
?%?¥g&gghg péa%Steggggggﬂ%evg%ugepeaks“gaaﬁ%%%%e%% to the
base resin of the polypropylene-based resin pellets in a
second DSC curve (example thereof is shown in FIG. 3)
obtained by a differential scanning calorimetry
measurement performed in the same manner as that for
obtaining the DSC curve of the above-mentioned expanded
beads using 2-4 mg of the pellets. The term "melt
completion temperature (Te)” 1s a temperature of an
intersection B at which the intrinsic endothermic pezk “a”
meets the base line Bj.

[0062] The apparent density (g/L) of the expanded
polypropylene-based resin beads is obtained by dividing
the weight W (g) of the expanded beads by the apparent
volume V (L) thereof (apparent density = W/V). The
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[0063] About 5 g of the expanded beads whi ch have

been allowed to stand at 23C and relative humdity of
50 % for 72 hours are inmersed in 100 m water
contained 5 in a graduation cylinder at 23C. Fromthe
increnment of the volune, the apparent volunme V can be
determ ned. [0064] The expanded beads obtained by the

above proc be aged |n t he a sphere.
G, A Lo PERERang] BoLLAEPeal ter tr eat ed
MWiadsihi gh préssur & & roff acHd expaedse bbedsnshdeh have
t e g6, 0
R ot 1T 10 bt i oxplana s naauaad: of
2 H g expanst o rats ol enss] #ﬁengpeﬁd@auer contained

trher szAcaﬁatubrt g@ymrbl@@dswbzamed Fxbdmf@a@ Dgca8fent of
Xpan t er no astic,resi

GPand g {he, Jhermpplasti e nest 9 bl BLe aed2 mined.a

frﬁﬂ@] tO gﬁhﬁe arpatidrys. b#@%@bmlmﬂdnbydthbl dbngenmyocess

fed dy @ndal chsshypee ol di r@eiﬂ?f@@d EReWBkEBnded
the ex an d thernn | astic resin, beads g i f necessary,

tt%%t%e t9C i HEFRESE BHTPhBlpReBSGrE W Rsidde to
xﬁciémsexﬂms ihetdofpraseutel beédtha aelosl dhadaptfed to

e I :
ol een ihond, Locae peeng? 410,16 5ot
FHPeass Sraphrent mb9h4eamsna59ﬂ eatso Pat ent
D@065F ﬁézmgézﬁq%%aéédZ?ﬁéim%?D%F?1@7fe8156bggg§4f$tained
nt at en . B,
RS R e A 2ot [ B PRBT EAPPOA NG ST S Detlets
m@qmsts@)thst@emvm hiaveptéssumeyobeOmps defa(i@ a mold
&9 MPad (P gss fed to the nold to heat, inflate

se-bond the et her. The nold is then
E‘@@té ek e B o hF T ST ki aEAanedoByng. bateh-
obel. mdh@lnglM$h@0daynbehathotbeodupeddbﬁ ahermoplastic
£&§£hnH@&§s“Pi§'H&c@?éQQQ 'Qf%@kcgenhg %&Q%%@%dto increase

her mopl asti c_ resin bea (1f_necessa ter hein
t?%a@%%5§6r?nb?%h§% ?ﬁetB?e§§éi§ FH@rd@*dfaﬁﬁefééha§ in a
hbbd eadjpace tedoé oh@apatihamhi ebolleddehtined bet weehed and

§?+£e§588£t1‘{8&téigé‘él%sé&a%g’gg?ﬂ%kg}ﬁ%%ﬂg gpg;%\:]:qeat,leﬁléc No.
%Oﬁ% Q%@,eqpa%deaatent No 818,45 U. S. Patent No.
4,822,542, U. S. Patent No. 6,077,875, U. S. Patent No.
6,034,144, U. S. Patent No. 6,086,417 and U. S. Patent
Application Publication No. 2003/0124335). Steam with a
pressure of 0.15 MPa(G) to 0.59 MPa(G) is fed to the mold
to heat, inflate and fuse-bond the beads together. The
mold is then cooled and the EPP molding is taken out of
the mold. The molding may be also produced by a |
continuous molding method in which the expanded
thermoplastic resin beads (if necessary, after being
treated to increase the pressure inside of the cells
thereof) are fed to a path which is defined between a pair

of vertically spaced, continuously running belts. During
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beads are inflated and fuse-bonded together. The
resulting nolding is cooled in a cooling zone,

di scharged fromthe path and successively cut to a
desired length 5 (nethod disclosed in, for exanple,
JP- A- HO9- 104026, JP-A- H09- 104027, JP-A—H10-180888, U
S. Patent hb 5,968,430 and U. S. Patent

