19/ 12/ 2005 POLYOLEFI N RESI N EXPANDED PARTI CLE AND | N-MOLD FOAMED ARTI CLE
PREPARED THEREFROM BACKGROUND OF THE I NVENTION 1. Field of the,ln ' ég
The present invention relates to flanme retardant pol yol efin re;iQI{\/@%gﬁz)
particle that are particularly used in autonobile bunper cores, side

mtorial o el 6ct i oo %ﬁ?‘? REREN BRPRNDEp, BRREACHE ARR Dackagi ng 10
et ar dant " pol yol ef | et ATl ot TR el Oh” o antes

particles. Mre partlcularl e elates to flame
ret ardant pol on efin resin %Q,&Gg:.uw E@enﬁ‘, m% hi ng carbon bl ack, and

to in- nDI EE Eg E Srtlfle of ., a flame retardant pol yolefin resin obtained
by the in- nded particles. 2. Description of the

Rel at Art Polyolefin resjn in-pold foaned articles co ed of

pol yolPefin res'b% © SR AT TR lame inpt %ﬁ%bl I e
conponent s elec rical and electronic parts, . construction materials,

cushi oni RPHEIESTLR Lot epanfleditantiiale YRt At PRy aRLY Hied
in-nold foanmed articles are nolded to a desired shape with an in-nold

foam ng nEt HYHomePils, Rympar SHftre Pk tiha 5 13%H 9theF nol d and
nol ded, and these articles are used in a wide variety of fields because of
their abiF¥tSRaRE e IGOMRARGTSS -s@é’ﬁ’e§-“arﬁﬂ’rtsdir|bﬂc&?1%matfmlﬁ/52005 ot her

advant ages. However, polyolefin resin foaned article
electrical and electronic parts, cushioning and packaging

10 . materials, and other materials; and to in-mold foamed article
of a flame retardant polyoclefin 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 aﬁd 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 varietf of fields

because of their ability to take complex shapes and to provide




generally has a drawback in that they easily burn in conparison with
non-foanmed article. In applications involving autonobile conponents,
construction materials, and parts for electric and el ectri cal igéﬁd%?gopé
recent years, there has been demand for products having flane retardant
and sel f-extinguitshi roperties, and _in order to respond to such demands
a conside?gé?ﬁ %ﬁ%ﬁﬂ?g S'reé%%?%ﬂrha%P%%é;F{iﬂuﬁﬁﬁ¥Ri 94 (IR ent
time with re%arﬂ 10 t0|n%ﬁﬁﬁbgroducts that are flanme retardant. A halide
conpound, IPRBEPHLY LR Fip agii it Rk Hhsde, et HtHE® t3hne ret ar dant
I's comonly added to jnpart flane _resistance to plastic products.
hbverthel%%@?a¥%§??lﬁﬁ R E9pre ARG bronine flame 15 retardant or
anot her halide_flane retardant_in order to inpart flame resistance have

dr awbacks in tHht2RREELYIA P ik automobile gampanethfivans can be

pot ent al | enerated during burning, and the industry is continuing to
Swi LCR  CIREFTHC QR RS TS o R BT 08 QAP GO AN et Filame 20
retardant. Under such conditions, non-halide conpounds are being

consi der EFIHICLE T GGaite Faats dditesen Hegakeemadamsnd £ogn@radaets
retardant. polyolefin resin expanded particles that contain a non-halide
conpound RERPY Elaed gedardandr @nd selfi-extdagutisdine erepsatiies.egndare in
demand. 25 A variety of nethods are known to obtain in-nold foaned

articl es FAGAST [tanEespsing dvc sudhodeaeadyl @ coPRsideirable pmIOOS6PE

di scloses an i'n-nold foaned article in which flanme 19/12/ 2005 retardant

pol yol ef H¢Ses3dich basabgea sonducited voktidi thegpaesktnimtimet widhnregaodot er

and a bis(al kyl ether) tetrabronobi sphenol Af |ane retardant and/or a bis
““(a|k§@ to making products that are flame retardant. -

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 thét gases (dioxin and the
like) harmful to humans can be potentially generated during
burning, and the indﬁstry is continuing to switch to resin
prdducts 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 f£lame




et her)tetrabi sphenol S flanme retardant are used as halide 5 fl ane
retardants. JP (Kokai) 10-147661 di scloses flanme retardant polygkﬁjig
resin pre-expanded particles in which ethylene bispentabronoph 118¢2005
et hyl ene bistetrabronnphthalinide as a halide flame retardant, and

ant i nony OX|dedas fhanf 0 retardant %?& ter are. bl ended, and i n-nol d
foamed ar £FEFEI9Gh: BPHE] BéanFﬁﬁ?ﬁ TR %gt?EF %&p%ﬁREQFEkHQ|%IeS JP
(Kokai) 7-300537 discloses col ored pol ypropyl ene resin expanded particles
obt ai ned EiaﬁﬁlngﬁﬁgﬂPngﬁﬁP95?€f?ﬁ A rashhs (YL does not contain a
colorant, and polyolefin resin that 15 contains a col or pignment, for

exanpl e, Pthgrﬁnemxabnmgghi&ph@mghBMtflﬂm@aIQtﬂriambmmuﬂnd anbhsld1lkyganed
article obtained using the expanded particles. It is difficult to obtain
t he desirethen) bettaintspitenol f ©afkamaritd €dad1ee aarse ddwd cad | hali et er of

t he expanded 20 particles becones smaller or the cell dianeter readily

beconEB Hbame | forardueté 0 cells of varying dianeters being mxed therein
due to other factors when the content of flame retardant, col orant, or

ot her additiveJp s(Kdiei der@bl £7d6n i drsdMgbd Ganmsk aFddLhdarth pfalfdlefm |
pol yol efin resin expanded 25 particles are blended with a colorant and |

flame retassntpré®exgditasd Bartidied lBMRH QR AR 1mNd ot her additives is
preferably kept as small as possible to obtain the desired 19/12/2005

col ori ng.bHgEMelbrdnthHaR T a5t fd 1y difd Qﬁ@t‘&r@(ﬂ&ﬁﬂoﬁl‘ﬁ:hﬂﬁﬁd@“és 0

achieve if priority is placed on the color tone and the flane retardant
content ifalitid FaGmeCHRUTRUACK dntl RINTHRIGAY b4 43S A fAQnfe ant because

of
- 10 retardant promoter are blended, and in-mold foamed article
obtained by in-mold molding the pre-expanded particles.

JP (Kokai) 7-300537 discloses colored polypropylene resin
expanded particles obtained by melt-kneading polyolefin resin
that does not contain a colorant, and polyolefin resin that

15 contains a color pigment,rfor 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 flame
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




>

5 its ability to produce a black color, which is the desired color tone
targeted in this case, while used in a small anount. However, when carbon
black is used as a colorant, the flame retarding action of thelfA/akd/2005
retardant is inhibited and the flame retarding properties tend to be

mar kedl y reduced. 10 a resugt, the desired flane retarding properties
cannot be S%Farfed RMEYETa t8PgEeSABEH! TopmenEetpEAbNEctEf8aht 1¥s added

i n order %9 %bta'n a flame retardant in-nold foamed article from expanded
parti cl es SSALEMNEn§Oc BFBARVEI 2EKPTLBRARr 15 RiAGed PAr HRe aFlPF BPDA |
hal i de flans r targant 15 as a flanme retardant is _not desirable due to the
possi bi | i 899 tRegEhems: FREEERRE depRbeRt akBuRedugedhar nful gas. Wen a

| arge anobunt of such a_halide flane retardant is used, the cell .dianeter
of the expandeH§2pBPpi BlaskpieobEeferaPlerused ashe eeleranbecruseef|y
becones nonuni form due to cells of 20 varying dianeters being m xed

t hereih, &FSdBRLEHTBt herprofuee o sblagk cenber. tWeick chadthe desimed of the
expanded particles is negatively affected, variability in the coloring
occurs, aftlPh-here Fergebedrinctinagase, hikecisehtin appeeakhce cannot
be obtai ned. The nechanical strength 25 (flexural strength, conpressive

st rengt h)@BPuRie |Fowever. fwerdarhon|blagkl s hesedbBsiaatolmupert iwe are
al so reduced. 4 19/12/ 2005 Therefore, flanme retardant polyolefin resin
expanded Tiame igeardingmction mf ithe (flame mataniant ks imotitisesd] andl
in-nmold foaned article that show excellent flane resistance obtained by
mol di ng ttHEs € ol ki pdimd graperdrie parand tarbe maike dgmaediursed.

pol yol efin resin expanded particles in which carbon black is blended as

the dBl ornta ngsnlit- mdlel desdmedl £1lame retarding properties cannot be

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 varying 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 also reduced.




article obtained by in-nmold nol ding these expanded particles. In recent
years, the conmpound shown by the general formula bel ow has been reported
as a conpound that can be used 10 to formflame retardants for 151462805
(JP (Kohyo) 2002-507238(WD09/00450)). Ry HCH NC' H2 H,t NRaHg .- CH2NN134
(1) (Inthe fo | a g%%, Ri and R2 are an s-triazine noiety showmn_ 15 in
the fornul a (Iﬁ%gﬁgﬁ eoheaff Retardark pelyplefip;zosiR e¥pRRE§Ashown in
the fornula (I.1) below and the other of R3 and R4 is a hydrogen atom and
in the foPREIFACEPE) 1nRWRLCH Aehfdideqfbape 5@5@911&@120@5,negc%ﬁ@xy@n@r oup,
or octyl groug and R5_is an'alggl group having 1 to 12 carbon atons.) 20
N' OR OR 5718P19/ SaBefonBtirle nbhat seho¥ pEchblenbehl el coF intaReAr d t o
using this conpound to_inpart flane resistance to polyolefin resin
expanded SPLALPED P¥ melfingxbhese derarnied crarbheleni myre ceabbicwlarkyin
particular, and to polyolefin resin in-nold 5 foaned article obtained by
the i m ol HERERAgasfPehEcks Bl s inexpanded metbrkeentn ivivieh or s
acconpl i shed the present invention having discovered that polyolefin resin
expanded PaFPPRI Ega‘*"éo-”h% leried avuthe polorant, anbecolfieldtiodansd | v

hi ndered 10 amine flanme retardant wi thout the use of a halide flane

r et ar dant 2T &hel ¢ noRkg tne @ Hie dlrarmaid ano ¥ding cthesre esganiell paetidldses are

mut ual |y fused, exhibits excellent flane
In recent years, the compound shown by the general

formula below has been reported as a compound that can be used
10 - to form flame retardants for polymers (JP {Kohyo)

2002-507238(W099/00450)).

