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THERMOPLASTIC RESIN PELLET, PROCESS FOR PREPARING
THERMOPLASTIC RESIN PELLETS AND EXPANDED
THERMOPLASTIC RESIN HEAD 5 [0001] This invention relates to a
process for preparing thermoplastic resin pellets, to a thermoplastic resin
pellet obtainable by the process and to an expanded thermoplastic resin
bead obtainable from the pellet. [0002] In-mold foam moldings of a base

resin containingr.1@-apolysiyenehased resinob afolyclefin-basadresin
are widely used in&%g@g&&%@n&ggﬁ%aggggmr N(S'g' fish

boxes), packaging materials, impact energy absorbing materials (e.g.
bumpers) and heatinstigting ‘mateiaRBecadse dEthell &xcbitent

softness and impact 15 resisting properties. The foam moldings are
g@@@fjly proﬂmgd pﬂ@a%aa%moi%n@%@&hq%mavrv]@%éée%ndﬁ%beads

re filled.in a mo vity and heated and fu ith steam to form an ‘
ol Fi ThORSL P SHoaret b ray be produced o HagA=

din ,
%Sdéﬁe%e&r]ﬁ%??ti8€§%§7fh%il€gﬁ%mn§% BEIRES With 3 Bldviing Agerspanded
and hreating tHel resudtingnpélletsitocfoami anth expamd the: pellets: 1A strand

eobarethod isgenerally adeptedforthequeparation of theresinpellets,. s 1 g
since . the.method %eggnitg a Iarqen scale Qrodu ti%pL gffr.esi'n 25 Olggllets. with

% LFn?f})?]rﬁ%ere??r? the st?andr g&t met%gd, apboas\é resmlann”ciD additives are’ 2t

élettandiGieatiedyif Bho Bxtradst té for -2 ifel€ THe Mélt RS Hesr S
o @.gaki phase ttreugh madiehaving arpluratityzdfwrifices taforane rgy
stands, ihe stkands:aredmmersed inwater 8o thatthe 30:strands are s g
qopled ang salidfied. The copleg sirands gte then intioduced o2
Iaewaterl_na Zone andst?}en cut to o%taln peliets. uc?h a strana cu{lme]tﬁlgcilc
IERsQbEFInP HBPBXampie;, U TS SPateATNG 4,892 5073 JEpanese Ly
nedamaredRPatentPablicatibniMg HEELP4545, Basides the835nded beads

gxpandediheadsy the resinipellars mayheutlized 8s & rilsed with
steam to form an integral molding.

[0003] The expanded beads may be produced from resin
pellets or particles by impregnating the pellets with a
blowing agent and heating the resulting pellets to foam
and expand the pellets. A strand cut method is generally
adopted for the preparation of the resin pellets, 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,
for 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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material for moldings or may be processed to give fillers. [0009] The

known strand cut method, however, has a problem because very small

resin pellets having a very small weight cannot be prepared on a large

scale. A 5 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 moldings.
Smalt pellets havealsti apadvantege that they cas beefficientivkneadeters .

6 640 extruder ands thereforecandhe-suilablyused-as.ayaw  material

) ausevery 3 g\irls%%nsdicm Qf£h0€ ishagg %ed tacl) ver
produce small resin peﬁetg with a practlcaﬁy %ccep?agle resin e%drusioﬁ Y
TRfe! thetfit WilF HeRBtessary 8GR teSstratitistat ahiéiRessively high 15
Gpeedd@ntdo ircreasetiwlduttirg. $peed afthercutter theyend its @pilit.nce
With the known strand, eytmethodh thergfore,. it is\peipassibletq prodyce -
gmal reglrhgell%ts ving.a uniform size in aféablem nner. EQOOrSJAﬁ

& ulta 1 e 1. a NaxrXxqQw, cav,l an W C Can
another resin-pellet pre areﬁlon met]ﬁoa, 20 thete i§'also kndown an
Uhder-water G nidtRod (OWAS nistHcH)“MswhichE meltot BlithefmbplEstic 1 so
aesindsextraded thratughleedie davingaa plfifality eharificegrnrtodearmin an

fclgrogitg%nsi nemolding. If the kno

wateral65-95¢ to ferm-strands, the resulting strands. thus ceoled being,

cut in the warm water to give pellets 25 (Japanese Unexamined Paten
BBlaton No HIG.T10037) WHIE IS OWC melod may Brepare S

Eiyepsllelss thé Sfufishmént costsidresvetiihigh. Fafther, Bie LWWE réthbda
requitesoséll-balanceg cattihg speed and:extrusionratesine praet o obtaimill

pellets haying,a upiform, sizen 30 Additionally, ot all thermoplastic resing
can bg gelclieticzed .br}/ the UWC rgethod Thus, from the st ndgomt QCf
s?%? an O iricr T T tter

production efficienc and. |§’r%ces§3 flgﬁgiﬁfy?%esgﬁgﬁd %ut method'is

SEperict t6 the YWEThEthod! j0006] The Hresént fiveaiion Has Beehhod,
Dieetesifioiew of t35i therforegoirgsplobe msobthedonwestienal sirasd cut

pellets having a uniform size in a stable manner.

[0005] As another resin pellet preparation method,
there is also known an under-water cuﬁ method (UWC method)
in which a melt of a thermoplastic resin is extruded
through a die having a plurality of orifices 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. H10-11%037).
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 cobtain 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 conventional strand cut
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2 method. [0007] In accordance with one aspect of the present invention
there is provided a process for preparing thermoplastic resin pellets, '
comprising the steps of: 5 (a) extruding a melt of a thermoplastic resin into
a gas phase through a die in the form of strands; (b) immersing said
strands in a bath containing water and a surfactant to cool said strands;
(c) taking said cooled strands out of said bath; and 10 (d) cutting said
iakereaut strands into pellets. [0008] An attempt has been made by the

poesent mverithrsatgcgggggec%m@qg}ermglag resin pellets t by a strand.

cut method |nW ichad rovided with an |ncr§jased number of OI’I?CGS

18 USEd for'the pipose %f MaiRainthgthe practicai aBesitaBleny
‘exfrusion rartwitholt aeedne incréase therepttingispeethWithtsuch af :

metheetﬂmymwe@ adjaeent strands are:faupd 10 be hondeditogethes 5 dqas
he}gf"lgel%mgrsgdem Wwater, T h]ecpj_[% ent 'Q¥%%EQ re.n have also foun

g% at the bond| of the strands 20 occurs due to a V|brat|on of the strands

bsé&‘%ﬁﬁﬁ & Hot Sttafds aREBrotghfinfFedhtattwith-wakf, water and
Betalse the distarcedsetiveen ‘atljatent ordfices is small, the vibration of

the strandsig aph taicaise eontaehofnadjacant strands pHOLIOHRe ang
mmession plyaler; which, 25 esults Lthe honding thegshetyeen. [000°]

[t has een unexpectedly found that when a sur actant’is contained in the
W88 the V|b$a{ho?1totfgfﬁ‘é’tstmshb%ﬁ%é“ﬁ@§eﬂ%d%%l tRE BoPding of
hdjacent Strahds pasbeprevarited. Alttroughmbt wishing tebe 30dioLmds by
by she Hheory,dtisrhrferred that thg suHage deasigh of Wwales Gausss the
yibratonalstiangs enteing, i watey and thatthe additonofdhe o oo o

surfactant in the water decreases the surface tension of er (6]
%@ﬁﬁ%g&ﬂhgﬂbﬁggngﬁﬂg §ﬁ§&£¥ acceptable extrusion rate

without need to increase the cutting speed. With such a
method, however, adjacent strands are found to be bonded
together when they are immersed in water. The present
inventors have also found that the bonding of the strands
occurs due to a vibration of the strands caused when the
hot strands are brought into contact with water. Because
the distance between adjacent orifices is small, the
vibration 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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35 [0010] In another aspect, the present invention - 3 provides a

cylindrical thermoplastic resin pellet obtainable by the above process 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. 5 [0011] The present invention also

provides an expanded thermoplastic resin bead obtainable by foaming

and expanding the above thermoplastic resin pellet and having an

Bppatent deasityofit0itei 600 gAih {3042 The presend diventien waltbe
described in 10 detail below with reference tg the ACCOMPANYING ameter of D
drawings, in which: FEEB. lisa schem%tic iIIustr,ationé)f an apparatus forh 1
ta yfﬁgﬁoetﬁgts rand cut niethdd bf the reSént- invention: I5FIG 2°F han
Bhows @b exap®ile bf &lehartof an initial DSC curve of expanded

potyprapylenerhased resimbeads; andi 51G.-3 shows an exampieobapanded

chart of 8 second time DIC curve of thespolypropylene-hased resing
eIIets.C}iOOlB%;EIG. deglct an exarg le of an apparatus fgr t0 cﬁaﬁﬂryln%_
gﬁ?ﬁf& Bledd 6t the Presert Tvertion Dedighated as—F is an-estiitler in - 9

