POLYCLEFI N RESI N EXPANDED PARTI CLE AND | N-MOLD FOAMED ARTI CLE PREPARED

THEREFROM BACKGROUND OF THE I NVENTION Field of the Invention The present
invention relates to flame retardant polyolefin resin expanded particle
that are particularly used in autonobile bunper cores, side inpact pads,
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resin obtained by e 1 n- amn e expanded particles. Mre
particularly, the pr ese%tAd' ‘ﬁ%’ﬁﬁ\fbo?)fr?[l ,Iffo%ne retardant pol yolefin
resin expanded parti cl es—eelgﬁél—aﬁﬁrg—ﬁ&%lm@;ﬂﬁ nd to in-nold 15 foaned
article of,.a.f]a ret ardant, .pol yolefin resin obtained by the in-nold

f oani ng'o%m%%s. 2. Description of the Related Art

Pol yolefin resin_in-mgld foaned articles compased 20 polyolefin resin
expénded partleclpgsesfﬁ Wit ﬁ?&fﬂ%tﬁﬁgtr% ' aé“%o??ptoég% Rt electrical and
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a wde variety of fields because of their ability to take conpl ex shapes
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general Ly has a _drawback in that th(f,;:y easily burn in conparison with
non-f0§$§5t§FFP&I€pd electronic parts, cushioning and packaging

10 materials, and other materials; and to in-mold foamed article

of a flame retardant polyolefin resin obtained by the in-mold
foaming of the expanded particles. More particularly, the
present invention relates to flame retardant polyolefin resin
expanded particles containing carbon black, and to in-mold

15 foamed article of a flame retardant polyolefin resin obtained

by the in-mold foaming of the expanded particles.

2. Description of the Related Art

Polyolefin resin in-mold foamed articles composed of
20 polyolefin resin expanded particles are widely used in
automobile components, electrical and electronic parts,
construction materials, cushioning materials, packaging
materials, and other materials. The in-mold foamed articles
are molded to a desired shape with an in-mold foaming method
25 in which expanded particles are filled in a mold and molded,
and these articles are used in a wide variety of fields

because of their ability to take complex shapes and to provide



applications involving autonobil e conponen 5 construction materials, and
parts for electric and electrical products in recent years, there has been
demand for products having flame retardant and sel f-extingui shing
properties, and in order to respond to such demands a consi derabl e anount
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A halide compound, phosphorus compound, metal hydroxide,
or other flame retardant is commonly added to impart flame
resistance to plastic products.

Nevertheless, resin products that contain a bromine flame

15 retardant or another halide flame retardant in order to impart
flame resistance have drawbacks in that gases (dioxin and the
like) harmful to humans can be potentially generated during
burning, and the industry is continuing to switch to resin
products that contain non-halide compounds as the flame

20 retardant. Under such conditions, non-halide compounds are
being considered for use as flame retardant in foamed article,
and flame retardant polyolefin resin expanded particles that
contain a non-halide compound, and in-mold foamed article
prepared from these particles, are in demand.

25 A variety of methods are known to obtain in-mold foamed
articles having flame resistance. For example, JP (Kokai)

7-309967 discloses an in-mold foamed article in which flame



JP (Kokai) 10-147661 discloses flanme retardant polyolefin resin

pre- expanded particles in which ethyl ene bispentabronmophenyl or ethylene
bi stetrabronophthalim de as a halide flanme retardant, and anti nony oxi de
as a flame 10 retardant pronoter are blended, and in-nold foaned article
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di scl oses col or propylene T esi es obtarned by

mel t - kngadi n ol lefin resin_ that qges t contain a colorant, and
ool yol ariae cafRTaHT rolRter 20 2 5T (OP8¥Ent . for exanple. 1 to 40 wt%
organic pignent or carbon black, and in-nold foamed article obtained

usi ng tHESXNRTAP TR ESRReNeY A SC1pme | ket erdanbpeadiet Ke Medidlé Lol or

tone in a foamed article because the cell diameter of the expanded 20
parti clethdrecorpsasimphenobrsS tikane | rethindan trareadse¢q dechakidenonuni f or m
due to cells of varying dianeters being mxed therein, or due to other
f actor st when ndtmmwtmitent of flane retardant, colorant, or other additive
is considerable in in- nold foaned article in which polyolefin resin
expanded 25 JmriHataes) ak®e- 4 ehakdlisclose s of bamat rahardhabepotyatdénn, so
the content of flame retardants and other additives is preferably kept as
smal |  as:spios Jitd -etpamid i pait hic des i iredrlcidior ¢ tigy 1&doeever, the desired
flame retarding effect is difficult to achieve if priority is placed on
t he colmirsgeartaarwndgleedyhner retlay domd  ohet ettabsomeplitieal ighdboasbhack i s
preferably used as a colorant because 5 its ability to produce a bl ack
col or, ndliicie ifSldnee weisardtht comd dmtianday getbde | astdi 8lamse, whil e used
in a small anmount. However, when carbon black is used as a colorant, the
10 retardant promoter are blended, and in-mold foamed article
obtained by in-mold molding the pre-expanded particles.
JP (Kokai) 7-300537 discloses colcred polypropylene resin
expanded particles obtained by melt-kneading polyolefin resin
that does not contain a colorant, and polyocolefin resin that
15 contains a color pigment, for example, 1 to 40 wt$% organic
pigment or carbon black, and in-mold foamed article obtained
using the expanded particles.
It is difficult to obtain the desired color tone in a
foamed article because the cell diameter of the expanded
20 particles becomes smaller or the cell diameter readily becomes
nonuniform due to cells of varying diameters being mixed
therein, or due to other factors when the content of f£lame
retardant, colorant, or other additive is considerable in in-
mold foamed article in which polyolefin resin expanded
25 particles are blended with a colorant and flame retardant, so

the content of flame retardants and other additives is

preferably kept as small as possible to obtain the desired



flame retarding action of the flanme retardant is inhibited and the flanme
retardi ng properties tend to be markedly reduced. 10 As a result, the
desired flame retardi ng properties cannot inparted unless a | arge anount of
the flanme retardant is added in order to obtain a flanme retardant in-nold
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r et r da”rﬁ & flff'rs'-ﬂoq'yng}% %q;SLI( e retarding properties cannot

imparted unless a large amount of the flame retardant is added
in order to obtain a flame retardant in-mold foamed article
from expanded particles containing carbon black.
However, using a large amount of a halide flame retardant

15 as a flame retardant is not desirable due to the possibility
of generating considerable amounts of harmful gas. When a
large amount of such a halide flame retardant is used, the
cell diameter of the expanded particles becomes smaller, or
the cell diameter readily becomes nonuniform due to cells of

20 wvarying diameters being mixed therein, or due to other
factors. Moreover, the secondary foaming of the expanded
particles is negatively affected, variability in the coloring
occurs, and in-mold foamed article having an excellent
appearance cannot be obtained. The mechanical strength

25 {flexural strength, compressive strength) of the in-mold

foamed article and other physical properties are alsoc reduced,



2002-- 507238( W09/ 00450)). RINH CH2H2CH2NR2CH2CH2NR3CH2CH2CH2NHR4 t he
formula (1), R, and R are an s-triazine noiety shown 15 in the fornula (I
bel ow, one of R3 and R4 is an s-triazine npoiety shown in the formula (I1)
bel ow, and the other of R3 and is a hydrogen atom and in the fornula (I11)
R is a nethy. pr I u oup, and R5
20 However, %%gégggf%éufg%h%gfﬁg%ﬁd%%ggBQ??%#?gégrge?gﬁugghé#dgﬁis conmpound
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10 to form flame retardants for polymers (JP (Kohyo)

2002-507238(W099/00450) ).
R+NH-CHzCH.CGHNR.CHCH,NR,CH,CH,CHNHR,

(I)

{In the formula (I}, R; and R, are an s-triazine moiety shown
15 4in the formula (II) below, one of R; and R; is an s-triazine
moiety shown in the formula (II) below, and the other of R; and
R, is a hydrogen atom; and in the formula (II), R is a methyl
group, propyl group, cyclohexyl group, or octyl group, and Rj

is an alkyl group having 1 to 12 carbon atoms.)
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particles containing carbon bl ack. Another object of the present invention

is to provide flane retardant polyolefin resin expanded particles that are
capabl e of exerting excellent flame retardant effect with a 25 small anount
of flame retardant, and that are capable producing flanme retardant
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containing a small amount of a specific sterically hindered
10 amine flame retardant without the use of a halide flame
retardant, and in-mold foamed article in which the expanded
particles are mutually fused, exhibits excellent flame
resistance when carbon black is used as a colorant, and that
the above-described problems that occur when a conventional
15 halide flame retardant is used can be wholly solved.

An object of the present invention is to provide a
colored flame retardant polyoclefin resin in-mold foamed
article that has excellent flame retardant and physical
properties, and in which harmful gas is not generated during

20 burning, by the in-mold molding of polyolefin resin expanded
particles containing carbon black.

Another object of the present invention is to provide
flame retardant polyolefin resin expanded particles that are
capable of exerting excellent flame retardant effect with a

25 small amount of flame retardant, and that are capable of

producing flame retardant polyolefin resin in-mold foamed



i n which the expanded particles are nutually fused. The present invention
relates to a polyolefin resin expanded 25 particle, containing 0.5 to 20
wt % of carbon bl ack, and containing 0.01 to 10 wt % of a hi ndered am ne
flame retardant shown by the general formula (1) bel ow
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R1 and are an s-trilazine nole snown ow, one O IS an
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is a hydrogen atonm and Tn the fo R is a nethyl group, propyl
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mold molding of polyolefin resin expanded particles containing
carbon black as a cclorant and a specific sterically hindered
10 amine flame retardant as a flame retardant.
In the present specification, polyolefin resin expanded
particles or polyolefin resin expanded particles containing a
flame retardant may simply be referred to as "expanded
particles."
15 In-mold foamed article obtained by in-mold molding
polyolefin resin expanded particles may simply referred to as

"foamed article.”

SUMMARY OF THE INVENTION

20 The present invention relates to flame retardant
peolyolefin resin expanded particle containing carbon black,
and flame retardant polyolefin resin in-mold expanded article
in which the expanded particles are mutually fused. The
present invention relates to a pelyoclefin resin expanded

25 particle, containing 0.5 to 20 wt% of carbon black, and
containing 0.01 to 10 wt% of a hindered amine flame retardant

shown by the general formula (I} below.



characterized in that the content of the hindered amne flanme retardant is
fromnot less than 0.01 wt%to less than 1 wt% The polyolefin resin
expanded particle is characterized in that the content of the carbon bl ack
is 0.5to 10 wt% The polyolefin resin expanded particle is further

characterized i t e t [ 5to 8 % The
pol yol efin resi %m%@%¢@%&@2¢ﬁﬂmﬂgﬁmaﬁted in that the
carbon bl ack is furnace black. The polyolefin resin that constitutes the
expanded particle is a polypropylene resin, and a DSC curve obtai ned by
the differential scanning calorinmetry®¥ the expanded particle is
characterized in exhibiting at |east an endotherm c curve 15 peak that is
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flame retardant polyolefin resin in-nold foaned article obtained by the
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that contain a flanme retardant and carbon black 2?5 described above. The
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The polyolefin resin expanded particle is characterized
in that the content of the hindered amine flame retardant is
from not less than 0.01 wt% toc not more than 5 wtd.

The polyoclefin resin expanded particle is further

15 characterized in that the content of the hindered amine flame
retardant is from not less than 0.01 wt% to less than 2 wt%.

The polyolefin resin expanded particle is moreover
characterized in that the content of the hindered amine flame
retardant is from not less than 0.01 wt% to less than

20 0.25 wt%.



10 wt % of a hindered am ne flane retardant shown by the general formula (1)
bel ow. R1INH CH2CH2CH2NR2CH2CH2NR3CH2CH2CH2NHR4 (1) the formula (I and R-,
are an s-triazine noiety shown in the formula (11) below, one of R3 and R4
is an s-triazine noiety shown in the formula (11) below, and the other of

R3 and is a fyd fc?ﬁﬁ%xyfﬂ A0d; %&Q&&?&gﬁ;’éﬁtiéié’lg fﬁrt’i‘hgﬁmi‘e 10 group,

propyl group, group, or oct I's an al kyl group
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S characterlze e content t ere am ne flane 15 retardant
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The polyolefin resin expanded particle is further
characterized in that the content of the carbon black is 0.5
to 8 wt%.

The polyoclefin resin expanded particle is further

10 characterized in that the carbon black is furnace black.

The polyolefin resin that constitutes the expanded
particle is a polypropylene resin, and a DSC curve obtained by
the differential scanning calorimetry of the expanded particle
is characterized in exhibiting at least an endothermic curve

15 peak that is inherent to the polypropylene resin and an
endothermic curve peak at a temperature higher than that of
the first endothermic curve peak, and the heat gquantity of the
higher-temperature endothermic curve peak 1s from not less
than 5% to not more than 70% with respect to the total heat

20 quantity of all of the endothermic curve peaks.

The present invention relates to a flame retardant
polyolefin resin in-mold foamed article obtained by the in-
mold molding of flame retardant polyolefin resin expanded
particles that contain a flame retardant and carbon black

25 described above.