537, 054 n_thi.s net ath_ rep énts th
HE RHF A TR Protstrehore PRE zehEhnGEs SRpbAted
hﬂaﬂsnﬁﬂanmnﬁiawﬁmram@aﬁ@sﬂa@ob@edncpeaSEdrby Tige

ﬂ@éﬁyﬂﬁhéiﬁ%fE* id @o@i@éeﬂnV§Séébl§H§ E@ﬁ@'nalscharged
ressurized air o the vesse| OMAngﬁﬁ beads

O™ P ot %P%u?%%%?%sb%??ﬁchF FPné dgffred length
(pertétadateissd doed t e, CBbt sepémphe, beada-HPOOGTE0Pke JP-A-
}ﬂ)(gogfo%ﬁzﬂenazétﬁ(dxﬂ?fot{‘ﬁoé@  TOP| 83t bacERS! Ro 13, 968430
i ngs produce ove mef hod I's "genéral
agyd U+ oo 600 g7t %@ef@r5%7yoé® g/Ent§h5©Om@FDOanﬁ€e path
zﬂi Sl y 189 O Lnd0d 400rgd L1n§idé|pf@£§uﬁé eberahky

it T taehe Bratb Sprocaavoben i BgkERsRd by

ot ierd %mﬂx%ﬂ@mﬂglmoaA@ﬂhﬁEﬁ856526176nde@eQduge (@)

He b L4 £88, tHDEﬁep5§§§é§blnyoaf§8&1n§e§§e BBshs to
grengrably 25 % or_|ess he smaller the open el l

nto%fa t e hRPHP NS TLRE B&t Féwebeééﬁepﬁﬁétrates into
tree haal tal oSt tleagbbsdshereof . [ 0069] The fol | ow ng

ﬁ?ﬁgﬁiratzﬂg% Qféﬁﬁvgeﬁé l % Egé %h%kgéﬁﬁ%@%ﬁc resin

esent 1 nven

%ﬁ%@%@%%g@%o%V%e%beeFﬁﬁtabEXSnﬁ?§§O§ i§ gepeoply 15 g/L
Rs eP@T ay J DN pfefésam?etzbetgn lB_a [5©©7§]/LTom@&e p&:eferably

tr e ts ene r om
§% %rgné? %gﬁhg?%ﬁe co eﬁF’e%ng%erﬁﬁa¥| %ﬁﬁ nt® 320 g/L.
E_QL%@I MFR: Tlye g?ﬁ@rrnmlé@*ah@ peobnpaptdapng *zhh@ bapdteed
PONEEF a6 Tl ha §08pEAI !cémsu @gﬁebhtméect;%@la@d tokfl\%ﬁ‘@e(ﬂ)2856—
iﬁ ﬁéoc Rg Qt@L g EE z extruder had _a S%lbar%

anet 8reant cPew eﬁg?ﬁ §58holR Fen PFahEE2PLangY 3 or
R&ss hadoan pueferapipvited wirt heasdi eThavsmglaer the open
Al iiphieity 9F tQEI fbe8SngThenBUBRE e rdlanBher +2Rd

m ni mum d] st ance
mechanical strengths thereof.

[0069] The following examples and comparative examples
will further illustrate the present invention. Parts and

percentages are by weight.

Examples 1 to 7
[0070] Preparation of Resin Pellets:

[0071] To an extruder, 100 parts of a propylene-
ethylene random copolymer (ethylene content: 2.5 %;
melting point: 143°C; MFR: 7 g/10 min.) and 0.05 part of
zinc borate powder (cell controlling agent) were fed and
kneaded at 230°C to cbtain a melt. The extruder had a

barrel diameter and a screw length as shown in Table 1 and
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bet ween the peripheries of adjacent two orifices

(inter- periphery distance) were as shown in Table 1.

The nelt 5 was extruded through the entire orifices in

the atnosphere in the formof strands. The strands

were imredi ately introduced into a cooling bath
mai nt ai ned at 20C for quenching and solidification.