Whicho® base feste aAd,t if rieEesSarycorté Br moke additives are melted
aod kpgaded.Tibe meltinrthe extraden bis extiudesdnto-a gas pbase n

Hrough adis Z.haying.a Pl%‘f%'%Qégr'f&%?séﬂéo%gééﬁé‘z@?ﬁ6’? Theawings,
strands, 3 are passed through a cooling bath 4 so that the s rangs 3 are

¢Bol88 5 solidified. The cooling bath must comprise water and a
surfactafitl ¥he lcddled siands 3tare takeh lit ot tevoslingayath dranp tus
preferablyrigtraduceddnto a tdewadering-zonerhothernt the30 strapds 8 are
outwith a cutter 9 into pellets 5 having a desired size. Designated as 6

are guide rolfers and as 8 are take-u&rollers toc ntinuou%ly run the |
strands ggi}a Orﬁ%ﬂga S%%eaxamp e of a chart of“an initial DSC
curve of expanded polypropylene-based resin beads; and

FIG. 3 shows an example of a chart of a second time
DSC curve of the polypropylene—based'resin pellets.
[o013] FIG. 1 depicts an example of an apparatus for
carrying out the process of the present invention.
Designated as 1 1s an extruder in which a base resin and,
if necessary, 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 haﬁing 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) 1is not
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[0014] The number of the strands 3 extruded through the 35 die (namely
the number of the orifices of the die) is not - 4 specifically limited but is.
generally 2 to 10,000, preferably 5 to 5000, more preferably 50 to 500.
The minimum distance between the peripheries of adjacent two orifices
(inter-peripheral distance) is generally 0.3 to 5 mm, preferably 0.5 to 8
mm, more preferably 0.6 to 5 mm. in the conventional strand cut method,
the inter: peripheral distangehas beenglhmprongrore.{0015], Theogas

bhase into which the raelt js extruded from the.extruder Lis oty 1y

specifically limited. 10 Generally, the melt is extruded into an atmosphere

Bt Bit B hifrogen e tefiperatire of the YasphasesS genefaliA10s e
G0CT Amsbientitemperatarel and pressdres hraydse usablesTise meltofthe to 9
thermeplastiedpsiny inthe extrodengenesally hasea teraperature ©f 4d040mm.
400C, 15 though e temperatucs varisswifi e kind of (e melL, The
strands 3 immediately before entering the cooling bath generally have a
REmpEratird of 935380, 0067 ARy stffalfnPRadifid Both hydrophilic
a4A8 Up/drophdbie greupsmay beiused fonthelputpeserefithe 20 presentded
inventiemd-af:-reasensrofredycetamepatafwaien deposits eadhe cooled
sluands passing froygh thetakep, [ollers 8, (he surfagiant orsferably. - ;.
as an HLE balance of 20 or less (1 to 20) . When the amount of water
8EpSSitsT6A TRe cobled dtFMURTE fatgé, thé striRd§ Eend oD 25in the
piprsetween the takecupfollers Sfanditercauserqutieg failereodiregatsure
5i2¢s pEthesew pelletsrhy: the cutterr9. A1 AnkhedbEvalieshaws a in the
balagee gl hydiopnilty, anglieopbliibeand (s repissenied by.a aggleof
1 to 40_30 wherein the most hydrophilic materials have the highest

AABERof 4G ﬁ?é“ﬁﬁé%%eﬁé?%ec%l&ﬂ&t@d o detefingd b melt.
ethottofzDavies andRidea despribedfipre entering the cooling bath

generally have a temperature of 90 to 380°C.

[0016] Any surfactant having both hydrophilic and
hydrophobic groups may be used for the purpose of the
present invention. For reasons of reduced amount of water
deposits on the cooled strands passing through the take-up
rollers 8, the surfactant preferably has an HLB balance 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 KITAHARA, F and FURUSAWA, K., page 61, (edited by
Kogaku Tosho Co., Ltd. on June, 15, 1880).
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"Chemistry of Dispersion and Emulsion System”, 2nd Edition, by -
KTTAHA_RA, F and FURUSAWA, K. page 61, (edited by 35 Koaaku

Tosho Co., Ltd. on June, 15, 1980). -5 [0018] It is preferred that the
surfactant be present in the cooling bath 4 in an amount of 0.001 to 0.1

part by weight per 100 parts by weight of the water in the cooling bath 4

for reasons of satisfactory strand bonding 5 preventing effect and reduced
watdradeposits ©nithe psteansstaken-patofdhe ceglibathrd [0R1YJhe=nt
999'{!}9@@9&1%@%@@}8 2 temperatyre of 0 10 680G fopreasong of .
efficient coolin the strandg and fre d“omegf freeze. When the cooling
Battiids &% 10 xRebeively high (SRSarare, théra i3 possitiey a2 L1na
erpandedibeadscetiaimed Frons &l reSaking pelletstiave Sl cell sizes

pnd t@ not show goed maldability A[0020] The surfactantwused forthee
Rurpose of ihe present invention may,he ag anignic gurfactant, a cationic

5 surfactant, an amo%ggterlc surfactant or_a nonionic surfactant. [0021] -

L8mhples of theGanfotiic stfadtantinBitaé TP héid SHits2alk§SiRfmicire of
Acidesfél saltso polypxyethylendatkyESulfirin acikbestérnsaltst 20he strands
alkylbenzenesulfonicracid: salts, alkynaphtbalepesulfonic acid salts, an

diallylsuifosyceinie agid ester.salt, alkyldiphenyl ether disulfonie acid salts,

nd alkyl phoSphoric acid ester salts. [0022] Examples of the cationic
08 5 oty Zfofir SIS AR s S 7=

[0023] Examplesiciafie anphdtericosurfactant drrchgden alikialetaines and
amomEogxides 1R241pxaples ©f the-Aomenric shHagtapbeluder the
palyaxyalkylene alkyl ethers such as palygxyethylene alk k§9@th?fSCationic

ne derivatives, sorbitan fatty acid esters, polyoxyethylene

%%%?gﬁe%%%%ad&%sfépghoterlc surfactant or a nonionic

surfactant.

[0021] Examples of the anionic surfactant include fatty
acid salts, alkyl sulfuric acid ester salts,
polyoxyethylenealkyl’sulfuric acid ester salts,
alkylbenzenesulfonic acid salts( alkylnaphthalenesulfonic

acid salts, dialkylsulfosuccinic acid ester salt,

alkyldiphenyl ether disulfonic acid salts and alkyl
phosphoric acid ester salts.

[0022] Examples of the cationic 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 oil nonionic surfactants. The modified
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polyoxyethylene sorbitol fatty acid esters, glycerin fatty acid esters,
polyoxyethylene fatty acid esters, polyoxyethylene alkylamines, alkyl
alkanolamide and 35 modified silicone oil nonionic surfactants. The
modified - 6 silicone oil nonionic surfactant may be a siloxane oil (e.g.
dimethylpolysiloxane oil) having a part of its alkyl groups (e.g. methyl
groups) substituted with an organic functional group to impart
siyttophilicity tHeretodra Ssiloxarteoit tonwhieh wXxygenr-centaining, graups

ake @dded foimpapdydeaphilicity dhereto, [0023] The alkyl moigties; ofthe, 1
above-qme tioned s%rglac}tant% %lgefsegabl Ea\ée. %O %o 0 carbon atoms and,

he Rty acidholeties df the above:mértioned surfadtahts 10 preferaiiy
Fave 10830 CarboR atoms[0626] TheSirfaeiant tised i feredolingr 2
dathvisa preferablyta nehioaic surfactantRartieulatly preferred snenieniedded
syrfaciants.are, for &xample, polyoxyethylene lauryl ether,

thyl tyl ether, polyoxyethylene 15 stearyl ether,
BB bethyicha ols citer s athyiens Foer eorbr i

FHGhRST Silicon e ol {(Barieulary pofyetierimodified sitibsme aifolis and the
silicane-polyether copolymerk [0027]dbdesirede the: cooling batr mayant s
gdditionally: 20-contain @n-adhesionpreventing agent which is _
88 tg tially insoluble iQ Wz%ter and which.is a_fine orga_n,ic or inorganic
Eow%e?. The gﬁﬁ%uﬁ?& the a%l%%sféﬁeﬁ‘re%nﬁﬁgeaﬁé)rﬂllé%%%a%%ofS
Wetght based on theWeightCoftheicosling bath. Haamisied af the adteesionred
preventing 25agent inclide alusjnun oxideatitahium exides MAGHeSLER
carbopate.basic, zing ¢arbonate basic, calcium carhonate, {5@9‘%@8%_\/1@%
gléa aar“{}'%p%@ﬁ@é' aIcthoI.OXhe l,é?ée fthe a h_es on %even ing agent can
reduce the amount of the’ Strfactant Furth&r, ¥necesssry, an antifoaming
BEN3Y Siicty asBiica bF AR Incryanic shlthi@ebe addedieslifeled silicone
oil (particularly polyether-modified silicone oil or
silicone-polyether copolymer).
[0027] If desired, the cooling bath may additionally
contain an adhesion preventing agent which is
substantially insoluble in water and which is a fine
organic or inorganic powder. The amount of the adhesion
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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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 35 cooling bath. While the water
deposition may be - 7 controlled by the use of a surfactant having a low