The present invention relates to a polyolefin resin in-

mold foamed article in which polyolefin resin expanded



characterized in that the content of the hindered amne flane retardant is
fromnot less than 0.01 wt%to less than 0.25 W% The polyolefin resin
in-nmold foamed article is characterized 10 that the content of the carbon
black is 0.5 The polyolefin resin in-nold foanmed article is characterized

in that LPEi??QEeQ%goﬁﬁkﬂﬁli rbgn Hla%ﬁﬁkéiﬁ-?hZh%ggﬁhggggkkgg& UE% | n-nol d
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provide a polyolefin resin in-nold foaned article that has flane
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particles in the case polyolefin resin conposition In I ch carbon black is
bl ended as a colorant by the use of a hindered am ne flanme retardant 11
shown by the above-nmentioned general §bYnula(l) as a flame retardant used
ininparting flane resistance to the polyolefin resin expanded particl es.
The pol yohethe £fesmnlanéIpl dRf caneR.akiriec lad @f- tiia 25 nar erdrtty relasvn on t hat
i s obtained by the in-nold nolding

in the formula (II) below, one of R; and R, is an s-triazine

moiety shown in the formula (II) below, and the other of R; and

R; is & hydrogen atom; and in the formula (II), R is a methyl

10 group, propyl group, cyclohexyl group, or octyl group, and Rs

is an alkyl group having 1 to 12 carbon atoms.)
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The polyolefin resin in-mold foamed article is

characterized in that the content of the hindered amine flame
15 retardant is from not less than 0.01 wt% to not more than

5 wtd.

The polyolefin resin in-mold foamed article is
characterized in that the content of the hindered amine f£lame
retardant is from not less than 0.01 wt® to not more than

20 3 wtg.

10



t he above-described flanme retardant polyolef in resin expanded particles
is an in-nold foaned article that does not generate harnful gas when
burned and that exhibits excellent flane resistance in spite of the content
of the flame retardant is a 1.0 nuch | ower than that conventional halide
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obt ai ned. ecause t'he anpunt  of frame retardant 'Ts TF'ow I'n conmpari son W th

a conventional haljde flane retardant he cell nepbrane. is not destroyed

and the cel | et g}%ﬁwnt%%%%%e%‘}"%%l{‘hg?%mﬁé F‘Eg%‘é Bod€ibility that the

flexural, strength onpressj v strepgth, or _other rigidity-related

charact g thed HF T ARS8 e Podtbeh e, of cri iR pagefl tiiibs iipe

polyolef in resin in:nmold fo d articl t resent jnvention is

ot Y abree e b o et Losm it 0- 86 wBRstBLEERBnthAYL Bt i ng

nateriq#s an%%other applications because it has self-extinguishing flane

resista EQSd% is endowed with the cushioning, heat insulating, and ot her

i nherent characterj stjcs. of égigojefin resin foanmed_ article. BRI EF

DESCRI PTI ON &¥ REIRAANT anmekd feaped EELCLPVESneasured by the

differential @ scannjng calorinetrgéof a polygropglene resin conposed of the
€

expandSPATTFEL DI He bt et CoHvEhE | . pEbPRrPL&CkNES| ARdr ent

eanth%&mf%(%ggF peak of the pol ypropyl ene

The polyolefin resin in-mold foamed article is
characterized in that the content of the carbon black is 0.5
to 8 wt%.

The polyolefin resin in-mold foamed article is

15 characterized in that the carbon black is furnace black.

The polyolefin resin in-mold foamed article is
characterized in that the apparent density is 15 to 100 g/L.

According to the present invention, it is possible to
provide polyolefin resin expanded particles that have the

20 desired black tone, possess excellent flame resistance, and
contain only a small amount of a flame retardant that is not
more than 10 wt%, less than 1 wi%, and particularly less than
0.25 wt?%, and also to provide a pelyolefin resin in-mold
foamed article that has flame resistance and is obtained by

25 the in-mold molding of the expanded particles in the case of a
polyolefin resin composition in which carbon black is blended

as a colorant by the use of a hindered amine flame retardant
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resin conposed of the expanded particles, and "b" is an 10 endothermc
curve peak at a higher tenperature than the first endotherm c curve peak.
FIG 2 is a second DSC curve neasured by the differential scanning
calorinmetry of the above-nentioned pol ypropyl ene resin. 15 DESCRI PTI ON OF

THE P @ﬁf&f%‘%@ rﬁé‘r‘?‘f’l’é %ﬁ&#@'%hﬂui&?t Sag0aPesef.of the

ol yol e n expanded artlc resent enfi on |ncFude
poly p p

our deney v SRR Mo 'eﬁﬁeiwﬁg%ﬁgﬁ“% Thotré éy“%% YeckSi cig, BpEREIEHin
very-| gﬁps&f% %@/%{g{f&e et hyI ene/ propyl ene random copol yners,

ethyle propy copo yners, ethylene/butene bl ock copol yners,

et hyl ene/ bUt'ﬁ'p‘T %e%gfé@ crgploéy]r_@r etfé(l 2%4]\&5 ngl 1Ie_:t at ﬁyf_ggol ynmers, 25

et hyI ene/ met acrylate copo ymars her ye? re§| ns in
|onorre S |Efc1e0n egrﬁv‘?tlﬁelonrbl eCengch tg%nﬁgltqh%nﬁé?iﬁﬁlg%igltggmggggng p?ol ;lggr
ot opyl S8 GG SHS TR @oad% %ﬁ@?&%ﬁ%ﬁﬁ?m BER®E850 ymer
5 propyl er%{cﬁlﬁt ene_ random c%f%oﬁlrrers gr‘bf%Jp but e bl o% gﬁ%gm&*rs
pr opy| & e it e e D SARTS, ??Fa’ﬁ% cOpEF
DrOPY SHSARLEL S, Ay 00 %ﬁ%&ﬁi&@ SR RS
as wel| es:.sp rybeUtl%nesp%.ntde poofI eegltc?onr?tent c?:gdil:lgé O:I?lcgncl)et{)etardant is a
10 much lower than that of a conventional halide flame retardant.
The content of the hindered amine flame retardant in the
polyolefin resin expanded particles of the present invention
is a much lower in comparison with that of a conventional
halide flame retardant, so the cell diameter may become
15 smaller or nonuniformity, and a flame retardant in-mold foamed
article having excellent black color tone can be obtained.
Because the amount of flame retardant is low in comparison
with a conventional halide flame retardant, the cell membrane
is not destroyed and the cells do not join together, so there
20 is no possibility that the flexural strength, compressive
strength, or other rigidity-related characteristics of the in-
mold foamed article will be reduced.
The polyolefin resin in-mold foamed article of the
present invention is suitable for use in automobile members,
25 construction insulating materials, and other applications

because it has self-extinguishing flame resistance and is
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it is possible to use copolyners of ethylene, propylene, butane, pentene,
and other olefin nononers with styrene and ot her nononers copol yneri zabl e
with these ol efin nmononers. ong these, the following are preferred as
exanpl es 15 polyolefin resins that have good cushioning properties and

[ ecoveret aRld Vol LRTHEOBIS LY ENG! TALAE IOl SpReht YanRObYRLEY! ene,

medi um density polyethylene, [owdensity polyethylene, [inear |owdensity
pol yet Wr}ﬁé&een%' aé’ﬁﬁ’is%%@ d&f"s%éi’ SRy hﬁ‘é&f{?’f@?ﬂ%&t betstypes of

pol yet hyl ene, as we as propyl ene %onnpo ymers, polybutene,
propyl ene/ et hyl ene copol yners, propyl ene/ butene copol yners, and

propyl ene/ et hyl ene/ but ene terpol yners; and especially preferable exanples
incl ude propyl ene hongRAl W By cr FBPRI e/ SRV £ andom copol yners,
propyl ene/ but ene r andem—copotynets,—propytenerbttene bl ock copol yners, 14
propyl ene/ et eng/ but eng. i r..J.o ens) .

pol ?et hyl eneﬂ‘#—‘u%hﬁ#n‘%r%éﬁ g%%@%‘{%ﬁpd%%%#f?g%fb*i é\%—l‘gl ?j;#%érentlal

pol yprao resin.is preferred, d a pr | ene h gD

b ony! SRR Sl oo LY B e P L0 BPBR TR of Fher
propyl ene/ but ene bl ock copol ymer, or ropyl ene/ et hyl ene/ but ene t e pol yner
i's espe%f%ﬁrfciffgr%q%tﬁ%]d?s ‘I‘Hle {1%? y%lfeeﬁ?‘ﬁt e TSR be @ﬁ% ?ﬁgfeﬁasabeen
crosslinked by peroxide or radiation, or one that has been left un-- 10

cr ossl ilfkddre bitherene g1Ipthe ks \CWeg A hir B enPotYBESPYARRE resin is
preferred. The polyolefin resin q§¥ be used singly or as a mxture two
types dieSigt €onmefad tdfertivplaranded panticies. and "b" is an

10 endothermic curve peak at a higher temperature than the first
endothermic curve peak.
FIG. 2 is a second DSC curve measured by the differential
scanning calorimetry of the above-mentioned polypropylene

resin.

15

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Examples of polyolefin resins composed of the polyolefin
resin expanded particles of the present invention include
high-density polyethylene, medium-density polyethylene,

20 branched low-density polyethylene, linear low-density

polyethylene, linear very-low-density polyethylene,
ethylene/propylene random copolymers, ethylene/propylene block
copolymers, ethylene/butene block copolymers, ethylene/butene
random copolymers, ethylene/vinyl acetate copolymers,

25 ethylene/methyl methacrylate copolymers, and other polyethylene

resins in which the content the ethylene component is not less

13



pol ystyrene, polyvinyl acetate, styrene/butadi ene copol yner, 15 and

pol ybut adi ene, may al so be adm xed as needed. this case, the polyolefin

resin is preferably prepared so as have a content higher. least 70 wt %
and preferably 85 wt% or The flane retardant contained in the polyolefin

resin X, i C to4d OV | | hinder ed am ne
e rotar doo et PALA4 O Saflrd N REEAT A FOLA00LLS B2 hA

R, NH- CH2 CH2 2CH2NR CH2CH2CH2NHR4 1) the formnul d R2 are an
T SO TS CERoRI L At SORGLENEE PrBorERe e Rsd B ghd raT's an
s-triazine noiety shown in the fornula (I11) below, and the other of R3 and

i s a hywriogkenien orprepyleéme thendpe ymers | | Dropy lene/erpbyilyeneg maaygonpr opyl
group, cycl ohexyl group, or octyl group, and R5 is an al kyl group having 1

to 12 %W@P-ﬂr%ﬁ&?e/@%h%'eﬁe( bhbc®De¥Bo1RmesPr ef erably a

cycl ohexy group, ‘an 5 1s préeferably a butyl group. An essential feature
of the polyolefin resin expanded particles of the present jnvention is the
i ncPusikFPR¥LeLR/BYkeneo TaRIeR &QPPIJ@T“@GForQHPPYA?H&ZE‘&W‘B%db%‘B%e, t he
expected flane resistance is difficult to obtain unless a |arge quantity
conventcapwl yneat ¢ depfomiern@eahgaphnelisutses tearpapanérsuf ficient flane
resistance to a foaned article obtained by the in-nold nolding of

pol yol %c&%feéié}g@ﬁg??ggdcgﬁgibﬁggﬁ,151‘8895_%}1@#5@1&% bofhPhRLEe VWEN a

| ar ge

copolymers, and other polypropylene resins in which the
content of the propylene component is not less than 60 mol%;
10 as well as polybutene and polypentene. In addition to these,
it is possible to use copolymers of ethylene, propylene,
butane, pentene, and other olefin monomers with styrene and
other monomers copolymerizable with these olefin monomers.
Among these, the following are preferred as examples of
15 polyolefin resins that have good cushioning properties and
recover readily from compressive strain: high-density
polyethylene, medium-density polyethylene, low-density
polyethylene, linear low-density polyethylene, linear very-

low-density polyethylene, and other types of polyethylene, as

20 well as propylene homopolymers, polybutene, propylene/ethylene
copolymers, propylene/butene copolymers, and

propylene/ethylene/butene terpolymers; and especially
preferable examples include propylene homopolymers,

propylene/ethylene random copolymers, propylene/butene random

25 copolymers, propylene/butene block copolymers,

14



flame retardant is used, the undesirable result is that the «cell dianeter
may becone snaller or the cell dianeters becone nonuniform and the

physi cal properties of the foanmed article are reduced; therefore, the
maxi mum flane retardant effect is 20 preferably obtained with a snall

amount of fl ardan The hindered anlne e retardapt sh by the
Gener alP R e Eh Y LB CE SEPTIIRES brakent TRbEnt P EnIaP T i
excel lent_fl ame re5|stance that exhibits self- extanU|sh|ng 16 properties

to be GMHWHW IRt Py a nuch snaller amount retardant in conparison with a
conventional_ halide flanme_retardant, as can be seen_in the enbodi nents
descri bed bdl¢REDETRRCFrecFERM shie hetaRAPPENh R FLgHdibYt @ carbon bl ack-
cont ai ni ng expanded article containing the above-described hindered am ne
flame rRABYREGRYIPACEITHANE® RFSFPIFRApradént PTORNIFERA NSMPRBIYRETto have
adrip facilitating effect due the synergistic effect of the hindered

an e fohaomy¥staedayienandandemc appoivimeac k propydese/hbené heandoincl e nakes
cont act 10 with a flame, it does ignite, but it exhibits self

exti ngyi 4 ONEESLPEelIBhRRNCMBARER Liudmlil PRsand the flame i

i redi at e ext| ngui s even though a snal anount flanme retardant is
used. The am)unt of the hindered am ne flarre retardant_ 15 contained in the
pol yol #59P¥iane{etREIRBEPHHG AEPF e 1F RIPRCII AR PBRESE G neri cal | y
fromnot less than 0.0 not nore than 10 wt% with respect to the base
resin. |f tHheaomlkelefigr aofsin nag e heme Otigat virag beenf capesidnkedant

ef fect m ght not be denonstrated. If, on the other hand, the
by peroxide or radiation, or one that has been left un-

10 crosslinked, but a recyclable, easy-to-manufacture un-
crosslinked resin is preferred.

