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AND | N- MOLD FOAMED ARTI CLES PREPARED THEREFROM TECHNI CAL FI ELD The present
.hnvention relates to flanme retardant polyolefin resin pre-ex

particles suitable for the production of thermal insulation Mmm“mmmm
cushi oni ng packaging nmaterials, returnabhe s delivery boxes, autguphile
bunper core, electrical and electronic parts and so on, particularly

el ectrical and electronic parts, and to in-nold foaned artic by
in-mold foanmi ng of the pre-expandedDE&CRIHHON 10 BACKGROUND‘W@Hl“mmﬂlwm
Pol ypropyl ene in-nmold foam ng products are superior in chem ca re5|stance
heat resistance, inpact resistance and distortion restoration raif®%fter
conpression as conpared to polystyrene in-nold foam ng products. Thus they
have been WHRIANMRURETARD ANShPOLYQLEBIN RESIN PREREXPANDEDr PARTIEDES
delivery boxes, autonobile parts such as bunper core, side inpact energy
absorber and fl gNDTN-MOBD, FOAMBD'ARTICLES) PRERAREDD PREREFROMUI ar

nol ded articles of polyolefin resins have the drawback of being flammbl e,
whil e they have 20 advantages as nentioned above. In particular, cellular

nol ded articles have a higher flammbility as conpared with non-cellul ar
nol ded articles and easily burn. TECHNICAL FIELD

The present invention relates to flame retardant polyolefin
resin pre-expanded particles suitable for the production of thermal
insulation materials, cushioning packaging materials, returnable

5 delivery boxes, automobile bumper core, electrical and electronic parts
and so on, particularly electrical and electronic parts, and to in-mold
foamed articles prepared by in-mold foaming of the pre-expanded

particles.

10 BACKGROUND ART
Polypropylene in-mold foaming products are superior in
chemical resistance, heat resistance, impact resistance and distortion
restoration rate after compression as compared to polystyrene in-mold
foaming products. Thus they have been widely used as cushioning
15 packaging materials, returnable delivery boxes, automobile parts such
as bumper core, side impact energy absorber and floor material, and
others.
In general, however, cellular molded articles of polyolefin
resins have the drawback of being flammable, while they have
20 advantages as mentioned above. In particular, cellular molded articles
have a higher flammability as compared with non-cellular molded

articles and easily burn.



- 2 1In recent years, autonobile parts, building materials, and el ectrical
and el ectronic parts are strongly demanded to have flanme resistance or self
.extingui shing property. In order to neet the denmand, investigation has been
made about production of cellular nolded articles 5 inparted with flame
resistance. As a nethod for inparting a fl ane resistance to foaned articles
(pol yolefin foamed articles prepared by an atnospheric pressure foam ng

nmet hod or a pressure foam ng nethod), there is known a nethod wherein a
resin is incorporatednwédent jtang detoandbile panad, dsailding maerias] arfd ame
retardant, a hal ogen-containing flame retardant or a phosphorus-based flane
retardant, middtricagaaied electrondompeamntuar: Istvsigliyhdenidied et conpaset flathe
tenperature of a thernmally deconposabl e bl owi ng agent and nolded into a
desi red shapesistahcasr skHetxtingdishingmprbgestyar tinchelerstoaxeandee deyndned} i ng
at a tenperature higher than the 15 nelting point (softening point) of the
resin and t linvelstigatims hisisdredremeateaboat pfodlietibh @ficetlud@eioldEdrareicded! e,
JP- A- 3- 269029 di scl oses production of flane retardant foaned articles

havi ng ezcelilmpartéd evitlbiflarhy rebaancesi st ance, nmechani cal property, heat
insul ation property and electric property 20 together with a high flane
resi stance by nol di nd\sa o Imethadtfar dianpastingna aftheec @epidsahcONtC AR NY
100 parts by weight of a polyolefin resin, 30 to 200 parts by wei ght of an
i nor gani ¢ f laatelasefpolylzlefinsfoaimed antglespreparydrioxadatnibspherid pregstise by
wei ght of a blow ng agent and at nost 10 parts by weight of a crosslinking
agent at a feamengtome¢hbdwer 2sprédmsurehfoantngpmeihod)) tleeqeeistknewel £ he
bl owi ng agent, and heating the resulting nolded article under pressure at a
t enper at ur e rhéetdioel wittearnint hereséhtis igcpoportatéd ofithna fameiretardntt echess n
and the - 3 deconposition tenperature of the blow ng agent to expand the
mol ded afti elreirmirganie fipans retardanitpa dfaloégdan tawrdainifigsilamePreAabd 281 3t G

di scl oses production of flane retardant foaned articles w thout problens of
gener at i on @hasphoiruls-based nfiamedirs taridands | meltekneatiedr asubj ¢emipeyatare

nol ding into sheets and crosslinking by neans of electron beam thermally
expandi ng atowgpthaniihe gedompesition tsmnpecatresof & shermmblyi décomposapkr t s
by weight of a polyolefin resin, 1 to 40 parts by weight of a thermally
deconposabl blowewg agenyemd nioldedsmtpa tlesirgdvahagpe svichaasshiegty and the

pol yphosphate and 10 0.5 to 5 parts by weight of zinc stearate. Further,
JP- A- 7- 2381 Teoldiedlcaninls ip eapasdesnby hedtingat et temaperatisarhigher thahethe

havi ng hi gh mechani cal strength and good appearance by, after subjecting to
nol di ng 1 nt énelisw Paind @p&t@ﬂlngkpﬂgitbyoﬁrégnsrmmel rthe seoempositioal | y
expanding a flanme retardant 15 expandabl e polyolefin resin conposition
conpri si ng lompsapture,gf e hiewsie agpt-yol efin resin, 5 to 200 parts by

wei ght of a pol ysil oxane compound, and a bl owi ng agent such as a thermally
deconposabl e bl owi ng Fgesrample, JPoded 269028 diselasay prashiction of flame

JP- A- 3- 269029, JP- A-5- 331&10 and JP-A-7-238178, 20 non-hal ogen f| ane
retardants AFEATGeEd foamed\aicles diaving: excedlent eyl nheak registance) es.
However, since foaned articles_are prepared by heating nolded articles
under at mos PREFHRNISAL RAARSTEY, hsaér INsdatigne PrEPEEYoAPESs El1ectdicc ATpRSEH o

bl ow ng agent or to volatilize_a volatjle blow ng ent tqQ thereby foamthe
mol ded 21| Epgether nuith ¢htighoSame arsistanen b itoldiw et Hasnt treftardagpt y to

Fused t oget REPABY AU EPRPAAE RS SRAT MG LG PRGCS Y PSR HAKGRER o
achi eve goo{lj'esrri%l,tS(fl gohaabolglarts by weight of an inorganic flame retardant such as
magnesium hydroxide, 0.1 to 15 parts by weight of a blowing agent and
at most 10 parts by weight of a crosslinking agent at a temperature lower
25 than the decomposition temperature of the blowing agent, and heating

the resulting molded article under pressure at a temperature higher

than the melting point (softening point) of the resin and the



- 4 of the pre-expanded particles and good surface appearance by these

nmet hods. Further, since a polyolefin is crosslinked, these nethods are

.di sadvant ageous fromthe viewpoints of cost and recycling. It is known that
additives incorporated into resins exert an 5 influence on the cell
structure of the obtained pre-expanded.particles. |If inorganic non-hal ogen
flame retardants are incorporated into preexpanded particles, a problem
such as formation of conbined cells or fine cells may arise, thus resulting
i n deteri or decommfsitiohdabmpetatueé dfidrepbRvexigaagent paekipanesthémabldedot her
hand, the follow ng nethods are known as a nethod for inparting a flane
resi st ance uotiplecatapaxethyiantraticesf dridte 2500l d foamed articl es prepared
therefrom For exanple, JP-A-4-363341 discloses a self-extinguishing foaned
article wherein pol ydlsd, JiPex3x86e8 10adiscioszs preddctied df dpahbeaetdidand a
thermal | y expandabl e graphite powder which serves as a flanme retardant are
present at fdemadheastioclesi mtithidutc probievasnof lgenexptinge df plaatmbhle gaisn adual
anount of 8 to 20 % by wei ght based on the weight of the foanmed article.

Thi s met hiod dismpiorason byt efict eubjecting vs nyolalihgin twshbéetsgaagh kird esljokithey
onto the surface of the expanded particles prior to 20 nolding the

particl es ibyameads blfieckeyrormkbeant, héhgrmphiyt expawmtingi rirer ssepeendablehe
interface between adjacent particles fused together. Therefore, not only

t he met hod ipslydeaphi caesied,cdmpositiom acqunpbiséng ad Dfe parkst by heedght efdlzesi on
of expanded particles deteriorates due to the presence of graphite powder
in the surf aotyaéfipresinpdntedQparts byswethtrof theherm&Hp-decdddp65able

di scloses an in-nold foanmed article prepared by wetting pol yol efi n expanded
particl es wbldwing ageahi® td BHupakts djoweighantfi ammyon imxpalgphodphaté amel
retardant such as a brom nated - 5 aromatic conpound together with a
filmfodbi n§.agerdi paots hy weight of einc stednage.and sintering (fusing together)
themin a conventional manner. It is disclosed that the anbunt of the flane
retardant is from 4 Fortbehy WRiAGT-2884¢@ odischesasot prodwmecijon off tflame

m xture.” WrKi n% exanmpl es 5 thereof show production of nolded articles
meeting a frefardeadi bamed atideohaving hphamedoagieal gtsengdearid gasd
retardant polyol efin expanded particles which contain a bis(alkyl

et her) t et r aBPPEBEAB R B AItETfSEhiectingdodmeldimglinge shests@ndgrosslinking

et her)tetrabronobi sphenol S flame to retardant and a flane retardant
syner gi st sbyhmeansmtafnelegton decamndhaneilbh expamdingl anflams tresardanton of
particles in nolding, secondary expandability and noldability as well as
flane r@5i sexpaadabi¢ polyalehiguesin agmuasidenoompvising d OSparsdy weighlof
show production of nolded articles having a flanme retardant content of 1.7
to 5 % by wef ght polplefinexesinsi ante a208 prrts b weighid odnaopphesilaxenss of

