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£l ELD OF THE I'NVENTI ON "The present invention concerns a
process for making nol dabl e beads of foaned thernoplastic

pol yners, and particularly beads of non-crosslinked and
crosslinked t hernopl astic polynmers, such as polystyrene and
non- 5 crosslinked and cecrosslinked polyolefins, as well -as any

ot her f-oamabl e crosslinked and non-crosslinked thernoplastic

pol yners. BACKGROUND OF THE | NVENTI ON 10
Foamabl e pol ystyrene beads are relatively easy to make. “In a

typi cal nethod, pol.ystyrene resin is inpregnated with . - an expandi ng
agent, usually pentane, during polynerization, o or else resin
particles are inpregnated with the expanding agent after

pol yneri zati on. -These particles are then 15 "subj ected to steam
to partially expand them = E 'Foamabl e pol ystyrene beads are al so
easy to nol d. In a typical nethod, the pre-expanded beads are
fed into a nold ' and subjected to pressurized steam where they
expand, fuse . together, and conformto the shape of the nold.

Such '

MOLDABLE THERMOPLASTIC POLYMER FOAM BEADS

FIELD OF THE INVENTION

The present invention concerns a process for making
moldable beads of foamed therméplastic polymers, and
particularly beads of non-crosslinked and crosslinked
thermoplastic polymers, such as polystyrene and non-

5 crosslinked- and crosslinked polyolefins, as well as any
other foamable crosslinked and non-crosslinked thermoplastic
polymers. '

BACKGROUND OF THE INVENTION
10 - Foamable polystyrene beads are relatively easy to make.
In a typical:method, polystyrene resin is impregnated with
. an expanding agent, usually pentane, during polymerization,
or else resin particles are impregnated with the expanding

agent after polymerization. These particles are then
15 ~subjected to steam to partially expand them.
Foamable polystyrene beads are also easy to mold. In

d typical method, the pre- expanded beads are fed into a mold
and subjected to pressurlzed.steam where they expand, fuse
together, and conform to the shape of the mold. Such
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i nsul ati on, and protective packagi ng. : However,
expanded pol ystyrene nol di ngs suffer from nmany di sadvant ages.

Si nce pol ystyrene exhibits sol vent, 5 resistance and is ur&stabl'e

£ .
at high t AR esP Rol ﬁ"l as  degoFRtALh potYEY FERR tanfRt® be
used for mEOteappive gackaging. Furt hernore, expanded pol ystyrene foam:

i's generally brgj ' n .adl S 5348 Q) N9
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: '3 : ' - : =4, 803, 361,
474, 604 FHRE pich as computers s thher’afiigite dhettpmeita et

ot her In additienat RLYsEyEEnd nfoam deesarmot stand up wellpitd
States PatgiledNeg 2ifiglcdsd diInClfazes aHe!d@shioning abilftyt BE the
preparation_of cel|ular thernopl astic polyner , roducts. . There,
a solid "GRG Rysuallgiseverely ,lmﬁllred a%%@t‘&ﬂ"@ﬁé{e AMPEE ror nal |
gasgogslagent smélh lg&_ep%tﬂa}dion of theenbpladeicnepdlymet hefoanms ooyt ene, ‘
utylene are held i iaakd 8.8 ssel (=] :
Foper &t ur PRI . Reat-plastiffed SISEMETSE MASROURERIY Ltsf
gaseous agemd antblowing agenthdmogwaddusknmil | dngethe s agtt aandd.is
Ther eaf t elae Al L4 ©1 1hS s, — patdRNCdibg. PeRiyliofl 18y, OF 3 yAaladf om the
I n of .the_nobile '

vessel . fl | f h d
vessel i ntP(yr4a13go337r 3:ﬁb%e§%v$v | odef3pr é§§urg§'#ﬁé??ét§i'ﬁ &eiqsﬂl;hlﬁ by

' }/apori zati®hosa,929, 3,966¢,38Dpana| e200b38headiessgBead wpldatd levss\dest,ance to
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R 410 o S by PO LAY MBS U RSty of 98
No. 2,515, Pffereisare hpsrtatimiigpdco the art.of formi ng under pressure a
.nixture of preq&ﬁféganggatés_Patent No. 2,450,436 discloses a method
for the preparation of cellular thermoplastic' polymer
products. There, a solid thermoplastic resin, e.g.,
25 polystyrene, and a normally gaseous agent such as methyl
chloride, methyl ether, propylene, or butylene are held in
a closed vessel under pressuré at a témperature below the
critical'temperature of the normally géseOuS'agent until a
homogeneous mobile gel is obtained. Thereafter, an outlet is
30 opened to permit flow of the gel from the vessel. During
flow of the mobile gel from the pressurized vessel into a
zone of lower pressure, the resin is swollen by vaporization
and expansion of the dissolved volatile substance to form a
stable cellular product consisting for the most part of
35 individual closed thin-walled cells.
United States Patent No. 2,515,250 describes a method
of forming under pressure a mixture of predetermined