The polyolefin resin may be used singly or as a mixture
of two types or more. Other thermoplastic resins, such as
polystyrene, polyvinyl acetate, styrene/butadiene copolymer,

15 and polybutadiene, may also be admixed as needed. In this
case, the polyolefin resin is preferably prepared so as to
have a content of at least 70 wt%, and preferably 85 wt% or
higher.

The flame retardant contained in the polyolefin resin

20 expanded particles of the present invention is a hindered

amine flame retardant shown by the general formula (I) below.

R4NH-CH2CH,CHNRCHCHNRICH.CHCHNHR,

(1)
(In the formula (I), R; and R, are an s-triazine moiety shown
25 4in the formula (II) below, one of R; and R, ig an s-triazine

moiety shown in the formula (II) below, and the other of R; and

15



20 content exceeds 10 % the flane retardant effect is not particularly
changed, and the unnecessary content adds higher costs, resulting in also
bei ng econom cal | y di sadvantageous. |f a |large amount of flane retardant is
i ncluded, the cell diameters of the expanded particles may 25 becone

iff"t e b1 dok "o s et TR I e BB %ﬂiré;ﬁ“beiifﬁ% for. “and
b esent?’ n%n?éf%i;ﬁ%%% sﬁﬁ&ﬁfiﬁﬁ?@m R ﬁgg%a‘g‘%ﬁfrﬂﬂ% smal |
?g?;péan% 5?}%%@Y ﬁﬁ§€%q# %H?h a%% %% ar§;%¥ HEPZ§2323|3 no?nFess

than 0.03 nore preferably not |ess th n 0.06 wt % and even nore preferably
not less than 0.08 wt% wi th respect t the base resin. Conversely,
including a large anount is not preN&fr T based on the above-descri bed
points, and the content is 10 prefe abl i not nore than 5 % nore
preferably not nore than even fyst pky sl ess than 2 W% still even
nore preferably less than 1 and e peC|aIIy preferably | ess than 0.25 w %
Wi th respect to the base resin. npl es he carbon bl ack that may be
used in the 15 present inventidn ingludeflcharjnel black, roller black,
furnace black, thermal bl ack; and ketjen bl ack. Anmong
these, furnace black is preférrediba on$|ts bal ance between costs and
di spersibility in polyolefin re5|am The coatent of the carbon black in the
pol%olefln resin

(IT)
In the formula (II) above, R is preferably a cyclchexyl
group, and Rs; is preferably a butyl group.
An essential feature of the polyolefin resin expanded
particles of the present invention is the inclusion of carbon
10 black as the colorant. As described above, the expected flame
resistance is difficult to obtain unless a large quantity of
conventional halide flame retardant is used to impart
sufficient flame resistance to a foamed article obtained by
the in-mold molding of polyclefin resin expanded particles
15 containing carbon black. When a large amount of a halide
flame retardant is used, the undesirable result is that the
cell diameter may become smaller or the cell diameters become
nonuniform, and the physical properties of the foamed article
are reduced; therefore, the maximum flame retardant effect is
20 preferably obtained with a small amount of flame retardant.
The hindered amine flame retardant shown by the general
formula (I) above and used in the present invention allows

excellent flame resistance that exhibits self-extinguishing
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20 expanded particles of the present invention should be fromnot |ess
than 0.5 wt%to not nore than 20 wt% in order to assure a desired bl ack
color tone. If the content less than 0.5 wt% then the desired col or tone
may not be obtained and the object thereof may not be achieved. If the
cont enty, cony. y. e the. cel r $ YafdshtYobe destroyed,
t he celll)s eaﬁf% b%(g)z;&ré %%%%1%? celP%l,Iq’?héé C ((Ejﬁtspe%ﬂgc;e %Fr%t?% #oalered, and t he
fl exural t Y L gidi ty=rel ated

char aceeys Sioagh Gn | Pl RIGE 1 |8 SLERRL Don k1 0hE HYahE) e

further ' C e [o ' e costs
conversely romt%é vclg%\%pn%?n%é%rﬁ hﬁ'l]e éaI %bl%gé?bﬁgﬁg%nagﬁégﬁﬁggkﬂg%{)gf t one,
t he cel C cl 0S ell,.and th X t , ressive

st rengt#{§e gﬁ%&{ﬁhle‘iﬁrﬁgef%%/-lrseP%?Eedglc%%]?ag%@%i%t#%@%? Hﬁ%gggamad article,
t he.con of. the carbon. bl ack js preferabl ot re than nore. 10

pre eraciﬁ%{/ganlor%lnrﬁ)r%xlf%%%eqf%%%i%ng RBepeet I%/&1 rer ey ab ?/Scﬁ](:)% (rar%re than 8
wt % nversely, the lower limt of the blendi amount. i referably not
less CRATARTCT Aol e AHRAF RS (50 BT ORISR bl b athE] STERRRE) al Iy
prefer%m@@&¥§oggﬁ§tmought to have a drip facilitating effect due to

the synergistic effect of the hindered amine flame retardant
and the carbon black, because when the article makes contact

10 with a flame, it does ignite, but it exhibits self-
extinguishing properties whereby molten liquid drips and the
flame is immediately extinguished, even though a small amount
of flame retardant is used.

The amount of the hindered amine flame retardant

15 contained in the polyolefin resin expanded particles of the
present invention is generically from not less than 0.01 wt?
to not more than 10 wt% with respect to the base resin. If
the content thereof is less than 0.01 wt%, the flame retardant
effect might not be demonstrated. If, on the other hand, the

20 content exceeds 10 wt%, the flame retardant effect is not
particularly changed, and the unnecessary content adds to
higher costs, resulting in also being economically
disadvantageous. If a large amount of flame retardant is
included, the cell diameters of the expanded particles may

25 Dbecome smaller, the cell diameters may easily become
nonuniform, the desired tone of the black color of the

resulting foamed article may become lighter, and color
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15 The average particle dianmeter of the carbon black used in the present

I nvention affects the staining properties, dispersibility in the base
resin, and the like, so the average particle dianmeter of the carbon bl ack
is preferably fromnot less than 1 nmto not nore than 100 nmfromthe

Vi ewoi - 20: £0RAPOoLBGy XPAde; RALLLE! SR ERLALY rLOOEHanRr BECNLi NG

breakdown i n the ce rances o e expanded particles due to an

aggrega{ﬂ&%z?%ﬁx{iﬁf%@&@iﬁﬁ&& b%ﬂﬁé&{gtEQQngﬁf@Etﬁﬁﬁ%hinﬁge apaLding a

reducti on y In the secondary foamng o e expa particles.
The ave rii [ | r bl ot | h 5 nm and
especia%?%g%rg?é%a.+§jgogﬂ$%§é %ﬁaﬁgﬁggguggggﬁ'tﬁFg %gs§§§?kiggdifficult

for aggé&%%%r%heﬁfyo&&%?%g f‘é Sgefféﬂn%rJééF%gﬁaggcE%%Eé&edthlhgoﬁ\égh%ge

particle s preferably no nm ~and nore prererably
e L B R W i R
TR Sl S S SdC S L A b
D SR BAEP S Phe a0 R Tl SR LR BB oB BACLRELBRDe, LS
1,000 partjcles were neasured at_ rando al ong an uni directional diagneter
(ar een bt erGOREPRITG as 0T LT BSLATIE FBOUPENLE POT PEGRBFAPFVe
di Stri Buti on Gurve, the DUTher SBUNL 18T S 8N, 48" 8L eda Y 1D the
10 preferably not more than 5 wt%, more preferably not more than
3 wt%, even more preferably less than 2 wt%, still even more
preferably less than 1 wt%, and especially preferably less
than 0.25 wt% with respect to the base resin.
Examples of the carbon black that may be used in the
15 present invention include channel black, roller black, furnace
black, thermal black, acetylene black, and ketjen black.
Among these, furnace black is preferred based on its balance
between costs and dispersibility in polyoclefin resin.
The content of the carbon black in the polyolefin resin
20 expanded particles of the present invention should be from not
less than 0.5 wt% to not more than 20 wt% in order to assure a
desired black color tone. If the content is less than
0.5 wt3, then the desired color tone may not be obtained and
the object thereof may not be achieved. If the content
25 conversely exceeds 20 wt%, then the cell membranes may easily

be destroyed, the cells easily became opened cell, the closed

cell ratio lowered, and the flexural strength, the compressive
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axis serving as the particle dianeter (nm and the vertical 1.5 axis
serving as the nunber count cunul ative distribution fromthe neasured
particle size distribution, and the 50% dianeter of the nunber count
cunul ative distribution was adopted as the average particle dianeter.

Pol yol eé#fr%me {EF%%%i%@;P—Pé‘iéﬁ@&%ﬂ%r&ﬁ{éfﬁ E’;LbQ bBeng0eb0mBYOf

strands e ‘extruder ereafter fornmed into particles
by pell 2 her t SLESERE+hOWENELO hgofi nder ed
am ne fﬁfrrfeéirﬂ%t aérdo]antCi He lb)g are fnead llcli J|¥nto tﬁoeg ﬁt ed resin

i nsi de r r e n nown

addi ti v‘lélg%tfégéﬁ Uﬂﬁ{ féocgnrr% ar%%%e&%a%/é (t:)“é grged£%§ %‘Z%ggsgy@{révﬁél§

hi nder cfalrg#e flame retardant and the car bon bl ack are kneaded into the
es.

resin par 20 Exanpl es the above-nentioned additives include

deacti vat or & Pah S i Ay & .r%ae Z%%%&?ﬁ@é PRERh hre blags SMOF i ves
s B patd ‘;‘bLy TR oo Tatle HORE atts BivBenttoforRt BactnBEg e
Foughi v SRPC B S B ST e “%%rﬁi%i’s?wT*Bfola%ﬁ‘aééi“péné%rSiﬁtl§|es

cont ai ni_.n 0 carbon b and hi nder ed ne_f| ame rd
accor d ‘?]/ﬁ‘?rr%sttﬁecsp%fgﬁl RAEMES S ke ‘Be e ??ln T“ghoget?ﬁ particles
cont ain gﬂlaﬁg‘g am ne%elangra r et ar dant al Caj;? N !ack are dispersed
o iRt AR TR AP ] Da g e Hipfal S wes. Hors

10 preferably not more than 10 wt%, and especially preferably not
more than 8 wt%. Conversely, the lower limit of the blending
amount is preferably not less than 1 wt%, is more preferably
not less than 1.5 wt%, and is especially preferably not less
than 2 wt%.

15 The average particle diameter of the carbon black used in
the present invention affects the staining properties,
dispersibility in the base resin, and the like, so the average
particle diameter of the carbon black is preferably from not
less than 1 nm to not more than 100 nm from the viewpoint of

20 enabling the expanded particles to be uniformly toned,
preventing a breakdown in the cell membrances of the expanded
particles due to an aggregation of the carbon black,
inhibiting opened cell, and avoiding a reduction of ability in
the secondary foaming of the expanded particles. The average

25 particle diameter is more preferably not less than 5 nm, and
especially preferably ncot less than 10 nm because in this case

it is difficult for aggregation to occur and dispersion is
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pressure in a sealing vessel, the dispersion is heated to a 15
predeterm ned tenperature, the foamng agent is inpregnated in the resin
particles, and the particles inpregnated with the foam ng agent are
subsequent |y di scharged with the dispersion nediumfromthe vessel under

at ”DSp@ééfﬁ?Eﬁé&'f e %ﬁérﬁ%%éér%a%ﬁiﬁégﬂit e frt hE gkéPS{-?BQQ fgBgi um

di schar ge

di sper

seal i ng vesse

oam ng 1-0 net 2Ton e resin particles are

term ne

Sfefrd N n%@p@fZ:Oée)ﬁri'%{F@%%?%\%ﬁ%@b%%@%ﬁ%&”%h&ﬂdgb RMCEFUME 1N a

a pre

t enper at ur e,

the foaglo0,psnt e LIRE SONaLed Ao sbecses! DanPRLL Shege LBEALEREr ature

i s subsequ owered to roo tenpérafure, auct 'I's
depres i.ze e a resin particles, and the foam ng
resin ;‘%Er#%c%je%p%lrie %%%&eﬁ% o§¢g%£§m€th the aid of steam hot air, or

enodher PehlSIRALUL G ALl ot I DR clppdlepgbocpgsect bed

because the expanded 5 particles can be efficiently produced.in a short
per i od TR S D B HucTT e o7 SBePLT hoh

di sper
whi ch
di sper

et hanol? BfPT

withr
t he di

10

15

20

25

r's preVerred

char ge f oanm'ng ne

dium for

|
- ! _?ﬁYEP?§P%ﬁ£%ﬁ?%#ﬁ; 2T i {Ga -
e

sion 0 neQ%uqihyclu e water, ethylene col 9 ceriﬂ, met hanol ,
r°1 B ¥ resin particles

S or i [0S gra e SiT ey 8 puSheSEae

vie

and

esB ct_the dispersion nmediumis referabl¥?150 to 58g 8grts gy wei ght

TPt th HERATRES ChyPHet HiteHf 1R hERe PR

was taken thereafter, 1,000 particles were measured at random
along an unidirectional diameter (Green diameter) serving as
the representative diameter, a cumulative distribution curve
of the number count reference was created with the horizontal
axis serving as the particle diameter (nm) and the vertical
axis serving as the number count cumulative distribution (%)
from the measured particle size distribution, and the 50%
diameter of the number count cumulative distribution was
adopted as the average particle diameter.