RNH-CHyCHCHNRZCHCHNRACH, CH,CHNHR,
(1)

(In the formula (I), R; and R, are an s-triazine moiety shown
15 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, cyclohexyl group, or octyl group, and Rs

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

'20 _ OR éa




resi stance when carbon black is used as a colorant, and that the

above-descri bed problens that occur when a conventional 15 halide/flane
retardant is used can be wholly solved. An object of the presen@9iﬂﬁéﬁgp@§

is to provide a colored flane retardant polyolefin resin in-nold foanmed
erties, and in

article that h excellent _fla retayrdant and physi cal ro

whi ch har nf ul g%geygrno?oggﬁﬁ?ggﬁﬂrﬁﬁﬁ?ﬁgb?%nHﬁgﬁgﬁﬁ}t%yréééghrﬁ?&ﬁ?ﬂng

nol di ng o%hgglgolefin rfsin expanded particles containing carbon bl ack.
| ect p

Anot her o SPPPHRA N FRsHARAT hvEHEPR nTRE-F ERRF OV QPO FYAHRE F R t R Sikht

pol yol efin_resin exggnd&? particles that are capable of exerting excellent
flame ret SFRERECE: FEEFCHR 1 htQ Teohn apanded PR brCke o RO RG, and

that are cagﬁble 8f grpducin _flame retardant polyolefin resin in-nold
foamed 6 $8F19P2B58CK 1} R HHEH1HGEY ABA G P Tt & h GLR Rk
variation_in apite,of carbon bl ack as the colorant. A further object of
the presehP2PfdeFtHnle LRAMeA e Ehe dnviekd malfkinetaf ddr @ansiadin

resin in-nmold foamed 5 article that has excellent flane retardant and
physi cal Ptbhetefes, exhibits an excellent black tone without col or
variation or the |ike, and has a good appearance, by the in- nold nolding
of pol yol ef i n TR&iRFesgidhdayondans |ageamishach dhe dussens! dowentipn
colorant and a specific sterically hindered 10 am ne flane retardant as a
flame reth@HdH disravares ddah podaeiliafda inssinp sixpeingeion paadiicleganded
particles or polyolefin resin expanded particles containing a flame

r et ar dantCARhA IR v sEaddf emogatt 9fas 'spegddded sterically hindered

10 amine flame retardant without the use of a halide flame
-retardant,land in-mold foamed article in which the expanded
particles are mutually fused, exhibits excellent Fflame
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 éan be Wholiy solved.

An object of the present invention is to provide a
colored flame retardant polyolefin 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 resiﬁ 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




particles.” .15 In-nold foaned article obtained by in-nold nol ding

pol yolefin resin expanded particles may sinply referred to as [ fo ngp
article.” SUMVARY OF THE | NVENTI ON 20 The present invention relégé§5%02005
flame retardant polyolefin resin expanded particle containing car bon

dant poI Iefln re5|n panded artlcle in

bl ack, a e r
whi ch thngE%é% eﬁﬁ%%a??%ﬁé% %ﬁ rﬁRQﬁﬁT%Pq?I Hsm idh
relates tQ a.p olefinr ed artlcle contalnlng 0.5 to 20

Wt % of ca?%%ﬁ gccéar%?fbl be]i%ﬂf %ﬂbedzéi "’E)QP %0 wt* of a hindered anine
L&%ﬁo&%ﬁ%@%mﬁéﬁ#ﬁ e For Ul BOVIRS dnd R
are an s-tr£a2| e iﬁﬁ shown in the formula (I11) below,_one of R3 and R4
is an s-t¥Peey WP ARG rpq%vlf%@sen )1%@}%9 Zoaradhe ot her of

R3 an R4 rogen atom and in the formula (I1), Ris a_nethyl
groupc:'i prop 33‘? ﬁlﬁ?t g’&f’(ﬁ SFsaAleftodpiamsy redand a@'to d physAeali s an al ky
" group havi 1 to 12 carbon atons.) -N UK UN 10 (11) The polyolefin resin
expanded QH?R‘?%’P@SI'S b dse ATy, @gcq i aitta o Lok &&ﬂ@emltépq%éi%%der ed

amne flane retardant is fromnot |less than 0.01 wt%to not nore than 5
W % The YHIRAHIEM 9% ddien ldksan@dd s iacigoods appeggance, by the in-

mold molding of polyolefin resin expanded particles containing
carbon black as a colorant 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
polyolefin 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 polyélefin 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.




15 characterized in that the content of the hindered amne flane retardant
is fromnot less than 0.01 % to less than 2 wt. The pol yol eib?f%sbﬁos
expanded particle is noreover characterized in that the content of the

hi ndered amne flane retardant is fromnot |less than 0.01 wt%to | ess than

20 0.25 W% 8 19/d.34 i ' antd Cl e is
furthernore char ﬁ%ﬁ%%m%ﬂ?e@wwm%d am ne flame
retardant is fromnot |less than 0.01 wt%to |less than 1 wt% The polyolefin
resin expanded particle is characterized 5 in that the content of the
carbon black is 0.5 to 10 % The pol(on)I efin resin expanded particle is
further characterized in {hat t he content of the carbon black is 0.5 to 8
w % The poTybReriorTess nlekpdhdéddRet RER R sSTHFLRRINS HOLCERFRR R | zed
in that the carbon black is furnace black. _The polyolefin resin that
constitut®? e B d( bht (Peiew i one (RF1 \Rer 8B Baelf edPnS-ERRZIHRC curve
obtained by the differential_ scanning calorinetry of the expanded particle
s cha acleteLREHAL A HHH P HRN dok L JarP Tt (A the, ST ST Bak aPflat

is inherent to the polypropylene resin and an endotherm c curve Eeak at a
t enper at e 1ifi ghBYdERIRD: RACMsf anchdnf ithet fepmBiae(fLd -cBr & BeBRTIER t he
heat quantity of the higher-tenperature endothermc curve peak is from not
| ess t hedFBW 4 PLTRRY s GtharfYAIRhxH 9eopdot oo ai@t @rsubhe 20D Bs
quantity of all of the endotherm c curve peaks. The present invention

rel ates t¥ &7 |yl aroupahavipg yoltef iL? cagiben gteslsd )f oamed article

obt ai ned by the in-
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10 (II)
| 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% to not more than 5 wt%.
The polyolefin 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 wts.




nol d nol di ng of flame r et ar dant pol yol efin resin expanded particles that

contain a flame retardant and carbon bl ack 25 descri bed above Zqﬁﬁyﬁﬁ%@:
i nvention relates to a polyolefin resin in- nold foaned artlcle

pol yol efin resin expanded 9 19/12/ 2005 5 particles are nmutual ly fused,

wherein the eXQﬁgdggm’?gigﬂh%es )gf,é.‘n&’eé ﬁr@?ciﬂé%gf &ﬁ{%ﬂ%m%%gkt hZmd

contain 0.01 to % of a hi nder am ne ane retar dant

gener al fe&aylaétéﬂzéﬁ' o R DA %E@&E@%PPH%%&&% hithe (Hq:gé?lf;‘e

formula (1) are an s-triazine nolrety shown ormu

bel ow, Onfeé&r&@n@”ﬁs'?f ?Q /0t S1 éagﬁa(}?hg/g@%%y% € W éé‘d{ﬁ}:ﬁl ]ﬁ&%?n&: !’i)

bel ow, and the ot her and IS a gen atont an

G op, and Rs TS RR fi?ﬁé‘?’f“gr%‘%’éﬁﬁﬁ%}f%@#@% PR & ST e

group,
| yol ef { I o
Cont et o™t Ry Wi ref a0 Bl Slibord SRERTT O n?%ﬁnrioi "R Than

content o

g'r?ilc}mte*i :[50 (r:]har er‘?‘lﬁfﬂéjI ln\%eh n%‘—‘@%‘{ﬁ%ﬂﬁe&%ﬁ% o' :#3’@? dakoﬁremgl anme

retardant g J LM N0La | £ Stk Yorl e"{%tto 3 theméaeréo%%%%k?’ #%.50
to 8 wt%.

The polyolefin 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 quantity of the
higher-temperature endothermic curve peak is 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 fiame retardanf and carbon black

25 described above.
The present invention relates to a pblyolefin resin in-

mold foamed article in which polyolefin resin expanded




19/ 12/ 2005 The polyolefin resin in-nold foamed article is characterized in
.that the content of the hindered amne flane retardant is fronpggHJi?§605
than 0.01 wt%to less than 1 % The polyolefin resin in-nold ned

article is 5 characterized in that the content of the hindered am ne fl ane

rEtardantphit&bQEanEelﬁﬁ?u&mﬁg Pufda WM gnbfel S%héhgg?g% ?ﬁp%%}ﬂgfas

polyolefin resin in-nold foamed article Is charact at the

cont ent  0bohle:6a609N B! 36kus O ScarBo OoRReill Yand NEodBlyp! G141 £651 1

in-nold foaned article is characterize hat the content e carbon

bl ack i 5 fi 0.1 Ns d jcle is 15
ock 15, Ro%ehoop WA RTOEoROURLETH ket B LpaTRLLIGATS, WA Tl |

characterized in that the e polyolefin

resin in-gg%gg%ﬁéggg%g¥%:ﬁ%ﬁtéé}%ﬁparacterized in that the apparent density

is 15 to e present invention, it is possible to
provi de polyolefin resin expanded particles that have the 20 desired bl ack

tone, possess excell eﬁ1wmwmwmmﬁ mal | anount
of a flanme retardant that is not nore than 10 wt% | ess haﬁﬁl wt % and
particularly less than 0.25 W% and also to provide a polyolefin resin
in-nolsd foaned article that has flane{ddsi stance and is obtained by 25 the
i n-nmol d nol di ng of the expanded particles in the case of a polyolefin
resi n conplsithenfommuilte off carfoanll Rekatrs &h esderiazina maletynghdynt he
use of a hindered am ne flane retardant 11 19/ 12/ 2005
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
10 group, propyl group, cyclohexyl group, or octyl group, and Rjs

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

o
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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 wt¥.

The polyolefin resin in-mold foamed article is
characferized in that the content of the hindered amine flame
retardant is from not less than 0.01 wt% to not more than

20 3 wts.

10




shown by the above-nentioned general formula(l) as a flane retardant used
ininmparting flane resistance to the polyolefin resin expanded;pants£bgss
The polyolefin resin in-nold foaned article of the 5 present invention that
is obtained by the in-nold nolding of the above-described flane retardant

pol yol efin resirhe n?@@?é@éflﬂafébfﬁefznllﬁof&‘ FHam®h dafopeEs pLticle that does
not generate har gas when burned and that exhibits excellent flane

resi st ancenhia&Pei®z88 iRCtRQPt e Sbntder fbAMEnS el AEAea | Sinfhe 1orampiCh
| ower than that of a conventional halide flane retardant. . The content of

the hindepgdapghne iapBonCisE (P s | Fhddhe POL % vf‘é%?fté‘ 1&sd r‘t}%Pai‘QP@%

particles of the present invention Is a nuch [ower in conparison wth that

of ' conventi opgb pheyd f6eld HEs 121 A e Al £l afpter my becore

15 smaller or nonuniformty, and a flane retar oaned article

navi nG; eXERhEEBtebl AGK £91Giat O CAlh OB, ON! o 1y Recaue e, aul O

flane retardant is ow In corrparl son a convent

[352{ ﬁgPtre{ﬁ%ere 20 1 s no poss&g vgfrf/tq ]teqYﬁ%[e]d(fcf re?;eusfa: (rjgng?:nj o

conpressiy ? 5 Skt §zngth or other rigidity-related characterlstlcs of the in-
nol d foane art|c1e w il be reduced The poI yol efin resin in-nold foaned

article of thomrgsethy dMeTAn |5 JLPYRL A58 4D Ay omobi | @

menbers, 25 const nsu rrat eria er “applications

because i EEQE ngui_shi fIa re5| e _and | 12.19/1 005

endowed véht e%'lcluzsecf(onl %gla t cr?s&l% tg‘r?d &rr?é’P H‘ﬁé’lkeﬂ‘ts %/%
char agt erd st 'OC%Jt(%f pol yol ef i n reS| n foaned artl cle.