HLB value, it is preferable no wash the strands taken out of the cooling

bath with an aqueous liquid to remove the surfactant from the surfaces of
therstrandss T hewashing 5Senaytbe suitabfye caried oud by immersing the.B
sfrands infe. anagueousdigyid-contaipingwashing bathrlocatedyern oyt of
gownsigam,of the egolna.vath, (00231 2ure waley av.he useg.as the
aqueous |qU|g. or the purpose of i proving the sur acttant removal i
BfffcicHey 2howevér a Kiéaning AG&i tayf bggﬁita?d}3¥ Sontainedif theashing
aguedus liguid.ah Watersgolublé inotganic saltreapableyofcdestroyingnds into
amicells ansswfaces, ofithe strands aagd/os aarinvert saap, maybe-ysed as

the cleaning agent, The t%rnl'fi%vergsqca}p" as used herein is 15 intended

{0 refer to an anionic surfactant when the ‘cooling bath contains a cationic
58R2&Ant, or ¥ aScatiorfic stidfactat witsitthe coblifig BatheeoHtaihs @at d -
Anionichsurfactant sEhe invertsoapipreferaldly bas aa function oédestsdying

avigells pansupfacesofthe strands. 20,{0030] Tthewater-solublesinprgani

salt %gOlU'% e. soljij}l%le in 100 ml of Watera%t 40% in an amourltu(gl t leas

o1 i adueous - 11guid. water-so S
mg and s oul% conefaln% &véllen%or%rlv ent anion or cation. Tliustrative

of'Sufiteible-afet-Soldtie Rofyanic S are Maghesimt ehiorige, surfaces
mfagnesiuatmitnates 25hmagnesinomisuifate; atuminumechlorde; sddminsim he
pitrate, 1 alyminum:sulfate dranschlords, fropisulfate-and icon, itrate. The, g
yRiersolble lnofganic sall is preferably; used inan amount, pL.0,0061 to

part by weight per 100 parts by weight of water in t € agueous |IC]UI%.
¢Reling bath contains a ‘cationic surfactant, or to a
cationic surfactant when the cooling bath contains an
anionic surfactant. The invert soap preferably has a
function of destroying micells on surfaces of the strands.
[0030] The water-soluble inorganic salt should be
soluble in 100 ml of water at 40°C in an amount of at
least 1 mg and should contain a divalent or 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 agqueous ligquid. The
invert socap 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 ligquid. ‘
[0031] The non-washed strands or washed strands are

preferably dried or dewaterized before being cut into
pellets.
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30 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 aqueous liquid. [0031] The
non-washed strands or washed strands are preferably dried or

dewaterized before being cut into 35 pellets. - 6 [0032] The base resin of
which the thermoplastic resin pellets are formed may be any

thermoplastic resin as long as it is softened or melted when heated and is
agair23olidifisthwhea cooleds Examples dfthe thermoptasticblresinic resin
metude-polyprepylenehased fesins pofyethvenevhasediresinSsin as long

Bg'yﬁté’r%e'%%ecdeﬁég‘% 909(!;'%{%% %n&@yﬁ%‘i%d&'%%dfsesﬁ‘gsain
chlorinated polyethylene resins, ethylene-vinyl acetate copolymer resins,
athytetet Vi dieBholupoRfiner FESHY aRétyPleliuivseegiecrgastic
pelyacetahresing; pplyanide resins); polyacn/datesedins,, thevioptdsticene-
pelyurethans elasotomers cligeid erystal polymers, polyethey etherresins,
1&@8@%& Oﬂ%sé'ifgg]-s—ﬁggié/&t@é%%%"s”?' B 'X%%‘é’%%‘&é%reé)hihaé%ﬁ reais:
polybutylene terephthalate resins, polycarbonate resins, gpglyp nﬁene
efher Fesing Polyghenyiehe okideTesinse gofherfehe stffideesmsiylene-
polybutadieneresinse polyymethylpestene resins;tpdlyamideuresing, resins,

thermeplastic palyimide resins, ignomersesing sethylene:ethylacrdate. s i ns,

%%Pe"é%@ﬁ]&reé”fc eﬁ%’i rhefre‘r‘%%é"c@/i%tgé’%?!%%@ms?r nge.sm ' crystal
styrene- e?hy methacrylate copolymer resins, pojf dery oﬁllflrﬁe-acr%c

BG4 ER7ERe cBpoNRier tésifid  acrylohftriesstyrane cbpolynérTesins,
polydieytiopentadiene resins yacrijlphitrle-chiorialtetha late resins,
pRlyetbylepe=stwene copplymer fesinsacrylenitrle 2ohutadignestyrene n s,
9&@6‘ pertesins.and flugrocarbon resing, These rasins may be used .
%ln ly-or mtfgr%lﬁmatlon of two or more}%her%gg?&ygsj s used ereln,%he

R ¥p&99§&@ﬁ%eﬂﬁkﬁﬁﬁe resins, polybutadiene resins,
polymethylpentene resins, polyamide resins, thermoplastic
polyimide resins, ionomer resins, ethylene-ethyl acrylate
copolymer resins, ethylene-methyl acrylate copolymer
resins, styrene-methyl methacrylaﬁe copolymer resins,
polyacrylonitrile—-acrylic acid—étyrene copolymer resins,
acrylonitrile-styrene copolymer resins,
polydicyclopentadiene resins, acrylonitrile-chlorinated
polyethylene-styrene copolymer resins, acrylonitrile-
butadiene-styrene copolymer resins and 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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resin”, "polypropylene-based resin" and "polystyrene-based 30 resin" are
intended to refer to thermoplastic resins containing more than 50 mole %
of ethylene, more than 50 mole o of propylene and more than 50 mole %
of styrene, respectively. Thus, for example, the polypropylene-based

resin may be a propylene homopolymer or a copoly er 35 containing more
than 50 mole o of propylene monomer units 0 and less than 50 mole % of
HNE 0T $ROY e OMmOrRIMeldinitsy [0@34) dhednelting ot @bthener units.

E%@@P'astlcml%g%%w 9%68&0%%%%%?@%%% tionisnot .
ab [

specifically limited. Prefer e melting point is 5 wit e workable

teifiperturé 1angé oF e &%raﬁsxt%@e?% i< PARICHI 350G 61
DR ﬁi\@aﬁrﬂevmbp%ﬁéiﬂesm%?@@a@?hﬁs atheltneassiffow ratent is

{NMER) 0f OHcto.80-gA® min.; mose preferably .64 30: gH0 MminMER, 1
heteliindp agsaraance i o LA K72 1Y) whistainLondiign Code

M, Code D and e cases of po ypropylene based

are adopted in t
F&?ﬁmﬁ&%ﬁﬁﬁe%erﬁﬁs“éa r%%%’fp&ﬁda polyst)fehethaketire¥mss flow rate
reSpRctively. JoD35 TR pellets tmvsnobtamed@refeﬁam;tha\le/aﬁ B to 30
average weightrper ere-peliet-of 50:ng erlessaThe proeessafghe

presept; W@@S‘O” %@ezﬁf%@gx% hen, the guerage weightof or C]e pellet

Is 1 mg or less. Thus ets the present invéntion g@tICU ar

preferabRP&se &ﬁlawfag%%ﬁéﬁh%r%%m@%#fﬁ?g 6?%5%9%%
prefarablyyd.2rmg lor ess, most preferablyo 0020p:(:2 endpdlhecaverage: ,
weight et ene pellet is an arithmetic mean of the weight (mg) of arbitrarily

jelsieq 200 pelles. 0036} The procass of he preseaLipyenioncan, ..,

ro uce 25p ets'h aving suchn a sma averal%e eignt OI’ €SS.
Fn"(%%gf‘o Brotiics shidl pelRtPby-eftfusin thofgh 8 dieSiile The
mairtainingethetéxerusionsrate- uachariged withost most effective, when

the average weight of one pellet is 1 mg or less. Thus,
the pellets of the present invention particularly
preferably have an aVerage weight per one pellet of 1 mg
or less, more preferably 0.2 mg or less, most preferably
0.02 to 0.2 mg. The average weight of one pellet is an
arithmetic mean of the weight (mg) 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 of 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
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increasing the inside pressure of the extruder, it is necessary to form a
large number of orifices having a 30 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, 35 with the conventional strand cut