27 to 32. JP-A-10- 1§7661 di s¢cl oses flame retardant pol yolefin pre
compound, and a blowing agent such as a thermally decomposable

blowing agent or a liquefied gas blowing agent.
In JP-A-3-269029, JP-A-5-331310 and JP-A-7-238178,
20 non-halogen flame retardants are used to provide flame retardant
polyolefin foamed articles. However, since foamed articles are prepared
by heating molded articles under atmospheric pressure or under
pressure to decompose a decomposable blowing agent or to volatilize a
volatile blowing agent to thereby foam the molded articles, the methods
25 disclosed therein are difficult to apply to in-mold foaming wherein pre-
expanded particles are filled in a mold and are fused together by heating

with steam. That is to say, it is difficult to achieve good melt adhesion



expanded particles containing ethyl enebi spent abronodi phenyl or

et hyl enebi st et rabronopht hali m de as a flane retardant and anti nony oxi de as
.a flame retardant synergist. It is disclosed that the anmount of 20 the
flame retardant is from1l to 30 parts by weight per 100 parts by wei ght of
a polyolefin resin. Wrking exanpl es thegeaf denonstrate production of

nol ded articles neeting a flame resistance of UL94HF-2. JP-A-9-227711

di scl oses flanme retardant pol yol ef m expanded particles containing 1 to 20 %
by wei ght obf ahpeptereabpandedSpphtisieiabhndcgopdusufheyidgpenranoei bat dikse
aromatic group or a brom nated aliphatic group as a flame retardant.
However, hamgdodsontRunthey, inesea pelywoldfintis ccoshlinked, thése methods are
brom ne-containing flame retardants raise a problem of generating a harnful
gas such asdisdthtangegadad foam tdie viesvpoines of cbst andgrecitclipgesent, safety of
flame retardants attracts attention fromthe viewoint of environnental
problem and there i§t & kooenethat addigivkatiacbhporaged dhte arpuus dxerdiiaah

have a possibility of generating a harnful gas such as dioxin at the tine
of bur nimg. itfuerzanwl ehe dellustracgate wirtke sbiaihed pranegpahdbeé! pamidtes.many
regul ates the use of organic hal ogen 10 based fl ane retardants containing
chl ori ne or Ibinotgamic "riéRdelogbhcllant aotadzirbedrd inSymstaated ointbi pset he
use of organic chlorine-containing compounds and organi ¢ bronm ne-contai ni ng
conpounds wekpandsdeparticlep] asprablpar ssichaas rfgrmatimirgbf cexceiedichgeldlS ar
I ntended to use in electrical and el ectronic products. Thus, flane
r et ar dat i onfimestadla usyngrise, bhasiresultong anrdeatgrivSafibane meldaldity afrthtehe
| i ke has been desired. JP-A-11-315067 discl oses conpounds of the fornul a:
R NH ( CH2) 3pReexpiancidel pRrti¢les?) 3- NHR 20
10 On the other hand, the following methods are known as a
method for imparting a flame resistance to pre-expanded particles and
in-mold foamed articles prepared therefrom.
For example, JP-A-4-363341 discloses a self-extinguishing
foamed article wherein polyolefin expanded particles are fused together
15 and a thermally expandable graphite powder which serves as a flame
retardant are present at the adhesion interface between the expanded
particles in an amount of 8 to 20 % by weight based on the weight of the
foamed article. This method requires a step for previously adhering the
graphite powder onto the surface of the expanded particles prior to
20 molding the particles in a mold, thereby making the graphite powder
intervene at the interface between adjacent particles fused together.
Therefore, not only the method is complicated, but also a problem arises
that the melt adhesion of expanded particles deteriorates due to the
presence of graphite powder in the surface of pre-expanded particles.
25 Further, JP-A-6-192465 discloses an in-mold foamed article

prepared by wetting polyolefin expanded particles with an organic liquid,

adding antimony trioxide and a flame retardant such as a brominated



25 wherein R is a group of the formula: VN NCHCH \ ~~4 9 \NNN
OCH2CH2CH3 OCH2CH2CH3 which are useful as a stabilizer for organic
«materials such as pol yol efins. - 7 1t is disclosed that these
conpounds are also useful as a flane retardant for organic materials such
as pol yol efins. However, there is no disgl @sure concerning application of
t hese conpounds to polyolefin pre-expanded particles and in-nold foaned
articles made thereof. In 5 nold foamng is carried out by filling

pol yol ef i n premexitaoskesboraid tég@her withr® filmafslnieqt Apent bewhei pdrtidlesm or
the like to fuse themtogether, thereby giving polyolefin in-nold foanmed
articl es hamiging ates siredrsfpafesidgeogétire) thémmin dabohve¢ntiohapimeasxpanded
particles is poor, comrercial value of the products is remarkably | owered.
It is knownlt txatlisetlsked tiest floe antanpboéitiked flaxhe retdnd=retf isnfroas dno éRe¥st an
i nfluence on cell formation, e.g., shape and size of cells and conbi nation

of cells, abg WB@htrtmsachdﬁetmetcﬁal oredgh bof oihe imixtoke., NWakdingidgamplies
mechani cal property owing to formati on of conbined cells or fine cells,

gener ati ®n ¢hewof shoshpdodygcton dflrndrdamd:armdemhéetadg@sﬂams)fesiseﬁmqo@ﬁwded
particles. 15 JP—A—11-315067 does not disclose any information required for
t he appl i caUI®4HB-pol yol efi n pre-expanded particles and in-nold foaned
articles made thereof. It is an object of the present invention to provide
flame retardant pol ydPeAtT+3099%1 d tisclesesir t flahes whetalrdean beagbyelefined
wi th 20 good noldability and which do no generate harnful gas when burning.
A further obgkpahdedl pdrtigie® sdrithicorgain enbis¢alky] ptloer)tktrabaomobes pin eaok
pol yolefin in-nold foanmed articles having an excellent flane resistance and
physi cal pr dpBatrieesetandaat abidd ora bos(aiydmthegtetrdbdopuibispbénnl Snflanied
foamed articles w thout using hal ogen-containing 25 flane retardants.
Anot her 1@bj eetardant g acllame retacdanbsynsrgist puchi ale afitimenyetxiddaand
pol yol ef i n pre-expanded particles w thout using hal ogen
which have excellent melt adhesion of particles in molding, secondary
expandability and moldability as well as flame resistance (self-
extinguishing property). Working examples thereof show production of
molded articles having a flame retardant content of 1.7 to 5 % by weight,
15 an expansion ratio of 28 to 32 and an oxygen index of 27 to 32.
JP-A-10-147661 discloses flame retardant polyolefin pre-
expanded particles containing ethylenebispentabromodiphenyl or
ethylenebistetrabromophthalimide as a flame retardant and antimony
oxide as a flame retardant synergist. It is disclosed that the amount of
20 the flame retardant is from 1 to 30 parts by weight per 100 parts by
weight of a polyolefin resin. Working examples thereof demonstrate
production of molded articles meeting a flame resistance of ULO4HF-2.
JP-A-9-227711 discloses flame retardant polyolefin
expanded particles containing 1 to 20 % by weight of a pentavalent
25 phosphate compound having a brominated aromatic group or a

brominated aliphatic group as a flame retardant.

However, halogen-containing flame retardants such as



g containing flame retardants, which can be nolded in a nold with good
nmol dability to give in-npld foaned articles having excellent flane
resi stance and physical properties. These and other objects of the present
invention will becone 5 apparent fromthe description hereinafter.
DI SCLOSURE OF | NVENTION I n accordance w tsh the present invention, there is
provided a flanme retardant polyolefin pre-expanded particle nmade of a resin
1o conposition conprising a polyolefin resin and a sterically hindered

anmi ne et her YroaiiberedmtdaMmg fRiatefstbtdantheaiechl 9?(5H)Dérﬂi1ld"f H% @Ahga
ether flame retardant is a conpound of the formula (1): 2 CH2

CH2NR2 CH2 CHARB4H £4 SN a( hilog elrﬁtwe%@s ratthharldrri%Z olrsuiiing. t rABzi ne
moi ety T of the formula (2): N NRS RS ANNN 20 OR6 OR6 25 (2) 1n which

R5 is an al ipgresangugnfbayvonflaing eeth2daatd aptracedratdmdided fiicin thieRiEwihotio,
cycl ohexyl group or octyl group; and either one of R3 and
of environmental problem, and there is a movement to regulate the use
5 of compounds which have a possibility of generating a harmful gas such
as dioxin at the time of burning. For example, “blue angel mark”
which is an ecolabel in Germany regulates the use of organic halogen-
based flame retardants containing chlorine or bromine. “T'C095” which
is aﬁ écolabel in Sweden prohibits the use of organic chlorine-containing
10 compounds and organic bromine-containing compounds with respect to
plastic parts having a weight exceeding 25 g intended to use in electrical
and electronic products.
Thus, flame retardation system using no bromine-containing
flame retardant or the like has been desired.
15 JP-A-11-315067 discloses compounds of the formula:
R’NH-(CH,),-NR’-CH,CH,-NR’-(CH,),-NHR’

wherein R’ is a group of the formula:

N/N

20 C,Hg ~— )% J\ / CsHq
N

o}

OCH,CH,CH; OGCH,CH,CH,

N
25

which are useful as a stabilizer for organic materials such as polyolefins.