The cooling bath wa osed, pf 100, arts 0
h&ﬁdo@mlﬁétp%?“l%‘bdﬂy yaet‘ﬁjy?el?ﬁ%‘”r ?zlm}éﬁﬁéP&lCltY ot
o{ridmiceH . Euefamh@@u) ancmsger cort aiimeidiim &l vezsed

a h -
S RS A D6 s i
Hﬁnﬂphﬁrxrﬂﬂiﬁﬁﬁﬁ# VIERT D). BS n§h e EBOT%E estr antlk® viBF et
déﬁ“%%i&&?éﬁ ﬁ%%b@@wltmg éf&hr@nerpﬁﬁses ik tEéoughoa@here
air_ flow for the rempva eposi t s eon, .:
Fhe et rEnds %ér%t¥%% Scuﬁﬁ}o afﬂ perte lmm%% 2ty
xndrmdwm&dcnm@@taom@OXERgrh@tbnmaanéavm€ﬁgﬁhr?0 C for
{@%& &g ﬁ@vygilﬁﬁfleggleﬁlfl@ﬁéhé&&;ﬂﬁ@)bagh3@g§rge

al'ance

rcng) amount of lﬂfata t|n
PO P %%Ob%?ﬁt%péftyat%ECaPFeh § gprG di°

hel yeepe shy aads, lsuzel efhéhe( pehhehscaadrﬁmema@e and was

%gﬁggingé ppe pgxgg%éaégg gmﬁ ﬂg %g?bb% £ [0%7%hdth of

reparation o Usin he
®et |t 3nghashebeArned, LeXpaRdaéd BBaYSt 895 the depth

ﬁ%gﬂﬁéego§§%ﬁ@|b@ﬂ§ 1ﬁoeﬁé]vbﬁséﬁﬁ093|Dternﬁutmﬁbaweoled
rts o aboyv esin pellet
?Bﬁ%gﬁﬁrwﬁf?hgﬁgﬁnng?so thg @Oﬁ%lo mater Q%{%%%seq

tyreegghanotisodiiam fd@débyl b@m@éTﬁés@lff vR&eE dePOSlts

%géfgéﬁtanﬁﬁe éké%ﬁ@%tw@yem@hgﬂtc§9 06 kBOLiR pellets. The
i spe

rsin ent, rbon di oxi de r
SRbERRGoRgeReR b drE ek B e Fh b A5y gtischarge
amxtiutepeirnonkeoattfdckale (kgg hireat éd swihtehr ost ibarliangea @3
?kﬁEQBEréhaf? gﬂ&ﬁﬁtb¥f5£%éh§HrEQ@t§ﬁEaQ§'Qﬁe cooling

)

erature shown iIn nd then nmai ntai ned. at
PR @ﬁﬁ&ﬁat@?éuFéﬁnfg ﬁﬁnb0§§lﬁﬁeh&%%%9n Stends, size
benpaeapeleends sadsedetage heebyphansfoone-p2llet are shown

tenBeBiﬁu&e and mai ntai ned at that tenperature for 15

e énd of the autoclave was then opened to
dP8@RAr ge Pheparation of Expanded Beads:

[00773] Using the pellets thus obtained, expanded beads
were prepared as follows.

[0074] In a 400 liter autoclave, 100 parts of the above
resin pellets were charged together with 220 parts by
weight of water, 0.05 part by weight of sodium
dodecylbenzenesulfonate (surfactant), 0.3 part by weight
of kaolin (dispersing agent) and carbon dioxide (dry ice;
blowing agent) in an amount shown in Table 1. The mixture
in the autoclave was heated with stirring to a temperature
lower by 5°C than the expansion temperature shown in Table
1 and then maintained at that temperature for 15 min.

Thereafter, the temperature was raised to the expansion
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contents to the atnosphere to obtain expanded beads.

The discharge was carried out while feeding carbon

di oxi de gas 5 such that the pressure within the

autocl ave was mmintained at a pressure equal to the
pressure in the autoclave inmediately before the
comrencenent of the discharge. The expanded beads
obt ai ned were washed w th water centrifuged and
EEMPGHET 1S b d'd iRt dkRafinBsphere AETPESATYGS for 15 min.