m%thg@l»aa&i%t‘@@b §%al&@$1$er,?j ake ugaveidably @@na@@?r adhered to each
0037].According to the present invention.usin e .
e D R P o acipg the
Bistarice 6rthe BRfICESH L fuF e‘%%ﬁ?p?é‘,?[ Fﬁﬁ{k&it %%6‘55?61@?0 fSFb%u%é‘ter -
trrermoptastic resin pellets havinganavefageeweight péprt peletgf lemgl mm,
ot |%? i@@ds%@ﬁlﬁéﬂéerl%&w@ﬂff@ﬁ dﬂ@é@ﬁ%l b- K @f‘t@%ﬂlﬁ'&%‘iﬁ@t%e@@ég]s“
is preferred that the extrusion of the melt be perfarmed using an extruder .
3%ilhn% barrel with [ y 10 inst éc d%ﬁetgr %%?é Qéia?nget%r)% I ?crm)qaensd‘g a " e
APt MAGMBEr Hidrites JRATRATAS hdili’ exrubed lt‘ﬁ?ou‘@"f“lttﬁe
dieoated rate of W (kg/lmowsry sehile anaihtaining <a dischargecamaouhtipes anelt

pefice-Mral Jegsthan 0.3 kalheand adischarge bajance BratdiSyith an

ka/(hrecm2) or 15 greatey, wher and B are defi by the following .. .
: %él%aes:%ﬁ.grvﬁ/ﬁelé j@\?ﬁf]@ofr :\élameac re} ﬁpeij fcm) anc}Na dJTe with

ormu asons or stabie running and cutting o
THe'siidifers 26 afd pradiical production effichshyethe fowesrtirtitoe the
tischarge anteunt per @heorifice M istgéhefally/ 0.00 rkgih preferably. taining
Q-f;@ilegéméralag ?Qﬂ%?hr;@ ié}iﬁh%rgiscczk?[&g%%@?rﬂcea@ i§@§§e@ll¥r;oo i 5
o) e aahs i, 22 (030 e prprpioanien oo
greater, where M and B are defined by the following
formulas:

M = W/n
B = W/I°

for reasons of stable running and cutting of the strands
and practical production efficiency. The lower limit of
the discharge amount per one orifice M is generally 0.01
kg/hr, preferably 0.05 kg/hr. The upper limit of the
discharge balance B i1s 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 I,
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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method 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. Such pellets are suitably

used for the production 30 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

resuiting molding hasgansp35 between-adjacent beads. ~Hn[0940LThe, ;¢
dhymaplestiofesinpeletxcanconialp, U desier: gae opmore addifives,
such as an antioxidant, a agent, an antistatic agent, a
fianfretdraant aarﬁéféFde&&wﬁfb‘FJasg@He%t s, a ﬁucfe?aifﬁ% dgeherdant,
% arefa telfeonttaliing agent irawamount ef generally 20 pagtstyng agent
aveight ofdass, particutarty:s pacds by weight of lessper 108 pastsrtyra11y 20

Jeight of i éﬁ%‘?%?“%é%%” gg%fﬁﬁe a”'n%ag)entma%bewa&gm or

morganlc such as zinc bO te, talc ca ca onate sgdlum

borate o?% a?r%.rﬁﬁﬁwdﬂ%&.dée THE adaitives fndy 5 Bded fo-a iele S 10 -
B thecthetmoplastic base eesiy inan extyuder amd kieaded ntbgetherder such
$0041] Therpresent invention also provides expanded thewagplasticyesie or

Qfggﬁgﬁrgl%aﬁ%erhg¥ f%%mlngfgnd %3 ggandln%i%etg\% ve t%]grmoglastlc 1t

resin pellets aving an apparent ensity o hen th
%Epa it eSS 8 %ﬁar?i@%/Lr?ﬁéﬁwddin&%bFéfﬁédlﬁSﬁﬁ thed kneaded
exparidet-beads fails to show good dimensional stability due to

sbidnkage. When the-apparent density isgreatey 2Qthan:6000/L xthen e g
é% tame%frgemstjhg expa ded b ads fglis tobsh ood cushlgnlng

nsu atlng roperties. 04% e%ase resin o W ICJhntﬂe

ZAet therhfopfaktitTeSn e 5re formettmay besfot exanfle! b5ving
polyemmr@abasé@r@sm, polypfopyteneditasediresii§en the apparent

density is less than 10 g/L, the molding obtained from the
expanded beads fails to show good dimensional stability
due to shrinkage. When the apparent density is greater
than 600 g/L, the molding obtained from the expanded beads
fails to show good cushioning and heat insulating
properties.

[0042] The base resin of which the expanded
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
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polystyrene-based resins, acrylic resins, polyethylene terephthalate

resins, polycarbonate resins, acrylonitrile- styrene copolymer resins,

polydi.cyclopentadiene resins, acrylonitrile butadiene styrene copolymer
resins, 30 chlorinated polyethylene resins and ethylene-vinyl acetate
copolymer resins. These resins may be used singly or in combination of
two or more thereof. Polyethylene-based resins and
palypropy émoetbabed tesinsiarelparticulatye suitaply Used fobtheany
£Lxpanded thermeplasticHgsin beads. 35 [0043] The thermoplastic resin

ed beads ma - 12. prepared from the ther lastic resin

@gﬁggs? by anélnseuit%g/faet%E:“znroj\f/\?r%i mee)f%c%? (}614(34] %entéh 6 ré?c%%)erd é%ﬁanding
Fhethed Torthe® protiticiion. BF expantet poRRosyleRe-baséd fedin peads
HSrromopdlypropylehebased sesin peliets wikk bé descrbed belewddheribed
ohpropylene-basedresinpellets ares digpersed;in an aguegus dispersing
dnedium together with 3, dispersing agentand aplowing agenting . ;. .

‘regsure 're5|s%ng vesSsel. The dispersion is freate | ata 1 tgmpera ure
Cﬁ&@rﬁ&ﬁaﬁ%@gﬁf&iﬁ@ﬁoiﬁt Bf-théresin2 & ifiprégnate RHE FESi pellets
weithitheiblowingsageht. Theadispensonds thenidistlarged from a
@&&b@@egp@rth%msﬂe@ﬁgﬁ%@W%pﬁee%%yff%zwm%@ aRd resin
gxpand the pellets. 15 10045) The polypropylene based resin which, ...
consﬁ*ﬂfesg e 8ase' resin 0 tlﬁe?expan ed beads may be a 9 a9 ’
PoRyprépRene hemopdlyhist ha CopEIyRE? FotopyleRebased chideR 1ng port
cOHpolymer o prdpyienexbasecd: randoas sopolymer)of tpropylene avith engand

OF Qe coganomers having a propylene 20 content of at least 60 mole or
ixyre of o ormore, ot hese polymers, The comonamer may be an. . _
gt-)rOB;el other Ehanppro ﬁeng%ucf?ase y?ene,el-%ﬁ]tene, -pen%ne or 1- ©
RHegehe Exarfigies of thetprop§ieneisiiedardomedpolyet include
pripyengethytenerandpmicopatymerscpropyiener (propylene-based
block copolymer or propylene-based random copolymer) of
propylene with one or more comonomers having a propylene
content of at least 60 mole %, or a mixture of two br more
of these polymers. The comonomér may be an a-oclefin other
than propylene such as ethylene, l-butene, l-pentene or i—
hexene. Examples 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 méy 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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25 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 30
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
iresing Exampleswifetheadispersmgrmediomicthecthanwaténintiudeilicate
i?hxl@rﬂgagjmolug]g;érael.rirg_w%@tza?gh&}do%tmﬂ@a% [@Qgﬂé_saﬁb@y coaztains
ispersing-agent, finely divide 'inorganic, powder of .aluminum oxide
AR & S s TN nILCIests Hitterkty s recage
Rhtaifs Silicaealbmina &its %dfﬁf ingredient afd has&i&erage ot the
Panticle diaimeter 050 pmlorcsmalisr LExdmples of tHens aluminbsilicaténerals
snclude naturahorsynthetie clay mineqals ;suchaskaolinytalg,0eClakan
preferadly with a mean palicle diameter, A potion,of ihg Si 4 of the
aluminosi |gat% may be substittte w?tﬁ a metal ion such ‘as Fe and a
Do 6Fthe I8+ thetdof Mgy Pelotsubstitfedwith s2mBedtidon sich &1ch
Fe280r Mgt+. Eheoaniount obthetmetahioh stbstitatet] for $i b+ and/or
éﬁ%*é should.be @Eeé%rag%r& more &Q@%%Q:%’ Q)_é weight %fﬂh@g?@t.a' metal
lons fo re?’t“ﬁe‘?fﬁg uring the de ”§9t- dispersing effect.H daeﬁéff%ta’zh“
additionaf’ ispersing 1 agerﬂ such as titanium oxide, basic magriesium
Earbbrate Shaie zmeatborste "CAIGuM Gitbortate orirof may bee
tsed togethedwithv the dominesilcates opduminum ioxidéhEhelambuatiof
thesadditional dispersing agentissgenerally, no more than 30 % byweight, 5
based on fh total 20 amount of the dispersing agents, [00AGILS e
ge(?erreakfha the dispersing agent depositing to surfaces of the _ g
gi‘ﬁéﬁdeﬁ‘—ﬁéad‘s%ﬁ%@i‘h%% 85§ b RessHer 109 (Fofthe ealds fort de may

reasopsdftogether with the aluminosilicate or aluminum
oxide. The amount of the additional dispersing agent is
generally no more than 30 % by weight based on the total
amount of the dispersing agehts.