Polyolefin resin melted in an extruder is extruded in the
form of strands from the tip of the extruder, and thereafter
formed into particles by pelletizing or another method. In
the present invention, the hindered amine flame retardant and
carbon black are kneaded into the melted resin inside the
extruder in the resin particle production step. Various Kknown
additives used with foamed article may be kneaded as necessary
when the hindered amine flame retardant and the carbon black

are kneaded into the resin particles.
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15 particles in order to increase the stirring efficiency of the resin

particles. Dispersing agents for preventing fusion between resin particles
may be added as required to the dispersion medium An organic or inorganic
di spersing agent may be used as long 20 as it does not nelt or dissolve in

t he di spersi i e i uf 4k i i rsiLk ts are
PP ] o1 Pl L S b 00 B e PUlad 101 9881 fndi 8RE SkIaR95H

generically an 1 norgani c di spersing agent I nclude

al um num0x e, 4 1 tRp LR O] £l6r 81 W N By droxides baspg, magnesium

carbonate, basic zinc car:g%nate, cal crum car bo%ate, 257 trical ci um

phosphajg, AM By § OpAOSPRAt &, 18l £1nkaQbL M . aNEnG! @Y dPE dESPEr Sing
Pf‘%lg ?I cle a %O? to 80

agent is prefer y one wth a par ter of m and

especi aldde PIEIALANLY SN 2 RrALGLE 2 UBHEL 0F 0oB0c(6:30 | 0

The anoun I'spersSi ng a i'S nornal preferre to 10 parts

by wei ol $ 0 S0P ards; by) el ahte of o heg resih, pardl ol esan® Jhe, Logroan o
di sper siig ‘agent 1 pre?er%b?y used T n® conftnct i Wth"a Surractant.
Exanpl es__of sur f bePzenesuI fonat e,

S 5hsuitable ) aﬁtfﬁg i ncl ude sodi#néq%dec%é
sodi umPSE of TF iBFEUTY dPArTE T Lol Um HI Ry AT ronat, CeIRY SR oPRate, or anot her
aniom(:gigf g%ant. The aqgedtsurfactaqg iaagor &I¥ 10ifrgﬁe£reg to be
0,001 BOE P Bipsih Y (S %0 TRF TS by TET gHev et HHELFeEPREBSF ¢ 181 cs.
An organic jgs'c foqggg%ﬁﬁagnt_gnd an inorgani c physical foam ng agent
my be Jﬁ%%ﬂﬁz ndg1 a1 %Gt - and  an admixture of an organic
hysi cal foamq ng agen nd an 15 jnorganic sical foam ng _agent may al so
Beyused T e(%eékoé fgr producing é&pandéﬁwbarticies cogtagngng y
10 carbon black and hindered amine flame retardant in accordance
with the present invention may be one in which resin particles
containing hindered amine flame retardant and carbon black are
dispersed in a dispersion medium with a foaming agent under
pressure in a sealing vessel, the dispersion is heated to a
15 predetermined temperature, the foaming agent is impregnated in
the resin particles, and the particles impregnated with the
foaming agent are subsequently discharged with the dispersion
medium from the vessel under atmospheric pressure {hereinafter
referred to as the dispersion medium discharge foaming
20 method); one in which the resin particles are dispersed in a
dispersion medium with a foaming agent under pressure in a
sealing vessel, the dispersion is heated to a predetermined
temperature, the foaming agent is impregnated in the resin
particles, the temperature is subsequently lowered to room

25 temperature, the product is depressurized and removed as

expanded resin particles, and the foaming resin particles are
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Exanpl es of an organi ¢ physical foam ng agent include propane, butane,
pent ane, hexane, heptane, and other aliphatic hydrocarbons; cycl obutane,
cycl opentane, and other alicyclic hydrocarbons; and

trichl orof |l uoronet hane, 20 dichl orodifl uoronet hane,

di chl orof e44ah! LUQT P -di £1 n 2z1-et r oet hane,
nmet hyl +d€éde é?%nqpfﬁ?o%?g fla Hﬁygg%%ﬂcﬁ?%%lélg % ELEQ

hal ogega%;ﬁl@%&ﬁg e use %Eggfrﬁmgéxgﬁggégar bon di oxi de, argon wat er,

air th e |norgan|c physi cal foaning agent. ong

the foam ”9 ﬂge%é Qt‘?é&é'(?&gc xpé’glg @g"’:ﬂ@ &‘fgfé sEBh”ﬁé?ih conponent

one, nore i nhor gani € Sel eC M rom t he

grOUp %?%d% g@%]ﬂ{r?gq rr%tnhé? 28 b é‘k%r::&&ﬁ?&é'%gégxkﬂg PQ &er s

particula Fogen and arr -are prerer
bi | f th d | es,
t ﬁﬂﬂ&ﬁ Qtﬂln%fn R A R SN ?ﬁ2a¥ oani g

agent, the wate | udi ng, dej oni zed er) used as the dispersion nedium
may be |rect? éLéﬁﬁéF?FlV 1?0 %ﬁ%%%ﬁ%% the resin partlcles in a sealing

vessel . The d anount of f$ qg agent _varjes ccordin g 10 type
of foanlng a ?ﬂ %ﬁRFF%%ﬁ?\Tﬁt%?QI HePOby ELYi VR® H%ﬁ% 9ar hL8fher

(3600 9n Mg Ui LA S0 TOUOL P 030009, Q050145 KEPL 2L, oughly about
to obtall ¢ RPANGES LA LS5 I el § A LA P "G A SRS s e R0YY 13
10 medium include water, ethylene glycol, glycerin, methanol, and
ethanol, but water is normally used.
The blend ratio of the resin particles with respect to
the dispersion medium is preferably 150 to 500 parts by weight
of the dispersion medium to 100 parts by weight of the resin
15 particles in order to increase the stirring efficiency of the
resin particles.
Dispersing agents for preventing fusion between resin
particles may be added as required to the dispersion medium.
An organic or inorganic dispersing agent may be used as long
20 as it does not melt or dissolve in the dispersion medium due
to heating, but inorganic dispersing agents are generically
preferred. Examples of an inorganic dispersing agent include
aluminum oxide, titanium oxide, aluminum hydroxide, basic
magnesium carbonate, basic zinc carbonate, calcium carbonate,
25 tricalcium phosphate, magnesium pyrophosphate, talc, kaolin,

and clay. The dispersing agent is preferably one with a

particle diameter of 0.001 to 100 um, and especially

22



5 550 The resin particles are dispersed in the dispersing agent, the

foam ng agent is supplied to the sealing vessel, and the systemis agitated
under heating and pressure inpregnate the resin particles with the foam ng
agent, but 1-0 this tenperature is preferably set to a normal foam ng
tenperature. The foam ng tenperature is, a tenperatur hat |l ows the
ool dTF ey ST e uhen e ke, Fyane EaRoE 8 Gal cBaafiRin,
tenperature nmay be selected in a range about (nT - 150C) to (nT + 150C),
wher e tHee i@MeWRg PR bndragenrt radded whe nn oRI2E b SPFRReBET R8I §81 ef i n
resin particles are used. The stirring and holding tinme under heating

vari es RO neP t10 (R ey pov ofe gk B bR reanke BV veight eRetBfend
ratio, and other factors, but is generically about 5 to 120 minutes. After
the resiesyarRaxtsleve been inpregnated with the foaning agent as

descri bed above, the resin particles and the 5 dispersing agent are

si mil t aneousThe dineraganied dispsrsimdspiente ihaprefenably| eaed Phessure than
the vessel pressure, normally under atnospheric pressure, to allow the
resi n pamijwiesion Wigiima muriveranthe rksamplest¢£| @sswhtabhe di spersing
agent are discharged, a pressurized gas is 10 introduced to the vessel so

t hat tINEsEDprigysde doetivntdodkey Beerzevesul fonnte anpodiudf t he
vessel contents decreases, and the vessel pressure is maintained at a high

| evel . dhagminglefdnntesisodiah £nosidiltesatde supamtdesiepaetiékes in the
present invention is a pol ypropyl ene resin,
another anionic surfactant. The added surfactant is normally

10 preferred to be 0.001 to 5 parts by weight to 100 parts by
weight of the resin particles.

An organic physical foaming agent and an inorganic
physical foaming agent may be used singly or as a mixture, and
an admixture of an organic physical foaming agent and an

15 inorganic physical foaming agent may also be used.

Examples of an organic physical foaming agent include
propane, butane, pentane, hexane, heptane, and other aliphatic
hydrocarbons; cyclobutane, cyclopentane, and other alicyclic
hydrocarbons;: and trichlorofluocromethane,

20 dichlorodifluoromethane, dichlorotetrafluoroethane,
1,2-difluorcethane, 1,2,2,2-tetrafluorcethane, methyl
chloride, ethyl chloride, methylene chloride, and other
halogenated hydrocarbons. Nitrogen, oxygen, carbon dioxide,
argon, water, air, or the like may be used as the inorganic

25 physical foaming agent.

Among the foaming agents described above, one having as

its principal component one, two, or more inorganic physical
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15 and a DSC curve obtained by differential scanning calorinetry the
expanded particles at |east exhibits an endotherm c curve peak (hereinafter
sinply referred to as "inherent peak a") that is characteristic of the
pol ypropyl ene resin and an endotherm c curve peak (hereinafter sinply
referregd,tQif nPLabg Ky ' egpe han t hat
t he epdo?%@% ngﬁ?gé %%%§?P§%3£?ﬁﬁ EggtgﬁagétP?ggg%ephgﬁhﬁg%Q?gﬁ%érature
peak 1 SokyQmhNOLiLeSSalhan ALbxIRLE LHANGAPE ML LesREELALEyt e total heat
quantity all "of "the endotherm ¢ curve peaks. e expan ed particles
exhi bi t l'le LOLALEL Y, [ C e e at | and are
ORI, Rhohb MALSL. GEKEoRel R RE B bEp R LR

sui table eat no € heat quantity O

O CERELABUEFaRORo | Srab Rl NAR BRAMPRAESRECALLOLNE ! OhAl Leal,

gquantity O e endotherm ¢’ cUrve pea ressure during
Aot BFEERerey: oo o verohmen et crRRRTEe 73t HOor BStFri ng PBaNBRO ti ol e
br essarts (187% ritt ERept OPRLIGc P RBE enbARdbALpE: { ForLeSinnodoadblbsilery
RERARERRN (R R Rk e R L

POLYPr OPYA &% o "EPL Dot S8 £iSOMREL L4 83, £ 081 SXPRNIST BT 10! §855812

The added amount of foaming agent varies according to the
10 type of foaming agent and resin particles, the objective
density, and other factors, but the required amount of foaming
agent is kept at roughly about 2 to 50 parts by weight to 100
parts by weight of the resin particles in order to obtain
expanded particles generically having a density of about 15 to
15 550 g/L.

The resin particles are dispersed in the dispersing
agent, the foaming agent is supplied to the sealing vessel,
and the system is agitated under heating and pressure to
impregnate the resin particles with the foaming agent, but

20 this temperature is preferably set to a normal foaming
temperature. The foaming temperature is a temperature that
allows the resin particles to foam when depressurized, and, as

an example, any temperature may be selected in a range of
about (mT - 15°C) to (mT + 15°C), where mT is the melting

25 temperature of the resin when un-crosslinked polyolefin resin
particles are used. The stirring and holding time under

heating varies according to the type of foaming agent and
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propyl ene/ et hyl ene copol yner, the heat quantity of the high- tenperature
peak is preferably not |ess than 10% and nore 15 preferably not |ess than
15% with respect to the total heat quantity of all of the endothermc
curve peaks. Also, the wupper limt value thereof is preferably not nore

than 600, and tﬂ@rﬁlé’ﬁcﬁ‘;ﬁ% € >y 004 M&;ﬁé@t&@g a}gaﬂéeg%e}*ﬂ@éflm

0
consi derations, when t ypropyl ene resrn’t conStitutes t

expanded, paf td ¢l £s;45 i RLPYy! ene honopol ymer, the heat quantity of the
hi gh-tenperature peak 1's preferably not |ess than 20% nore preferably not

I th 259 r S 0%, Wi r ect the

053, han ZRPheR IV EVAL P15 L ELEN D L Bobbags 2020 G b pRReCt 1

limt . i t t han. 60% nd. npre_preferab

ot mordifd Hdale L8 MELELANY Mtve TOhFe | D80 RS- B8 HRT SnBl ERET 0 Y
eak f the expanded partficles in the present invention is

P BRI TSP e b A S as oM ERFRE LBVER 60" 31 5. then
ive strengt.h and other physical properties _tend to decrease.