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

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 fo 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 wt%, and particularly less than
0.25 wt?, and also to provide a polyolefin 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

11




BRI EF DESCRI PTION OF THE DRAWNGS 5 FIG 1 is a first DSC curve neasured by

the differential scanning calorinetry of a polypropylene resin f
the expanded particles of the present invention. The letter "a1§9ﬁgﬂf%§08
i nherent endot herm ¢ curve peak of the pol ypropyl ene resin conposed of the

expanded Bﬁbﬁhcbﬁsthé‘%é@é-rhéngitl?%{dm%% @bﬁ:&ﬁl{%ﬁ Czoeé}k_a@‘tflaaﬂé gher

tenperature than the first end I's a second DSC

curve meagytaabite [iedl £ elanld flng SPADN NG LALOLIELY o lef

above-nmenti oned pol ypropyl enngﬁg resrfgrl. 15 (%I ﬁ'@?&y'ﬁﬁf ?J%’%EERSEL%“

ENBODINEhggg;gaggﬁéﬁhéﬁféggﬁggfgg n resins conposed of the polyolefin resin
. 1B .

expanded particles of present invention include high-density

D et ol one: TRE gURSIER Ly RALKE I uflify AU LINAEADRLAY |V

pol yet hyl ene, II%ear ow density " po yl'ene, Tinear very-lowdensity
I hyl t | et / I
Dl ook edoar s TR A O BRSHRERS! Y 30l BT
ot nacr yi e A it (A e, e BRa T eT i o oo s
tent t 'y t. J t | .13 19412/ 2005 th 60 Lt ; d
onomer s HE G5 e orodload 3eagied EEdSe AHE AR MO ta G BoE855! yrmor
Ml i_th tal i I . I
ot opyl endl i ea s SREBmEURB5 FH SAak: BB BAE Ao AP IE 5! 538 8opol yrrer s
5 propylgggﬁ% %%%% &%n%%gk%O%%l%ﬂEr%bn gg%yh%ngﬁgu%igﬁebkg%grdant is a

10  much lower than that of a conventional halide flame retardant.

The content of the hindered amine flame retardant in the
pelyolefin resin expanded particles of the present invention
is a much lower in comparison with that of a conventional
balide 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

12




copol yners, propyl ene/ et hyl ene/ butene terpolyners, propylene/acrylate
copol yners, propyl ene/ mal efi c anhydri de copolyners, and ot her 19/12/2005
pol ypropyl ene resins in which the content of the propyl ene conponent’ 1's
not less than 60 nolt; 10 as well as pol ybutene and pol ypentene. In

addi tion badbRegewithi thé SSSihtnd 0 MSSr CORA VAR Ofarfd R,
propyl ene, .butane, pentene, and other ol efin nononers with styrene and

ot her WDnQHEéﬁeﬁepehé{FEéi:éﬁ@é@i&@t&t;??ﬁgo'&lﬁ‘;ﬂ %é&@%&e&%&@se’ the
0) 5 polyo

followi ng-are preferred as exanpl es efinresins that have good
cushi oning properties and recover readily from conpressive strain:
hi gh-density pol yethyl ene, nmediumdensity pol yet hyl ene, | owdensity

pol yet hyl ene, |inear | owgfehsig RN G | I y- lowdensity
pol yet hyl ene, and ot her ; as propyl ene
honopg] yners, pakybut x,_ﬁ%ylrpg@/ 8.‘%{3" reQy! /jut ene
copol yners, and proﬁ%?gﬁg?%t yl ene/ J%é%gﬂ%%ipo y%égg?&%ﬁﬁ'espggﬁgﬁpy
pref erabl g ' r QpY. I r . pr | ne
Fandom oona i Cal P (e e el BRRRRE BB Y ene

i noar 1| SRS PHERRE Gt R AR Shyentisny 908 2RREm e
rigidity,. a_ . pol.ypropyl ene inis preferred, and a propyl ene honopol yrer,
5 pr opy! &t/ By SR AT SEI e U5 R0 RPN O HEn @OLIRAGRYAE S yrer |

pr opyl ene/ but ene bl ock c%p%héner, or propyl ene/ et hyl ene/ but ene terpol yner

i s especit@INP [EPSSEL] © gEPesded parddrdesay aB8 oRe iFafi"has been
crosslinked

10 endothermic curve peak at a higher temperature than the first
endothermic curve peak.

FIG. 2 1s 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




by peroxide or radiation, or one that has been left un- 10 crosslinked, but

a recycl abl e, easy-to-nmanufacture un-- crosslinked resin is preiqugg/zabg
pol yolefin resin may be used singly or as a mxture of two typeS or ‘nore.
O her thernoplastic resins, such as polystyrene, polyvinyl acetate,

styrene/ buhadi 66em6299! YHB' iodSméPy ﬂ?'%ﬂi@ﬁd&ﬁé‘%oi’@éﬁbﬂé%ﬁ%@dm xed as
era

needed. In this case, the polyolefin r resin is pref l'y prepared so as to
have a co t..l east .70 wt.% and.preferably 85 % or. _higher. The
e r o BrioteReaRinaray1at ped, sRRonamer"pes: fross ankaRaua Rt i ol oo of
the present invention is a hindered amne flame retardant shown by the

general f®ehalaler) bedewiere )honapelinerfor miepylene/Rthyhdng2randomn
s-triazine noiety shown 25 in the formula (I1) below, one of R3 and R4 is

an s-tri agbpelymet€! Ypsdwendlethg1baenuhdck! bopbelRursand the other of R3
and 15 19/12/ 2005 R4]?s a hydrogeg atom aﬁd inpth%ﬂfo?nula (Ir), Ris a

nmet hyl rou ropyl group, .cycl ohexyl group, or_octyl group, and R5 is
an al Ryl g%?%&l%%‘?/{%ﬁﬁeget 5‘9‘??0 aFBBﬂl}é/F‘Sgﬁf)BSOPﬁl?ﬂ%)&%%ﬂﬂ $¥A99 above, R
is preferably” a cyclohexyl group, and R5 is preferably a butyl group. An

essent i alcodratymersf prupyleEnsge thiyhenefiut eavep areded Lypertsi,cl es of the
present invention is the inclusion of carbon 10 black as the colorant. As

cror oo nd Berptbes! ebpd Loerd cop PR bl bbbl

unl ess a'large quantiiy of ane reta
| npart 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




sufficient flane resistance to a foaned article obtained by the in-nold
nol di ng of polyolefin resin expanded particles 15 containing Cai??li)}g@lﬁ'S
When a | arge anmobunt of a halide flame retardant is used, the undésiTtable
result is that the <cell dianmeter may becone smaller or the cell diameters

becone n [ t ical_properties o he fo d article are
Feduced; " ERopyrShe e GpRELRL P SeeBb IR  hh oty LiFe O DR FeAEE

obt ai ned w hhﬁ%hs | | amount of flane retardant. The hindered am ne fl ane
r et ar dant P&Hd) E[ngf’ﬁe general fornula (1) above and used in the present
invention allows _excellent flane resistance that exhibits

sel f - ext i ngui shPhEReEM25¢ 1 2FBeB5the opErR{ReIRE G BHIEEHED: LBing a nuch
smal |l er anmoynt of _retardant in conparison with a conventional halide flane
r et ar dant POGEPEYSRYLENE cEFSTR 1 RePE 22t 3P A RTPREL RS RPMORRLRhani sm
thereof is not clear, but a carbon black 5 containing expanded article

cont ai’hi ngrehrleneiedhydene ragdom woeodgmani, nerbpaienedharasmtrandom
accordance with the present invention is thought to have a drip
facilitatkpgo® t Pill_,gp ekglSil of ,t.he hi ndered am ne
flame ret arganﬁégh theiié%?éb/gﬁt%?%cEk),gbgie{cgﬁgéia%ﬁ't ﬁ% article nmakes
contact 10 with a flame, it does ignite, but it exhibits self- '

ext i ngui ﬁ%@%?%%’&?tﬁyésnmw NOTERML YIS I RORRCId® RFefansiad - s

i medi at el y extingui shed, even though a small amount of flane retardant is
used. The anoufie dokyrdefiindaresimmair e ane rtdedr dast beerc omosisidakied t he
pol yolefin resin expanded particles of the present invention is

gener i call¥ BesHifse dregadiediion .0 bovore tthatohasobeernhdrefi0 wt-9% Wi t h

“respect - 'to the base resin. If
crosslinked, but a recyclable, easy-to-manufacture un-

crosslinked resin is preferred.

The polyclefin 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.

RsNH-CHCH,CHNRCHCHNRsCH,CH.CHNHR,

(1)
(In the formula (I), R; and R, are an s-triazine moiety shown
25 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

15




the content thereof is less than 0.01 W% the flane retardant effect

m ght not be denonstrated. If, on the other hand, the 20 conten

w% the flame retardant effect is not particularly changed, a%g??%@?ﬁﬁo%?
unnecessary content adds to higher costs, resulting in also being
econoni cakl yis i a0 etitn; ldnd @R gt Of fr)ame ret ar garhyhs

i ncluded, the cell dianeters of the expanded particles nay 25 becone

smal | er, ébsup.e'i:rdﬂa?ﬂﬁlgéépmﬁr@m&égyp%, WP Ngrdule, disd gd tone

of the black color o resulting foanmed article nay becorre |ightér, and
col or 17 19/ 42/ 2001 V¥ | 108 1Ry POEI112 The- i dfrdgs ami ne flanme retardant
of the present invention can be nade sel f-extinguishing by being added in
a small amount of carbon black, but in gqrder to sufficiently denonstrate a
flanme retardant effect, the content 5 pﬁxihe flame retardant is preferably
not less than 0.03 W% nore prefera r§ t less than 0.06 W% and even
nore preferably not |ess than 0.08 Q@vw h r§$pect to the base resin
Conversely, including a | arge arfs i Snriot erred based on the
above-descri bed points, and the coftent is 1D preferably not nore than 5
w % ~, nore preferably not nore t 3wt ven nore preferably | ess than
2 % still even nore preferably | t, and especially
preferably | ess than 0.25 wt % ¥ h sp t he base resin. Exanpl es of
the carbon black that may be used fn the 15 %present invention include
channel bl ack, roller black, furna€B bl ack,°® hermal bl ack, acetyl ene
bl ack. and ketjen bl ack. Anong these, furnace black is preferred based on
its bglance bet ween costs and disperﬁqﬁhity in polyolefin resin.

In the formula (II) above, R is preferably a cyclohexyl

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 polyolefin 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

16




The content of the carbon black in the polyolefin resin 20 expanded

particles of the present invention should be fromnot |ess tha 12
not nore than 20 wt% in order to assure a desired black col or ?gge. {?8?E§
content is less than 0.5 wtt, then the desired color tone nmay not be

obt ai ned gRdpet-bee8bi8Chet HBEEDhdBRYS D@ &¥Eth e farkdifnCYH ent 25

conversely exceeds 20 wt% then the cell nenbranes may easily be

destroyedretBeasst | $ne88hbYr PSRRI AP SR A1 diEL G £elde ratio
| owered, and the flexuralbsfrength, t he conpreégéve 18 19 12/205% strength,

and ri gi dib¥ar&hRt edaghasRChErisdi of, Oéxﬁl et £ 2 dd S8 PR 8 .gge

bl ack col or tone furthernore does not ange 1t the content exceeds

v and The foshen FaNVEESRYE 0GR eak FRAIE L GAMEIP Uil of he

bal ance between the black col or tone, e ce econe closed cell, and

the flsexugeht LS00 dbpa k@' 'c}'fl.eﬁ ?Jﬁ%%nﬁ%eogﬁv%itﬂsﬁﬁ%g : :E:ﬁdi S

characteristics of the foaned artic e Cco car bon

e L e R L S A S

and especially preferably no nvers

f the bl | ; | | . W %
ot of or abl 5 TrTEee (ks S o) o Rheasl R Mt el ke 0ue

preferably not

h 2 9 . i i f th b bl ack di
han 7 oiche VTRt dd L il ATRURAH, it HIOR0 DBBQURRY 1,
arti.c I amet er

Lhe Dase dieivhe A Hihe SRCLSCAYRLATERPRIChS HLAR Ehaglethe
fromphe MigBOEALQ it does ignite, but it exhibits self-
extinguishing properties whereby molten 1iquid 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. 1If, 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

17




20 enabling the expanded particles to be uniformy toned, preventing a
breakdown in the cell nenbrances of the expanded particles due 199 #9/2005
aggregation of the carbon black, inhibiting opened cell, and avoiding a
reduction of ability in the secondary foam ng of the expanded particl es.