Cneneerdatafl ecHora2dohbawvs o agengopihedbeadsiialkherrge the
r I r|f| val ue of a

e, e LSRRl o], Lt ath SLbBhEEHE g mne
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sﬁiﬁﬂﬁlﬂk}ét afek tﬂ)"ﬁe§§lh@é ifienyal ﬁﬁeOBLEB%lB'v@h was maintained
erature eak o{ h? {he ex anded bea
h

d
5bta| ned 1 hdi cate heyPa Esu§ﬁiﬁ8dt%8raPﬁoﬁ&Pae
implediighe 22 befoxre yheocommendedenti o® @hel tilschBrg®.w The
egx%a7r§jé%l Caeé:d]s &tafné‘h \E&ré %8@’6@’5 Wl%§ %aée@ U( ;_Q )

%f}?rlt#tigetql ?IESi %l?‘ﬁf‘#l t‘(’nSFanr ip oh atmospher ef room
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Table 1

zZ

2z L 5 o &z gikanples 1 2 3 1 5 3 7

. ﬂunvonpmNchamH Barrel diameter (cm) 4 4 4 6.5 4 4 6.5
NCO}N@@NJU o Screw length (cm) 140 140 140 240 140 140 240
8%.650_. PuiFice |Diameter (mm) 0.8 | 0.8 | 0.8 | 0.8 | 0.5 | 0.8 | 0.8
- .HDW(WJ& Die Number 102 102 102 272 258 102 272
hh(OOAmO A Inter-peripheral 2 2 2 1 0.8 2 1
d.8=z38c P_n distance (mm)
00 5 | fpount of surfactant (part) 0.005 ] 0.005 ) 0.005 | 0.005 | 0.005 | 0.005 | 0.005
.CFQN MzMx@Am&_\nw,cmHOD rate W (kg/hr) 12 14 14 75 11 12 70
e Yo OO ﬂMMWymH@m amount per orifice M 0.12 0.14 0.14 0.28 0.04 0.12 0.26
t)CFNN@)iﬁm@&:HV o
6 Or 2 529 3 &harge balance B (kg/(hr-em®) | 0.75 | 0.88 | 0.88 | 1.78 | 0.69 | 0.75 | 1.66
_®®ON(M,L§&m@m weight of one pellet 0.3 0.6 0.1 0.5 0.05 0.2 0.2
', 200°02m9)
E W@ | mO< W&&wom pellet 2 2 2 2 2 2 2
OD>0. \/@ -POgcurrence of strand bonding none none none none none none none
1 O8O3 % ount of dry ice (part) 7 7 9 8 6 3G 4
. _—Z _B , GEzpansion temperature (°C) 148 148 146 147 149 149 150
DDQO@. ey 17 rent density of expanded 70 68 60 50 95 51 111
> .JO@ S @m (g/L) . |
Wm,oFAOOM. lorific value of high 14 15 15 15 14 11 14
mwm J1Jnu0 _ mperature peak of expanded .
DOFL: OFWOW@WAQ.\QV
/\W“n Ammw%-_nul.c
+* %0z_-38°8
A nwnvo X onu.
2600388Llo3=20
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Conparative Exanples 1 to 4 [0075] Resin pellets were
prepared in the same manner as described in the above
Exanpl es except that the extruder and its die had the
structure shown in Table 2, 5 that the extrusion

CFIA A ohse iera R Hamgkdt@s?shown in  Table 2 and that
mmurfactmlrﬁ\qsem%im' rébereQ00hi BHebathe Hh@ner
structure of the .extruder extrusion
AT O i r O oo St LR e £ HPSohaPge the
exffoliie peandnet ord ¢ ceadl thg/ brypcdisehahgenbdahnafed B 2,
éﬂéﬂw%ﬂér@iﬁ@ﬂ%10@”@&ﬁélgioﬁgewéyéf@ﬁgﬁggd'%st%%own in

coollgg bath (part), occurrence of bet ween

?%etb§?z%o ?U¥E%CE%PFeW@SaﬁanaﬁéFéﬁel%eﬁﬁ%
@hhm@mﬁﬂm mme$MNmandﬂ&&aé&ﬁm%ﬁamime,

FEE R CoRRES fot %ﬁ oS R A Rarge
aRYR e O EF apR® ePL { Fhye 018 Yegghs) 1 dep cgaégﬁu@@éanp@z 5

2dR/ B8r 32n® )Nt &dmozntl S &h@eéuphﬁﬁ‘@éng' shapge CBBling
bath the

size of the pellets and average weight of one pellet are

(part), occurrence of bonding between strands,

shown in Table 2.