_ g _R4is the s-triazine noiety T represented by the formula (2) and the
other is hydrogen atom Preferably, the flame retardant polyolefin
«pre-expanded particle is such that it shows two fusion peaks on a DSC curve
when 5 neasured by differential scanning calorinetry and the heat of fusion
H of the peak appearing on the higher _tenperature side is froml1l.5to 25.0
J/g. The present invention also provides a flanme retardant innold foaned
article prepared by in-nold foam ng of the flame retardant 1o polyol efin

pr e- expandedt adiscbdsesl theatt thesedcahpvandAcreralso uiseful A¢ apfl @sentetardemt i on,
probl ens as encountered when using hal ogen-contai ning flame retardants,
e.g., gener dor oorganitoxategids dachotasarpagelefinsce dHowevdral ogere sisegid i C
sterically hindered am ne ether conpound is used as a flanme retardant for
pol yol ef i n désé¢lnsurd Scoviesrnipg oapplisatienent aibreser edmpramdsi teg polpolpdin c
non- hal ogen flame retardants, e.g., deterioration of in-nold noldability of
pr e- expandegrpaaxparidex] pairtiglasoahdrinetodd fohmeatrartieldscridde thiercofie be!l | s,
do not arise. A good flanme resistance can be inparted to in-nold foaned
articless wmald freenge pscedribg dut by rfglingepelypiefte prpastpan ded iparsicted d
foll owed 20 by heating with steamto nelt-adhere themtogether, wthout

i mpai ring t ime awrdld aditbheatingfthene waitpsbelat @atte liketodnge tthens todetber,
appearance of the foaned articles. Further, since the foanmed articles are
prepar ed by therelnt giving poiyplefinpnemeiq doated dpartidles baving aidesrsbshhpet 0
obtain foaned articles having a conplicated shape. 25 BRI EF DESCRI PTI ON OF
DRAW NGS Fi Jhetefareaibg®ldabilityobf praetpamdedaparecleseisnpbor,ngomamnetcial - 10
(Tm by using, as a polyolefin resin, 4.2 ng of particles of a

propyl eneet Nalusef the grodusps isy remankablylosweretiny & e knomtre thabadditives by
wei ght and a nelt index M of 6.0 g/ 10 mnutes; and Fig. 2 is a graph

i |1 ustra®i nineonparaded ontalpobratefin mgsine ekerlt as influemsiecon Qdllf formdtéomeak
appearing on the higher tenperature side in a DSC curve neasured with
respect to tlgmshaneaatshisizer of exlandad pambinhtionodf xefls| ygdghlegnmayesi n
prepared in Exanple 1 wherein a straight line Pis a tangential |ine drawn
from the pocatusghdeterionatinropy on-makd cueldalilitp rsd zereshpatiosk propertyow
tenperature side peak and to the high ter‘r?eratgre si de peak to the curve at
t he poi nt we®HEE! teefonmgatioanpe camhbinedi erllp ozkiiea dellsRESNavEDBNFOR COMARYI NG
QUT THE | NVENTI ON Pol yol efin resins have the advantages that they are
superior 15shading nﬁﬂéél hindragicen de , medlaradhesien apk eramrnrinded tparticles.
restoration rate after conpression as conpared to polystyrene, and are used
in the p?esdirArhishtIQh7 adoes Hiate disglese Aanyfinfaemetione reauidkes dar tthe es.
The polyolefin resins used in the present invention are honopol yners and
copol yners @PpPHsation o pelypleian @ﬁe,-eﬁp@méﬁébpyr@@esoa11c101m;bnb910\>//\éo@me,d 20
of an olefin nmopomer and 25 to 0 % by weight, preferably 20 to 0 % by

wei ght of O%EPPW&‘%GBBI ynmerizable with the olefin nmononmer. If the
content of the olefin nononer_|s less than 75 % by weight, the,
characteristics brouéﬁtlsf?BnPPJf’&toPéfthﬁ REFRSRY 1BVentHen tfprqiidetflgme

retained. retardant polyolefin in-mold foamed articles which can be prepared with
20 good moldability and which do no generate harmful gas when burning.
A further object of the present invention is to provide flame
retardant polyolefin in-mold foamed articles having an excellent flame
resistance and physical properties comparable to non-flame-retarded
polyolefin in-mold foamed articles without using halogen-containing
25 flame retardants.
Another object of the present invention is to provide flame

retardant polyolefin pre-expanded particles without using halogen-



25 Exanples of the olefin nononer are, for instance, a-olefins having 2 to
12 carbon atons, e.g., ethylene, propylene, butene-1, isobutene, pentene-3,
«3-net hyl but ene-1, hexene-1, 4-nethyl pentene-1, - 11

3, 4-di net hyl but ene-1, heptene-1, 3-nethyl hexene-1, octene-1 and decene- 1.
The ol efins may be used alone or in admigture thereof. Exanples of the

ot her nononers copol ynerizable with the ol efin nononer are, for instance, a
cyclic olefin such as cycl opentene, 5 norbornene or

1, 4,5, 8- di mebhf@ining flarc4rtSrdnts; edtiiehydan bwpidldatidnea mold with good

5- et hyl ene- 2- nor bornene, 5-ethyli dene-2-norbornene, a dine such as

1, 4- hexadi emgoldamilityt -tb, 4ivexiadhiild @samedetdiyiclds Gontiagi erecllent flamed i ke.
The ot her copol yneri zabl e nononers may be used al one or in adm xture
thereof . tor&sigeahes aatd phesieal pebpéities.esi ns prepared fromthe above

menti oned ol efin nononmer and ot her nonomers copol yneri zable therewith are,
for instance, pol yet THeseearidsither sbfdrtavfithghprsesit iyventipatwill Beeonredi um
density pol yethyl ene, | ow density pol yethylene and |linear |ow density

pol yet hyk enappaekiip frapyl thieed ¢simsons kdreasaftér. pr opyl ene honopol yner and

et hyl ene- propyl ene copol yner (e.g., copolynmer of 1 to 15 % by wei ght of
ethylene and 99 to 85 % by wei ght of propyl ene); copolyners of ethyl ene
and/ or propyl ene with other nononers such as propyl ene-butene copol yner,

et hyl ene- propyl enebut ene copdISELOSUREDY INVENTIPNI ene- di ene copol yner;
pol ybut ene; 20 pol ypentene; and the like. O these, |ow density

pol yet hyl ene, |inear IThawodedanty wich thehyleseat invérytiengtiperepis prvideddom
copol ymer having an ethylene content of 1 to 15 % by wei ght and a propyl ene
content of $Brmhe 8&ta¥dantwpolydlefind peehsppredqut opatticie- bnadae of opolrgamy are
preferred fromthe viewpoint that pre-expanded particles having a 25

uni f or miol osepesitiost commpirising @ gadyolgfiobrasime dndien-stevisallynkéadered

pol yolefin resins are preferred fromthe viewpoints of cost, recycle use
and si npl i f iamatrieoethefr fameastasdaps. - 12 The polyolefin resins nmay be
used alone or in adm xture thereof. It is preferable that the polyolefin
resins have a nelt i Mteferaily, ofthd. stergcaly ghindemdurssineespdudmal flane 3 to
40 g/ 10 minutes. If the 5 M of the polyolefin resins is less than 0.1 g/
10 mi nut es, reterdantiidia gonfpaured oéshadommuladli:ii ne of foanming is poor and
the foamng is difficult. If the M is nore than 50 g/ 10 mnutes, it is
difficult to achiRINHEH, @Hz&BdﬁBf@Hz%izN&aﬁHm@mHgﬂszhilﬂ“l ty i(%)
excessively high and, al SO, t he preexpanded particles tend to easily shrink
after fdam mghereinieand Roaes an s-sxipsnenmpiew Tsddhefosanyan@di on with

ot her

N/ ‘N
R® N )\ R®
\N N N/
20
N N
ORS® ORS

25
in which R® is an alkyl group having 1 to 12 carbon atoms and R°® is

methyl group, cyclohexyl group or octyl group; and either one of R® and




t her nopl astic resins capable of being used mi xing with the polyolefin
resins, e. g., polystyrene and iononer, as occasion denmands, within the
.range that the characteristics of the polyolefin resins are not |ost.
Preferabl e exanples of the sterically hindered am ne ether 15 flane
retardant are, for instance, conpounds_.ofg tthe fornmula (1): R NHCH2 CH2
CH2NR2CH2CH2NR3CH2 CH2 CH2NHR4 ( 1 ) wherein R and R2 are an s-triazine
noiety T of the formula (2): 20 N NR5SE RS \NNN (2) 25 OR6 OR6 - 13
i n whi ch RSR'sisaheal-kihzigleaupidt§Vi hgprede tdd byayHeoforaiwlas(23 weld ase Betidy |
group, ethyl group, propyl group, butyl group, n-pentyl group, n-hexyl
group, n-heps Hydsogem atoany! group, decyl group, undecyl group, dodecyl
group, isopropyl group, isobutyl group, sec-butyl group, tert 5 butyl
group, 2-ethylbutyl @refeFablysoptet Mlaeouptarktdyat ydlpei preekpanded

1, 3-di met hyl butyl group, 1-nethyl hexyl group, isoheptyl group,

1,1, 3, 3-t et paichy ipenichl tigioitpshdwetwy Ifusidec pealisosd 20DSC curve when
1,1, 3, 3,5, 5-hexanet hyl hexyl group, and R6 is nethyl group, cyclohexyl group
or octyl 59r engaswred by differeartealaicaihiagdadfrinsetihanst the heanef fmsiohyQHd T
represented by the fornmula (2) and the other is hydrogen atom The
sterically lbftHerpedkeappeaghpen thahighat timpetauraside isifemna .6ne 25.0 n

adm xture thereof. Exanples of the s-triazine noiety T represented by the
formula (2) Jdge, for instance, 2,4-bis[(1-nethoxy-2,2,6,615
t et ramet hyl pi peri di ne-4-yl)n-butylam no]-s-triazine, 2,4-bis[( 1
cycl ohexyl oxy- 2, 2, 6, @Heetprasethyhpemdondalye- dryvidesbat fiaam retarglaritamne,
2, 4-bi s[(1l-octyl oxy-2, 2,6, 6-tetranet hyl pi peri di ne-4-yl)nbutylam no]-s-triaz
i ne, and t hentidkiparhsdmptiete ptepdredsbyinaalbld ftamdeg ed thrifiremetdetarddmtre 20
retardant ( 1) are, for instance, NN ,N''-tris{2,4-bis[( 1-cyclohexyl oxy
2, 2, 6, 610 et paipilfiihppmeekpanded -pdrtivlérinydraioned abowvei azi ne- 6-yl } - 3, 3' et hyl
enedi i m nopropylamne, N,N ,N'-tris{2,4-bis[( 1-cyclohexyl oxy
According to the present invention, problems as encountered
when using halogen-containing flame retardants, e.g., generation of
toxic gas, do not arise, since a non-halogen specific sterically hindered
amine ether compound is used as a flame retardant for polyolefin resins.