The aver agerdatRan! ke odcal®t efnbShiREerBachRiAR! ¥180L Lessrébap §snm and
especially preferably not |less than 10 nm because in this case it iIs

dlfflCU|tth%r?%ﬁg%%ﬂaEhQBnEQOHCEHﬁ @Qdmgﬁép@éifggxf§n%?1&ﬁ£&3/ggoéelng

facilitated e average particle dianmeter 1s preferably not™ nbre than 80

nm and MRpAeR ¢hehaBkN1A0knBRAE LEABaPOATLAOM am)ae yhespgipteghat a deep

color tone can easily be obtained wth a sma unt of colorant. 5 The
aver age péﬁkfibﬁeﬂtﬁgeaéﬁoﬂétig ecér P&m@'f&ﬁ §§8é€d Hhd Mo ent
el ectron mcroscope.  Mre specifically, car was di sperse

wat er,s a 8@e€h€‘991}9ﬁé Péé&ﬁ&?ﬁ’ﬂ dr,g%egf%;ggl 'wfélégs £0 Y§$ & fi.mved a

phot ograph i ncludi ng severa pafticles 1n e range of View 10

was takernphgr GALEEEay Ey 090: PALLS Cligss VB! 65 TRRRUT s Ay al ong. an

uni di rectional = dir anet er een serving as entative
L aret e e &Pﬁﬂvfﬁﬂﬁo?@%ﬁ%zd;.@;vzﬁ.vzﬂgt%s R M L
oL TeESALRT) oA TeRT Y Bl TARL, SO SR esrene oo
o areter %«2&% AR B ;;qbqéeot%“%“@aoan&a ohigd oo the
- f)ﬁte: gg]?,? eé&éé}eab Y no rrrglooll‘e stt'hr b v;tr%omn'{or}:ee tpllzpefoeratb %r Ei\l)gtr lgn%%:re tq'l
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 thgt may be used in the
15 présent 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 polyolefin 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 wt¥, 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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formed into particles by pelletizing or another nmethod. In the present

i nvention, the hindered amne flanme retardant and carbon bl ack,gr d
into the nelted resin inside the extruder in the resin particl%géﬁégﬂgﬁﬁgn
step. Various known 25 additives used with foaned article nmay be kneaded as

‘ h j 5 1 t k
necessar ) syehABchoahbndss o eyl Acr AL aFToR £ A0 MRN A 10 R DRl
above-nenhh:%eieaﬁeaabéﬁ.s | gL L@fa&é'cg@iéfntoﬁ@k%&ﬁ%ﬁ?o}%/.dggﬁ Qidors,

ta stal nucleati The

antistatic agents, me deactivators, and cry ng agents.

cont ent oghahggsgfagﬂétéﬁfﬁeﬁé SEELE5Q0d Y Utalu‘é(ﬁtﬁ% tfoé)tys %&Mﬁ%lagr ts

| ess, and especially preferred 1s parts by Wwe ess per
by wei ght 3 9f..Lhg.base resin composed of polyolefin resin and other resins.
The lower [imt thereof is roughly 0.01 parts by weight. The nethod for

pr 0duc5i ng EXpaflgqu ﬂ%tx-}f o:ﬁaQ{'.t L neq ba]]panccar booeq:wbel %Cl%h%ndblhic ecro doram ne

flame retardant In aCCOI’Céi ce \MC{a#]r\il'he pr esenet Irnventi on nay pDe one 1 n

bl ack ar cronPorihs P PNl W RIS o S e

pressure o sgEliog ey W daps sendaeted o o 1o

S ubsequent 9 ar SHRGRP W4 1@ CAee A e Lo B PR S/ deal under

G Schar & T LS it REEE GRaY, R e (16oPedin vpdre POFEs arc.

91 9Pe ekt B A Lhe? 1938620501 ;DS RLRTS NS " @
more thaﬂ 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 diametef 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 not less than 10 nm because in this case

it is difficult for aggregation to occur and dispersion is
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seal ing vessel, the dispersion is heated to a predeterm ned tenperature,

the foam ng agent is inpregnated in the resin particles, the t r
i s subsequently lowered to room 25 tenperature, the product is ?@%ij§56%5
depressurized and renoved as expanded resin particles, and the foam ng

resin parheh€star8a2l éﬁ%&éﬁ%%? ?#A\Ptﬂfgln%t {aﬂﬁc{}no i L neé‘ﬁoiﬂéxdafﬂlE Hsam

hot air, or another heati

above-desggggeghgﬁt t dpd is

preferred because tﬁgd%ﬂpg%d@ﬁ&géggg IC Egegsﬂ(r:nanodtlb I Ci enta%Hy pr (rj%'luced in

a short pepkog PLOguIC Y, el | erLt he

medi um f or d?gl%%g?inﬂ eé"?gasfé] %(I&i(ﬁé tér?e %e ‘e €ean 13?1-% vesseaﬁ e'houl d be
p 9 g

one in wh&g?%tge 5firhm#ﬁﬂ 'é%‘%%f%r of dlssolve and exanpl es of such a

di spersion um inc wat er’, y1 ene gl ycoI gI ycerin, nethanol,
gg(rjt | ?It an\cl)ml th respeclf3 9[ o%%r%il lsg%irjazrﬁ?eo 0%' 33]?1% & Eé:#rgrbcai];ﬁ h%?(r?etsl)nwo
part s O 48 Bleq Lyl SREUS O MBUANIR 1ORRY 5 D ORLAY, o (1
part i c| o HRHD a&?ﬁfa}; %%ga%%smeefe B oSS pe PR A PLRFES §3ni ¢ or
oLy ?#fe%%r?d“%&ﬁ%e B T AR B BRRRETS ToLLeh g
2gent i AT, FehRA P rr%%eaﬁrx3%‘%'5%?&32sZRaLEﬁ%%%%pr%ESA%QE. ¢
10  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
: 15 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 éxtruder is extruded in the
20 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 known
25 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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magnesi um car bonat e, basic zinc carbonate, cal cium carbonate, 25 tricalcium

phosphat e, magnesi um pyrophosphate, talc, kaolin, and clay. Thg thﬂpééb@g

agent is preferably one with a particle diameter of 0.001 to 1 8 m ‘and

especi al l'y 22 19/12/2005 preferably one with a particle diameter of 0.001

to 30 pm Theeasmpnés Ofhdi 8DEVS . Meh £OSEa A0 I e 4 B dde RIBIdRI&Fh 1 O

be 0.01 to 10 parts by weight to 100 parts by weight of the resin

particl esinhiBieorHOrGAM £h.hSPOFS] hh LU 1S éqéifsr,a%é‘t sed in

conjunction with a surfactant. Exanples of a suitable surfactant include

sodi um dogeayt PEIESHES Uhl @ et Fa t SP AR e S A £ TdJSHIS ONalhR, R £

al kyl sul fonate, sodium ol eate, or anoteher:L agﬁi oni c surfg(%t ant . é‘#?e oadded

surfact anghése QAR { Yo d O Pr&fEd ! ; i.ght to 100

parts by weight of thee resi‘l'ﬁrF parlte?oc es%i?o,&% %%#cép@%%%é%%\?rﬁgng agent

and am i npEgani £ng RIS f L L AQENY JTBY | I

m xture, and an adm xt(ﬁf%allggaﬂz?né% gani ¢ physi ?zﬁgs%g[aﬁnéenq' I%qug)rﬁ ej%ns% an 15

i nor gani c, physd ¢ al oo ' 3ﬁﬂ¥ e . I f an organic

physi cal C% oam ngadaabe%rﬁ}nng'f% e p%é:é%e?o%b% #%%%pgﬁﬁg’%ergéaﬁégne, hept ane,

and ot her g%% J-C A ; .obut ane, | nt ane n t her

alicycli cp oger%:lélr B:ér%q{ gaﬁlgf ?’(r)eliﬁ‘yfﬁ %)réo%lﬁ%%dro#e%tehgﬁg{e Zglmlr% *th%r%o% 1S

di chl or odi r ane, ..dij t et rafl uoroet hane, 1, 2-difl uoroethane,

1,2, 2, 2-tec{drg§?1y8(r§$'tggt %%rzfﬁetfy (rir)g’lt %{ﬁgg%gtﬁl oride, ethyl chloride, nethylene

chl oride, and.fther | nat ed hydrocarbons.. Nitrogen, oxygen, .carbon
T e rnod 38" BB B RR0R . P aeies, RERTREPAER ¢

di oxi de, argon, water,
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

21




25 physical foam ng agent. Anong the foam ng agents descri bed above, one

having as its principal conponent one, two, or nbre inorganic i
19/ 12/ 2005 foam ng agents selected fromthe group conmposed of n???gééﬁéoag
oxygen, air, carbon dioxide, and water is particularly suitable. Anong

these, nia18608aagg BoimayLLRrGIETAAH of ANIAEr I WG SAbIdddohdll the

apparent density of the resin 5 particles, the environnental | npact, an

the cost. hdhetn¥ah&€diuhS %%@ﬁa&f‘q{ﬂ&ﬁmﬂ%%m’ the water (including

dei oni zed water) used as the di spersion nediummnay be directly used in

opder Lo, Spersechbeat i IBAELIELE d thoty S 8 SRl T agied amoun

of foam ng agent varies acco 0 type o m ng agent and

oSt Pardl sdigsrod N BHLP Widthod S e AL L UBLLAC IS dhde

requi red anmount © oam ng agent IS at” roughly abou

i ghts t o part | ahtof | ticles | t o obt ai
ooy bR (Cabhd "N flatlf AR O Ehdilt Yetflod P20 T |

expanded particles generica ensi

The resinpart iéﬁdfrspoﬂ{(ﬁwdéﬂeﬁrys%% ie@{(;tque_:l_e%itspersi ng agent, the foam ng

agent is supplie e seali'ng vesse arid the systemis agitated under
r.esin parti

e "9, S Wb D BEIE AL SB B Ry sS40
e ot B SR YIS, bB, RS TRCL AL gt
| e oLy (1R o PSR! Bk Bl 2008 O anpR0UL (A, 19000 Lo (01 *
_ qh-cigsshgﬁggg Qghighgf%gtg%?igthylene glycol, glycerin, methanol, and
. ethanol, but water is normally used.