[o048] It is preferred that the dispersing agent
depositing to surfaces of the expanded beads obtained be
0.5 g or less per 100 g of the beads for reasons of
satisfactory fuse-bonding of the beads in the succeeding
molding stage. A
[0049] 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 capable 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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satisfactory fuse-bonding of the beads in the succeeding 25 molding
stage. [0049] 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 30 inorganic compound capable of being
dissolved in water in an amount of at least 1 mg in 100 ml of water at 40C
andnofprovidingedivalenthorstivatleneariod ot eatiom i Exaraples of the
gispepsion enhancing agentinglude ;magnesium.chloride, magnesium ..;
nitate, magnesiumsufate. 35 aluminum ghloride, aluminum nitate,
aliminum sulfate. == 14 “ifon chioride; fron sulfate and iron nitfate. 100507
FReHispersifg Ageht and dispersicF eRantinig Agenbarelgéterallyco 1 part
added ioythe, dispersionthediup inoamounts af0:001 10,5 pattsiby weight e
and me(%g)elltge]tgart 5 by weight, respectively, per 100 parts by weight of

e in pellets. [Q051] The blowing agent used in the above expanding
TR o oretaoR it R By R Blowting AGer Sien gpanding
Ritfoyed, éxygens airréarbon dioxideoand waterP1osAlseve alll fromtheagent
stanfpaint ot stabiignof the wpparerd depsitysefitbe expanrdertbeads,water.

gostsand, environmental problem, the use gt air orynitiogen is Hreferred.

Water used as a dlgé)era g rg]iedlum may agzlé)% (Igfsed as'such as the

BRWING Bget it tesied the 1% inbRIAN Browitg hjeftay be

6564 o ebARjuRetorPWitk Bfrbrgahie physicalblewingeagent suclyas ars
aliphadie hydrocarhon re gspropaneabutanecpentage mbexane exkeptase, be

an alicyclic hydrocarban, 2.1 cyglQ) rgt%%%@r.cy%'@hamef@&? the
halogenated h drocarb%n, 0 e.q. chlorofl e

uoromethane, \
(0 ToMetnAe, T 2= G iOroctishe 152 2Bt afiTorbBHAns.
methieHiGride} ethylehioridesianéthylehgetiende Pieserarganient such as
Blowilgiphatic hydrocarbon, e.g. propane, butane, pentane,
hexane or heptane, an alicyclic hydrocarbon, e.g.
cyclopentane or cyclbhexane, or a halogenated hydrocarbon,
e.g. chlorofluoromethane, trifluoromethane, 1,2~
difluorocethane, 1,2,2,2-tetrafluorocethane, methylchloride,
ethylchloride or methylenechloride. These organic blowing
agent may be used singly or in combination with two or
more thereof. The amount of the blowing agent 1s 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 of 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 1s used as the

blowing ageht and when water is used as the dispersing
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agent may be used singly or in combination with two or more thereof. The
amount of the blowing agent is suitably 25 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. 30 [0052]
In the above expanding method, the amount of the blowing agent
rcharged,in ovessebmay de stitablyndeterminedraiccordirgtoi thedkiad et ably
éhf'ctab%ag%@,t @g@@@@i@@ t%ﬂg&;ﬁu%t@é‘d&@@é@é@@%ﬁﬁéﬁwea
e ed beads to be produced. n_nitrogen is used as.the
B T T S S for
eXampRL the aRURLSF Mty RSprefetablyasiich thacthepressure the
withartherdesedivessekinal stabie state imediately befose theinitiationo . 6
obthe expansian, namely the pressuredgauge pressure)dn e 5 upper

qu%ejlﬂ the (%[sed vesself IS |n§§e r ngEe %}O.G to 6.0 MPag(Sg,
Ere 8rably 0.62t0 5.0\ PafG)” Oggl]al is prefétreathat the Pres&ife P T
fHeEGSperspace ifthe efosel vesselbe refatively Higly whégilthehen the
intenrdettappareatrdernsityaf thecexpahdeddeads 43 small K 0954 Theal 1 .
eurayded polypropylene-hased tesin beads ; preferably shopea high,,e ;<
temperatyre pe gmv?vm %C%bgféc vallruetofrZ-SO Ji mﬁhe PSC cunve, . ..

ereofr. %5?5%] & Calorific Value orthe hightemperature’ gedle of & -or+++¢
Brpatfiedbeadsls tHe affouRt6f ertfotieray and 15 €8fésponds to the
amesaflan endothermitqenkia high temperature peadh "B'awhiehisure peak
presenton aigherytemperature side.of-an.epdothermic peak (nfrinsic,

%%k e"sa" dn %Sflrc? D%g curve \E/lvh(chP is shO\I/lvg Jn FéG. 2. These p?é%k%areh
obtainedt by the differential scanning 20 calofimettic-ahalysis wherdin 224
BT expanded Beads aré hedfetFfromsobrtiefiperature (I5L35E ¥ to

220@atature side of an endothermic peak (intrinsic peak)
“a” in a first DSC curve which is shown in FIG. 2. These
peaks are obtained by the differential scanning
calorimetric analysis wherein 2-4 mg of expanded beaas are
heated from room temperature (15—35°C) to 220°C at a
heating rate of 10°C/minute.

[0056] More specifically, the calorific value may be
determined as follows. In the DSC curve as shown in FIG. 2,
a straight line (a—-p) 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 Ty is a temperature of an
intersection B 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” i1s drawn. This line
crosses the line (a-B) at a pocint &. The area of the high
temperature peak “b” 1s the area (shaded portion in FIG.
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heating rate of 10C/minute. [0056] More specifically, the calorific value
may be determined as follows. In the DSC curve as shown in FIG. 2, 25
a straight line (a-p) extending between the point a in the curve at 80C and
the point ~ in the curve at a melt completion temperature TE of the
expanded beads is drawn. The melt completion temperature TE is a
temperature of an intersection R at which the high temperature peak "b"

39 mﬁeeﬁ%bw_l&?fe_%eg&@"%vz@ﬁg '393@”@%‘3{15@f%@x?%%?vge%ar?&nd\b”,
ich.passe intyin curve.a om of the valley .
ﬁ%eln rﬁljf%?c gegaﬁga" éar?cjjl th%ekhelg\kl'lL %enrﬁpegr\éﬁ%é peak "HOE dFawR fifis t© the

firfe" CFadses the Hine (43P atapsit SIFvE-arRAof the highess: 1gh
temnperature peakeh’kisthe¢ area (shaded portion in FIG. 16 2) defined by

theowiyye of the high temperaturepeak by, the Jine (Sw) and the line . ;
%ﬁ%') %{‘9§€”§§80@d5r to the calorlflcdvallrjle é rgount of endotherm) OL .t,hbe B
igh temperature peak "b™. 5 00571 Such a high téiiparaturé peak *6+is>®
Frec&ntin ThE fifst B5C slive REASIRe® ARthe HANRSr ddestribegrears in
albaves Iherhigh temperature geak {b'eno longer appearsnin 1the seeerd the

DSEseurve @btained, when the sampleafier the firsthgemeasurgment jg; o -
%Qcm%d fro e2%(%'C tg 3 ut 40(% 10 ata';\ rate of I0C/minute and is heate

d
&gain for the secon C'elifve by hating t6 9208 atHraté of LHCHHIN-
e SecortPB SEElTde hids bR amiftringicipeak a2 tatibutsidetodiie 10 °C/min.
éhdoteno indthednelting of thexbasen resiafseank 3.3 The bigh “a~

temperature peak "kimay g uans with fhe expansion eonditions such as

the expansion temperature dthﬁ amouynt of the blowing agent, [0058

The expa(n(fed olyprop Ieng%‘é%sedlr%sm 5ERfS” Broviding 8 D'SCRurve Y
&g B-High teip&rakiTe peaRr nia Belpreddcetisy: fesexdmplexpansion
heatingthe wispersidn i thes2(@ pressute rasistihg vessel ta ademperature
NA¥ex€e§edindrhe expanded polypropylene-based resin beads
providing a DSC curve having a high temperature peak may
be produced by, for example, heating the dispersion in the
pressure resisting vessel to a temperature not exceeding
the melt completion temperature (Te) of the base resin
constituting the polypropylene-based resin pellets. The
heating 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) 1is 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
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the melt completion temperature (Te) of the base resin constituting the
polypropylene-based resin pellets, The heating is stopped when a
temperature (Ta) between a temperature lower by 15C than the melting
point (Tm) and 25 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
Jnintes. Iheeeafier, the dispersion is heated to a temperature (Tb)

n a temperature lower 30 by 5C th e melting point (Tm) and a
T ture. e b ot it 8 idh SambleHon bomt (T L oee pea
TeldesFary SiheTHispetsion i$ Afairtaitied st hdtStehiperhfife foree for which
Tsufficientperiod of time aftprefesalply *20«16@ niib., Therstheidispersionwsich
wischarged fremithe 356losed wesselto a lower pressure atrasphere 1o,
2btain the expanded heads, 00501 The calorfic value ot e hidh - aeg
eémperature pea mam%. epen suBon etemperature Ta, the‘time for
REFiER -Ta IS Maridinsd fthe EmpefatGre THehe Hisfe foPWhIcHES Thes peak
aflaintaineskanchthedate: efibedtingrafdbe tesin pellets-atthe éimerofithe Ta