15 Also, problems as encountered when using inorganic non-halogen flame
retardants, e.g., deterioration of in-mold moldability of pre-expanded
particles owing to formation of combined cells or fine cells, do not arise.

A good flame resistance can be imparted to in-mold foamed articles,
which are prepared by filling pre-expanded particles in a mold followed

20 by heating with steam to melt-adhere them together, without impairing
the melt adhesion of pre-expanded particles and the surface appearance
of the foamed articles. Further, since the foamed articles are prepared
by in-mold foaming of pre-expanded particles, it is possible to obtain
foamed articles having a complicated shape.

25

BRIEF DESCRIPTION OF DRAWINGS

Fig. 1 is a DSC curve obtained to measure the melting point



2,2,6,6-tetramet hyl pi peri di ne-4-y| ) n-butyl am no] -s-triazine-6-yl}-3, 3 ethyl
enedi i m nodi propyl am ne, N N ,N'"-tris{2,4-bis[(1-octyloxy-2,2,6,6 25

-t etranet hyl pi peridine-4-yl)n- butyI am nol-s-triazine-6-yl}-3,3 -ethyl enedii m
i nodi propylamne, NN ,N'-tris{2,4-bis[( 1-octyl oxy-2,

2, 6, 6t etranet hyl pi peri d| ne-4-yl)n-butyl apg no] -s-triazine-6-yl}-3,3 -ethylen
e - 14 5 diimnopropylamne, N, N ,N'-tris{2,4-bis[( 1-nmethoxy-2,2,6,6

t et ramet hyl pi peri di ne-4-yl)n-butyl am no]-s-triazine-6-yl}-3,3 -ethyl ene

di i m nopr opyTayitneusthgy as W' polyiotdfzn 4ebirg[4.21lmpdbhpaytiéled 6f & propylene-

t et ramet hyl pi peri di ne-4-yl)n-butyl am no]-s-triazine-6-yl}-3,3 -ethyl ene

di i m nopr opthyiene, randoiheopokgmerfhigawing anakthylehsdeseteramofie2 &t berbyf | ame
retardants nay be used alone or in adm xture thereof. The sterically

hi nder ed amwedght bewd 4 lmek indearManf 6.6 g/d@dniliautds;2And5 in an anmount of 1
to 20 parts by weight, preferably 2 to 10 parts by weight, per 100 parts by
wei ght of the pol yol #ign2 ieaigraplf ilhistrating af methb i efidesemmiwirgy theheat

|l ess than 1 part by weight, a sufficient flane resistance is hard to be

obt ai neds | fof fheicanQihfor therpeaktdppeaiing ant thakighsrotempélstureldidetinred to
becone fine and, therefore, not only the cost increases, but also the

i n-nol d ol @BCI ctiyve enpasuedd ywithr respectp pe aflamee retamlhrito pdetetpaorddce.
The conposition conprising the polyolefin resin and the sterically hindered
am ne et her pgdréickes ef aa dqeolypreyylenect hesincpnépareda ifii Ekampsled 1otierein a
additives, e.g., stabilizer, lubricant, colorant, ultraviolet absorber,

anti static agemighbtticheaP fis amangdreiiali e as-aivst froim shehpaintamhermotlye slopke, as
occasi on demands. The pre-expanded particles of the present invention can
be prepar ed of rthe ¢lmevepbégmneti zerpelse twasonplos ilowotera petatiure ngjdehpeakt ericcal | y
hi ndered am ne ether flanme retardant in a known manner. For exanple, the

pr e- expandedhparighdieasperatupe spde pdabytontie clureadt tige paiot ydieaki the bign
with the flame retardant and optionally additives, formng the resulting

m xture to rtegiperptutd sidespeakenelgnati ng the resin particles with a

vol atil e bl owi ng agent in an aqueous dispersion nediumw th stirring under
hi gh tenperature and hi gh pressure conditions, and i - 15

BEST MODE FOR CARRYING OUT THE INVENTION

Polyolefin resins have the advantages that they are superior

15 in chemical resistance, heat resistance and distortion restoration rate

after compression as compared to polystyrene, and are used in the

present invention as a base material of the pre-expanded particles. The

polyolefin resins used in the present invention are homopolymers and

copolymers of 75 to 100 % by weight, preferably 80 to 100 % by weight,

20 of an olefin monomer and 25 to 0 % by weight, preferably 20 to 0 % by

weight of other monomers copolymerizable with the olefin monomer. If

the content of the olefin monomer is less than 75 % by weight, the

characteristics brought from the olefin monomer are not sufficiently
retained.

25 Examples of the olefin monomer are, for instance, a-olefins

having 2 to 12 carbon atoms, e.g., ethylene, propylene, butene-1,

isobutene, pentene-3, 3-methylbutene-1, hexene-1, 4-methylpentene-1,




rel easi ng the aqueous di spersion into a | ow pressure zone to thereby expand
the particles. The bulk density of the produced pre-expanded particles is
susual ly fromabout 0.01 to about 0.3 g/ cnB, especially about 0.015 to
about 0.18 g/cnB, though it varies depending on the presence 5 or absence
of afiller used optionally and the densijiy.of the resin used. The
expansion ratio of the pre-expanded particles is usually from3 to 90,
especially about 5 to about 60. It is preferable that the proportion of

cl osed cel | 3,4+difethyliouteipandetepachecl es3-metintihbreseiarodibngsl and
especially not less than 80 % It is also preferable that the average cell
10 di aret er deseheoln S5Oht ®18£fiAdnay e ased cilahe YrifCadmiBfifre-thorebf. t he

cl osed cell proportion is less than 65 % not only the nolded articles
prepared fromthe pr@&expphdedf phet ottleesnmarommasy copodyrhienizabbeitwishsthd her e
is a tendency that the nelt adhesion property is |owered since the

expansi on plodsfirraohommen die)dforr Snsodnself 4 iayictivt olefich, satkms cthelopmmtanance
of the 15 nolded articles is inpaired and the cushioning property is

| oner ed. 51 f ridrboanenage celrl di ah@t8/8-démlethaot h@p3 304 a,8n8ai,6-dctatytitocul t
to provide the nolded articles with a sufficient strength, and if the

aver age cel nhaplaitwiere, S-metleylehar-hdboriene, Shetlslideaee2piofisotnens, & he
nol ded articles tends to lower. 20 It is further preferable that, in

addi ti on todidwee chaclacderl, dthesadisnspnhetingdd] gbheradidre pre7empahgkd ,6-
particles of the present invention show two fusion peaks on a DSC curve
when measur edtédietief faercetheé dikes c dfine ogherlcopblyherizé BECin@nsimens rhagtbef
fusion QH of the peak appearing on the higher tenperature side is from1.5
to 25.0 J/ gusksd alo2®e oesubtdnuixthee therdofio fusi on peak tenperatures, the
pre-expanded particles can be nol ded wi thout crosslinking the polyolefin
resin. 0 the heat ofEXarsptes QAthe palysldafiramesint prepanedde fudimeths abate-
shri nkage of - 16 nolded articles becones |arge and al so the nechani cal
properti es ahentibded alefinl enonavterasandmethesi moremengt kopolymeneable | f
the heat of fusion is nore than 25.0 J/ g, the surface property of nolded
articles is therewitbr aredfamihstaacenmelyethylene reginsissieh asahigh density
deteriorated to 5 result in lowering of nechanical properties. In

parti cul ar, polyethydent, mediyim @gensity apelyethyleasi dows dgnsiflyy pobfathylens n,
it is preferable that the heat of fusion QHis from1l.5 to 25 J/g,

especi al | y Bl tlingar, dow glensite ralpethydeny; @ypoopyene) rgsins such as
Environnent-friendly in-nold foamed articles which have an 10 excel | ent
flane rd8i strapprlent) domepolysresr agndt osthylgas-propyirne | #OPOLYBEF ni (B can
be obtai ned by nol di gg pre- ex/panded_ particles that the base resin.