The blend ratiq of the resin particles with respect to
the dispersion medium is preferably 150 tb 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 preﬁenting fusion between resin
particles may be added as required to the dispersion medium.
An organic or inorganic dispersing ageht 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 tQ 160 pm, and especially
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particles are used. The stirring and holding tine under heating varies

according to the type of foam ng agent and 24 19/12/ 2005 resin,
ratio, and other factors, but is generically about 5 to 120 ni%g?§§£}gpg%%

the resin particles have been inpregnated with the foam ng agent as

descri bed ve he resin particles and_.the . 5 di spersi agent are
sinultaneggggﬁraP;gthﬁeﬂlFﬁ ﬁnpﬁfﬁbggﬁe?baTﬁE?ri%EaQ'%Png%r Dr¥&sure t han
the vessel pressure, normally under atnospheric pressure, ‘to allow the
resin par tPe| 88oPRt{ gEniiBRETSHes 29Rnt cafddedats i Roxmakiy RPrRLerFehdiai ng
agent are_discharged, a pressurized gas is 10 introduced to the vessel so
that the P&sQePlpFesitrranbesbyioreighat st \rarts hhaveimhintohfthee
vessel contents decreases, and the vessel pressure is nmintained at a high
| evel . ThEeporyRrEF{ALleRsin that constitutes the expanded particles in the
present invention is a polypropylene resin, 15 and a DSC curve obtai ned by
di fferential sERANRMrERLE | Fapsroing Rgexipavel airefandtole sisad |igast
exhibits an endotherm c curve peak (hereinafter sinply referred to as

"i nher ent CPRINCHIGN tWikEh | & suefactart st iBxawplde qfolay puadddbdee resin and
an endotherm c curve peak (hereinafter sinply referred to as 20

" hi gh- t enpie¥fackantpeaicuds sudjhvm dasigperldtanzendsari fidrateof sadiem

endot herm ¢ curve peak, and the heat quantity of the high- tenperature peak

i s from motoleSinddldfomdod 0 st@liuid e Kyl 1EQ¥at | RodasRehLdard, hert ot al
heat quantity of all of the endotherm c curve peaks. The expanded particles

exhi bi t  ApeGeldfithnild GudidabthVe FHY Huaael0sed reethntalisO no2hd 185

suitabl e for heat nolding. _

-~ 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
p;opane, butane, pentane, hexane, heptane, and other aliphatic
hydrocarbons; cyclobutane, cyclopentane, and other alicyclic
hydrocarbons; and trichloroflucromethane,

20 dichlorodifluoromethane, dichlorotetrafluoroethane,
1,2-difluorcethane, 1,2,2,2—tetraf1uoroethane, 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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25 19/ 12/ 2005 When the heat quantity of the high-tenperature peak is |ess

than 5% wth respect to the total heat quantity of all of the t '
curve peaks, the steam pressure during nolding can be kept Iom?ggﬁf?fagb%

conpressive strength, the absorbed 5 anmount of energy, and other

char act or esbngfgobablies" 824bbEag £0ATEHs Aptboh Ccbifdaie bE ALKEISELY

af fected. Wen e heat quantity 1s greater the arr ssure

that st ohgaekePhaknSLaEnbhCaeipAadeduRR b ELES, 4 o1, e ppcessi vel ¥

hi gh bef o?e tghe expanded particles afre nol and 10 cycle
ol ypr opy [ SR Ot 8o i rpay “Ehage it RESERE A SRS A £l e d®,

ook i o properaffndorRe R LG 05F ulnddat JdRfblir BRI D,
curve poakes T iet B o Bhontidca bt ot e T sty ST ot o
consi der st et FhE ARRE Sirihe o Taltn, (I HERS [4EE e

i g emplretf offhed iad T Mg P G AT ey oo B et Y e Azl y ot
the tot al R ARG e P PARRISAS e % BARI RS FESREL A S0, the
upper i ¢ valule Lfherpol, Ls Pl srably not  IPre Lhan 00U, AN TR e

10 type of foaming agent and resin particles, the objective R .

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 tempe;ature 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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The total heat quantity of all of the endotherm c curve peaks of the

expanded particles in the present invention is preferably 60 t
If the heat quantity is less.than 60 J/ g, then conpressive streﬁa%agaﬂéEOS
ot her physical properties 5 tend to decrease. Conversely, if the heat

quantity exe§eds tnlS81dh8 rhbep, 1y dsg é‘ﬁaf%cfcé?f‘g‘ NGy £NAL lagéx?éffééff%

during molding tend to be advefsely ected and fmy resu

article whh,g §°@§'§gbaﬂhﬁ agpunt of voids. Wen the pol ypr opyl ene that
constitutes the expande 0 paiticles is a propylene/ethylene copolyner

the total heatAﬁgggnghgyrgg%%2§a§ﬁ9€iggrg%&?cgéggtﬁ@g dg 4 &f rably, 60 to

100 J/g. Wien the polypropy cons partlc es S
curve peaki NP LE o' BEsbEhfa SR nthG X S%I?aé’%rt{‘%es“?%é‘et

hi gh-t h fol ]
n;?hof”ﬁﬁt%%gf%ﬁﬁiéﬁsm?oaﬁta {hibs e@-g% ﬁsf%ta%etout’%g of the

of " 100 m ArebEhESs Bl Ot%%%?aitﬂﬁ%e% PP SE4 SROSEH ¢ he heat
/qa\gagig%lé\@ ?&?ﬁgured %ﬂ}é egt%r#‘etldrtljx |etff?jelerent|al scar{nl ng cal r%rrgtgr
1. FIG th f th t t

the. exparESti bt e Ste® 15 P58y U L SRS TR ATEHErE FIRbrS andom

copol ynmer)). 27 19/ 12/ 2005 An i herent peak a that is derived frontthe
pol ypr opyTRETHH (P99 Fsh Alisihadgathe S BRaiitF i#ad i%4%4S and a hi gh-

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 molding.
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tenperature peak b that is at a higher tenperature than the inherent peak :

ais present in the DSC curve in FIG 1, and the 5 heat quantit f
hi gh-tenperature peak b corresponds to the peak surface area t%gyéaiafgﬂé
can be specifically calculated as follows. First, a straight line (a - 6)

is drawn to cOpAgt (REI fbat dqldl 1 £P1ELSARNGS 4o QAL LNS DRGiCuye, and

point 6 that 10 corresponds™to t%e nelt conmp enper at t he
expanded [ T, - ' | e{d on
Conpor at urac FAS8 P8 b RGeS Sro (R 2EPHEL TRl MBI 0 B2 01
t he hi ghe e 181 46, hi gh- t a E hase
l'ine og tﬁgé hlggﬁé?ﬁ%{éﬁ%énper a‘% Llégé]ﬁ{ssl 'de&b?ﬂe%?%%;sﬁ%d&ﬁet lﬁ[‘%}r%gl é&roglq%lgfgs to

(ne vert£gh 81 gapl abbe BRI L LA Rdledh O QUG ve (P

corresponds to trough portion _ en i nherent
W th fhe peaft bP EAGRRE U SORE che (I RN ok et e
port i on oroRtd HTERAS tehd i R RERATE dhreladC Hih i S hi gn
(6 el A roaden R Pa R T e eR e B the
the i1 s Rae TS TR RRRATTEE Fatiiar JONE L.Ps EXBesadait n the |
oo B Rl - TRS Ko, Bl S e ikl

10 cycle tends to be prolonged.

Because of these considerations, when the polypropylene

resin that constitutes the expanded particles is a

propylene/ethyleﬁe 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
homopolymer, the heat qﬁantity of the high-temperature peak is
breferably 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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5 polypropyl ene resin that constitutes the expanded particles, as shown in
FIG 2. In FIG 2, Tmis an endotherm c curve peak tenperaturelgpfdyb
second DSC curve, and Te is nelt conpletion tenperature on the Second Bgé
curve. Wien neasuring the inherent peak and the high-tenperature 10 peak

of the expandegh@atbisl afedd tquddie «f fferent i AN MY IdBIRS as

descri bed above, a plurality of expanded particles with a total weight of 2

1o 10 ng sbaws doperith reégidnded S 1t 1e fPaHy n“t’ng_gﬁvtel?ﬁi\éﬁ ght of a

singl e expanded particle is less than 2 ng, onée expand particle should

be 15 dir j h ur enept en the wei ght of single
expanded %gér%él!]f: eﬁ?sédz‘| ‘{oowar%?' aﬁgoﬁé\geﬁﬁgﬁd‘é‘&a‘b% chr%al%%%u{ﬂba%e cut
into a plurality of particles, and a single fragnent specinmen wei ghing 2
to 10 ny &holiud kkensedmpreshaive nebsenghenandhethehephes ital Properhige
expanded particle 20 exceeds 10 ng. However, the fragment specinens are cut
from& siergl ecexjnoetepar totiversea ywhaf ahiet hegt goanebiitql edceedisr f ace of
t he expanded particle should be preserved wi thout being renoved, and the

speci mens 5y g/§" etREALENe CobcSRad PRt £odhEg N Erd He SANE SDaffr {0y t he

extent possible, and that the 25 expanded particle surfaces that are

preser Vs el 19 peeIRYRYoanG WAL MARlahUS LRE.3RTEpSU T ace ar ea

to the extent “possible in eac e fragren nens. en the 29

19/ 12/ 20Q3 yeisoht+9f18 §%@g!gggéﬁgggggng%f%&%ﬁg%gg#ﬁvgﬁgﬁfor exanpl e, two

9 ng fragnment specinmens havin ntira & can be obtained
by cutting th xP eg r%i | e faci an_ arbitrary %irectio
hori zontal |y ﬁpgnlgﬂgi ngﬁ °§Xf?ﬂ8 %ﬂgerPeﬁﬁlﬁP?EEtF ﬁ.efﬂang?dthe t wo
'fragﬂ?nt'sgeqinens_

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 guantity

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 imn 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).
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obtained in this manner should be used to nmeasure the high- tenperature
peak and the inherent peak as descri bed above. The case in “hiCTQVTE/ZOOS
polyolefin resin that constitutes the expanded particles is a

pol ypropyl ene resin was descri bed 10 above, but neasurenent can be

perfornmed in t o) er.olefin resins.,.fo obfain the flane
ret ardant pol ygﬁeiﬁﬁ&r:%@?gg%%%n%dtﬂéa?tli%l(liiae% v‘?éleérp es%th? 9?2‘{\/3’991]{?9 -
known i n-nol.d din t hod i s, adopted ereby flame retardant polyolefin
resin 15 Jé)%géﬁggiaataﬁg?l?%\?’egug%ﬁp&%dgﬁa%‘ig%rﬁﬁgtﬁ%]r?“’r'clae%d tf‘avtf]rﬂj{)'t he heat
quantity ﬁf t he high-te erature feak are |oaded into a nold with a
desired shSPReTHEY "éop%%}Ps'i' R brianmt e HREE  tempRFai s an thsam
There are no particular limts to the apparent density of 20 the expanded
particl esibherpRt pegert iseresent dmdthadSGppurwntindghs + \l ofanchdhe

expanded particles may be freely determned in accordance with the

appl i éat i beabfgqudmet iigs Wi ity Highecempdrahee pdak e epangethdaardd cl es of
the present invention normally have an apparent density of about 15 to 25

550 g/ L. tleacpedit Ysudfai® 105 Kb HeEE PR dfddidildaitiyy ensure with
| ower apparent density, but flame resistance can be inparted to foaned

article evercwidted dowdarsidy of 20 to 30 19/12/2005 140 g/L as the
apparent density of the expanded particles by using the above-described

hi nder ed ami ngLlATe o Ghdldaple aSnd NG 1 HIC.1LCHALAAN ol BoARERLIRAGE W
the present invention, an ane resi stance Can be surfirciently rinparted

even with a 5 density that is as lowas 25 to 140 g/L, and even 30 to 140
g/ L. a that corresponds to 80°C on the DSC curve, and point S 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 vertical 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 (a - f§) 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 - B), and