Table 2
Comparative Examples 1 2 3 4
Extruder | Barrel diameter 4 6.5 4 4
(cm)
Screw length 140 240 140 140
(cm)
Orifice Diameter (mm) 0.8 0.8 1 1
of Die Number 102 272 16 32
Inter- 2 1 9 5
peripheral
distance (mm)
Amount of surfactant 0 0 0 0
(part)
Extrusion rate W (kg/hr) 14 75 5 4
Discharge amount per 0.14 0.28 0.31 0.13
orifice M (kg/hr)
Discharge balance B 0.88 1.78 0.31 0.25
(kg/ (hr-cm?)
Average weight of one 0.1 0.5 0.5 0.2
pellet (mg)
L/D of pellet 2% 2% 2 2
Occurrence of strand occurred | occurred | none none
bonding
[0076] *: L/D of non-bonded sample
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Amount of surfactant 0 O O O (part) Extrusion rate W

(kg/hr) 14 75 5 4 Discharge anount per 0.14 0.28 0.31

0.13 orifice M (kg/hr) D scharge balance B 0.88 1.78

0.31 0.25 (kg/(hrcnR) Average weight of one 0.1 0.5

.0.5 0.2 pellet (ng) L/D of pellet 2* 2* 2 2

Occurrence of strand occurred occurred none none

bondlng [0076] . *; L/D of non-banded sanple [0077]

RO | be’*%n“d%%%t%%du?%ﬁ??ﬁ@dr esamt §hesﬁﬁ’ﬁé1nl| Zed in

shatrh®r 1zesmah| Taesenlpekhals hawungg&h&aﬂﬁﬂhawxng a weight
| ess n c

R O R T

%n?jmgtls %ehmbnezét:ifaﬁa@n e teh ot e rﬁ?@t@&&%éﬁtorﬁﬂéﬂg

bt BEen p@f.t@ﬁ@é al ot séiengedbeé V\ﬁ@ﬁeadtﬁéenth@f hhicees

f t I .
SEFERTE! il 9 ShoChoREHGS01 “RoPaal (O CAa Ol oo
it verposmsable (Rommr edudestshe sﬁze,oﬁutheldaegénd no

phesefores the-ghze;af U&%elﬂo extuder ¢ Theypuesent o
I nyention can not only inprove the productiaon

Bt F1Erehby BE‘JFeaP%tBSnfillieb@P@ t Fere hdductith sigge of the

eguirpaent chis¢ spr¢ HOT8] ihneLohpar akhveokbxanplye ihpativeh the

ose I'n coolin
@§e§QHéPm§6ﬁt§Pﬁt§ surfactant, bonding of strands

poouss Si gmhf C@ﬁﬁh!r}s{tllvé Q&_@ﬁl{o_lteol haents & f&rried out in
gﬁcurre gru onddn J % 1S gﬁ%&?a m e 3 except

Cr 8558 Fh‘ Se&r- pert |5‘ xS &% R e P
bhifi tbs andltiogr bdiibe does mmbemrd:fantrh@ cﬁrulfﬁaccetsanias

anaanh%fC@%@aﬂ@scg@@ﬂﬁg'éﬁ%ﬁ@ﬁﬂHﬁﬁ%ﬁ& I'An order to
Bﬁggaratlve Exanp , ho ver, the exXtrusjion rate is

e%oﬁpeoﬁé:cflﬁlrre&c&f o4 RSl tHe ot GRRITIACY tO

ehtreaercyhies ipter-peripheral distance between the
orifices and to reduce the number of the orifices, as in

o&QEE&ngggkﬁ an&&co%%ngig%%%%%ﬂ?ﬁEQRQQH&Jgnﬁat eduction

the case of Comparative Example 3. In Comparative Example
3, however, the extrusion rate is only about one third of
Example 3 and the prcduction efficiency is poor.

[0079] In Comparative Example 2 which is carried out in
the same extrusion conditions as those in Example 4 except
that the cooling bath does not contain a surfactant,
bonding of strands occurs significantly. In order to
prevent the occurrence of the bonding, it is necessary to
increase the inter-peripheral distance between the
orifices and to reduce the number of the orifices, as in
the case of Comparative Example 4. In Comparative Example
4, however, the extrusion rate is only about one fifteenth

of Example 4 and the production efficiency is poor.

Example 8
[0080] Preparation of Resin Pellets:
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[0079] In Conparative Exanple 2 which is carried out
in the sane extrusion conditions as those in Exanple
4 except 25 that the cooling bath does not contain a
surfactant, bonding of strands occurs significantly.
In order to prevent the occurrence of the bonding, it
IS necessary to increase the inter-periphera
di stance between the orifices and to_reduce the

of *heToreFi ¥ aslith B thettadePBPPYlene-

e@}fmlaéraéiﬁﬁqcfdlﬁn@d)@oﬂyméﬂ C@ﬁ@maméveoﬁxaﬁpl e2.4,%;
ver the ex sLO {e . abou n
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Iro ene- e epe_random copo mer ne .
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hndlana@mtDeGSppavide@ ¥ino bodaEehpUmdgra(meﬂtipllc1ty of

zgi‘f{@éé' n H&bé’ﬁfedda:rf’etﬁé}g 1 ba”enﬁ’ma&l;@&%&o

taln a eextru di aneter of
EeeR a*ﬁlae aP%E%ED\PFé%t ffopd2agerm e CRadig/Soutnéer-
s evpeedy Wit Bt andé g havéngsashuwhi phi Thbyeofi. The melt