(pol yol ef i n oPelyneE @htlainsdS Yoy weighdrafethylens and I ta st % by avqight of

hi ndered am ne ether flanme retardant and the heat of fusion of the

hi gh- t enper ATQP¥leNge FORPHMESaKO < theme. 8 oys propyiene switk ofthee
retardant polyol efin pre-expanded particles of the present inventiqn has
two fusion peaRoMSHSePHEDs a8 H%ﬂ?@@’m%teﬁgccﬁﬁpgéﬁﬁr’hﬁt}bﬁlﬁpﬁﬂ%y ene-
limtation is required for the relationship between these two fusi on peak
t enper at ur ePUtEBRSAROLYMET| aNG FERFEREIRIAAYAERE 1HERE CPPPEADETT RODVSIERS: ur e

part | ol 88 ailERenioa el MogbiRer QB Tredouy B PADE P IPIE rBngar
Struct ire. ofoMReBHEE RS RYIG NG e I SRP PoIRnG el ROPOTERRE Ngrine
bet veon { vo ATLETIACES PBIRNE Bibap A L6 Y HER BB LR GEOPY e GRS | o
Egg%ﬁ? \e/g gﬂogrsg g%erb}; e\%ﬁgfrh%t ‘Ynd Sét %flegg—epr%vﬁ?rléﬁjes-ib%@egg a‘égpggprgg;i Qfe 0N 2
preferred from the viewpoint that pre-expanded particles having a
25 uniform closed cell structure are easily obtained.

Non-crosslinked polyolefin resins are preferred from the

viewpoints of cost, recycle use and simplification of process steps.



- 17 expanded particles are produced by a change of crystal state of the
base resin that occurs when, upon expansion of resin particles, the base
.fesinis heated to a tenperature in the vicinity of the nelting point of
the resin and then quenched. As a result are obtained pre-expanded
particles 5 having two fusion peak tenpefatures. Although the heat of
fusion QH for the high-tenperature-side peak of the pre-expanded particles
vari es depending on the nol ecul ar structure of resin and the anmount of
additives, the heat Ghef polyslefth gesiasahiay drcnseglealond horr dn sadmikhere
expansi on tenperature. Pre 1o expanded particles having a heat of fusion (H
of 1.5 to 2%hérebfg can be easily obtained by the above-nentioned net hod of
the preparation of pre-expanded particles if the heating tenperature for
the pre-expansion isiséd prefdrablé hRat ahgepolyoléfinresins? hpGet @ rhélH{ex
wherein Tmis the nelting point (C) of the particles of a base resin (i.e.,
pol yol ef i n (M18) 6) 0. 11f> F0gy/NEBABNUNMY, dspecixDA0SE on 406/KD atitnttess $fthe
within the above range is that it is possible to suitably select an optinum
expansi on t dipef theipelysiefincrsitanie lodd thahd. ki gl @mimites| ehe fluiestynof t he
anount of bl ow ng agent used and the desired expansion ratio of

pr e- expandethpaesing as th@@ime pfdoarangds poopand thetfbardingnis diéfientantf

pol yol ef i n preexpanded particles of the present invention will be expl ai ned
bel ow. The phéydl dé§imoreshan SOuglhlImipubtessisdad diffioult eachezeparhighul at e
shape so as to nmake it easier to use in pre-expansion, for exanple, by

mel ting i n expandén ratiessiace tBenfbuidityriercessivelyl high and?alsedtHeopreng
into particles having a desired shape, such as colunm, prol ate spheroid,
sphere, cubexpandedtpangidles tpadabl exlsilyi glerinkaaftehfoamgngn average particle
size of 0.1 to 10 nm preferably 0.7 to 5 mm A - 18 flanme retardant and
optionaliby used addi (Theepolyodefan dedinsomtayebeniseshin esinbinatiomewstieptioér
preparing the resin particles. The process for preparing the flane

ret ardant pehgoneplastic eesppndepaple of dedngofsechanpringewithi tve malyalafin not
particularly limted, 5 and known processes are applicable. For exanple,

t he pre- expansies, ;mgt,ipnlystyatcse m@gm@tﬂw asprasestn wiensandsnprithiasthe

di spersing the flame retardant polyolefin resin particles in an aqueous

di spersi on madgarthatthectidnactenistics ofl the padyelefin resinslarenotolosta

di spersi on, |npregnat|ngnyhe particles with a blown uy%gnt with stirring,
heating to the di spefysetarabici@xapnplesupt the stepicadlyr wech amgingn ether
tenperature, and releasing the dispersion into a | ow pressure zone to

t her eby 16xpdledne etargaritoanes foriastanes, @pmp@m@m the dgemalar(@): for
instance, a volatile blown n aliphatic h drocarbon such as
propane, but ane, E@‘%@Mza‘ﬁgg Cﬂgxﬂﬁé:Hn b‘t%ﬁ‘é‘lz &ﬁh %Hzl?;{ Rycli é1)
hydrocarbon such as cycl obut an | opent ane or cycl ohexane; an inorganic
gas such as Waeussn Rij ardde’ arg ﬁﬂ@gg‘ﬂaé’é? Broigtyt T afdbsrforanydai @ 1 i ke. These
bl ow ng agents may be used alone or in adni xt ur e thereof The anmount of the

bl owi ng agent is not particularly limted, and is suitably selected 20
according to a desired degree of expahsion of the pre-expanded particles to
be produced. In case of the aliphati r alicyclic hydrocarbon bl ow ng
agent, the blow ng agent is generpl used in an amount of 5 to 50 parts by

wei ght p&r 100 parts by wei ght of |[the fI me retardant polyolefin resin
particles. 25 In the pre gratlon f an agueous di Qer3|on of polyolefin
particles, a dispersing um/t,e’r iary phosphate, basic
magnesi um car bonat e or cal ci urN car borhite mayNoe used. A snal |

=z
=
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&
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A
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- 19 anount of a surfactant such as sodi um dodecyl benzenesul fonate, sodi um
n- paraf fi nsul fonate or sodi um a-ol efi nsul fonate nay al so be used as a

.di spersing aid. These may be used al one or in adm xture thereof. The
amounts of such dispersing agent and surfactant vary 5 depending on the

ki nds thereof and the kind and anmount of 4 he polyolefin particles used.
Usual Iy the anmpbunt of dispersing agent is from0.2 to 3 parts by wei ght per
100 parts by weight of water, and the amount of surfactant is fromO0.001 to
0.1 part byimewhidh [T isl@h pikflsgiyupehgingol watler catibod hetothamdletay dant
pol yolefin particles to be dispersed into an aqueous di spersion nmedi um such
as water i sngethyl gdrioyipysettiyl grenpampropyl grodp, butyD@reap; si-bgntgl ghouper
100 parts by weight of water in order to achieve good dispersion into

wat er . Usuahl-hexylegifdugmm-heipayHgrdump,ohyeyledioumatdoyt kesupl antfecyhgragpced
into a pressure vessel with water and a bl owi ng agent to form an aqueous

di sper si on dbdebel gastipg lisspropyd grﬁmrgqsabadyMigfdsuﬁheeblmﬂymgmg@)tteat— an
el evated tenperature, e.g., a tenperature higher than the softening point
of the pelybuafl grows) 2-athgtbutihgrduppéscpeartybgrolip, panethypentohiroumpng a
bl owi ng agent is then heated under pressure 20 to an expansi on tenperature
in the presdyBainsthylbutyid ghoerp,r el aaseldylivesyl t rgoupssedbohsptylangroup,

at nrosphere of | ower pressure through an orifice having openings wth a

di anet er of 121 3934ietramethdpenyylex pgrdupg t he-metlydiueideayt esigrongs t i adres to
give the flane retardant pol yol efin preexpanded particles of the present

i nvention. Thk a2 6shexaéthelihexyhignoapy aniceR® de masthylggmmup,heydohexpf
flame retardant polyolefin particles used and a desired val ue of the heat
of fusion Qerédop darhectiyl ghoupnaedatither enelef Risindh Ridakthefs-tHazieanmiety
retardant pol yolefin - 20 pre-expanded particles to be produced, so it
cannot be ddteapresedtachbyndiet foomahlay (2)/enddhedthieo\is, hydrogear atdrh. t Athe
mel ting point (fusion peak tenperature) of the flanme retardant polyolefin
particl es ustetieallyrbisdersd aminsether flaf®) retandantmtriazgbe ersedralbmesorfior t he
pre y expansion is selected wthin the range of about (Tm 25) to about
(Tm+10) C. | Admixterpsheresd. t enperature is within the above range,
pre-expanded particles having two fusion peak tenperatures neasured by DCS
met hod and a heat of BxgnplesQafotha . s-triazase ompigtywiTt trepeepemted doyt hhe

hi gh-tenperature_side peak can be easily obtained. to The expansion
pressure isfeanulia ed (@) i menely alozor dinsfaneet he Dftebis](lbocthozndibn.6-at i o,
and is generally fromO0.78 to 4.90 MPa. There is no particular limtation
in the pbessefirametbyipipgsisineshyllanbuielaseingantriazinged so | ond,%abisl{lcan
wi thstand the pressures and tenperatures noted above. Representative vessel
i s an aut oc CYGONEXYIgHE2p¢ Ss8uietrarasthaylpipsrading o) Bbutylaminol-samed
articles fromthe pre-expanded particles of the present _invention is
carried out g yanpl e2:4 1%[&@%1%@'%&90ﬁ,@'tﬁa'émeﬁmlmedldl@&nﬁﬁé)%t hod
as di scl oseg) in JPB-51-22951 and gP— B-6-59694, by filling the pre-expanded
particles | RWHlamglstHgaEe atd faedkel osed but incapabl e of being

fuse t hom t oget her . ERAIBIes: ) dBE SRGHOMDY ABindeTac | Sube Lether (Aemfol o.
e R0 IO (PL100 . L L SoRLel SLR ot B o NS B hghee i (T
conpr essed 28 BORGAUBEHPLRTITIe-F0 VPGPSR K STRAABE B UAsk: t he
desired gase%ﬁse%léa‘ﬁn?%%p?gpiy n%{rgee,d _N,ZIQI’,N”-tris{2,4—bis[(l—cyclohexyloxy-
2,2,6,6-tetramethylpiperidine-4-yl)n-butylamino]-s-triazine-6-yl}-3,3’-
ethylenediiminodipropylamine, N,N’,N’’-tris{2,4-bis[(1-octyloxy-2,2,6,6-
25  tetramethylpiperidine-4-yljn-butylamino]-s-triazine-6-yl}-3,3’-ethylene-
diiminodipropylamine, N,N’,N”-tris{2,4-bis[(1-octyloxy-2,2,6,6-