Conver P ertiend dnd s BON fouer Sredt gl el thEvenrgeLocondary

foam ng characteristi duri nol di ng tend adversely affected d may

ooul t BAP R PR eI Y G SO AP E SRR B JOH08. thfien the

I | t hat titut t.h ded 1.0, ticl i

P ol S Ak Tt oty (S U Hos CRaHE P9 e STak eRaotRer m ¢

curve peaks is preferably 60 , 100 J/g. Wen the Ppl grogglene t hat

Constifﬂﬁ@?ﬁ E%fﬁﬁﬁﬁé re discharged, a pressuriz g is

10 introduced to the vessel so that the vessel pressure does not
decrease even if the amount of the vessel contents decreases,
and the vessel pressure is maintained at a high level.

The polyolefin resin that constitutes the expanded
particles in the present invention is a polypropylene resin,

15 and a DSC curve obtained by differential scanning calorimetry
of the expanded particles at least exhibits an endothermic
curve peak (hereinafter simply referred to as "inherent peak
a") that is characteristic of the polypropylene resin and an
endothermic curve peak (hereinafter simply referred to as

20 "high-temperature peak") at higher temperature than that of
the endothermic curve peak, and the heat quantity of the high-
temperature peak is from not less than 5% to not more than 70%
with respect to the total heat quantity of all of the
endothermic curve peaks. The expanded particles exhibit

25 excellent rigidity, have a high closed cell ratio, and are

suitable for heat meolding.
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particles is a propyl ene honopol ymer, the total heat quantity 15 of the
endot herm ¢ curve peaks is preferably 60 to 150 Jig. The heat quantity of
t he hi gh-tenperature peak was neasured according to the foll ow ng
measuring nmet hod, which confornms to JI'S K7122 (1987). First, 2 to 10 ng of

t he expandequpaf tigd 65 M Sqda e | SEt e %?@h%ggﬁ€%§£¥%§§2@%?£ak ed at a

rate of 10C mnute fromroomtenperature and t he heat
quanti ty.

A oxar o o Ehe bet th e et s ot AL THAE aRERPRERSorCAAY BRI
L FIG ol SARRARSE Ay Shuds e POLYLRTAPELESLD KNBLAGORSIRHLES the

expanded particles 15 a pol ypropyl efie resin (propy ene ran

Cha conet i AP L AR b Aomifad STV B GROEA P8 MBEBRMLETD, L'
pscocurtBrft HE SRl AR 454 O R LR TeRnes obr s B EeRbes ponds
Fol 1 oudoid ST L 0 ol NP Re BFE ol VuReanhe: Rhefn: &
Cor o pBIR LD T TSIt i Bt cHbr At S e he 8k pREBA Bar | o es
ot i ned e AT A AR TR RS U ofP (R HORSF LYEHBer at ur e

side Oﬁﬁkﬁsbefore the expanded particles are molded, and the molding
10 cycle tends to be prolonged.
Because of these considerations, when the polypropylene
resin that constitutes the expanded particles is a
propylene/ethylene copolymer, the heat quantity of the high-
temperature peak is preferably not less than 10%, and more
15 preferably not less than 15% with respect to the total heat
quantity of all of the endothermic curve peaks. Also, the
upper limit value thereof is preferably not more than 60%, and
more preferably not more than 50%.
Because of these considerations, when the polypropylene
20 resin that constitutes the expanded particles is a propylene
homopeolymer, the heat quantity of the high-temperature peak is
preferably not less than 20%, more preferably not less than
25%, and even more preferably not less than 30% with respect
to the total heat quantity of all of the endothermic curve
25 peaks. Also, the upper limit value thereof is preferably not

more than 60%, and more preferably not more than 50%.
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hi gh-tenperature peak b and the base line on the higher- 15 tenperature
side. Next, a straight line parallel to the vertical axis the graph is
drawn frompoint y on the DSC curve that corresponds to trough portion
(inflection porti on) between the inherent peak a and the hi gh tenperature

k b,
P:Een CTanThe su ace ar eat&t}%I tlhﬂlﬁréﬁ%%lrr&fr h‘El{lf?geé&g %Prﬁ 12 é%%f:aie
f f
ot e W R R e P EEL RO 1o e
segnent 3}%} and b 8 ¥ and this surface area
corres r[eg)l[ 0 eyl i tyISf Pﬁehﬁﬁﬁhgflé‘ﬁf’}éftéﬁ de 1685k Th2® The

hi gh-tenperature peak b is seen in the first DSC curve neasured as
descri s8d Hpovehehutomprastiseentranghh BSE otthee phyaiked pyopairdiirg t he
tenperature a second tine. the second DSC curve, only the inherent peak a

I's seerddd e ddrir oMU JaSH N {haths Aisdt taiast i e expasdsd

particles, as showmn in FIG 2. In FI'G 2, Tmis an endotherm ¢ curve peak

{emer iy oy@n {henSeEONdCDSEaGHYY BoafloTEnhS AEEL1GRTRLEQN o emper atur &

on the seco curve en neasuri ng £he Il srent pea

hi gh-te ature ak t he .exp les with he differenti al
scanni H@% rﬁei?éjtlgzropg’se (?éfs a?%drl\%é%‘gf dﬁ‘fﬁf yreoafui&plafhd%d particles
with a tot aI V\eli%ht of 2 n%nshoul d. be direct IL}/ use he nmeasur enment when
t he MBI (ﬁﬁy51derable amount o v01 s.

When the polypropylene that constitutes the expanded
10 particles is a propylene/ethylene copolymer, the total heat
quantity of the endothermic curve peaks is preferably 60 to
100 J/g.
When the polypropylene that constitutes the expanded
particles is a propylene homopolymer, the total heat quantity
15 of the endothermic curve peaks is preferably 60 to 150 J/g.

The heat quantity of the high-temperature peak was
measured according to the following measuring method, which
conforms to JIS K7122 (1987).

First, 2 to 10 mg of the expanded particles was

20 collected, the temperature was raised at a rate of 10°C/minute

from room temperature (10 to 40°C) to 220°C, and the heat

quantity was measured with a heat flux differential scanning
calorimeter. An example of the DSC curve obtained by the
measurement is shown in FIG. 1. FIG. 1 shows a case in which

25 the polyolefin resin that constitutes the expanded particles

is a polypropylene resin (propylene/ethylene random copolymer).

27



particle is |l ess than one expanded particle should be 15 directly used in
t he nmeasurenent when the weight of a single expanded particle is should be
cut into a plurality of particles, and a single fragnment specinmen wei ghing
2 to 10 ng should be used in the nmeasurenment when the weight of a single

PIohect P A B A B e TR

froma single expan iclée,” so when cu ace of
t he expanded article s d b reserved. without. bein and the
speci nEns’ ]a} fe%ﬁ’&‘%'iﬁ gi?oh%ﬁpalf & AR HeS sa ds?m"% o the
extent possible, and that t he 25 expanded partjicle surfaces that are

preser RGEHIHE RGHy © rihv e A il rBien dhdperatihe oo SRFface area

to the extent possible in each of the fragment speci nens. Wen the weight
of a siiglerentparhdd dard irTesent 1R rghe RFC samve eln Fip- 9l npahd ahent
speci nens havi ng substantially the sanme shape can be obtained by cutting

t heSexpevedediparttitgh eoff adienthighn- tanpdratryrei peak | hnedoregponds | rof rom a

m dpoint in the 5 vertical direction. One of the two fragnent specinens

obt ai nethd hddk SsutrHey Sl thdedsetid Fmase espdeihighriyenperature
peak and the inherent peak as descri bed above. The case in which the

pol yol efdituiesida tdwaterionsdd tutes the expanded particles is a
pol ypropyl ene resin was described 10 above, but neasurenent can be

perfor med i G 6, SaIe, AL (Ol A NEr A ofd M fl Ny OBtALe: ¢

retardant polyolefinresi oane e present I nvent n a knomn

in-nold nol di ng . ]
a that corresponds to 80°C on the DSC curve, and point g that

10 corresponds to the melt completion temperature T of the
expanded particles on the DSC curve. The above-mentioned melt
completion temperature T is defined to be the intersection
between the DSC curve on the higher-temperature side of the
high-temperature peak b and the base line on the higher-

15 temperature side.

Next, a straight line parallel to the wvertical axis of
the graph is drawn from point y on the DSC curve that
corresponds to trough portion (inflection portion) between the
inherent peak a and the high-temperature peak b, and the point

20 that intersects with the straight line (o - 8) is taken to be
o. The surface area of the high-temperature peak b is the

surface area of the portion (the shaded portion of FIG. 1)

enclosed by the curve of the part containing the high-

temperature peak b of the DSC curve, by segment (o - f), and

25 by segment (y - o), and this surface area corresponds to the

heat quantity of the high-temperature peak.
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met hod i s adopted whereby flane retardant polyolefin resin 15 expanded
particles conposed of expanded particles having the heat quantity of the
hi gh-tenperature peak are |loaded into a nold with a desired shape, heated
by steam or another neans, and allowed to foam There are no particul ar

limts tot ]| “g? | ' U e rijcle f]s pr esent
I nventi on, andeaﬁﬁizél?%ep r%ﬁ#l}d/%%sﬁ’?éy]pg? %%?%%ga%ge%ﬁ%ar%f% esgﬁay be
freely determ ned in,accordanc, 't%the |ication of the resul%' g
f oaned GHTEMEASHTET P 20T o DY TRSPT SRR TRVERT] B
normal |y have an a rent density of about 15 25 550 g/L, Generally, flane
rosi ot T DRI RY 19 A (FDe RRRERATH S et oo B denthiy, but
flame resistance can inparted to foanmed article even with a | ow density of
20 30 1HP FaCHd (IR HPFHentOishstRy Piherrr e @R barfeet et biheusi ng
the above-described hindered anmine flanme retardant as the flane retardant
I n éCC@M*MRﬁQRMRQﬂQfﬁ?%ﬂ%§§ﬁﬂHQﬂRﬁﬁiﬁﬁﬁeSeﬁhﬁf¢%@ﬁﬂ¢%@i%@%ﬁb@l%%n be
sufficiently inparted even with a 5 density that is as lowas 25 to 140
g/ L, am$ eshavigoin G g/d. Ia il Zndimtisfarxgrdefdiepaic i eiese apé@k t han
the flame retardant expanded particles that constitute the foaned article
of the tempsgratuneyam itdre macdrgl i wlodré n ad T® 1% aseht ¢onehetbpnas
|l ong as the flanme resistance is not declining. The flane resistance in the
f oamed tampegtadwfe tdre tireesetond MAthtgwrve s based on a conbustion test
specified by FMWSS302, and is divided into flammability, a sl ow burning
property, afhen measuring the inherent peak and the high-temperature
10 peak of the expanded particles with the differential scanning
calorimeter as described above, a plurality of expanded
particles with a total weight of 2 to 10 mg should be directly
used in the measurement when the weight of a single expanded
particle is less than 2 mg, one expanded particle should be
15 directly used in the measurement when the weight of a single
expanded particle is 2 to 10 mg, and one expanded particle
should be cut into a plurality of particles, and a single
fragment specimen weighing 2 to 10 mg should be used in the
measurement when the weight of a single expanded particle
20 exceeds 10 mg. However, the fragment specimens are cut from a
single expanded particle, so when cutting, the original
surface of the expanded particle should be preserved without
being removed, and the specimens are preferably cut so that
they have the same shape to the extent possible, and that the
25 expanded particle surfaces that are preserved without being

removed are uniform and have the same surface area to the

extent possible in each of the fragment specimens. When the
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15 a sel f-extinguishing property. Flammability is a conmbustion velocity
that exceeds 100 mimn. Flanmability in the above-nenti oned conbustion
test is a property whereby a flane crosses the reference Iline A of a test
pi ece and burns fromthe reference Iine A 20 until reaching the reference

ine B w@lgRe PEPE! Lin gréﬁ%a@%%a'rgg?tféféSfé 1BOmb Ol ERNELhPAE A and s

extinguls efore reachin erence Tirne B seconds 'el apse

after relsengs thindnl Ss6eoraeds Siyihe LLBURAREBIESORE oBhLCT

reference l1ne” A 1s”crosse IS extinguls

Pr oner {nlg A E0TBUSHL L NEL oy L el bRy e "OkolRAgat DADLFA0CT EanLaLn. The

sl ow burni operty I above-Trent i one S a property eby

a flanme_ cr e e Lne [ burn romthe
refereﬁ%% QfﬁhérégﬁH?{fg$£%€§?%%r%%%ﬁﬁgi%feﬁgé%I$n§£§p§$95 %&o%g%ty wher eby
a f%anevgégf referen lin | S.5_extipgui shed fore reaching