PLbLeER pTheopungs, A aRL ereand L ILBUILL LA0GRosphere

ween eri rres o
{nntlee ii@npe@f pﬁ‘éﬁ?ndﬁst aee) swerrd aisveheowrnad Tabe &y

§ntﬂ®§u8@&tlnﬂ@saeébbyﬁﬁg bBEﬁUﬂElhhﬁlﬁablé% opict ¢ey
in the, at nps stra The strands

e R AR oy TR AL GRGEER | e S Lot R BaR RS |
canpdacdedfal 0202fbes ofueathirngndnd . 88| pdirti odt podyether-

II(IS'&l gﬁ?%g' QQl?éE?e"‘@? 11§n89%9§8dF9EféQQaR%r t $R@f 1\@at er

) par yet her - 1 cone oil
Tﬁ%ﬂf%ﬁFEr§9rPéc?8ﬁPy BRE4ATO N RAUPALEGPEE S? ToP&F ) and
Dow Conhahge8i Lncangee€oel bbdihgandlenwgshcoift di meda width

é‘fVSSﬁeJn Qiﬁ}i' B9n8; hARILR 9f 15/ o ‘A’{n@hﬂtzgfo h%tmt?l%d

m i1 n-an anmnpunt so t he
@lﬁ@tho@m hBebaPALliAgt ﬁétbeé§thﬁ/a§e§S§1mwa“Fh8 9c§‘o| edhe

sboasdsswerndsakenreoutkeh bthe @@phhagcbauﬁngn@ath and
VIFECER.Af.2 YIRS balh Eeniauning puce vater and
maintained at 15°C for the removal of deposits of the
surfactant. The washing bath was contained in a vessel
having a length of 1 m, a width of 0.4 m and a height of 1
mm in an amount so that the depth of the cooling bath was
0.9 m. The washed strands were then passed through an air
flow for the removal of water deposits thereon. The
strands were then cut to obtain pellets. The extrusion
conditions (extrusion rate W (kg/hr), discharge amount per
one orifice M (kg/hr), discharge balance B (kg/(hr-cmz)),
amount of the surfactant in the ccooling bath (part),
occurrence of bonding between strands, size of the pellets

and average weight of one pellet are shown in Table 3.
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surfactant. The washi ng bath was contained in a vesse

25 having a length of 1 m a width of 0.4 mand a

height of 1 mmin an anmount so that the depth of the

cooling bath was 0.9 in. The washed strands were then

passed through an air flow for the renoval of water

deposits thereon. The strands were then cut to obtain

peIIets The extru5|on 30 condltlons (extru5|on rate W
4r), § ExpendafeBapfisice M (kg/ hr),

[cbosamar ge mr@C@mB ;edcgiéthg cm&\)las obaaRHBY, 0k xbA@ded beads

sg;faq&gq% |g ége 8ff|lng bath (part), occurrence of
bondﬁ%g stween strands. “size of the pellets and
BaF4ege weirgh 970 ohletéplel detoatevehowdOi paTabl @ £3.th35 above

resth ﬁ@pﬁe’-ﬂs P\E@P@r@lﬁé,@@eéft@j@%ﬁ@%dwﬁ%%dQZO[ s by
%g pell ets tggs obta ned, S ed beads were
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éﬁnﬁg$¥¥P ébs%gpsfgﬁdo%QXt?mebge% r&@%%r“f%ﬁ¥%&@rt

benzeneSyl
%%]uﬁifa%t é%wpeessn@aﬂdbyamé. ghtrbopf digalide (dry ice;
dlb@ﬂ@@Sa@@n@geﬂﬁ)anoaﬁguﬁ@rbh@ﬁnahﬁwm%%ﬂb sul f ahe mixture

spersin and di.oxi de . dn ice; 1
Bl oiing” $58R3 P rian BeBOAr Ghotn o Fabe 5 aremperature
mweurley $nCth@aautb@IaveaM§soneaﬁm@amdﬂMﬁa|3ﬁqwq;Im)Table