tetramethylpiperidine-4-yl)n-butylamino]-s-triazine-6-yl}-3,3’-ethylene-



5 to the pre-expanded particles by holding the pre-expanded particles under
pressure of an inorganic gas. Exanples of the inorganic gas are, for
.instance, air, nitrogen, helium neon, argon or carbon dioxide gas. These
gases may be used alone or in adm xture thereof. O these, air and nitrogen
gas are preferable fromthe viewpoint of yersatility. In the latter case,
the pre-expanded particles are conpressed to 15 at a conpression rate of 10
% or nore by a pressurized gas and filled in a nold in that state. The
conpr essi on dishihairopyamige expanded PN’ INP-asisiB,4abid| uenetbloxdyne D, bY6-
dividing a weight of tlanme retardant polyol efin pre-expanded particles when
filled undeteaampsiiyépiperittines4uyd)r-budyhizhihd]ts-trieRirh-6gylies; Bl-aeh e na-

wei ght of the preexpanded particles when filled in the conpressed state in
the nold, addimhihomppyienine, by the foN|[NVNNgrie@iatbiyi(1-GesiioxssR@elet e =
~ 1 Weight of pre-expanded particles when filled under atnospheric pressure
Wi ght of i tetraxpaihgdgipeeidinel #s/hbutildrhitb|re-tHiaziimpr @36 -stiaylens- 100
After filling the pre-expanded particles in a nold in a nmanner 20 as

ment i onesl akidireindprepylaméneaandd dhedike.cl The aterituigthincgeed ermirye Belaért ng
W th steam of about 0.06 to about 0.42 MPa to give a desired in-nold foaned

article. Thélamesetdidainsdnap-bwluded cdord carin adesxthaectireef.l ent 25 fl ane
resi stance, surface appearance, cushioning property and mechani cal

properties such as i fMecstericadhghindertd hheinef ether famebeetandaabliy wseed i n
various fields, particularly in a field which requires a flame resistance

or a self-exiaguimbung ¢ff bper 29, party. by aveiginpipreferablys 2 te K2 pains by
buil ding materials. The DSC method used in the present invention is
expl ai ned befeight,Ther h@Qpartsbyi weightdthepolyblefimnrexidi ndf thelaficuensf al 5
scanni ng cal orineter such as nodel DSC-7 made by Perkin-El nmer. The
measur enent thé flémmeme¢tardgnpaisntessf tisammnl geatt) bifnvéightofa tsdfibiese flamien of
the flanme retardant polyol efin pre-expanded particles is carried out by
usi ng a dif fresistaned is bamditogbe abbaineet erlf #lhe menoinhes naboey thant3) pastapl e
of 1 to 10 ng of a polyolefin resin under conditions that the
by weight, the cells tend to become fine and, therefore, not only the cost
increases, but also the in-mold moldability, especially surface
appearance, tend to deteriorate.

15 The composition comprising the polyolefin resin and the
sterically hindered amine ether flame retardant may further contain a
filler and other additives, e.g., stabilizer, lubricant, colorant, ultraviolet
absorber, antistatic agent and a flame retarding assistant such as
antimony oxide, as occasion demands.

20 The pre-expanded particles of the present invention can be
prepared from the polyolefin resin composition containing the sterically
hindered amine ether flame retardant in a known manner. For example,
the pre-expanded particles are prepared by melt-kneading a polyolefin
resin with the flame retardant and optionally additives, forming the

25 resulting mixture to resin particles, impregnating the resin particles

with a volatile blowing agent in an aqueous dispersion medium with

stirring under high temperature and high pressure conditions, and



1o tenperature is elevated to 210C at a tenperature el evation speed of
10C/ m nute, then dropped to 40C at a tenperature droppi ng speed of

:10C/ m nute and el evated again to 210C at a tenperature el evation speed of
10C/ m nute. The tenperature at a peak appearing in the thus obtai ned DSC
curve denotes the nelting point Tm 15.Fig..1 shows an exanple of a result
of nmeasurenent of nelting point (Tm of particles of a polyolefin resin
wherei n an et hyl ene-propyl ene random copol ynmer havi ng an et hyl ene cont ent

of 2.5 % by releiaghig itheusqueass tdiepprdignl itbnarlesi preddereneaheotio thsiehy OH
of flame retardant polyolefin pre 20 expanded particles is obtained froma
DSC curve meapaneddthyy palrtickis. ngHdbullergmisityuné the @bdkiced pré-expamnaied e

el evation speed of 10C mnute using a differential scanning calorineter as
ment i oned alpartichkudisausaally rovh aboirt 0.0 I atbonhe. pgeenpasgeciablgrdbahtes. A
tangential line (dotted line P shown in Fig. 2) for determ ning the heat of
25 fusion QO.085dvaaivorit On 8 lag cpoi, nthowlghr @ wartesstHepending ba thy pecsmomes 0
bet ween the | owtenperature side peak and the hi gh-tenperature side peak to
t he curve abridissepmiensf atfler tibed bipgyloriadiypeandt theedshditypsfathe resin2@sedénds.
In Fig. 2 is showm a fusion curve obtained by differential scanning

cal ori et ry Tofe gxparpsionyatiocofihe- prepaxpendpd partickss isrepaaliyl fromExeople 1
fromthe pol ypropylene resin particles indicated in Fig. 1 in order to
illustrate aspeciadly aboutds tw iabgputh@0 hedit inpréfesable hhtothe hproportion of

hi gh-t enperat ure-si de fusion peak. The present invention is nore

speci fi cal | glakesk rdebled imnthexpteaerpadndydmpantickefs éxanpt desanthannpar 86j ve
exanples, in which all parts are by weight unless otherwise noted. It is to
be under st oedpttiailyt het lessstivan 86\Vént iIbis aksonpreferablecdhatahehasmrageargll es.
lo Evaluation in the exanpl es and conparative exanpl es was nade by the

fol | owi ng melidumeter idefrompbOftosl,000GHNT kepeciadlyr Hi: b S@Osumaddf bge cbisegl a
differential scanning calorinmeter Mdel DSC-7 made by Perkin-Elnmer and 1 to
10 ng of 15cpBiprsipeirtionpiscless thawtedS Phy niot|aedy dheamodded ertialdsSprepancs was
obt ai ned by elevating the tenperature to 210C at a tenperature el evation
speed of 10&ramrtineeprencapandgdgparticles|dneecqsst taishinink, hut Rlsodbede dom fr om
the point where the slope of the DSC curve becane O between the )

| owt enper att@m@e@méh@teﬁke gt adberighprepedy ds lowersdisinms Yrmerxpansion
curve at the point where the high-tenperature side peak ended. The quantity
of heat was DsBSSuFfen fineldingeisanet saHbrissdcany, alro,cihresappearanee tafndent i al
line, and therefrom was obtained the quantity of heat per unit weight. Bulk
densi t y125 Teelded: articles igimupiped andh thelcispaening psopenty isilomereln af
cont ai ner having a volune of 10,000 cnB, and the weight (Wg) of the
particl es wibeavasags call siamater Miewsuthenr ofspmy it 5 alfélﬁﬁl)lt gﬁ pragide the 24
pre- expanded particles_was cal cul ated according to the, follow ng equatj on:
D=W 10, Owld&@e@d’&él%lwl%i ansidficient strength, and if the average cell

diameter is more than 1,000 um, the surface property of the molded
articles tends to lower.

20 It is further preferable that, in addition to the characteristics
as mentioned above, the pre-expanded particles of the present invention
show two fusion peaks on a DSC curve when measured by differential
scanning calorimetry (DSC) and the heat of fusion QH of the peak
appearing on the higher temperature side is from 1.5 to 25.0J/g. Asa

25 result of having two fusion peak temperatures, the pre-expanded
particles can be molded without crosslinking the polyolefin resin. If the

heat of fusion QH is less than 1.5 J/g, the dimensional shrinkage of



Thirty pre-expanded particles were randomy taken out of 5 prepared
pre- expanded particles. The dianeters of cells were neasured according to
«JI'S K 6402 and the average cell dianeter was cal cul ated therefrom Rate of
cl osed cells The volune of closed cells of a pre-expanded particle was 1o
measured by using an air conparison typejglensity neter Mdel 930 nmade by
Beckman. The apparent vol une of the pre-expanded particle was neasured by
an et hanol dipping nethod. The rate of closed cells is calculated by
di vi di ng t heneldesledrtielels betormesblargbeangpalsonthes eheciRanidal Abtasertiesnohg a
notch wwth a knife in the surface of a nolded article, the nolded article
was split amoigledharticlee safclt bs cohphednivoatringiht Are kel . arlifithleehedthe
broken surface was observed and the percentage of broken particles to the
whol e parti of dasimasishicrentdthn 260 Jdiy, the s faes prapertydfmgolded leticles
following criteria. Anelt 20 adhesion rate of at least 60 %is usually
sat i sf act or ys fduteriokaied anid thesntémal Rerit ediwgéomnfisbalsbedepatidtatedstd s at
| east 80 ~: Percentage of broken particles is 60 %to |less than 80 X :
Percent age etshitokebowarihgcbfsnechdrizal tprepebficsd nhnpamuldhy imlkcage @6 The
di rensions of a nolded article were neasured using a caliper, the shrinkage
per cent age naiagiavpolypropygleniel b silh mns poholefis reairslik a4 pdefeanbleettzdtudid on
was nade according to the following criteria. - 25 ~: Shrinkage
per cent age dfealtedfusttanQH s fishmi Inbape? pi/gerspgeiadly 3.04td 80L@ Y gt maores X :
Shri nkage percentage of not less than 5 5 The flane resistance was neasured
accordi ng t espeei@dlyh®:0 zwABaDd J/esti ng net hod and was eval uated according to
the following criteria. O Pass HF-1 0: Pass HF-2 1o X : Not pass HF-2 The
surface of a nol ded &Envicommead-friendlylin-wiodd foanheaharteclas vahrd haveradi ng
to the following criteria.