2
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#pr oport ions of a normally. gaseous agent and a ther m)pl astic resin,
‘and storing the m xture by feedl ng the sarre |nto a’ ' pr'essuri zed

storage vessel in which % S mai nig % gn’gerature
until a honBHeREELLCNRLBF| 8 ngERAlLY gaseous 2geRE| Eﬂdl § B eEPAR4ASEEFor
t 0 extrusi onrastingxpadsiswoming the mixtiweerbyi feeding the Wanediftet as

- Patent No. g??ls&%gﬁeasgkﬁggg v[g:ststécﬁ.d :{r?rwhlch :Lt J.tsh(?né)i aa:htgéiogt()f a

cel lul ar rom I'c resin I NCor pora gas ar
vol atile or gdﬁSérEfiquT—Gmpﬁr@hﬁrQO until tmemmeiqm egiabitle bagefloamwd.

Thegm xture kg1{iedbad i's® obtained, %ff&‘?eﬁét a8 rRls i Hhd lePSEREESnPLEST C
and vapors of as or volatile i quid expand the softened resin to

forma T&PFRBIar nmss. United States Patent No.

2, 38%, 730 teaﬁmeadaSﬁaﬂeyinHtédt No. 3natvnm47caﬂsdrw9esxaymébubsneorby

t
| oregnati ng. 2 giBELeleion of a BRLIIL-HLNC2e0%s MiLehob solble
rel easi ng thby incorpoyatdsygra ghsl emavolatilegotrgantienddcatid einf ahleowed

Igé%en t No Sﬁgggﬁ@g&ggﬁ igX Q@Qgﬁd teoksﬁ”ggamgg. The mlxtHy@' Egdhggﬂeﬁs to

I 'SCl 0Ses a ne piéparation
cl osed cel | uaatempsratnrsoayrrvhgcbsnhgbecomes Plaétﬁpxﬁnﬂevépoétscpir gélsam d

salt, a carbgpatgopirPi&anty %_?%He expand theasséfeeﬁél&' aadd i EBe@orﬁ”‘i
n- but ane-i sobutane m xtures he foam ng agent. 25

United StateSepatdAr R§SS- 4, 640, 933, 4,633 361 and  4,64,027
disclose_nethods b@ﬁtéaesnataar@htentoﬁoexnaadabheo teaches apfkybod of
ositions u . |sogl'.|L ne and xb g b " Qbut ane,
r of | uoroﬁ‘a E'IB s Sh 35r 088}385 Y png y imp eﬁf‘?‘?&?@ oft aloLESD;
70% i sobut anpoaydleart withhadgasawhdnh as 86luble thlaeetnhoundgragrasshane | ong

chain fatty agl dggﬁ\jﬁ%onf‘m %0! Shen expanded b}{ hég‘}tlgﬁﬁ% £ i?&slﬁ) othe

- thernoplastic ni ng an-a I C a
fl.ame retar dR¥essyadsr vhile mamta:mng kitben Femperatureandoklonedr hYed

in U S. Patee.bgllng the e,%,a 7%,@,1 6, 680, 4, 626,563, 4,293, 656,
4,286,071, 35 19 and "4, 219, 4 Uni ted States

66.
Palnt No. 4,298, V?Gtﬁésc% Aatent No. 38085309 diselirgesoapBetiioch o
100 parts of farnthei beeparatlon of closed cellular olefin polymers using

a mixture of a citric acid salt, a carbonate or bicarbonate
as the nucleating agent, and n-butane-isobutane mixtures for
the foaming agent. | '

25 . United _St':ates' Patent Nos. 4,640,933, 4,633,361 and
4,64,027 disclose methods for the preparation of expandable
polyolefin compositions using isobutane and mixtures of
isobutane, chlo'rofluorocarbons_' and fluorocarbons or a
mixture of at least 70% isobutane and other hydrocarbons as

30 ' the blowing agent for long chain fatty acids with polyols.