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

“heat quanfity of the high-temperature peak.
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A smal | anount of expanded particles other than the flanme retardant

expanded particles that constitute the foamed article of the pig?ﬁgi/
i nvention may be included in the 10 present invention as |ong a f?gﬂé
resistance is not declining. The flanme resistance in the foaned article of

e POl gou MHE BN kEmBaREPuRD BosRTBUPL| hoh SR BRECHILEE BHG FIVESS02,

and is divided into na W- bur ni ng proper and
sel f-extinguishin roperty. Fla ailit i's conbustion ve) ocity that
exceeds  TU0 RNPRERCTBHARRBP PREYOER FREYEDVRE bt TOh et BortustiDPSY est
Is a property whereb flane, crosses the reference |line A of a test piece
and bur nsCPFER PRESTRPE, BV CERITHS AR THIRGTT dlichi AP IS dFifiemcdR i ne B
or a propﬁ%ty vvherebB/ a flame crosses the reference line A and s
extingui shit8 BRFIPY DFeaCRTYY. tHRLY otk ciitReTeHe Bealh R 665 SIRVhdS difspse
after _reference line Ais crossed, or the flane passes over 50 nm after
r ef er encePP1YRIPYLeRe ciawln JfhRt sccandt Hyiieshddie Bxransled awijurddiasy
property is a conbustion velocity that is not nore than 100 nm min. The
sl ow bur MAGEEPEp i WFIG. the Bl MX7.12 2006 izh@re-endutihmymiq egirves peak
property whereby a flame crosses the reference line A of a test piece and
bur ns frofeHRPRC3EIRE cftcthd jgRcondiMSd quwashi rd IR rief eredricednipdetBomr a
property whereby a flanme crosses the reference line A and is 5 extingui shed
bef ore reMpeRAtURe roaf drienceddnd IBCG 8@ . seconds el apse after reference
line Ais crossed or the flame passes over 50 mmafter reference line Ais
crossed and i ¥heaxmedguirsingrd 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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The sel f-extinguishing property in the above-nentioned 10 test is a

property whereby a flane is extinguished before arriving at the_.ref
line A or is extinguished within 60 seconds or within 50 nn1o$95§6§é$ﬂé%

the reference line A. The foaned article of the present invention

Ot i noul SHCAGTGr Gbert o re sapareaticd! SPPLOREILY R 0he LY it T e

extingui shing property 15 espe bove-

i g pr o Ty prerer. ve: dese:
Lot pi cog s 2 By, FEAaRERE RS LrEN: SRVLAY TRRSHEPE AL B Sand3s omy

test piece iIs
combust | obeBEoSahy bpbBEa ed toy QB (i Spatacd SEPRITe Kadthd on, o
fiame has BuereaCrRey Ebige % DA tallEime THESTHE T RS requi res
vents o’ Bt ERA A TEERESTD BF grt it TR RSN e £y of &
D AR LS R S A
be incl udgd' but, usi Ql?ﬁf%atearf ;ﬂgeer,ed am ne flame retardant of the present

i nventi on P oLET &R Fieielfc Pear 8 AT APhidaPve smal |

anount 5 of f_lane retardant ev%ghat a low density of 15 to 100 g/L, and
flame resistanct¥ GFdHeh r‘(ﬁ%‘r“t‘bd: e lyalefingdesiny thad Goastidytsd as 18

to 100 g/LH and even 22 to 100 g/L, The average cell dianeter in the foaned
article Jf% HFEPHSERATHFIRS JF & POLYPTIORY 1eHcoFasdie Ward descrabiedal

10 above, but measurement can be performed in the same manner for
other oclefin 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 guantity of the high-temperature peak are loaded into a
mold with a desired shape, heated by steam or another 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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10 strength of the resulting foaned article so a deep black tone can be
obtained with a small anount of carbon bl ack; the conpressive fg 0
fl exural strength, and other characteristics of the mechani cal { ﬁ@%g éf
the resulting |light weight foaned article are excellent; the cells are not

15 destro S d t her, s no.residual. strain ased on
t hese fac%igg pﬁé%hveggbéwﬁgféﬂ} % :gfpggpengg?deﬁ PaFgggi?ﬁaﬁY180 MM
nor e preferably | ess t han 200 [an, . and even nobre not |ess than 250 pm
Conver sel §5+PHe ﬁﬁpﬂ’m’ﬁ APTCTHE R A 1nderpd raning (F1ake RAETIN 550 pm

nore 20 preferi\ not nore than 400(@{;}P and even nore not nore than 350
The net hoBPfof 1ARE TR FAEAME B RegRrdange diitbridie \Resedh duteitian.,
follows. A surface 10 mrminward fromthe skin |layer of a foaned article
that was PRPpEHPRUTEFIStRRAS |$AR HRe BT kekantohy Jmuartest aMads (Wit Gkness
was enlarged so that the entire cross-section that corresponded to a

si ngl & ex@emsibtly 3thdl/19/2DEowaad 129 ctonastd y/Lheahdebdenf 30i ew of a

m croscope, and this cross-section was photographed. A straight |ine was
drawn on 1idiegphot ograph so as to divide the photographed cross-section
into two substantlally equal parts, the value obtained by 5 dividing the

| ength of the y Lot ¢ nunmb ontact _w.th t e line
was taken to bﬂe#ﬁae averglge ce IexP(? gﬁﬁoé’rar%flcé‘ﬁg fg‘fﬁdg%'aﬁar e fthe

et th ded t 20
zxsgﬁ:ggﬁéﬂ 4 o ISR P B ' 1 0
t he sane J gthe arlt metic an ther of Wai%%pted as the
aver age ce arret CoPTERE o ANTE™ gEF‘PPCF"Q‘Y e included in the

10 'present invgntion 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 wvelocity 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 ovexr 50 mm
after reference liné 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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The average cell dianmeter of the foaned article is adjusted primarily when
expanded particles are obtained, and this can be achi eved by af S_Ltj)nﬂ Ptép)
type of cell regulator, 15 the additive amount of the cell regu tor 9
anbi ent tenperature during foam ng, the di schar ge velocity fromthe

TR e o R Lo %Sf%"‘ S St
Cover  Lhar T e e S e %‘%totnéﬁfe‘ﬂmﬁc%ar At RS B Rherka "

o asent | Bomnit ont ik S Uiy ned“%‘ycelﬁﬁi%t. o2 BBHERG Yret hod.

cont i nuoL Y L 0 ARt et ST B ey TS e e A2 P P el s

as nesdeds bel yRer, tt?eft{]% SO %Ztetgnﬂge{ 3098 BPus Ahgve and

bel ow t he channel he expan particles to

fuse wit SSiyf n throu sat rat steam
supply altbea eat | rPg are ; %zégs%ir}n\é%t%heﬁexpan "ré’rs%eé’laé’s = oug
cooling o e resyltin erIded artlclefromthe
channel , %Js%ql})ge%to CPI y cu | nd:%tftﬁre&ptl e %Olgpﬁﬁ?ﬁﬁeg[ &% Ideﬁat hs. This

type of qg% lding nethod is cited in JP (Kokai) 9-104026, JP
( Kokai ) % I@&éﬁl ?r)ld JP (Kokai) 10-180888, for exanple. 10 The continuous

Il ratio of d.arti t t f er abl
ol more than H0vE e EX GPEPAPATY REDPROFE tRahb0anoARGmESSeEran o

..prefféabkgskslgog 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 velocity 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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nore than 25% when according to procedure C of ASTM D2856-70. The | ower

the continuous cell ratio is in a nolded body, the 15 higher th '
strength is. Surface decorative nmaterial can be integrally |an1§§?§§97295§{

| east a portion of the surface of the foaned article of the present

Tommed ar i era are o TRPRRCaC She SLE0 Sl A R BIAE TR C bt e

foaned article are cited in detai t ent

No. 60964 t t 5 . r an Pat ent
8 A i R L e T et 7 e

ouer PubhiRaboASenlie FORNELELLIRLE: PLECUEE Y LIg Rl CHRNlnd INEN1 £,

25 al so be manufactured by conpletely or parti e ng an
material, o30d:h 0hLE PhOY-LDLS [£8!5d S P80 A 6P Rt on
met hods for sucﬁ an |nserjt:-con%%q§|5%eﬂg5bé197 %%%%fln&nn?assr#%]glne%ﬁ%r u"lgcl e
are ciged %n etail %n gB_Eatent No. 6033770, US Patent No. 5474841, JP
(Kokaiy) 58% 157949, Te5aRIARE LR At NotOBIBIAY £ 1t e 1AM Lat PBAs. 5
Exanpl es The present invention is described in detail with exanples bel ow,
but the pft3BatresierRrem ¢an ke inpantet pven kel x ahplensitho iR ati on
of resin particles that contain hindered amne flame retardant and carbon
bl ack] Bxasmles ds tIB 7td-i 10 ,g/0, 0&Gnfaetrenby2weoghtoo§/thori c zi nc powder
(cell regulator), flame retardant A (particulate form G ba 15 Specialty
Chem cal s K KThe aiv@rddel cdiamaii drled@stiah tNeRlefamed article of the

present invention affects the color tone and 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 pm, more preferably not less than 200 wm,
and even more not less than 250 um. Conversely, the upper
limit.thereof is preferably not more than 500 pm, 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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(reaction products of N, N -ethane-1, 2--diyl bis(1, 3-propanedi am ne),

cycl ohexane, peroxidized 4-butylam no-2,2,6,6,-tetranthyl pi per%g nezlfgﬁ 5
2,4,6-trichloro-1, 3,5-triazine)) shown by the structure shown 2 / 8
1, and furnace black as the carbon black (average particle dianeter:

nm were pddedcia #R8 PAT tie b1 & obi @iew%@ré’gy SR &Y r@ﬁd_pm

copol yner (et hyl ene corrponent 2.3 W% - 10 10 mnutes; density:
9009/ L; netbkB0sebEIBRT RAL S @nd ééﬁﬂlﬂl%' af'srmfzf AT
163C) 25 so thgi3 t he content %ﬁlrey nﬂaé/asr as s om@r‘f}Tab e 3; &he
conponent g dehRo PELE t he
f or m of strﬁﬁ%so a%da%%g%g?s ?n%%%%r%%{%? “1%7 %\aﬁcﬂfb&

engt i ai e or e e SyPLasthy Kifud elftﬁsgéecm%e'g‘%ﬁel“% %%Vfﬂ%ea%%ar ati ve
Exanplse %ﬂf@inﬁeh&% %ﬁ%ﬁle%é%f'ﬁ@e A danty, e ‘q%rw% cel 1Y epar ed

I n the sane mann as In exa nparative

te[]ﬁgr;ﬂt gt rabr orm g}%rﬁ%"tlégeg@ ac%l gci/te)(r:]i)oet he c%# 5608 § eolv]\‘n in

2-22!( ?rsmﬁy(?%g? f)ltm de ai’% o%laegl%gl\r%éﬁt%g e:?%tf%él%%\?\:?e ‘o [?)tef and 4,
pell el JERdC %gq%as:fs b TS TN 1 eé%g‘%'&‘éﬁdn[ Proparation
e e 5 e P S R S 1 5

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 foamed 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 velocity 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
temperéture, slowing the discharge velocity from the sealing
vessel during foaming, and so on.