10 excellent flame resistance and do not generate toxic gas at the time of

burning can be obtained by molding pre-expanded particles that the
base resin (polyolefin resin) contains 1 to 20 parts by weight of a
sterically hindered amine ether flame retardant and the heat of fusion of
the high-temperature-side fusion peak is from 1.5 to 25.0 J/g.

15 The flame retardant polyolefin pre-expanded particles of the
present invention has two fusion peak temperatures measured by DSC
method. No particular limitation is required for the relationship
between these two fusion peak temperatures. However, it is preferable
that the difference in temperature between these two fusion peaks is

20 from 10 to 25°C, since the pre-expanded particles are easily fused
together when heated for molding in a mold. Although the two fusion
peak temperatures vary depending on molecular structure of the base
resin, thermal history of the resin, amount of blowing agent, expansion
temperature and expansion pressure, the difference between two fusion

25 peak temperatures becomes large if the expansion is conducted on a
higher temperature side.

The two fusion peaks appearing on a DSC curve of pre-



~: There is no irregularity in the surface and there is little gap between
"15 adjacent particles X : There is an irregularity in the surface, and gaps
«bet ween respective particles are very large. 20 One hundred parts of an

et hyl ene- propyl ene random copol yner (ethylene content 2.5 % by weight, M
6.0 g/ 10 mnutes) was mxed with a sterically hindered am ne ether flane
retardant (trade mark "CGE.116" made by C ba Specialty Chem cals) of the
formula (3): RNHCH2CH2CH2NRCH2CH2NHCH2CH2CH2NHR (3) 25 wherein R is a group
of the formekpanded-patficlés dbe Prodlced byt a @hdrigeHsf dtyiNtdl state edrtherbddeack
as a coloring agent in anmounts shown in Table 1. The resulting m xture was
kneaded by aesinnidiat coonew vebieén pdponaxpainwion dof resin pasticlepatlié bhss résini ng a
wei ght of 1.8 ng/ particle. The nelting point of the obtained resin

particl es washtdfedB @ aAetipdratare p ¢he wicnitysscthemme] tthggadt of the t€€inpart s
of the resin particles, 9.3 parts of isobutane and a di spersion nmedi um
(i.e., 300 pack shefi qutrmchehnt Asra wgs@ltOapaobsaifed praexparadid paaticiasm
tertiary phosphate and 0.05 part of sodium n-paraffinsul fonate). The

resul ti ng adevoug tdosisicn peakaterhpetaaires. an expansi on t enper at ure shown
in Table 1. The pressure inside the vessel was then adjusted to a

prescri bed expansi on Ajtlemsgin ¢heihicait of fasionaQ@dkfaf the Righ-terhpeda tvinze-bide

i ntroduci ng i sobutane to the vessel. A valve provided at a | ower part of

t he pressur peaksetthegs eeparad e hartieid e variest de pémdjintghenpthes suvleciuest de
the vessel at that pressure by introducing a nitrogen gas, the aqueous

di spersi on wasuateireaderesintand Hbheaammspiteof additives) thre dveiatt i afefysieneQbavi ng
openings of 4.0 nmdianmeter to give pre-expanded particles. The

pr e- expandegeperally | dscrwases ewatluatadding the expansion temperature. Pre-

10 expanded particles having a heat of fusion QH of 1.5 to 25.0 J/g can be
easily obtained by the above-mentioned method of the preparation of
pre-expanded particles if the heating temperature for the pre-expansion
is set within the range of from (Tm-25)°C to (Tm+10)°C wherein Tm is the
melting point (°C) of the particles of a base resin (i.e., polyolefin resin).

15 The reason why the expansion temperature is set within the above range
is that it is possible to suitably select an optimum expansion
temperature in accordance with the kind of polyolefin resin, the amount
of blowing agent used and the desired expansion ratio of pre-expanded
particles.

20 A process for preparing the flame retardant polyolefin pre-
expanded particles of the present invention will be explained below.

The polyolefin resin is usually processed into a desired
particulate shape so as to make it easier to use in pre-expansion, for
example, by melting in extruder, kneader, Banbury mixer or roll mill,

25 and forming into particles having a desired shape, such as column,

prolate spheroid, sphere, cube or rectangular parallelopiped, and having

an average particle size of 0.1 to 10 mm, preferably 0.7 to S mm. A



- 27 The pre-expanded particles were placed in a pressure vessel and
“conpressed by air pressure, and the conpressed particles were filled in a
<ol d having a size of 450 x 300 x 60 mm at a conpression rate of at |east
10 % The particles were then heated for 10 seconds with 5 steamof 0.24 to
0.40 MPa to fuse themtogether. The obtaiged in-nold foaned article was
eval uated. The results are shown in Table 1. ., , . Table 1 Additive
(part) Expan- Pre-expanded particles In-nold foamed article CE carbon sion

Heat of Bul KlaGiet Irefakzent ded-opthdhally need &lditvesuataerldetbtdlthekmiokisn
fusion density dia- cell sity adhe- sional resis- appeaH neter rate sion

shrin- tanceesimirethegeert 6f pHpatipkcti) fdmgaiticiés.nB) Ex.
120. 3146. 515. 00. 03328698. 80. 040000CEX. 220. 3146. 715. 00. 04029298. 40. 048D0O0O~CE

x. 320. 3146. 117. 00. 05 T2E58F &R s PREPEKE? thSflATn s t6td afi FRAFOR{RDpBF-7 0000
~, Ex. S50. 3146. 116. 70. 03227098. 60. 03800~CEx. 6100. 3146. 19. 50. 02325498. 20. 0270
OOCEx. 7100. 8%péntled. paArti16226%Mh el PrOSehtGaREntRRD i8 Hot. PArtcLIdIR2%68Re@D. 044
00XQOOEx. 920. 3142. 525. 90. 03823098. 40. 046XCOEX.

10250. 3186. Ah8l RHobAb 13b8Esstd AbSXppiXatien Bof.eXalvdple the Pre-edpamidd 98. 6
0.045 QO Ox OT__ 7 - 29 | NDUSTRI AL APPLI CABI LI TY The fl ane retardant
pol yol ef i n pasticlgy erexmanhietdodyt acpescess which comprises dispersing the
flame retardant polyolefin resin particles in an aqueous dispersion
medium, typically water, in a pressure vessel to form a dispersion,
impregnating the particles with a blowing agent with stirring, heating
10 the dispersion under pressure to a prescribed expansion temperature,
and releasing the dispersion into a low pressure zone to thereby expand
the particles.
Examples of the blowing agent are, for instance, a volatile
blowing agent, e.g., an aliphatic hydrocarbon such as propane, butane,
15 pentane, hexane or heptane, and an alicyclic hydrocarbon such as
cyclobutane, cyclopentane or cyclohexane; an inorganic gas such as
carbon dioxide, nitrogen gas or air; water; and the like. These blowing
agents may be used alone or in admixture thereof. The amount of the
blowing agent is not particularly limited, and is suitably selected
20 according to a desired degree of expansion of the pre-expanded particles
to be produced. In case of the aliphatic or alicyclic hydrocarbon
blowing agent, the blowing agent is generally used in an amount of 5 to
50 parts by weight per 100 parts by weight of the flame retardant
polyolefin resin particles.
25 In the preparation of an aqueous dispersion of polyolefin

particles, a dispersing agent such as calcium tertiary phosphate, basic

magnesium carbonate or calcium carbonate may be used. A small



_of the present invention have no probl em encountered when using

“hal ogen-containing flame retardants, e.g., generation of toxic gas during 5
-burning, since the flame retardant included therein is a non-hal ogen fl ane
retardant. Al so, deterioration of in-nold foam ng noldability owing to
formati on of combined cells or fine cell g as seen when using inorganic
non- hal ogen fl ane retardants, does not occur. The pre expanded particl es of
the invention have a good flame resistance and a 1o good noldability in

in-mol d foaginigunt of B0sufhétdvit buoch faansodieimr dadecpltleyeasnlfonate,
pre-expanded particle made of a resin conposition conprising a polyolefin

resin and assiflimcal-pyraffinsudfyedeast noditiperofdlefitsubandanhay2alsthde
pre-expanded particle of daim1l, wherein said sterically hindered am ne

et her fl aneusetandantdispesingrgidundidset heayf benubed (aldnk do iRIMNHGHROE?
CH2NR2CH2CH2NR3CH2 CHz CH2NHR4 (1) wherein RlL and R2 are an s-triazine

noi ety T of theredfor Mileaag@junty ol siiciRdiRpersing afe?)anzD stuvfddtafiRov4IR6 i n
which RS is an al kyl group having 1 to 12 carbon atons and R6 is
5 depending on the kinds thereof and the kind and amount of the
polyolefin particles used. Usually the amount of dispersing agent is
from 0.2 to 3 parts by weight per 100 parts by weight of water, and the
amount of surfactant is from 0.001 to 0.1 part by weight per 100 parts
by weight of water.

10 The flame retardant polyolefin particles to be dispersed into
an aqueous dispersion medium such as water is generally used in an
amount of 20 to 100 parts by weight per 100 parts by weight of water in
order to achieve good dispersion into water.