fredugtion of the expanded,beadsJhe calorificvalug ofthehigh ot eryt 1 on

| ttl_elrgager turf J)eé'%( do&t@e.exg)anded beadfﬂrécrgases_ as a decrease of the

a and Tb'in the above-ﬁ%sgr?r?e%sr%hges And 5 the fetention 10%ime at

THETFTS IhPedses. FhBHedfing iate is §eHidrall 6.5°50 ek hiRgtefor the

Buitable=cohditions ferthen grepasatiohsofrexpanded beads hading&lorific
Hesired galorific, %@i%%@ﬁﬂ&%%%ﬁr%%% pegk can be-gasily

gggeerrmrﬁerge%y grellmln ry ex erlments.elri[(ﬁ)lg%(%]SThe above temperature

ranges are sunaB/Iypg&opIé1 il the Sase whére an ihorganic physical
bRAGAG agenthicuséEs ausiBRMErdgent WREA SR Grganicupinsical
Hlowing agent isiusedathe suitable tempenatures rangeswitlishift towarding
Joy temperafre sidesand ¥arA0.with ths kind apdkamouyntthereof
physical blowing agent is used, the suitable temperature
ranges will shift toward low temperature side and vary
with thebkind and amount thereof. ,
[0061] The term "melting point (Tm)” is intended to
refer to a peak temperature of a peak “a” inherent 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)” is a temperature of an
intersection B at which the intrinsic endothermic peak “a”
meets the base line B;.

[0062] The apparent density (g/L) of the expanded
polypropylene-based resin beads is obtained by dividing
the welght W (g) of the expanded beads by the apparent
volume V (L) thereof (apparent density = W/V). The
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[0061] The term "melting point (Tm)" is intended to refer to a peak
temperature of a peak "a" inherent to the base resin of the
polypropylene-based resin pellets in a second DSC curve (example
thereof is shown in FIG. 3) 25 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
2eh mgeoftthe pellets. The temes 2melt completion teavperature (Te)" is a
mE%rﬁture 0{ @i;b%%w%rlssc%@ Fr@% W%%atneé@tﬂﬁt@g@@%me}%'qﬁﬁe
eak "a". meets the base lin . e apparent.densi of the
l[é?(r%élnoael %Véﬁ/%r%ﬁylesﬁceai 523 re%gn é]eaa sdls%)atLée}r%éL&] %y%a%ﬂg#gz HHe®
Weight W g)'of the expandéd beags By theldappdréntds vollime \rantained
thereof{apparent densityl = WAL, Ehe 2 ABCcapparentvalbimeiidsement of

measyred as.follows: [0063] Abeut 5,2 of the expanded beads which. have
28%% gnq]owed t%stand at 2 Cda%d relativ humldlta\éhof 50 1 for 72 hours

e’ fimersed iR 100" Mrwater cortaitie ira gr: L}%%OE VISt At 2BESCSSS
Fom ftife FErsmeént &hméﬁﬂﬁﬁ@?%%pé’én%&m@dl canpeexpanded
Hetedminedy [0864hEhe:-expandedeads obtained by die phevssprosess r to
may-he-aged indhe atmasphere If desired; the expanded bgads may be
?e{iﬁeafter reﬁz)ite wit ,hl%h r,ets%ure air to 10 increase, the |nS|d%Ere,ssure

of the CEMIS tefedf, “folibied by heating With'st th ot hot &if t8 gbam
expartetdhezriz Haviry a hig e XpaiBiorriaie.JDOB5 [ Fiel éxpanded
theo@bplastic Tesin heads obtained hydpaming andexpandirgthe obtained
thermoplastic, resin pellefsn 15 agcardingdn the present invention H‘a%{ PO ets
molded jn a mold t?lglvernggldl s, 00(96 An in-mold moldl(?%ggy be 14
Gbtaine Jb%/gaEgt.c%- e hoHding Metiat in Whith the Expinideg” 7 & ™
thersioplasti® résindseads (if necessary, after being treated to increase

[0066] An in-mold molding may be obtained by a batch-
type molding method in which the expanded thermoplastic
resin beads (if necessary, after being treated to increase
the pressure inside of the cells thereof) are filled in a
mold adapted to be heated and cooled and to be opened and
closed (method disclosed in, for example, U. S. Patent No.
4,777,000, U. S. Patent No. 4,818,451, 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. 6,096,417 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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20 the pressure inside of the cells thereof) are filled in a mold adapted to

be heated and cooled and to be opened and closed (method disclosed in,

for example, U. S. Patent No. 4,777,000, U. S. Patent No. 4,818,451, U.

S. Patent No. 4,822,542, U. S. Patent No. 6,077,875, U. S. Patent No. 25

6,034,144, U. S. Patent No. 6,096,417 and U: S. Patent Application

Publication No. 2003/0124335). Steam with a pressure of 0.15 MPa(G) to

Ok MPalGyis fedtodhe mold tte heat daflate. and duse-bond theheads=d

fogether, IQelWPida@éBe%BO'fgsa@%@ﬁggﬁ molding is takep,qut of 30

the Id The m #lng ma }i <%ro duced bg z} continuous m&(:% 4
o R e Ao Tignapindic F26 HEAUE (H PecRddiyaroe:

ﬁﬁ@mbéﬂﬁg tredtedas thereasetheipressure Wiside obthéecalis stheteofp th

are:fatlo aipathiwhieh is defineshkbetweep apain3s nf-verticallysspaepgdgp-» -

gentinuoLslyrunping:elts, Di%'ﬁgggto the passage thraugh.a = o 68 4 30
%g%m heatln Zone, the exp d?: § ds are inflated and fuse- bo ded
o]

ther. %he r%%ﬁﬁlﬁgl\}ﬁold &'in a'cdoling 3ohE, 5188’{61@@& path
froRrtheqiatly ahﬁ%utéemy cuflroea desiretblenytes Ynetlod the
dissloseddn, Hoeexamples IPA-HO9: 1040260 3Prfy be increased by

,g?gc]l%’f?%@ -£eld1Q-180888, clio§edat@@s'§8 15,968.430.39d L. S.

atent No, 6,537,054). In this method, the path represents the in-mold.

?ﬁ@?r?s‘f&éﬁ?e%sﬁ?eroﬁ%e paned%%ie[hermgéﬂaﬁlr&?é%}rﬁlgeﬁa’ﬁn%?/ar%s to
inicreubeficty 20 platigthe heansdn acfosethvesseliandfeediige tes into
pEessurzadain 1o thesvesseli By allowing the beads to stand for a suitable

%r&dzﬁﬁ timeaic pg ﬁ%‘&%ﬂ”@eﬁ?ﬁ%ﬂsﬁ ﬂ%%ée%%%i%%gﬂ T&lc resin

ent density of the thermaoplastic resin 15 moldin S pro uced yt e

R Rt PTG Eo600 oA reteratily SOUR 400 G, 9/
irore preferably BOSg/E 161400 (70, stilllmdre préferably 60/ ¢o 320 @eﬂ:ably
[0068) The thermoplastic resin moldisgdhusrerodueed y 60 g/L to 320 g/L.
[0068] The thermoplastic resin molding thus produced
preferably has open cell content (according to ASTN-D2856-
70, Procedure C) of 40 % or less, more preferébly 30,% or
less, most preferably 25 % or léss. The smaller the open
cell content of the molding, the better become the
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
[0Q070] 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 obtain a melt. The extruder had a

barrel diameter and a screw length as shown in Table 1 and
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preferably has open cell content (according to ASTN-D2856 20 70,
Procedure C) of 40 % or less, more preferably 30 O or less, most
preferably 25 P or less. The smaller the open cell content of the molding,
the better become the mechanical strengths thereof. [0069] The following
examples and comparative examples 25 will further illustrate the present
invention. Parts and percentages are by weight. Examples 1 to 7 [0070]
HRreparationtaf Restn-Bellete B30/ [007 15 Ta Aa extrudery 100npartsigflaicity of
Jropylene- ethml@eﬁéfag@m copolyrer(ethylene content2 5 %:; Jneling
bpomt 143C; MFR: 7 .g/10 mln% an 0.09 art of zinc borate Qowder (‘{:eJC
Sontiofing abent werd ted ar I?neacfje%l 41 230C 1 DbtAin amelt
rsdrtide e had @35 5drfet diafidter ahd Bseréw wh&ﬁlaé%hbwn Hrpa@rélt
wand e20rhad anouttetprovided withra die havirfg a erultiplicity ©f atmosphere
Q‘I'“E%% Té&g\u??e g&.tagﬁ%ts; anﬁﬂa'nge%r%%tam%er%)ezw%@@mecely
eripheries of adjacent two orifices (inter- per istanc re.a
Jg \E/?\dlﬁ %Ielilt'f]ne m%ﬁ%{wag exfaru f %fheg‘enahge %Iﬁflces%m
HHe arhdsphera dn sive- fornfiostitakels - Th@%@raﬁé@ Wer€ irriediately
dtrgduced into a capling:hath ataintained ai2@Cofoo (uenehingaahd

SO, fresoon ol %ﬁiﬁ”&?ﬁéﬁ%ﬁ%%?ﬂ%?ﬁﬁ%g alha vas
T e et e T e e S . o Arith ©f

hefghrof2dn in & AFBUNP S0 1h§t th@ depthaPtietcodfing bath inthederth
yvesselawasdd 9 ingl heaeooled sirandsavere lakensout.of the copliag bathl ed

9@9&@3@6%?@@&9@9% i flow f%rht@eé%@m?ofeo@éﬂr depositss seq
thereon. The strands ereW%len CL%]too tain The. extrusion

EBR GRS (Barttbnis s n?&n%%%?gng%?%ém
Q@ﬁﬁ@c@schggﬁkﬁmﬁﬁﬁﬁg 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 cooling
bath (part), occurrence of bonding between strands, size

of the pellets and average weight of one pellet are shown
in Table 1.