The foamed article of the present in#ention 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 continuously

34




mediumwi th respect to 100 parts by weight of the pellets obtained in the

exanpl es and the conparative exanples were 20 |oaded into a 4099I iltze; 005
autocl ave and hernetically sealed. carbon dioxide was injectedi r<to t%e
autocl ave as a foamng agent, the pressure inside the autoclave was

t her eaf t emovadpystedah@ BeDoWPEné 08HARNEL €§E U4 Sho1d ey RS ure within
the autoclave was raised at a rate of 3C mn, and the system 25 was heated

whi | e bei Bg189ihgt eHe dBEInEEE HEFPEEDLLT Eo WEGLE Nri t AL QSLRYE Ypached
100C during heating, the pressure within the autoclave was adjusted to 1.5

MPa (gaugéxpaﬁgiaﬁe‘}mﬁtpé&s%@ 1242005 1206 N6 LSSt S V&dﬁ}%}i& tdiea

aut ocl ave was adjusted to 2. a (gauge pressure); at 140Cthe pressure

Wi t hin @haawﬁbaaﬁe%)ﬂmgfpfﬁﬁ ethd Oaxpdhdf r%a@@&hﬂf—iég Egn hen the

tenperature was 5C | he foam ng tenperature shown 1n Table 2, 5

the pressgbs1hgNifed NGAWAST AYE, VASHAM A5 M 1R i1k R md BRlPe Pressure)

and held for 10 mnutes at that Tenperature; the tenperature was

beraarenktviclel EARR S i OBl JEIRGIAINS SN A D frid AN

hel d at that tenperature for Ive mn essure “car I"oXi de

t hat : . j i]ibri
Vapor  proociret e ve AR S B ibd 3 RN IS o end
of the ayloglaye a5 Pned J‘M"('ﬁokaa%@' ¥ ! ﬁ&%k Ve TkoKas) U dafdS 7 esin
particles and water were sinul taneously release€d ~“under é‘trmsp eric

pressure,_.vi e}ldi I-8- X, articles. 15 The apparent density and heat
ar%’d t'LEg @?ﬁ‘%l‘ﬁ ﬁ)bpﬂ%%%%aq o egﬁanﬁj%g'resul ting pre-expanded

quantity o -tenperature” peak .
partiigl es ar e shown v [ o3z TaEIRVCE YRR 2Bk RiHIS BEergipanded

“particles for ~
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 bresent invention. Production methods for such a
laminated-cdmposite 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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hours at a gauge pressure of 0.50 MPa inside a pressure tank, 20 and

pr e- expanded particles having the internal pressure shown in Ta?bz %%beﬁ
prepared. The pre-expanded particles were |oaded into a two-stag ]T anlng
machi ne, heated for sone tinme by saturated steam pressure shown in Table

3, and thameablar foambgasetigndesrat 8DEQNCIh QAPELEE WS vy i Bheig expanded
25 particles having the apparent density shown in Table 3. The resulting

expanded mart605e370e18s dbhLEneNGo. PS£PE8U1 Z6sb f Okoils 1088 51 Ry By gauge
pressure of 0.20 MPa 38 19/12/2005 inside the pressure tank. The ‘expanded

par ticl es jaguhaget Peteh HIlRs NABoPE LS UM £n @ NOMEL HdRRl Cadi it € | 0aded into
the nold (i1nternal dinensions: 250 mm x 200 mmx 50 , and heated by

saturated steam pressure shown in Table 3, yielding a foamed 5 article.

Not ches were provided to the foaned articles obtained fromexanples 1 to 7
and conpakakhyeegxanples 1 to 3, and when the incised articles were bent
and broken, it was found that all of the particles were broken in the

fracture crossTﬂé)ﬁyggéﬂgn-ﬁﬁgL 1 is JStjGS, were
excellent. The foaned ar tl C esHol%% aﬁéggddéﬁﬂq{%éfg%?r&p%tgsﬂmglgﬁbl ack _

col ored fé&gﬁghégt' 3 tya@ or, Wi_t hou ol.ar_..,variation,
and t he average cé#% Faneteﬁgﬁggﬂggﬁg#bJ§%%ﬂﬁ?%#h§2%gﬁ%éga“ng%gk nmples 1

and 2 p03§§§§§gm§h_ ane deep 15 color as the exanples, and the average
cell dianeter wa 0 mfor all. However, conparative exanple 3 reveal ed a

i ghter color in conparison with exanple 7. This difference is due to the
fact that the average cell dianeter in conparative exanple 3 is 150 m and

the gyeragh (p@lda 4™ 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(1,3-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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20 in exanple 7 is 300 dun. Table 1 shows the flame retardants used in the

exanpl es and conparative exanples. Table 2 shows the pressure I\i?t i?/%p%
aut ocl ave before 25 foaming (referred to as "tank pressure" in f{e a e)5,

the foam ng tenperature, the apparent density of the pre-expanded 39

19712/ 2005upsefuéhesy &he heeh Ausdiidyifdr the pghatERer Bl elRealy of
the pre-expanded particles, the heat quantity of the hi'gh- tenperature peak

with resp : I t _guant,t f__all of the endothergic _curve
peaks, - angerALRdithel i ratd 33T, ' nd' aplezsRaghodoRabti Fed Sgrn L he

table, d | he heat uanfity of the high-tenperature peak, e is the total
heat qua{%?rflé’?/r% lY%&%?f%i?‘ani c curve peaks, and the percentage val ues

are d/e. ) The heat gquantity of the high-tenperature peak of the 10
pre- expanded paArtTT! B YT FHRSTathe Dlags i PeHEtSs FeESranner in

whi ch &t he_heat antity of the high-tenperature peak descri bed above was
measured RETRYF el-réxtr}ﬁ?m‘éﬂ“e FRATeT & Hadihe 2XaMkethe saturated steam

pressure én the two 15 stage foam ngsfconditions, the heating tinme and the
appar ent “YBRETAYG RHRMEmdRdal ticles in the two-stage foaning

conditions, and the saturated steam pressure and the internal pressure of
the expanded HfeTIdden blending leagecsediardond B Mhdscont ent of the

hi ndered am ne flanme retardant in the 20 expanding particles is referred to
as "f| and 4-et-Sipromoprepvdnether Jited reksomoblsphemetle§t) o @setoar bon bl ack

Is shown as "CB content” in the table.
achieved the contents shown in Tables 3 and 4 and flame

10 retardant C (flame retardant promeoter) (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 weight of kaolin as a dispersant,
0.02 parts by.weight of sodium dodecylbenzenesulfonate aé 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 dioxide 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 to 1.5 MPa (gauge pressure); at

37.




The apparent densities of the pre-expanded particles and the expanded
particles shown in Tables 2 and 3 were calculated 25 (W./V1) bX99ﬁ9§?8b@%
a graduated neasuring cylinder containing ethanol at 23C, imrersing 500 or
nore expanded particles (the group of expanded particles with weight W)

t hat had ne4Pnd 9 [

Ui ity oF 60% 8 PTenaarat it enr e, AP ol APy e hd BT W
aid of a wre net or the like_ in the graduated neasuring cylinder, and

di vi di ng {HBYIEI ERESRETEYY BF LAR Grid RFesymdetydr tthe entogdayeed in

t he graduated neasuring cylinder by the volume V1 (L) of the group of
expanded past pdiestedatowdsOriBe {gangehpressgee) n ehémnohe | eamperdtare

i nternal pressure of the pre-expanded particles and the expanded particles
shown in Wwabl 65C 21 qunslr 3t etHee aFdnGithg Mbnpgedditided | dHanmd nraamale 2Agr oup
of expanded particles with el evated internal pressure was brought out from

the pressune praskurth@iexpanesd M«Séf&ﬁé WS Cad éﬁé&tﬁs PW 4 hin 60

seconds into a pol yethyl ene bag having the size of about 70 nm x 100 nm and

was provi dgguybt hrasPhé fl dy w1 FN0! 66 milka i 0g ‘@héct} Z@erﬁﬂ@faﬂx!é);v\e

d
air to pass freely without allowng the expanded particles t'o pass; the

parti cl eStHE! EafBedvd e vad ABALdLA LONIANJEITES A G ZB0 &

relative humdity of 50% an sp C pressure; an

f the pgddhi YBs Sshhse measyr ' he qg |1 ed
?ooﬁn eThe Vé?%\é?t of expandeg [)‘Eaalrl%ﬁi cles \A‘f/eglélﬁegsur%h%{?% (La%:%‘r@%eg teIE Ot hgy
had b t . i_ght ' '

ad been fﬁéﬁ“ﬁggé¥g%{Jﬁﬁégfgﬁﬁg%§ﬁ§“£§%béﬂ%ﬁﬁég% %ﬁg%ﬁu§ﬁgf‘ng5dﬂdg%‘Mas.”””

taken to be Q (g e sequen
“tenpgpat Y 6L |&fhal 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 simultaneously 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 into a two-stage foaming machine, heated for some time
by saturated steam pressure shown in Table 3; and thereafter
released under atmospheric pressure, yvielding 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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room for 48 hours. The pressurized gas within the expanded 25 particles

m grated through the cell nenbranes with the passage of the ti
wei ght of the expanded particles decreased in the process, ?@e/fij‘?'zﬁ'b%
of the bag was 41 19/12/ 2005 neasured agai n because a balance was reached

after 48 Hmgisle ahd bhesvarghtask.t henexasr Egﬁde@ ét@i@ﬁe@&@h@iﬁ@tﬁﬁé|3||y
stabilized. The weight at this tinme was taken to be U (Q) The entire of

expanded ﬂﬁtbtﬁh&spﬂaﬁsﬁbénsh@%ﬁdiﬁt@éﬂl@r9UﬂQfe516&ﬁe&rfﬁ%dr%hé”ﬁbl@ the
tenperature-controlled room and the weight of the bag al one was rreasured

Th hi 1 ! g t

Sbove ver & 1PEEERAL HERenk LD, S50 000 Mt £'ad M Y HIBEI BP0,
def ng | d ai i ght W d the 10, int |

R A X

equat |50nRg2):. i;gi s internal pressure P corresponded to gauge pressure. =
(WM X y (2) In the equation, Mis the nol ecul ar wei ght of the

air, 15 and a%cggatant of 28.8 (g/nmpl) was adopted herein. Ris the gas
constant, and _Y T DPXP (hpathg KrRAMed Bt idgspiRtaiared n. T is

the absolyte te er_,g% ure, and since an anbient tenperature of 23C was
adopt od, THE" 1 EHIRLRL ths And GRIRATA GHve Saamples, | £ 1o AL Ran)
that results from 20 subtracting the volune of the base resin in the group

of expandi Ftied GRS mene hatdnand hnekes. tffe wasyfiomed thati | ¢l es.

Tabl e 4 shows the flane retardant content, the carbon bl ack content

(referredthb s Shes RGeS MeTendroksine)in fhe 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 tome 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 pm 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 pm.