Usually the flame retardant polyolefin particles are

15 introduced into a pressure vessel with water and a blowing agent to form
an aqueous dispersion of the particles, and impregnated with the
blowing agent at an elevated temperature, e.g., a temperature higher
than the softening point of the polyolefin resin used. The dispersion of
the particles containing a blowing agent is then heated under pressure

20 to an expansion temperature in the pressure vessel, and then released
from the vessel into an atmosphere of lower pressure through an orifice
having openings with a diameter of 2 to 10 mm, thereby expanding the
polyolefin resin particles to give the flame retardant polyolefin pre-
expanded particles of the present invention. The expansion

25 temperature varies depending on the kind of flame retardant polyolefin
particles used and a desired value of the heat of fusion QH for the

high-temperature side fusion peak of the flame retardant polyolefin



‘nmet hyl group, cycl ohexyl group or octyl group; and either one of R3 and R4
“Is the s-triazine noiety T represented by the fornmula (2) and the other 25
sis hydrogen atom 3. The pre-expanded particle of daiml or 2, wherein the
a - 31 amount of said flanme retardant is from1l to 20 parts by wei ght per
100 parts by weight of said polyolefin rgsin. 4. The pre-expanded particle
of Claiml1, 2 or 3, wherein said 5 polyolefin resin is a polypropyl ene
resin. 5. A flanme retardant polyol efin pre-expanded particle nmade of a

resin conmpogpirtieXpaa@ud igirtielés el bel produced Roaid cansiotr beatikteringer ed
am ne ether flanme retardant, wherein said pre-expanded 1o particle shows

two fusion peRichditlonalpC AW Metedhaboveabunesebyifdifef aiedtihgapointafinsion
calorinmetry, and the heat of fusion QH of the peak appearing on the higher

t enper at ur e pehltetdripbratitiré) Dft the? flatned retalanthpoBictefn epatigéd e of
Claim5, wherein said 15 polyolefin resin is a polypropylene resin. 7. An

in-mol d foamgehautedciby MeQaiedrhyC)n-thd hdaang ngnopetdteré! fore thet prelant
pol yol ef i n pre-expanded particles of any of Clains 1 to 6.

A9, A ys A exParisivh Asy s8ldctédy. Rithiyn. Aile Aarkgd . df ABoAX. AFmA2E) Ao Abduf . Ay
. AY. AF. AF. AY. . AF- A 9F. AAy&. AF. A3[: --|45
(Tm+10)°C. If the expansion temperature is within the above range,
pre-expanded particles having two fusion peak temperatures measured
by DCS method and a heat of fusion QH of 1.5 to 25.0 J/g with respect to
the high-temperature side peak can be easily obtained.
10 The expansion pressure is selected primarily according to the
prescribed expansion ratio, and is generally from 0.78 to 4.90 MPa.

There is no particular limitation in the pressure vessel used,
and any vessel can be used so long as it can withstand the pressures
and temperatures noted above. Representative vessel is an autoclave

15  type pressure vessel.

Production of in-mold foamed articles from the pre-expanded
particles of the present invention is carried out, for example, in
accordance with a known in-mold foaming method as disclosed in JP-
B-51-22951 and JP-B-6-59694, by filling the pre-expanded particles in

20 amold capable of being closed but incapable of being hermetically sealed,
and heating the particles with steam or the like to fuse them together,
thus giving cellular molded articles true to the mold.

In the above molding method, it is preferable to provide the
particles with a gas pressure before filling the pre-expanded particles in

25 a- mold, or to fill the pre-expanded particles in a mold in the state of
being compressed at a compression rate of 10 % or more.

In the former case, the desired gas pressure can be imparted
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measurement of the melting point (fusion peak) Tm (°C) of the base resin
of the flame retardant polyolefin pre-expanded particles is carried out by
using a differential scanning calorimeter as mentioned above with a
sample of 1 to 10 mg of a polyolefin resin under conditions that the

10 temperature is elevated to 210°C at a temperature elevation speed of
10°C/minute, then dropped to 40°C at a temperature dropping speed of
10°C/minute and elevated again to 210°C at a temperature elevation
speed of 10°C/minute. The temperature at a peak appearing in the
thus obtained DSC curve denotes the melting point Tm.

15 Fig. 1 shows an example of a result of measurement of
melting point (Tm) of particles of a polyolefin resin wherein an
ethylene-propylene random copolymer having an ethylene content of
2.5 % by weight is used as the polyolefin resin.

The heat of fusion QH of flame retardant polyolefin pre-

20 expanded particles is obtained from a DSC curve measured by elevating
the temperature to 210°C at a temperature elevation speed of
10°C/minute using a differential scanning calorimeter as mentioned
above and a sample of 1 to 10 mg of the pre-expanded particles. A
tangential line (dotted line P shown in F1g 2) for determining the heat of

25 fusion QH is drawn from the point where the slope of the curve becomes

0 between the low-temperature side peak and the high-temperature side

peak to the curve at the point where the high-temperature side peak
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The present invention is more specifically described and
explained by means of examples and comparative examples, in which all
parts are by weight unless otherwise noted. It is to be understood that
the present invention is not limited to these examples.

10 Evaluation in the examples and comparative examples was
made by the following methods.
Heat of fusion QH
The measurement was made by using a differential scanning
calorimeter Model DSC-7 made by Perkin-Elmer and 1 to 10 mg of
15 polyolefin pre-expanded particles as a sample. A DSC curve was
obtained by elevating the temperature to 210°C at a temperature
elevation speed of 10°C/minute, and a tangential line (straight line P)
was drawn from the point where the slope of the DSC curve became O
between the low-temperature side peak and the high-temperature side
20 peak to the curve at the point where the high-temperature side peak
ended. The quantity of heat was obtained from the area enclosed by the
curve and the tangential line, and therefrom was obtained the quantity
of heat per unit weight.
Bulk density
25 Ten liters of dried pre-expanded particles were filled in a

container having a volume of 10,000 cm? and the weight (W g) of the

particles was exactly measured. The bulk density (D g/cm?® of the
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5 prepared pre-expanded particles. The diameters of cells were
measured according to JIS K 6402 and the average cell diameter was
calculated therefrom.
Rate of closed cells
The volume of closed cells of a pre-expanded particle was
10 measured by using an air comparison type density meter Model 930
made by Beckman. The apparent volume of the pre-expanded particle
was measured by an ethanol dipping method. The rate of closed cells is
calculated by dividing the closed cell volume by the apparent volume.
Rate of melt adhesion of particles
15 After forming a notch with a knife in the surface of a molded
article, the molded article was split along the line of the notch by
bending the molded article. The broken surface was observed and the
percentage of broken particles to the whole particles was obtained.
Evaluation was made according to the following criteria. A melt
20 adhesion rate of at least 60 % is usually satisfactory for molded articles.
©: Percentage of broken particles is at least 80 %
(O: Percentage of broken particles is 60 % to less than 80 %
X: Percentage of broken particles is less than 60 %
Dj ional Shrinl
25 The dimensions of a molded article were measured using a
caliper, the shrinkage percentage relative to the mold dimensions was

calculated, and evaluation was made according to the following criteria.
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5 The flame resistance was measured according to UL-94

horizontal testing method and was evaluated according to the following

criteria.
©: Pass HF-1
O: Pass HF-2
10 X: Not pass HF-2
Surface appearance

The surface of a molded article was visually observed and
evaluated according to the following criteria.
(O: There is no irregularity in the surface and there is little gap between
15 adjacent particles
X: There is an irregularity in the surface, and gaps between respective

particles are very large.

Examples 1 to 10 and Comparative Example 1
20 One hundred parts of an ethylene-propylene random
copolymer (ethylene content 2.5 % by weight, MI 6.0 g/ 10 minutes) was
mixed with a sterically hindered amine ether flame retardant (trade
mark “CGL116” made by Ciba Specialty Chemicals) of the formula (3):
RNHCH,CH,CH,NRCH,CH,NHCH,CH,CH,NHR (3)

25 wherein R is a group of the formula:
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10
and carbon black as a coloring agent in amounts shown in Table 1. The
resulting mixture was kneaded by a single screw extruder and formed
into resin particles having a weight of 1.8 mg/particle. The melting
point of the obtained resin particles was 147.3°C.

15 A 10 liter pressure vessel was charged with 100 parts of the

resin particles, 9.3 parts of isobutane and a dispersion medium (i.e., 300
parts of water containing 2.0 parts of powdery basic calcium tertiary
phosphate and 0.05 part of sodium n-paraffinsulfonate). The resulting
aqueous dispersion was heated to an expansion temperature shown in
20 Table 1. The pressure inside the vessel was then adjusted to a
prescribed expansion pressure within the range of 1.30 to 1.69 MPa by
introducing isobutane to the vessel. A valve provided at a lower part of
the pressure vessel was opened and, while maintaining the pressure
inside the vessel at that pressure by introducing a nitrogen gas, the
25 aqueous dispersion was released into the atmosphere through an orifice
plate having openings of 4.0 mm diameter to give pre-expanded particles.

The pre-expanded particles were evaluated.
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5 steam of 0.24 to 0.40 MPa to fuse them together. The obtained in-mold
foamed article was evaluated.

The results are shown in Table 1.
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in which R® is an alkyl group having 1 to 12 carbon atoms and R® is
methyl group, cyclohexyl group or octyl group; and either one of R* and

R* is the s-triazine moiety T represented by the formula (2) and the other

25 is hydrogen atom.

3. The pre-expanded particle of Claim 1 or 2, wherein the
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5 polyolefin resin is a polypropylene resin.

5. A flame retardant polyolefin pre-expanded particle made of

a resin composition comprising a polyolefin resin and a sterically
hindered amine ether flame retardant, wherein said pre-expanded

10 particle shows two fusion peaks on a DSC curve when measured by
differential scanning calorimetry, and the heat of fusion QH of the peak

appearing on the higher temperature side is from 1.5 to 25.0 J/g.

6. The pre-expanded particle of Claim 5, wherein said

156 polyolefin resin is a polypropylene resin.

7. An in-mold foamed article prepared by in-mold foaming of
the flame retardant polyolefin pre-expanded particles of any of Claims 1

to 6.