[0072] Preparation of Expanded Beads:

[0073] Using the pellets thus obtained, expanded beads
were prepared as follows.

[0074] In a 400 liter autbclave, 100 parts of the above
resin pellets were charged together with 220 parts by
welight 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 ralsed to the expansion
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(kg/(hrcm2)), amount of the surfactant in the cooling 20 bath (part),

occurrence of bonding between strands, size of the pellets and average

weight of one pellet are shown in Table 1. [0072] Preparation of

Expanded Beads: [0073] Using the pellets thus obtained, expanded beads

25 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
oéwatera0.0bparhby weight of sediuat: dodeeylhenzenesulfonatecr 15 min.
dswfactant), ©.3 part byweight 30 95@0&@49'883@%%%“&99@@@0&@ the
dlox,lcde (éjry ce; Iowmg agent) in an amount sfown in Table 1. The

ixtare i the altotlave Was Heated WithStihing toa Rfpsranite2oiver The
By B thafithe @Xpansion tsmperature showhdsTable deambthepioxide gas
maihtaiesat that tempesatuee for didimin: 85 Therealteryhedemperattre i ned
wasajsed 10 the-expansion. s %éer%%@g%%@n?ﬁn%'ﬂ@'%dg atthat

tem %rature for 15 gun. thg end of the autoclave was then opened to )
HISERarge the Y conterts To thE atMBePHETE 1 Bbtaft exprndettextsIthe The
disehargeives eavied it Wiilé feeding cardorcdiviide gasGesuch that
thenpressurgawithindhe: autoctaverwas maitained tafa pressuishequalie room

thepressyre.in the autoclaye  immediately before t?ﬁecgggg%%%ﬂ%@rofme

the,disch%ge. Tgle egégnded beargs obtained were wa with water,
centifugEd and Afdetr o stanid int e &fbsphérecarfaorrier @ high
tanperatire f6r 2EhbursforagihgaThe beads aftér thenaging wefthen
measuted for calofieyatuef ahighatemperaturepeaktheresfandensity
apparept.densi r re su rized in ' apparent
gggsité/ angtifﬁfzg%%%gceig%%%ﬁgerﬁ%%tlle%r%%ﬂelra%%?\elg Sjgfl}gg 15 'eeaek ot

EXPandEerEHAS thG§ OBtainetf inditate tHalt they are® SGitdd for iffold are
Aioidig. £Zor in-mold molding.
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CDOISSCNOOCS O Hpl~"OOCOF~-CCJ ChONONO'AWN
AP 61(DcoONNO ChNONONO N(B~~ONCOCnCOt'NI
O.pJChNCONWOU~-OOOOO ONCF'.Chn'~-NOO)OHO
mo]CnO (N DUvaC)t-1i. 7000HOF-" FFON[VJI'NNOJ
OCDONC7) (nNI“NOOO.PFICn.GNO)NOONJ,nJ PO
CDNG6IOONO~OCN Cn 23 Comparative Examples 1 to 4 [0075]
Resprepellets-wers: preppsed i the same manner as described in the

?B@‘é% ?Xampfkeess%czaﬁ% {hat the ﬁg@gdg&@% its die; %adc&bs S&dg%éu%anner

t e eXtrUS|0n con ons were C ange as snown
T s R Idtnd B S A o A P SobH e AP The

StGetur=of thieexiiutler and disd &Xvisivhreoriditions (extrusion rateWe 2,
tkodhr) tdischargeusion conditions were changed as shown in

Table 2 and that no surfactant was contained in the
cooling bath. The structure of the extruder and die,
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 cooling
bath (part), occurrence of bonding between strands, the
size of the pellets and average weight of one pellet are
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-cmz)
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 per one orifice M (kg/hr), discharge balance B 10 (kg/(hrcm2)),

amount of the surfactant in the cooling bath (part), occurrence of bonding
between strands, the size of the pellets and average weight of one pellet

are shown in Table 2. 15 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

frerz 211 9 5 mperiphenal glistarces(hmpAmonnbef surtactant 016 © 0
éPEHAaFB‘.E@é&JnIW%%i@/ Iio 1§n?§15i4r@§fﬁa ﬁ@%mﬂﬁ 01‘1:%4 9 2\§elght

0.310.1 orlflc hr) |sch%rge balance B 80.310.2

{Kgi(Hr-cm 2 T elghTof onEB.1 05 75 08 RlBE g LB o 1es 1
pellet 2#32%12 2 @e@hrm@érof%mand ovetarred bbeurked-nore- ngneonding

bene¢iag {0346} Fn /D, of nendronded sample, 244[0077F Asvll bgter-

@Q%@?P&Pafiorﬁf'%%£‘?~%’é‘%§%€@ﬁ'z%%@?§€ 1, small resin pellets. 4, .
avm_% a W%%ﬁ] }f ﬁellet of less than 1 mg can be obtained in_ Examples

xeruSBnFhtehitout catising ﬁdjrﬁﬁﬁgl% Hefnden ©°
Steands) ¢t sm%uﬁméméﬁedma@meﬂﬁtér- Thus, it is possible to

reduce the size of the die and, therefore, the size of the

.extruder. The present invention can not only improve the

production efficiency but also contribute to the reduction
of equipment costs.

[0078] In Comparative Example 1 which is carried out in
the same extrusion conditions as those in Example 3 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 3. In Comparative Example
3, however, the extrusion rate is only about one third of
Example 3 and the production 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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peripheral distance between adjacent orifices of the die is very small (2
mm or less). Yet, surprisingly, no bonding of strands is caused. Thus, it is
possible to reduce the size of the die and, therefore, the size of the 10
extruder. The present invention can not only improve the production
efficiency but also contribute to the reduction of equipment costs. [0078]
In Comparative Example 1 which is carried out in the same extrusion

coodiigns asthoseindzxanple 3 except J5:that the cooling bath-dees not
oplan.s sudactank, bonding gf Srands geuss signifcanty. In.orde o

€ occurrence 0 he bonding, It iS necessary to increase the

WéFb@ﬁpH&?&Fﬁﬁsta%éé b%m%e offficeS dhdto redtice the’ nuiBer ©f
of the Grifices caiv2 the (casklofComparaiive Example 3. nere fed and

comparative-Exaynpte 8ohewever the exdrusion rate is gnlyabodt BAg 2
%’H&dr%f Eé%%'%%éng%h%p dé:!%t'%&ffg@'eé‘&lé%p?%‘}aéoc%m&” 240 cm and

Comparative Examp e?2 is carried out in _the same extrusion

REAdifEnL RS tHoselh Bkaftile Hexteft %?h&ﬁﬁé%%oﬁ*néﬂl&%%e%%&y of
contairca surfattamt,rbording ofisteamels occarsisignificantly. thietdern te
prevgattneoccupence ot thesbonding, dis feeessary to Hnerease the nter-
DS RSIRNGral Aager Pesen e Qilloes A BABduc e RYDNEL .