K3} ém@ﬁ%§1n£91\ﬁédb¥t5€hhlﬂa@e¥u@%r%)&@@:rés'fQﬁ 15 min.
ture shown in Table nd. .t hen nalntalned at

AR TErBbr at B oL FBPSTSCHER, FRoredfeer L4 fids Srparsion
tonperature a@s maistdihedt hé ehpan$em@eﬂiuurqxﬂdﬂLmiamin
&nd OBk nt ai ped QEtEB@EVEeWB%r %‘h%"ne Qnetd 8 Nis s ge the

end of the autoclave was then o to dlscharge t
comtents t9 the atmosphere te 8 §1lﬁl SxpaTded 6@&:{%5- The
dh@chdtg@hﬁﬁchﬂﬁ81earDuedwhdﬂewﬁbbﬁih@e@ambdﬁﬂdMHk1de
Qﬁgﬁlgﬁa% ﬁggg P?S QE%%&Hr%Hgié €8c|%§éi (ﬂﬁgf%talned
was nal nfal ned gressure equa ressur

#'h dheragfeEravaualniedritePyeetdrce ltnhé:‘@omchelrﬁém

Qfxmé&ﬁaﬂéﬁﬁhBEQSIeTbﬁe expabdednkeads rORtal REG WM ®ye. The
|fug%%8%nd al.l med to stand

HREthaed: roeher aoat oo -

centrifuged and allowed to stand in the atmosphere at room

Wit

temperature for 24 hours for aging. The beads after the
aging were then measured for calorific value of a high
temperature peak thereof and apparent density. The
results are summarized in Table 3. The apparent density
and the calorific value of the high temperature peak of
the expanded beads thus obtained indicate that they are

suited for in-mold molaing.

Example 9

[0085] Example 8 was repeated in the same manner as
described except that the resin melt contained 1 part of

carbon black (coloring agent), 3 parts of brominated flame
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tenperature for 24 hours for aging. The beads after

the 25 aging were then neasured for calorific val ue of

a high tenperature peak thereof and apparent density.

The results are sunmarized in Table 3. The apparent
density and the calorific value of the high

tenperature peak of the expanded beads thus obtai ned
indicate that they are 30 suited for in-nold nolding.
BEpian (Dosst ¥saapl EIBEWAEAREpEarédPn mraugampsured by
T @semeSTrEded Ex@eptahbau shgaweglefnahtlmony

cantal ed art_o arb bl ac ol oring ent
% g% g na%%ﬁg lpe€§9§§ﬁpn(% &§% ﬁéts of
Hﬂa%@K@ﬂyime}@u@@lenanuﬁadpmredpbﬁymﬁelpnd Chémi palrt of

4 24 d- RoARde péw@@ft an@f tAALI BFRRY ot Kl QX ﬁ%mgelrarr%he
(%ftardant aid) in addition tq, 100 parts of

YA R - %W%V?En@eraﬂBSnPEépr?n@Pdaﬁaeoa@QuﬁérP~oPr§ ice
wedee zémendhod ase powser iandabhat 3t heTioei fesel bsinhee,

§¢H§Ffﬂégga£§g?gﬂpgng pefh@”i?é%%éﬁgquﬁg {g $ﬁ°99£
@%%Qﬁ%%l%r%alggnﬂﬁrF@@thEhTﬁﬁm@egatmﬁé REp&r et the
senshdyd apdatibecncal epthigevak HaieohtkhenBicghhey are suited

enperatu of the 10 expanded beads thus
:%%ﬁa}%eﬁoiﬁdﬁggéé "Phat they are suited for in-nold
nol ding. Table 3 Exanples 8 9 Oifice D aneter (mm

ﬁhgﬁg § of Di e Nunber 272 275 Inter-perlpheral 11
E};L agfl,bc \nny Arptht—ef—surfact a"‘L pai’é‘, 0063003
ate WAka/ht)} 7070 D thnr alhmunt net
GiH5%E M pD28mat o5 (P hr) D schabged b3l ahced 88
(Wo/RH - cm YuabeE 1. 66  Aver age wei htzlﬁ ohe $éPle
(nmg) 0.2 O 2nterbrefripbeketl 2.4 2.4 1
distance (mm)
Amount of surfactant (part) 0.03 0.03
Extrusion rate W (kg/hr) 70 70
Discharge amount per orifice M 0.26 0.25
(kg/hr)
Discharge balance B (kg/ (hr- cm? ) 1.66 1.66
Average weight of one pellet (mg) 0.2 0.2
L/D of pellet 2.4 2.4
Occurrence of strand bonding none none
Amount of dry ice (part) 8 6
Expansion temperature (°C) 148.5 148.5
Apparent density of expanded 51 70
beads (g/L)
Calorific value of high 11 11
temperature peak of expanded
beads (J/g)
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Occurrence of strand bondi ng none none Anmount of dry
ice (part) 8 6 Expansion tenperature (C) 148.5 148.5
Apparent density of expanded 51 70 beads (g/L)
Calorific value of high 11 11 tenperature peak of
expanded beads (J/g) 15 28 WHAT IS CLAIMED IS: 1. A
process for preparing thernoplastic resin pellets,