t he referencégfiéég%fgﬁﬁ§LBOQ%§%c ndéhg?g%%efﬁ? BF" e?%?%ﬁ%% %ing Ais
and 1 o OB TRGh Sher FRECir? B TR e r Tt pFopiregirn Hg Arel-Co%eee
above TGO od: S dEnd S0 PLARSLLY, WWELEDs 3 LLATRLLS St out shec
Seconds Of AL & OBl et SIERSE Lo By The Lpmnst ariiLe of (e
having § &8 paradd padt ST 09 P oS ot SpstBSS! e Pigl eh88tEivea
10 above, but measurement can be performed in the same manner for
other olefin resins.
To obtain the flame retardant polyolefin resin foamed
article of the present invention, a known in-mold molding
method is adopted whereby flame retardant polyolefin resin
15 expanded particles composed of expanded particles having the
heat quantity of the high-temperature peak are loaded into a
mold with a desired shape, heated by steam orxr ahother means,
and allowed to foam.
There are no particular limits to the apparent density of
20 the expanded particles of the present invention, and the
apparent density of the expanded particles may be freely
determined in accordance with the application of the resulting

foamed article, but the expanded particles of the present

invention normally have an apparent density of about 15 to
25 550 g/L. Generally, flame resistance becomes more difficult to

ensure with lower apparent density, but flame resistance can

be imparted to foamed article even with a low density of 20 to
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The above-described flame resistance is defined as a self-extinguishing
property when a flane on a test piece is extinguished before reaching the
reference line A (38 mm, and the value cal cul ated by the equation (1)
bel ow i s adopted as 20 the conbustion velocity for other cases. 60 x D/T..
the equation. mmnin) , the conbustion velocity per. mnute the |length that
the 11artd (L BAr RbE phmpTeafqdsied et the CEERONEs) BARNI GRS Hians
requires to burn 25 The apparent density of the foaned article in the

pr esentusing e P eee ylargaingd isindenpd gnine |flye LHebaréart appar ent
density of a common foaned article decreases, it becones difficult to

i npar t Fherfelanss i tardanty g aceredareabicthndumtpeeseptnknyeb bt eRnt nust
be included; but using the hindered am ne flanme retardant of the present

i nvent 2 dilane readd tanne faee sl tpkent bz hiepadtod t ven swiath anount
flame retardant even at a | ow density of 15 to 100 gib, and flane

respst ateaesictan et nparded ey es Vi3 e dansi/Ly that evenasol aw as 18 to 100
nd even 22 to 100 The average cell dianeter in the foanmed article of the
presenﬁjkp%ﬁﬂgion affects the col or tone and nechanical 10 strength of the
resulting f0aned article so a deep black tone can be obtained with a smal

anount of carbon hl ack; the
%.smal amount of expanded particles other than the flame

retardant expanded particles that constitute the foamed
article of the present invention may be included in the

10 present invention as long as the flame resistance is not
declining.

The flame resistance in the foamed article of the present
invention is based on a combustion test specified by FMVSS302,
and is divided into flammability, a slow-burning property, and

15 a self-extinguishing property.

Flammability is a combustion velocity that exceeds
100 mm/min. Flammability in the above-mentioned combustion
test is a property whereby a flame crosses the reference
line A of a test piece and burns from the reference line A

20 until reaching the reference line B, or a property whereby a
flame crosses the reference line A and is extinguished before
reaching the reference line B and 60 seconds elapse after
reference line A is crossed, or the flame passes over 50 mm
after reference line A is crossed and is extinguished.

25 The slow-burning property is a combustion velocity that

is not more than 100 mm/min. The slow-burning property in the
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conpressive stress, flexural strength, and other characteristics of the
mechani cal strength of the resulting I|ight weight foaned article are
excellent; the cells are not 15 destroyed by conpression; and there is no
residual strain, based on these facts, the average cell diameter is

prefera&t?«,@%rﬁ% cga&&@%m g%%ﬁéﬁg%ﬂeﬁgﬁy'&Sfl&nﬁgﬁgggslag gnd even

more not [ess t m~ Conver upper “limt t

pref er all ¥ NGt d1of £,4 Nan, O %éé%t ][%{n&@ro%ﬁe%ﬁ%@@'frémt tHQ@e%Q?ﬁnéQo rim

and even nore not nore than he e for nmeasuring e average

ayer OrEe d RS EAEHAL iR dhc e Blfende PHIMETE SDIR b bREE T 21 on the
or oA o e SR Yol R0t LS RR8TCE 0T of view of a
ar ain eaE et T SO MR TR B b ap et ol secton

| engt h BOTRE M1 A et T AT SRSt SRRl (e
was taken the average cell dianﬁﬁ§%50f 0 ex&gnded articl t he average

cel | difSH THE FDIY T o THECHST resPorfiets 15285 pafeh‘aeas

extinguished.
The self-extinguishing property in the above-mentioned
10 test is a property whereby a flame is extinguished before
arriving at the reference line A, or is extinguished within 60
seconds or within 50 mm of crossing the reference line A.

The foamed article of the present invention preferably

has at least a slow-burning property, and having a self-
15 extinguishing property is especially preferable.

The above-described flame resistance is defined as a
self-extinguishing property when a flame on a test piece is
extinguished before reaching the reference line A (38 mm), and
the value calculated by the equation (1} below is adopted as

20 the combustion wvelocity for other cases.
B = 60 x D/T...{(1)
In the equation, B is the combustion velocity per minute
{mm/min), D is the length that the flame has burned (mm), and T

is the time (seconds) that the flame requires to burn D mm.

25 The apparent density of the foamed article in the present
invention is generally 15 to 400 g/L, but when the apparent

density of a common foamed article decreases, it becomes
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particles on the perpendicularly cut surface was calculated in 10 the sane
manner, and the arithnetic nean thereof was adopted as the average cel

di aneter of the foaned article. The average cell dianeter of the foaned
article is adjusted primarily when expanded particles are obtained, and

this cagy; pe; acu &djh a@tgi#férwgré@fsw é?eP‘;T%ﬁ&'é £6QUL aLPLp1e15 the
the ce e

additive anount o | reqgulator, t anbl ent tenperature during

f oan noumdfiey diSCHALAS XSl ARILY: FEQUL 1 1 3ERLARG, VSRS G DT 0am ng,

and so on. € average C I aneter can be adjuste rge anount,

for X Alforddl SIS oo Bl Ly e ATRRDN,£LoL0e £8LLAEEOH! 8196w

setting e anbi ent” tenperature during r an room

| . g | . -
PR A WAL AT S T s e T

obtgined by a continuous nol di ng nmethod. This continuous _25 | di ng. et hod
al | ows & f%]zﬂ'l’bed ZH43daEt PP 7 ok b3eRrohtY nRbudl? ytP e 80 e FiFan dHtH

particles with the internal pressure of cells as needed between belts that
cont i nuckany Eimhanch an drl bedavieheecdminkth of dempitynghatichbne, 10
al l owi ng the expanded particles to fuse with each other by expansion when
passi nad Mreaigls a satarededy/st eamdsepphy 2ar ea 10oeafl ng area), passing the
expanded particles through a cooling area for cooling, renoving the

resul ting miledhyerddd | iy Qi dhsr Shaiethe aP6hne@uePtidlbYogUthkng the

article to appropriate lengths. This type of continuous nolding nethod is

cited igreRdtokAlen D40 ot itk 1oP-d0%nd mechanical
10 strength of the resulting foamed article so a deep black tone
can be obtained with a small amount of carbon black: the
compressive stress, flexural strength, and other
characteristics of the mechanical strength of the resulting
light weight foamed article are excellent; the cells are not
15 destroyed by compression; and there is no residual strain, so,

based on these facts, the average cell diameter is preferably
not less than 180 um, more preferably not less than 200 pm,
and even more not less than 250 um. Conversely, the upper
limit thereof is preferably not more than 500 pum, more

20 preferably not more than 400 um, and even more not more than
350 pm.

The method for measuring the average cell diameter was

conducted as follows. A surface 10 mm inward from the skin
layer of a foamed article that was perpendicularly cut in the

25 direction of the greatest thickness was enlarged so that the

entire cross-section that corresponded to a single expanded
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and JP (Kokai) 10-180888, for exanple. The continuous cell ratio the foaned
article of the present invention is preferably not nore than 40% nore
preferably not nore than 30% and especially preferable is not nore than
25% when according to procedure C of ASTM D2856-70. The | ower the

cont | Mgy, 2ol el 81 nd e ! g Rafvoe Lho 15 EG0E LigaTeRDgN cal

strength is. Surface decorative material can be 1nteg am nated on at
B e A o e T A e R T G N G
s006a1 7 LR B S N, A 0RR R R Mamalifd ‘oo ai Bk o
AT74T6 MO, BB Rl IO BB 0020000 30A0ESC AL Sphy 101, 909208 Twry N OF et

publ i cations. oane uced the present rnvention may 25
oL oS, DSTMAE e B 60 el v Ble Y gl o rpesihnn oy Loeet
dotai | 1 stk AR GG ORGP b kS iSiEietige sRfan o
o 127 e DTSkl JOO2RRL . oLl RUDLLER 4515, ExaPl o0
PrESeNo MR S8 A TS0 Bler e OHPLS 20 | elad 25027211 0N o
particles on the perpendicularly cut surface was calculated in
10 the same manner, and the arithmetic mean thereof was adopted
as the average cell diameter of the foamed article.
The average cell diameter of the fcamed article is
adjusted primarily when expanded particles are obtained, and
this can be achieved by adjusting the type of cell regulator,
15 the additive amount of the cell regulator, the ambient
temperature during foaming, the discharge wvelocity from the
sealing vessel during foaming, and so on. The average cell
diameter can be adjusted to a large amount, for example, by
reducing the additive amount of the cell regulator, setting
20 the ambient temperature during foaming lower than room
temperature, slowing the discharge velocity £from the sealing
vessel during foaming, and so on.
The foamed article of the present invention may also be
obtained by a continuous molding method. This continuous
25 molding method allows a foamed article to be produced by

continuously feed expanded particles with the internal

pressure of cells as needed between belts that continuocusly
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flame retardant and carbon bl ack] Exanples 1 First, 0.05 parts by wei ght of
boric zinc powder (cell regulator), flane retardant A (particulate form
Ciba 15 Specialty Chemicals K K., comrercial nane: Flanmestab NORL16
(reaction products N, N -ethane-1, 2-diyl bi s(1, 3- propanedi am ne),

cycl onoxape. angeL XA g8 tod-DULYLRILDB1 202. 6 o1 AL SABKLRLpeT | di ne and

6-trichloro-1, 3,5-tri1azine the structure: . 0 in Table 1,
were adid b dom Sor iRmEAL DA OESe XTHANE wiRh ) GELE, SRAER Bl ymor
(<t v cagpeomenciion gouhdt cMondd 90 mnuless Saisblynd0obel
ol knOsrir A S oot Eake "Ble ettt Bar P Fadl HhEBUSRTR "l s anie,
o epar S aeH B ndl 8 ST o arerER HET o dr Sttt et e aver nge
el ot SARTEbrsil s S b h RS 1 T oo e b F oEne “eB kAR St ve
(E)éagpljl S(F g?ﬁ%j?ﬁ?}%%%ﬁé‘?éél n*"r QLM?@%‘S% r%’g ggﬁéugcrﬁglL,é%HQt he contents
ellL irrpet-lilaobA eiss Scﬂne‘gd 4inan fJKaorE?ai) 9-104026, JP (Kokai) 9-104027,
and JP (Kokai) 10-180888, for example.
10 The continuous cell ratio of the foamed article of the
present invention is preferably not more than 40%, more
preferably not more than 30%, and especially preferable is not
more than 25% when according to procedure C of ASTM-D2856-70.
The lower the continuous cell ratio is in a molded body, the
15 higher the mechanical strength is.
Surface decorative material can be integrally laminated
on at least a portion of the surface of the foamed article of
the present invention. Production methods for such a
laminated-composite in-mold foamed article are cited in detail