}8? trhe orifi c\e/s as in 30 the case of Comparative Exam

@%Fnp%?&tﬁ}éd@?arﬁﬁtﬁoﬁgﬁo%\?erefh@e%&ru%fbh%fﬁ% orily BBGugApsphere
fifteeritk dfExanegle Arapsdhthe. produetiont efficiency ¢s-podmmnExayble By
35 {QQ80] Preparation of B@@'mll?@ll%%th%a[@%éh{@@naeaxtrmet 100-

%%%8713 Hmpé’k%(‘e ei%‘?z’}%£%f£df’g£°°p9'1¥meéé%tf¥'e confent. 2.5
o, omt /10 min and 0 ar o zinc borate ,
poWEE el Eént?é)lﬁn&%ﬁEﬁt) i%\fgré’?éoegnd“sdkr?e PRI tPshEmE e

a@dﬂﬁjhégﬁm@dephadgll (nonionic surfactant; SRB8410
manufactured by Toray Dow Corning Silicone Co., Ltd.) and
was contained in a vessel having a length of 1 m, a width
of 0.4 m and a height of 1 m in an amount so that the
depth of the cooling bath in the vessel was 0.9 m. The
cooled strands were taken out of the cooling bath and
immersed in a washing bath containing pure water 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-cm?)),
amount of the surfactant in the cooling 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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barrel diameter of 6.5 cm and a screw length of 240 cm and had an cutlet
provided with a die having a multiplicity of orifices. The number, diameter
and minimum distance between the peripheries of adjacent two orifices
(inter 10 periphery distance) were as shown in Table 3. The melt was
extruded through the entire orifices in the atmosphere in the form of
strands. The strands were immediately introduced into a cooling bath

medatained at20G, foraguenching ang selidification 4Ehe cooling bath was
osed S nd 0.03 part of. palyether- modifie
gl fcfgr%pon (ncgjrjrglonlg spfjﬂ{n%c a%%s%gﬁog manlj%fa%ctu?ed '?or%yrﬁJ dd peads
EoFing Siicdhe €6 fcoo)lar?d’ Swas contained in a vessel having a length
6P 08, Ja widthnofe0.4 M ahdteeheighttofdlmiir anldMowntsoshattther2d above

depthrofihe ceelingbath inithe yesset was©-2 M. Jhen cooled strands by,

cont |n|rL1ﬁFpure water and “maintaine dep05|ts

OPtHeC ¥drPACtART THeWASHINE bathWas eortained if a%/eeeatzéorsramgwht
afength bf & M da width<ofi04 apand a height of pamm.dif aalamduntrso

mm@emmy& goaling:bath %@doc%%ghed\@%ﬁgétr@&% were ;
{% nvpassed throrirgh an <'3_11|Ir1 flow for the removal of fﬁ% %oo& it ure
ereon. gI'he strands Were then cu{lto oabkfaln e]ﬂet e ex rusion 30
COnditiShSEXRGLRR Gt W n@ﬂﬁ%.gaﬁrg@éﬁaeahe@ert Bné ohfig@Rrature
(kgitery, dischatge batamce!B: (kgithrere2))n amount ob thersurfeictant intheTable

goaling hath fpart); eccusrence of Ea%ne@ay&eatﬂ@de@eze §f&h§1
E llets d L average Wel%ht of on eIIet are shown in Tab

%5]eSreparatlon of Exp dred eads bsmg tF]e pe etsetﬁﬁanswn
ﬁfﬁﬁ%ﬂ%%ﬁ@éﬁ%%&%@%@%&a@ oW 0084} 7ea 200 litgr min.

ameckave, 00 pars afithecalbove was then opened to discharge the
contents to the atmosphere to obtain expanded beads. The
discharge was carried out while feeding carbon dioxide
such that the pressure within the autoclave was maintained
at a pressure equal to the pressure in the autoclave
immediately before the commencement of the discharge. The
expanded beads obtained were washed with water,
centrifuged and allowed to stand in the atmosphere at room
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 molding.

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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5 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), 0.02 part of aluminum sulfate
(dispersing aid) and carbon dioxide (dry ice; 10 blowing agent) in an
amount shown in Table 3. The mixture in the autoclave was heated with
stirring to a temperature lower by 5C than the expansion temperature

@@mar{@bt@ﬁa@ﬁd NBer maintained @t Hiat temperaiyredon L Mbured by
g{ %ftecrhg}e tgglﬁe&%ture was rels%gl&o t{le5ex gngon %[ terggerature

malntalne at that temperature for 15 min. ne end of the atitoclav
%ﬁi?%kﬂ%méﬁeaWﬁdﬁﬁﬁﬁﬁﬁﬁﬂé é&ﬂén&?oﬂﬁ?&%%%bﬁéeE&Qb@mfts of
Expanded béads: “THeh disehargeawas varried oLy while deedifg Carbonrt of
whexide rauchdhatibe pressire withintheautoclave was mainiained 20 at e
Rpiessurs equpl o he pressure in ineuloclaye, inmediately before the,
commencement o scharge e expanae beaas o%talned were
YidshedWitiewatet S cBhtrifiged andaidivet: to StaRd’if the-atndsphere at
Fooma temperature Ter24hgurs fohagimgr Ehe beadsafterthes2Glaging

avere then measured for calodfic vateof adigh temperatyre eeamk@reof

apparent nS|ty an He caloriric vaiue Cﬂ?he ﬁlg?l temperature/pgglgoFULted

tRE expamtiedhEXusthis obtained indicate that they are 30 suited for
in-mold molding. Example 9 [0085] Example 8 was repeated in the same
mm@rgs described except that the resin melt contained 1 part of 35

%ﬁ{ﬁgl@gl& (coloringagent), 3 parts of brominated §dme =27 9elou ant
(éﬁd@llagme %i%gy@qm 3106, manufactureg by T 'J"'Ouée'” al
Cg:, kid.) and Wrﬂggf of anumuny trioxide(ftame %Qldd 1t a§17g|
addition to 10 M'@f‘"p‘é‘fﬂﬂﬂ%gﬁe ethyfenetandgmrccpotymer-antg
0.05 partof | 45istance (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 )
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/9)
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5 the zinc borate powder and that the orifice number, the discharge

amount per one orifice and the amount of dry - _ce were changed as

shown in Table 3. The results are summarized in Table 3. The apparent MCSLLP
density and the calorific value of the high temperature peak of the 10

expanded beads thus obtained indicate that they are suited for in-mold

molding. Table 3 Examples 8 9 Orifice Diameter (mm) 0.8 0.8 of Die

Number 272 275 Inter-peripheral 1 1 distance (mm) Amount of surfactant
(part)HA 03 0¥ IEXtMsipate W (kg/hr) 70 70 Discharge amount per

orifice M 0.26 0.25 (kg/hr) Discharge balance B (kg/(hr-cm ) .66 1.66

Average weight of one pellet (mg) 0.2 0.2 L/D of pellet 2.4 2.4 _
Occur?gﬁce%f%ﬁgﬁg %ongﬁwlé one ﬁgﬁélgArﬁgﬁﬁ%de]rﬁéel(ba‘?ﬁ%l@ pellets,
Expafr&iohitémperdtlife @)e148.5148.5 Apparent density of expanded 51

570 beads (g/k) Calarificoratue af hightlloll demperaturelpeakof resin

expanded eads (Yg)-15:-28 MCILLPWHATL IR CLAIMER IS L A L 6 form

process for.preparing thermoplastic resin pellets, comprising the steps of:
5(a§e‘é¥<ﬁ88§19%r%% ot Athermopladtid fesif trosphere, “wherein the
extruder has a barrel diameter of I (cm), a die orifice

numpber n and a minimum distance between the peripheries of
10 adjacent two orifices of 0.6 to 5 mm and wherein the melt
is extruded through the die orifices at a rate of W
(kg/hour) while maintaining a discharge amount per one die
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
156 by the following formulas:
M= W/n
B = W/I%;
(b) immersing said strands in a bath containing
water and a surfactant to cool said strands;
20 (c) taking said cooled strands out of said bath; and
(d) cutting said taken-out strands into pellets,
wherein step (d) is performed so that the pellets obtained

have an average weight per one pellet of 1 mg or less.

25 2. A process as claimed in claim 1, wherein said
surfactant is present in an amount of 0.1 part by weight

or less per 100 parts by weight of the water.

3. A process as claimed in claim 1 or 2, wherein said

30 bath has a temperature of 60°C or below.

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

said surfactant is a nonionic surfactant.

35 5. A process as claimed in any preceding claim, wherein
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through a plurality of die orifices of an extruder to form strands

discharged into a gas atmosphere, wherein the extruder has a barrel
diameter of | (cm), a die orifice number n and a minimum distance MCSLLP
between the peripheries of 10 adjacent two orifices of 0.6 to 5 mm and
wherein the melt is extruded through the die orifices at a rate of W

(kg/hour) while maintaining a discharge amount per one die orifice M at

less than 0.5 kg/hr and a discharge balance B at 0.5 kg/(hrcm2) or

greater, veltererM aindBare-definedt 1&hyithesfolowingfespulas) Maxe then
Win, B WW/12; (bhimmetsing said strands jn ahath coptaining jwater and

a surfactant to cool said strands; 20 (c) taking said cooled strands out of

said bath; and (d) cutting said taken-out strands into pellets, wherein

step (d) is performed so that the pellets obtained have an average weight
joer one pellet of 1 mg or less. 25 2. A process as claimed in claim 1,

wherein said surfactant is present in an amount of 0.1 part by weight or

less per 100 parts by weight of the water. 3. A process as claimed in claim

1 or 2, wherein said 30 bath has a temperature of 60C or below. 4. A

process as claimed in any preceding claim, wherein said surfactant is a
nonionic surfactant, 35 5. A process as claimed in any preceding claim,
wherein -29 MICSLL the strands taken-out of said bath in step (c) are

then washed with an aqueous liquid before step (d). 5 -30
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