rigsi S s of: 5 (a) extruding a nelt of a
#@%fn%%lgg%igg?eégg into a gas phase through a die in
the formof strands; (b) imersing said strands in a

bath Cﬁ%ﬁb@éé@ L&@t}@fn}%)élﬁ sgﬁ&@%g%&%%@sﬁa' llets,
st rands; %@takln sai_d coo? d strahds out of sa

FRIMR: LSS 1S (AYSRBtPfhg sai d taken-out strands into
pel |l et s2) ZexrpiOcess @aslcl arnedtherebailBstioMmersgin into a

ﬁ?%g% f@ﬁ% Nbnl § BESSSQtthn %86%U%%”%t%f4%]-paft

ess
wat er . QB Bmm¢¢®+@@e§§1@585ranﬁ@dlnnacbamﬁlrqmta;nlng

ﬁ@@i?lﬁnéaédsubﬂéFtQﬂﬁ @oteaeergbgaesQEaQQE ;or bel ow.
rocess, as Cl al recedil n C a|
mherePﬁc ) P RERY %ﬁ?agt?gg?g gtgaﬁgﬁ|8ﬁ Oguﬁﬁdékﬁﬁﬁh and

5. A pfdkcesstasngl aghddtakennypupr etedndg dindiompellets.

wherein said taken-out strands are washed with an
aqueous liquid before step, (d). 6. A process as

cl &ined PROGRSS pi“%c%@i?h@eél aPnFlﬁ/Fl%‘r e nWhered 1 £ dick
@@rfmtﬁnﬂtu5sngraaeextnudeh havung &rbar.relpardi anetweright

r f c h that the nelt
?g %i%%g%%gn? Eggb?hg wg&l%k %?aﬁé%o a&%fkg/hour)
30 whil e maintaining a discharge anobunt per one

orifice Mratess as claimed in claim 1 or 2, wherein said
bath has a temperature of 60°C or below.

4. A process as claimed in any preceding claim, wherein

said surfactant is a ncnionic surfactant.

5. A process as claimed in any preceding claim, wherein
said taken-out strands are washed with an aqueous liquid
before step (d).

6. A process as claimed in any preceding claim, wherein
step (a) is performed using an extruder having a barrel
diameter of I (cm) and n-number of orifices such that the
melt is extruded through the die at a rate of W (kg/hour)
while maintaining a discharge amount per one orifice M at
less than 0.5 kg/hr and a discharge balance B at 0.5
kg/(hr-cmz) or greater, where M and B are defined by the
following formulas:

M = W/n

B = W/I®.
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| ess than 0.5 kg/hr and a di scharge balance B at 0.5
kg/ (hrcn2) or greater, where Mand B are defined by
the following formulas: M=in" / n 35 B = WI2 29
7. A process as clainmed in claim®6, wherein step (d)

is performed so that the pellets obtai ned have an
average weight per one pellet of 1 ng or less. 5 8. A
cylindrical pellet obtainable by a process according
to any preceding claimand having a dianeter of D and
a7l.engt hpofcdss wherel aimbe tat chaliiDei swheeatier sthean (d

)
00 Goebs LIRS \10:0u 0 RUREL oy orcpace

Wﬁ&ﬁﬁﬁh?@Ft%@etﬁéihﬁbl9§tﬂcm§e§ﬁn1§éﬁlet accordlng to
claim 8 and havi ng an apparent density of 10 to 600

g%k' %étgglindrical pellet obtainable by a process

is

according to any preceding claim and having a diameter of

D and a length of L, wherein the ratio L/D is greater than

1 but not greater than 5.

9. An expanded thermoplastic resin bead obtainable by

foaming and expanding the thermoplastic resin pellet

according to claim 8 and having an epparent density of 10

to 600 g/L.
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