20 in US Patent No. 5928776, US Patent No. 6096417, US Patent
No. 6033770, US Patent No. 5474841, European Patent
No. 477476, WO 98/34770, WO 98/00287, Japanese Patent
No. 3092227, and other publications.
The foamed article produced the present invention may
25 also be manufactured by completely or partially embedding an
insert material, and integrating this material to obtain a

composite. Production methods for such an insert-composite
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10 retardant C (flame retardant pronoter) (antinony trioxide) so as to
achi eve the contents shown in Tables 3 and 4, pellets were prepared in the
same nmanner as in the exanples. [Preparation of expanded particles] 15
First, 0.3 parts by weight of kaolin as a dispersant, 0.02 parts by wei ght

of sodium orecyd iad capeLLiongte aprddein Sukiact anh, uaNpagdeparts by

wei ght of water as the dispersion nedium respect to 0 parts by

wei ght t et i in npkes ec§0 i ve exanpl es
wer e 3%;1d?gﬁgﬁbﬁiéﬁ%q%%%???ﬁg?'5%?@% g@b %ﬁd‘ﬁ@?ﬁ%?i%g|ngzggred, car bon
di oxi de L LY i t cl fggﬂi t, the pressure

i nNsi de% e a%stt;%c at\?%nﬁ&’t h‘g(r?%a t-g'r %@j%@%gﬁ 0 .P%ak/%gg%gauge pressure),
the tenperature within the autoclave was raised at a rate of 3C mn, and
the system 25 was heated while being agitated. Wien the tenperature within
the§mné§aﬁggégeached 100C during heating, the pressure within the

aut ocl ave S adjusted to 1.5 MPa (gauge pressure); 120C the pressure

wi thin the to ve s. adjusted to 2. 0 MPa gauge essure, 140C t he
pressure wt |?fﬂ€%§%ﬂj(ﬁ:%ﬁ&;l S %ﬁu%%ﬁ%ﬁf?% 2%% aigéﬁbghpressure);
when the tenperature s, 5C lower than the foamng te ratur hown in
Tabl e ZXaHTRS Helly dUF (1% Rreo St o R HER S 1eY eh- bt 9% BYpa

auge pressure). and held for 10 mnutes at that tenperature; the
(gaug ‘i% ex\ﬁérg? np
t enper ature %ﬁmequently increased to the foamng tenperature shown in
Table 2 and held at that tenperature for five mnutes; high-pressure
carbon di oxi de gas that was under 10 a pressure equal to the correspondi ng

eq bli g um vapaor pressure was thereafter introduced ipto the autoclave,
ang oneg Freparation of resin particles that contain hindered amine

flame retardant and carbon black]
Examples 1 to 7
First, 0.05 parts by weight of boric zinc powder {cell
regulator), flame retardant A (particulate form, Ciba
15 Specialty Chemicals K.K., commercial name: Flamestab NOR116
(reaction products of
N,N'-ethane-1,2-diylbis(1l,3-propanediamine), cyclohexane,
peroxidized 4-butylamino-2,2,6,6,-tetramthylpiperidine and
2,4,6-trichloro-1,3,5-triazine)) shown by the structure shown
20 in Table 1, and furnace black as the carbon black (average

particle diameter: 20 nm) were added to 100 parts by weight of
a propylene/ethylene random copolymer (ethylene component:

2.3 wt$; MI: 10 g/10 minutes; density: 900g/L; melting
temperature: 146.5°C, and melt completion temperature: 163°C)

25 so that the content in the resin was as shown in Table 3; the
components were melt kneaded with an extruder, extruded in

water in the form of strands, and cooled; and the strands were
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end of the autoclave was opened whil e applying back pressure; and the
resin particles and water were sinultaneously rel eased under atnospheric
pressure, yielding pre-expanded particles. 15 The apparent density and heat
guantity of the high-tenperature peak of the resulting pre-expanded

part i ¢! S guelio bt Jotl G e fTEERHEE YBSpARPLEEIpLRILRE RECs fiEPANded

particles for ours at a gauge pressure a 1 nside a pressure
tank, 7 aqgﬂ te-exgande .gar%igl s havi ng the internal re§§ re shown in
Tabl e 2"V @FLEB‘SF d. TFheCpPé- x§an&8&‘ Far BVEFEISE Mo dded Mo a
tmo-st%gf foam ng machi ne, heated for sone tinme by saturated steam

pr essurERRAC1Ye TP hand thereafter rel eased under atnospheric
pressure, Yyielding expanded 25 particles having the apparent density shown

in Tabl e 3. OHRF rdan (9Wt Elpmrthel Hhate cretevdart drPedlaks weFessuri zed

for 12 hours at a gauge pressure of 0.20 MPa 38 inside the pressure tank.
TheSexRFRRAFYhrin cihes ARG MARTRT | 38 ckmathresampbeshown in Table 3 were
| oaded into the nold internal dinmensions: 250 nm x 200 nd heated by
sat ur attEmnMpARH Y dsmmeleshAwandth Jable 3, yielding a foaned article.
Not ches were provided to the foaned articles obtained fromexanples 1 and
conpar at i ve Ghteamp|tdsn hlerglinend hdaen tdlardanised Gpiscl es were bent and
broken, it was found that all of the particles were broken in the fracture
cross 1@ sectilmmmoprbrtiate tthver et mabodeo@ict shierse 1 cS) weo eagxtel | ent .
achieved the contents shown in Tables 3 and 4 and flame
10 retardant C (flame retardant promoter) (antimony trioxide) so
as to achieve the contents shown in Tables 3 and 4, pellets

were prepared in the same manner as in the examples.

[Preparation of expanded particles]

15 First, 0.3 parts by weilght of kaolin as a dispersant,
0.02 parts by weight of sodium dodecylbenzenesulfonate as the
surfactant, and 230 parts by weight of water as the dispersion
medium with respect to 100 parts by weight of the pellets
obtained in the examples and the comparative examples were

20 loaded into a 400-liter autoclave and hermetically sealed,
carbon dicxide was injected into the autoclave as a foaming
agent, the pressure inside the autoclave was thereafter

adjusted to 1.0 MPa (gauge pressure), the temperature within

the autoclave was raised at a rate of 3°C/min, and the system
25 was heated while being agitated. When the temperature within

the autoclave reached 100°C during heating, the pressure within

the autoclave was adjusted te 1.5 MPa (gauge pressure); at
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The foanmed articles obtained in the exanples were black colored foaned
articles having good color tone without color variation, and the average
cell dianeter was 250 to 300 p.m The conparative exanples 1 and 2
possessed the sane deep 15 color as the exanples, and the average cel

di anete 00 drnrfor al However, ¢ arative re

1 ont er 205 e, SRR GH T A o e i 4 YEFEE £9 o th.eTP8  he
fact that the average cell dianeter in conparative exanple 3 is 150 m and
t he avetaapeoeabresisanel erat ?049C cshenpiressue 300tab| thd awoyslahe fl ane
retardants used in the exanples and conparative exanples. Table 2 shows

t he presssiredjpusted tde2 avtmmeh avgabgs opLesorédanvngn( théetengeratase’t ank
pressure” in the table), the foanm ng tenperature, the apparent density of
the preyexpadad R Pad e AdinRAl S dﬁl}i‘é)fsﬁthfn hghpdierpes at ure
peak the pre-expanded partlcles t he heat quantity of the high tenperature
peals wi . respect-d o i fid obpl Deploouantily abl ot aheoeadm{rgrm c curve

peaks, and erna pressure pré- expan partlcles e tabl e,

h h Kk h h
quant ?t od AR LA @é%@”ﬁﬁéaﬁllﬁéﬁtﬁiﬁeﬁ%@%t Bob0hPhed e o

d/ he heat tit f _the high- t f
or o oxp AR LTS SRt T Biﬁz”ﬁﬁé%%%%ﬂﬁ “rhe %83%3% ranner in
S e e el Sy b T8 %4 "LE PR3k FERELEOEH-EPRYE Was

five minutes; high-pressure carbon dioxide gas that was under
10 a pressure equal to the corresponding equilibrium vapor
pressure was thereafter introduced into the autoclave, and one
end of the autoclave was opened while applying back pressure;
and the resin particles and water were simultaneocusly released
under atmospheric pressure, yielding pre-expanded particles.
15 The apparent density and heat quantity of the high-temperature
peak of the resulting pre-expanded particles are shown in
Table 2.
Pressure was applied to the pre-expanded particles for 12
hours at a gauge pressure of 0.50 MPa inside a pressure tank,
20 and pre-expanded particles having the internal pressure shown
in Table 2 were prepared. The pre-expanded particles were
loaded intoc a two-stage foaming machine, heated for some time
by saturated steam pressure shown in Table 3; and thereafter
released under atmospheric pressure, yielding expanded
25 particles having the apparent density shown in Table 3.
The resulting expanded particles were dried and

pressurized for 12 hours at a gauge pressure of 0.20 MPa
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particles. Table 3 shows the saturated steam pressure in the twd- 15 stage
foam ng conditions, the heating tinme and the apparent density of the

expanded particles in the two-stage foam ng conditions, and the saturated
steam pressure and the internal pressure of the expanded particles in the

S eSO i 06 0 e 1

20 expanding particles 1s re t cont in the

table. jf éﬁ‘%ﬁt iegeges;{m%/\% ﬁ%o#x{:%r?ofﬁdggé "3%?%3% apl&a &[‘ﬁn%‘@ﬁ& Héfﬁk I's The

appar ent e pre-expan par es an e expanded particles
shown in Tables 2 and 3 were calculated 25 (W/V1) by preparing.a

o aduat G SHRRGE | HIWAA TotRer Tt of P Rl Qe S Farer o9 260 o
nore expanded particles (the group of expanded particles with weight W)

t hat h&RPPE@LAD SHBNRE e Biarkh 975 iw\dpﬂaly% Bt wiebibrgve hoaradty of
50% tenperature of 23C, and a pressure of 1 atmwth the aid wire net or

t hedl i kY4 rkee graduat ed measuring cylinder, and dividing the weight W
(g) of the group of expanded particles placed in the graduated neasuring
cyl i nder by Ndtechgs warevpundisldgdupr ofhexiprankd pari¢teéesobhaineds read
fromthe rise in ethanol level. The internal pressure of the pre-expanded
parti clfg®mregkanthle exXpdirded ared t¢aiparationn ¢xamabeesl 2tand, 3andrehepasur ed

10 in the follow ng manner. A group of expanded particles with
the incised articles were bent and broken, it was found that

all of the particles were broken in the fracture cross
10 section, and that the fusion characteristics were excellent.
The foamed articles obtained in the examples were black
colored foamed articles having good color tone without color
variation, and the average cell diameter was 250 to 300 pm.
The comparative examples 1 and 2 possessed the same deep
15 color as the examples, and the average cell diameter was
300 ym for all. However, comparative example 3 revealed a
lighter color in comparison with example 7. This difference
is due to the fact that the average cell diameter in

comparative example 3 is 150 um, and the average cell diameter

20 in example 7 is 300 um.

Table 1 shows the flame retardants used in the examples
and comparative examples.
Table 2 shows the pressure within the autoclave before
25 foaming (referred to as "tank pressure" in the table), the

foaming temperature, the apparent density of the pre-expanded
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el evated internal pressure was brought out fromthe pressure tank; the
expanded particles were thereafter put within 60 seconds into a

pol yet hyl ene bag having the size of about 70 mm x 100 mm and was provi ded
with a plurality of pinholes 15 having a size that allowed air to pass

freely yiipaulod! | O Nead Ny £XPAPIEYE PALLI €1 65 LGrPaSSathepDaK! LGl es were

noved to a roomw a constant tenperature arelattTve humdity

50% and\atunongtdfa i S5 21800 {he AoLel quel bty of et bRePRELLC! € vas

subsequent I'y neasur e tenperature- controfled room e wei ght of
d | r n_brought
R A A R T L R A
The b ' - r 48
The bagyes, SUREUBIIC ALY LAID G SRSl EnsTLEaLe8 oEgon.Le
thrgugh menbr a wi th the pas e the t nd_t t of the

cel | e | e, ngg i
expandeodEt rpﬁﬁ i%ﬁeese}‘é%%r}é;eai&aﬁﬂff'? e bro ]g’gth%ot?%gg \'Ne‘?gﬁ? e;’\ﬁgg ag was
11 neasured agai n_because a bal ance was reached after 48 hours and the
wei ght B HE e Harkd il 1 eRre ol stiReaht ial 15 theabetrkeleathe wei ght
at this tine was taken to be U (g). The entire out fromthe expanded
parti clBBRnESE Y h theedidaidigrbre ughitve Heeaksipernd utke codreontader oom nd
t he wei ght of the bag al one was neasured. The wei ght thereof was taken
neasur ethlues are d/e.)

The heat quantity of the high-temperature peak of the

10 pre-expanded particles shown in Table 2 was measured in the
same manner in which the heat guantity of the high-temperature
peak described above was measured using pre-expanded
particles.

Table 3 shows the saturated steam pressure in the two-

15 stage foaming conditions, the heating time and the apparent
density of the expanded particles in the two-stage foaming
conditions, and the saturated steam pressure and the internal
pressure of the expanded particles in the molding conditions.

The content of the hindered amine flame retardant in the

20 expanding particles is referred to as "flame retardant
content” in the table. The content of the carbon black is
shown as "CB content™ in the table.

The apparent densities of the pre-expanded particles and

the expanded particles shown in Tables 2 and 3 were calculated
25 (W1l/V1l) by preparing a graduated measuring cylinder containing

ethanol at 23°C, immersing 500 or more expanded particles (the

group of expanded particles with weight W1} that had been
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(g). Al the weights nentioned above were 0.0001 g. The difference between
Q(g) and U (g) was defined as the increased air weight W(g), and the 10
i nternal pressure P (MPa) of the expanded particles was calculated from
the follow ng equation (2). This internal pressure P corresponded to gauge

pressur&ll&@édt{‘@(g?é‘nﬁi)?& b ale 'EQPéfézt%ﬂgé?ﬁ%ngiH}eo%i 5galogand a

constant of 28.8 was adopt erein. as“constant, ‘and a
constant_of 0.0083 -4/ (KnoJ) ) was adopted herein.. T is the apsolute
Ceer AL TEe A Tkt | A A & A Ut G Re
tenperature was a constant of 296 (K). Vis the volune that results from ?0
subt r adf+5R) ek VoI the bike hbt pblae 9eadvatediReagpbipg expinded.pandicl es
fromthe apparent volune of the expanded particles. Table 4 shows the
flame r&tak Ehmtentght HEL ce@bovtt Bhacerewnt eft expardefdeparsigdescn
content” in the table) in the foaned article, the apparent density of the
f oared R¥25e4 eln tthe ramaduated imsasiring ¢y fhnderpey atheevpdukeoVlt he
foamed article, the heat quantity of the high-tenperature peak 42 with
respect(kb efhethotaroteaf rrrandsd fearblcles thet ewdst headi Erowr thepeaks,

t he conbustion velocity, and the results of evaluating the foanmed article.
rise in ethanol level.