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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25 the foaned article, the apparent density of the foaned article, the heat

quantity of the high-tenperature peak of the foanmed article, t?@/ﬁeﬁ[‘ZOOS
guantity of the high-tenperature peak 42 19/12/ 2005 with respect "to e
total heat quantity for all of the endotherm c curve peaks, the conbustion

vel oci ty, pamtiches,r eEdl héabf qgedatueyi 88 the HOgWetempdist@re (Bduit hgetabl e,
Dis the heat quantity of the high-tenperature peak, Eis the total 5 of

the heat ghanpirbyefbahBiedepaptiSIass €HE VEePE K Fan By LHE tiIRSTIEAR 2T
val ues were obtained as D/E.) The heat quantity ol% t he hi gh-tenperature

peak of thampé@aaaﬂegpéaﬁl@im Pe¥pede f&asnd ot hdde @haverdpssed i bed

nmet hod usi ng expanded particles collected fromthe center” 10 portion of

the foanmediarbictee dhdo@RPAhER ceRsS poaied thes faared, ’-tﬂ‘ﬁf gpa%e%% el e

Tabl e 4 was cal cul ated by dividing the weight W(g) of the

by the vobemenhd2ptd)eBbaddiéa fﬁ@f@c%ﬁ i cl 1 g}% \%]bel(e%micf SJ.(F g’{’r@l g:'eg}:ewer o

conbustion velocity and eval uati on res ‘oane

measur ed [N a .test piece size qf 12 nmx 350 100 mm from
the resul W%%Hiﬁ%a(?rfegﬂaﬁr t?ﬂ%‘%?’%‘g‘?ﬁ%‘ij‘%é’ in 9 dyert I%Pttrg% % ace of
350 mm x 100& bringing a flanme into contact with that surface, and
per f or m n§*¢Hh Xa‘?#m@}q inAqtharngq gpnve Reakp/senshtherpencenhage are

shown in Table 4. The evaluation of the flane resistance in Table 4 was
per f or med? R age tdie- Yal ue cal cul ated with the above described equation
(1). 43 19/12/ 2005

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 quantity 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 biack 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 (W1/V1) 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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25

al;owed to stand for two days at a relative humidity of 50%, a
temperature of 23°C, and a pressure of 1 atm with the aid of a
wire net or the like in the graduated measuring cylinder, and
dividing the weight W1 (g) of the group of expanded particles

placed in the graduated measuring cylinder by the volume V1

- {L) of the group of expanded particles that was read from the

rise in ethanol level.

The internal pressure of the pre-expanded particles and
the expanded particles showh in Tables 2 and 3 were measured
in the following manner. A group of expanded particles with
elevated internal pressure was brought out from the pressure
tank:; the expanded particies 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
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-

‘controlled room. The weight of expanded particles was

measured 120 seconds after they had been brought out from 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
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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measured again because a balance was reached after 48 hours
and the weight of the expanded particles had substantially
stabilized. The weight at this time was taken to be U (g).
The entire of expanded particles was then immediately brought §

5 out from the bag in the temperature-controlled room, and the

weight of the bag alone was measured. The weight thereof was

taken to be Z (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

This internal

calculated from the following equation (2).

pressure P corresponded to gauge pressure.

P=(W+M) xRXxT=+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 (MPa'L/(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 (refe:red to as "CB content" ih the table)} in
25 the foamed article, the apparent density of the foamed |
article, the heat guantity of the high-temperature peak of the

foamed article, the heat quantity 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 1is 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

(ﬁmWQ) (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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r1 Nmd40t DNr ANM 47 What |s Cainmed |Is .19 DEC 2905 1. \éol efin r%sigﬁ
expanded par tli.cl eA @mmﬁﬂlﬂﬂ%y(FQ?lﬁ(P§RFQ@9@d?aE§}ﬁ6ﬁ bPa ﬁalﬁﬁﬁ '
containing.0.01 to 10 wt% of a hindered am ne fl ane retar?g by the
gener al t6 R6r Mifta of raybonwbIRMH D FPRERLTBARR R CEPc Hwﬁ4 (A (In
the formula (1), Ra and R2 are an s-triazine noiety shown |n the formul a
(11) behdndened @niRe &d@ﬂﬁﬂﬂﬁiﬂﬁﬂﬁﬁﬁrﬁ%&W%ébﬁn?%?y9§H8Eﬁ in the formula
(11) below, and the O her of R3 and R4 is a hydrogen atom and in the
fordﬂlafpxmplaR(ﬂé #ederhyl  group, propyl group, cyclohexyl group, or
octyl group, and R5 is an alkyl group having 1 to 12 carbon atons.)

RNH-GHACHCHNRGH,CH:NRCH GHCHNHR
(I

(In the formula (I)., R; and R: are an s-triazine moiety shown

in the formula (II) below, one of Ry and Ry is an s-triazine
molety shown in the.formuia (I1) below, and the other of Ra and
R is a hydrogen atom; and in the formula (II), R is a methyl
group, propyl group, gyclohexyl group, or octyl group. and Rs.

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

OR
iy
;D _ wherein the polyolefin xesin expanded particle has a.n
15 apparent density of about 15 to 5509/L,
2. .The palyolefin r;sin éxpaﬂded particle according to

claim 1, wherein the content of the hindered amiﬁerflame
retardant is from not less than 0.0l wt% to not more than
5 wt%.

20 3. The polyolefin resin expanded particle according to-

claim 1, wherein the content of the hindered amine flame




H

.‘ (U wherein the polyolefin resin expanded particle has an 19 %&%@&@5
density of EQ‘BH?:&%%E &éi@%&-noﬁ 1HS pﬂ&éﬁ?'? ?ﬁ Jzﬁ oei‘lg%”%‘:*:eo%ﬂdxﬁ' e
nt e ered am ne

according to alm1, wherel e content
retardant i mnot less than 0.01.w%to not nore than 5 w-W 20 3. The

pol yol efin resi n'expanded particle according to claim1, wherein the

PO ot 5T LT SRS i SR I ey

| ess than 0.01 w.

expanded pagjis Iaﬁegge t'"argﬁe %o%' nétmo‘r’]}%tetf eéesr}'ls{'{‘](ﬁ @tg%EnQO/ft gﬁeess

hi nder ed anine ant

h % lyal ef d d
L wer 81 n FRESEARTERES ?rﬁw'eﬂﬂf LTS PEE B SRR 2

in
| ess than 0.01 %to ess 25 wt-.. 10 6. Th fi
expanded partic\ll\%' acco J? Eegﬁ? EPS&%.WEP‘?% 56)&]\:/\% Ee Q gi‘ggrr\'lgerﬁo
of the carb | S fro % t nnre an 10 wt %
7 The pol yorad n re‘gﬁlﬁr%&’aghﬁsdcsﬁer% o, 0% di %egam b % % 1.
wherein the cont. nt of t carbon_black is 15 frog ess an 0.5 wt %
to not nord&$d gro“f’h’%ogo%?'ﬁﬁefzpﬁmr &0t é?gaqb%di%%?t Q% accor di ng
any of clalns 1 to 7, wherein the carbon black is furnace bl ack.

to
wt¥.

10 6. The polyolefin resin expanded particle according to
i) any of claims 1 to 5, wherein the content of the carbon black
is from hot 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 polyolefin 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 highér—

temperature endothermic curve peak is from not less than 5% to

49.




9 The pol yolmef |n resin expande'dw pa-rt icle, 'accordi ng tt;_ Tg% %9 %ﬂfgﬁl a:ogs I
to 8, wherein the p I | 0385 b SOERE | 86NEhet Hotadpdreint @arniel¥ a
pol ypropyl%?lE ‘P‘éﬁ?n?héﬁd%fg%D C.'ftgllsjrve obtai ned by differential scanning
calorinetry of the _expan pard i GlSy&xPblkts at | east an endothermc
curve pea 1}h%‘% EEei ﬁﬁgpgﬁ&?‘%‘% he pol yig?opyl ene resin and an endothermc
25 curve peak, at % ﬁﬁ@&i@%ﬂhe:@s%eriﬂMa hevanéd t aeticlet bagHdG B i c
curve peak, and the heat quantity of the higher- tenperature endothernic
curve peak is fromnot |ess 3% thAP Fg A 1o nabtmuoret H@I70% wi t h
respectaﬂmétg?ﬁ?gkgagéqﬁgﬁgty of al If% the endotherm c curve peaks.

10. A polyolefin resip anznol a td | Beréfclagparent density
of Aot ¥QLE/¥nihH ‘IEQPE P8l§§%%r€oj%er€%a% Sé%%at/ifalg whi ch polyolefin resin

expanded particles are mytually fdised...seich&XPaagedgPant apipescdwdyi ng an
appareﬂﬂug’a@ﬁéﬂﬁuﬁﬁdﬁsﬁa‘d&i i an%’%ont aining 0.5. to 20w % of carbon

bl ack, and containing 0.01 to_ 10w % qQ {0 e k-Be 2ot off etaarrluiamt
shown bjemsdtyopful§ te) 5598k - m‘ﬁsﬁ%%ﬁﬂ %g%me 15 20 t 1) (in

formula (1), R and Rx are an s--trja [ gt ) @ dnfihd YA (
bel ow, hacki &8dapgnkaipdng, 41 .%%.Z%@?tﬁg"i’ﬁté S g%?ﬁlintérl\ﬁg'forrml a (I

t
I
I
bel ow, and the other of R3 and R4 is a Py%ogeﬁ atom and in the fornula
(ry, &étwdmthyhOWQerﬁhﬁrW“‘&f%uﬁ, cVetOfexyl group., or octyl
group, and R5. is an alkyl group having 1 to 12 carbon atons.)

o RNH-CH,CHCHNR,CH,CHNRCHs GHCHNHR:

he
1)
)

(I

(In the formula (I}. R and R; are an s-triazine molety shown

in the formula (II) below, cone of Ry and R 1s an s-triazine

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

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

| : d Rs
. group., Propyl group., cyclohexyl group, OX octyl group, an 5

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

(m

11. The poiyolefin resin in-mold foamed art:f.cle

20 according to claim 10, wherein the content of the hindered

. o
amine flame retardant is from not less than .0.01 wtt to n§

more than 5 wt¥%.
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| 11. The polyolefin resin in-nold fbarred_ article according to claflé DEC 20805
therein ne COnUSIt Ghd Iy EEed -AOLRe Ll R4 GiBhdlatstiom ot ecs
the. hi nder BECORMRG Mol R o G OP et Poffisororaent 1o, i PEaSasbar o
' m 10,  FLPE TIHE BoAnteny 17 cERPRaRPEa loah Moo Gt cra igh fbke to
from not Ieﬁ% than Q.01 wt%to less than 1 wt% 14. The polyolefin resin

i n-nol d fokR88 &r¥t&-e 10 accordi ng to claim10, wherein the content of the

hi ndered anine_flame retardant is fromnot |ess.than O. o | ess
than 0325 wt% 8- TRBSH&A}S Ef#ﬂ"?eﬁ‘?ﬁlﬁln}ﬂﬁfnaipo%a Gt Jé&i(glccordi ng

to any of claing 10 to 14, wherein the content of .15 th r bgn. S
from not |8SSoFAiRIote wlaim Iy RFESIRN ﬂelﬁ"mntl(?.% %’%ﬁe %%l’@%%éfin

resin in-nold foaned article according to any of ai to, 14 I n
the cont engMbpe fhameyredamiand 33 #F%Pn not 1{@§§ &hz?ﬁ‘ng).'éﬁv\n%)é%ot?]o t@"Em%re
20 than 8 wt-W 17. The polyolefin resin in-nold foaned article according
to any of €paRnd Y6%:0 16, wherein the carbon black is furnace black. 51

14. The polyolefin resin in-mold foamed article

10 according to claim 10, wherein the content of the hindered

i) amine flame retardant is from not less than 0.01 wt% to less

than 0.25 wt%.

15. The polyolefin resin in-mold foamed article
éccording to any of claims 10 to 14, wherein the content of
1S the carbon black is from not less than 0.5 wt% to not more
‘than 10 wt%.
16. The polyolefin resin in-mold foamed article
according to any of claims 10 to 14, wherein the content of
the carbon bléck is from not less than 0.5 wt% to not more

J 20 than 8 wts.

17. The polyolefin resin in-mold foamed article

according to any of claims 10 to 16, wherein the c_arbon black

‘is furnace black.
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