The internal pressure of the pre-expanded particles and

the expanded particles shown in Tables 2 and 3 were measured

10 in the following manner. A group of expanded particles with

elevated internal pressure was brought out from the pressure
tank; the expanded particles were thereafter put within 60

seconds into a polyethylene bag having the size of about
70 mm x 100 mm and was provided with a plurality of pinholes

15 having a size that allowed air to pass freely without allowing
the expanded particles to pass; the particles were moved to a
room with a constant temperature of 23°C, a relative humidity
of 50%, and atmospheric pressure; and the total weight of the
particle was subsequently measured in the temperature-

20 controlled room. The weight of expanded particles was
measured 120 seconds after they had been brought out f£rom the
pressure tank. The weight at this time was taken to be Q (g).
The bag was subsequently left in the temperature-controlled
room for 48 hours. The pressurized gas within the expanded

25 particles migrated through the cell membranes with the passage
of the time, and the weight of the expanded particles

decreased in the process, so the weight of the bag was
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the table, Dis the heat quantity of the high-tenperature peak, E is the
total the heat quantity of the endotherm c curve peaks, and the percentage
val ues were obtained as D/E.) The heat quantity of the high-tenperature
peak of the foaned article is a value neasured with the above-descri bed

met hod rh@wargap ded patihsles &giégg%eg%.ié rg&a&ﬂgdcgﬂs%ew RgLELON of the

foanmed arti cl e apparent density oaned artic shown I'n Table

Vol ume V8% (L5 o= PHaC SEnhe Pl e gy g Lo B s PP AR A DY on
vel oci Ly, ach £48d UALERD J0: dfe At Sufls Nl GREECELLCLS HETE FEGsured by
cutting away a test prece Size of nm X 3 mm X 100" mmfro he

resul tigg, f QAR aé#:%éax?#]%%‘vﬂé%%%%fegﬁﬂs't%%ﬁ J(?rﬁ]r%diggefﬁ L2GEgng°0 M X

;
100 mm bringing a surface, and per?orn1ng

thef | B Yed eSiagl Led 0 20, FNVSS, 302 The § peul LSoAr e shop i n Tabl e

4. The eval'uation © ne resistance in was~  per or med based
on theﬁgﬁg C cq%gted wifh the above described equation 43 Table_ | FLAVE
RETARD %le%@ 2 RN LTME EIRER - TRABHENDEE SBEERBET 3R WRRY
TRICMIQE 44 . .
aken to be Z2 {(g). All of the weights mentioned above were
measured to 0.0001 g. The difference between Q (g) and U (g)
was defined as the increased air weight W (g), and the
10 internal pressure P (MPa) of the expanded particles was

calculated from the following equation (2). This internal

pPressure P corresponded to gauge pressure.
P=(W+M) xRxT=V .. (2)
In the equation, M is the molecular weight of the air,

15 and a constant of 28.8 (g/mol) was adopted herein. R is the

gas constant, and a constant of 0.0083 (MPalL/(Kmol)) was
adopted herein. T is the absolute temperature, and since an
ambient temperature of 23°C was adopted, the temperature was a
constant of 296 (K). V is the volume (L) that results from

20 subtracting the volume of the base resin in the group of
expanded particles from the apparent volume of the expanded
particles.

Table 4 shows the flame retardant content, the carbon

black content (referred to as "CB content" in the table) in

25 the foamed article, the apparent density of the foamed
article, the heat quantity of the high-temperature peak of the

foamed article, the heat guantity of the high-temperature peak
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with respect to the total heat quantity for all of the
endothermic curve peaks, the combustion velocity, and the
results of evaluating the foamed article. (In the table, D is
the heat quantity of the high-temperature peak, E is the total

5 of the heat quantity of the endothermic curve peaks, and the
percentage values were obtained as D/E.)

The heat quantity of the high-temperature peak of the
foamed article is a value measured with the above-described
method using expanded particles collected from the center

10 portion of the foamed article.

The apparent density of the foamed article shown in
Table 4 was calculated by dividing the weight W2(g) of the
foamed article by the volume V2 (L) of the foamed article
(W2/Vv2) (units: g/L). The combustion velocity and evaluation

15 results of the foamed article were measured by cutting away a
test piece size of 12 mm x 350 mm x 100 mm from the resulting
foamed article, leaving the skin layer only the surface of
350 mm x 100 mm, bringing a flame into contact with that
surface, and performing the flammability test cited in

20 FMVSS 302. The results are shown in Table 4.

The evaluation of the flame resistance in Table 4 was
performed based on the value calculated with the above-

described equation (1).
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the formula(l), in the fornmula(ll) RL and R2 are an s-triazine noiety shown
bel ow, one of R3 and R4 is an s-triazine noiety showmn in the fornula (I1)

bel ow, and the-other of R3 and 10 R4_is a hydrogen ato and in theg
formula (11), R |s|agnethyl grloup,| propyl groug, cyclohekyl group, ot octyl
i a
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claim1l, wherein the content of the hindered amne flanme retardant is from
not less than 0.01 wt-. 0.25 w% less than 1.0 6. The polyolefin resin

expanded particle according any of clainms 1 wherein the content is from not
|l ess than 0.5 wt % the carbon bl ack not nore than wt% The polyolefin resin

expandqﬁf rtd %ﬂﬂ reling any of clains 1, wherein the content of the

car bon bl %ﬂﬂénbt | ess than 0.5 w not nore than 8 w% 8. The

pol yol efin rgsin Eg?ﬂ t] i . cl aj 7 erein
t he carbon bf'ack ;??R? nac%flrli b‘#‘%c% %A%%ng?%f?ﬁgi%éi %5@%%%‘38 Bérg’?i cle
accordi Y. ' t wher ei n e. pol yol efin_resin i sing

t he exp%dzgd(; “E)igér t%:?%ﬂf%g% lglo ?/]E)'r oap1§/ e%%l%?%%]?ﬁ?gaﬁaég B%Cfb cﬁ?%gg‘éb ai ned

by differentli a itrﬂ cal orinmetry. of the . expanded part{icle exhibits at
| east ahﬁ{%ﬁn%%)%eaﬁﬁr%ﬂggcur Ve pre%if(ar‘%%%’f TROVIL Y e et%e?‘fg a|iool ypr opyl ene
resisn n endot erfgc 25 curve peak tenperature higher than that of the

first W

d
ﬁoﬁ)ﬁhear i ¢! CUTVE peak, and the heat quantity of the higher
tenperature endotherm c curve peak is fromnot |ess than 49

R{NH-CHCH,CHNRCH,CHy;NRACH,CH,CHNHR,
(1)
(In the formula (I), R; and R, are an s-triazine moiety shown
in the formula (II) below, one of R; and R, is an s-triazine
moiety shown in the formula (II) below, and the other of R; and
10 R4s is a hydrogen atom; and in the formula (II), R is a methyl
group, propyl group, cyclohexyl group, or octyl group, and Rs

is an alkyl group having 1 to 12 carbon atoms.)

N/’I\N
R,\N/J\\N/”\N/Ru

L

o
(1D
2, The polyolefin resin expanded particle according to
15 «claim 1, wherein the content of the hindered amine flame
retardant is from not less than 0.01 wt% to not more than
5 wts.
3. The polyolefin resin expanded particle according to

claim 1, wherein the content of the hindered amine flame

48



not nore than 70% with respect to the total heat quantity all of the
endot herm ¢ curve peaks. 10. A polyolefin resin in-nold foaned article in
whi ch pol yol efin resin expanded particles are nutually fused, said
expanded particles containing 0.5 to 20 wt % of carbon bl ack, and

cont ai nidgata it t.0s 10-h U Of P b n&%ﬁdoamnﬁtél@aﬁnsﬁtﬁsﬁénehéﬂm by the
general formula (1) below R NH CH2C O i zZNR2CHzCHr NR3CNgCH2CHZNHR4 (1) the

formul a3 (445, Rl and R2 are an s-triazine noiety shown 10 in the fornula
(I'l') below, one of R3 and R4 is an s-triazine noiety shown in the fornula

E ) below, gand tfﬁécﬁéﬁﬁofgffggfﬁ@&ﬁsegpgﬂg%@gggrﬁigﬂb Qegofalhg FgornU|a
a

I
1), Ris a methyl group, propyl group, cyc gr oup, or e group,
d I 5 1
- nﬁf’dél?%%ﬂe% e e cfiﬁl?n%fﬂf&%f%% i s i SRR
fl t t 50
12a The pLaEF yoﬁ ?:’%g(ra%%%r}f% Vi‘%%f oa%gé :ij %;n g@c%%%?ﬁaﬂ %nclggé 28
wherein the gont effe 4o it b NS ES AUHEAETCLEL RLAE N ccbPRTnG ¥5%

claim 1, wherein the content of the hindered amine flame

retardant is from not less than 0.01 wt% to less than
0.25 wt%.

10 6. The polyclefin resin expanded particle according to
any of ¢laims 1 to 5, wherein the content of the carbon black
is from not less than 0.5 wt% to not more than 10 wt%.

7. The polyolefin resin expanded particle according to
any of claims 1, wherein the content of the carbon black is

15 from not less than 0.5 wt% to not more than 8 wt%.

8. The polyolefin resin expanded particle according to
any of claims 1 to 7, wherein the carbon black is furnace
black.

9. The polyoclefin resin expanded particle according to

20 any of claims 1 to 8, wherein the polyolefin resin comprising
the expanded particle is a polypropylene resin, and a DSC
curve obtained by differential scanning calorimetry of the
expanded particle exhibits at least an endothermic curve peak
that is inherent to the polypropylene resin and an endothermic

25 curve peak at a temperature higher than that of the first
endothermic curve peak, and the heat quantity of the higher-

temperature endothermic curve peak is from not less than 5% to
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fromnot less than 0.01 to not nore 13. The polyolefin resin in-nold foaned
article according to claim 10, wherein the content am ne flanme retardant
than the hindered fromnot less than 0.01 % to | ess 14. The polyolefin
resin in-nold foanmed article 10 according to claim10, wherein the content

of the hindssed amne;di %ﬁ%é‘é%‘% ?&hﬁrﬂeotgéawr{%af:r HQRt%%% tha”

0.01 15. The polyolefin resin in- oaned article acc |ng 0 any

clains J0 whergid & Goatent é%%e g%%yogpn black_ls_fron1not | ess than 0.5

than 10 wt% | ess not nore 16. efin resin in-nold foaned article

aceordi ng o0y ol 518 el 08y #2100 Db oEanZ) oL EM B Y Hhacherei

t he content ron1n W not nore finresin

| n- ol q%cf%zf‘e‘ffsﬂg tled £ %f%ééf(cféd‘%é?tf‘@i’e&fafé 3ABud 1} OrdfeaWghhn the

car bon urnace
5 expanded particles containing 0.5 to 20 wt% of carbon black,

and containing 0.01 to 10 wt% of a hindered amine flame

retardant shown by the general formula (I) below.

RNH-CHCH,CHNRCH,CHNR:CH CH,CHNHR,

(1)
(In the formula (I}, R; and R, are an s-triazine moiety shown
10 in the formula (II) below, one of R; and R, is an s-triazine
moiety shown in the formula (II) below, and the other of R; and
Ry is a hydrogen atom; and in the formula (II), R is a methyl
group, propyl group, cyclchexyl group, or octyl group, and Rs

is an alkyl group having 1 to 12 carbon atoms.)

N N

SN

><j<
OR

15 . (In
11. The polyolefin resin in-mold foamed article
according to claim 10, wherein the content of the hindered
amine flame retardant is from not less than 0.01 wt® to not

meore than 5 wt%.
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18. The polyolefin resin in-nold foamed article ? according to any of
clains 10 to 17, wherein the apparent density is fromnot |less than 15 g/L
to not nore than 100 51

12, The polyolefin resin in-mold foamed article
according to claim 10, wherein the content of the hindered
amine flame retardant is from not less than 0.01 to not more
than 3 wt%.

5 13. The polyoclefin resin in-mold foamed article
according to claim 10, wherein the content of the hindered
amine flame retardant is from not less than 0.01 wt% to less
than 1 wt%. |

14. The polyolefin resin in-mold foamed article

10 according to claim 10, wherein the content of the hindered
amine flame retardant is from not less than 0.0l wt% to less
than 0.25 wt%.

1l5. The polyolefin resin in-mold foamed article
according to any of claims 10 to 14, wherein the content of

15 the carbon black is from not less than 0.5 wt% to not more
than 10 wt$%.

l6. The polyolefin resin in-mold foamed article
according to any of claims 10 to 14, wherein the content of
the carbon black is from not less than 0.5 wt% to not more

20 than 8 wts.

17. The polyolefin resin in-mold foamed article
according to any of claims 10 to 16, wherein the carbon black
is furnace black.

18. The polyolefin resin in-mold foamed article

25 according to any of claims 10 to 17, wherein the apparent

density is from not less than 15 g/L to not more than 100 g/L.
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