The preparatlon of thermoplastic foams containing
e:Lther : an antistatic agent or a flame retardant agent is
well known in the art and is described in U.S. Patents
4,298,710, 4,556,680, 4,626,563, 4,293,656, .4,286,071,

35 4,337,319 and 4,219,466, o | -

| United States Patent No. 4,298,710 describes an
antistatic resin composition of 100 parts of a nitrile
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and 0.05 to 10 parts of a surfactant added thereto

additive. The nitrile copolymer conprises 7 to 100% of
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melt shearing). 4

United States Patent No. 4,293,656 describes a
polystyrene foam combined with a halogen-containing flame
retardant and 2,2 bis(4-a11yloxy-3,S-dibromophenyl) propane,
which is a synergist, present in a 0. 01 to 1.0 weight
percent based on the weight of polystyrene.

United States Patent No. 4,286,071 and 4,337,319

teaches the use of bromine compounds and one synerglst to

30

35

make expandable styrene polymer flame retardant.

United States Patent Nos. 4,219,071 and 4,337,319 teach
the use of bromine ¢oiﬁpounds and one syne_rgist to make
expandable styrene polymer flame retardant. '

United States Patent No. 4,219,466 describes a resin
composition having high impact resistance, improved release

property, and reduced flammability by mixing a polymer

containing a major amount of monovinyl aromatic monomer, a
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bl ock cop¥®@ 96600 consi sting. essentially of st yrene andPCT/US95/12218

‘but adi ene, an anor phous al pha ol efin polyner, a halide _ '
cont ai ni ng flarre ret ardant conpound, and an anti nony corrpound 5
United Stateg 4,229, 554, di sc|l oses_conbi

“antistatic agen §°§Q’r¥%ﬁ£ r EPAPH %{‘n%geﬂ?s?ﬂ'fbagiy of StYﬁSPﬁDpﬁﬁgt iC

resin, but cﬂ@@tadbenmantamnapm@mml aiphaf olefin pd]h&né}ﬁ,nblagaféggﬂdén a
t her m)pl asti : St ent 4 55
descri bes th&ox&ﬁé‘ffh:.ng pF%S’é‘?at.Sﬁg%ﬁ%ﬁgseC%ﬁ“ ulp?ligtyraé'ﬁ panBBbFBOB¥ads

havi ng - compawRdst at i c properties by adding antistatic conmpounds to the
beagls during the pheteapspstes P&@@ntTI%S @%ﬁ'ts@i S<9:|.sclos s cdhsE %1 ﬁ%s
conbining a flane r.etardant

ent Wlé‘| ant 1 st |caen

make a pol ys ?’r@ﬁ’é“éﬁ?&n‘cﬁ FggBEad’nt ad 1@-5““3 reﬁéé?daélﬁtl%g@tltc inked &l ane
retardant prlgendpastiburesiii, but doesMeRiti @eritS SR PotdntSdN0sdi 8

t echnol ogy t ol yet hyl ene Al t hough the
f or egoi ng &%?%ﬁ%ﬁnaﬁ:ﬁﬁ?cg? d E%?rmopiasg}.cf 5PAR”ti on of a cellular
therrmpl astic polymbtednsStakeselPaént No. knoyBs5ansso hade@@ﬂﬂsegs the

' I b t. t , an
P st o Bopatet;Bh afiAbePbd polystyrerdlSintidii ¢ Hlads 'Rav18S

i ncor por at eoﬁﬁl%&-%t@ﬁbccﬁmmﬁles by addingramplsitatic neespounds tdé these

references rl%@dlé“ Zdlu.Q{n the 'n%tl%nt h%t%gva”ﬁl@ S %Q’thﬂtStgf%Uom
conbi ni ng an statlc a and afla retar agent 1n
non- dl%?%?;%?‘? nk‘é‘amm-n%’i’%s sg nkEme heFeRRFaant c W?ﬁerwi?—)bm thad,

such as a pdy@isﬁaﬂlceégehﬁrt@&ﬁﬂce@lm% 8 @%ﬂaéﬁ'&él@l‘e bead that

pracess It 2levl o ossi bl
nofng:crossl | %%d oarH%Fo trlr%k:a%‘%ol STEY i ﬁegﬁﬁﬁ@ﬂ adgrPPSFrFéGS' but  no
commerci al ~ wempiorrsis | mades ofeemsingcesdntsy technodbgy to make

pol yol efin fMW? et AbLhCl es nade therefromwith other . foans,
or

films, foils and I'quid or dry coatings. | n many end-use
applications, it RAktheughaptiet o fanegeing referpz;cs'zsl efindifaates tthatwil |

not build Upféi‘rﬁétfoﬁ'éﬁt &i eklYular thennB%@fa@ l‘r%léh r P L we ig
mg¥ ntages this t eh of f oam | | ppl Ng and sa
@hou5|ng own Ang@ that numerous practical tec 1ques are avgilable,
WD 96/ 10600 and further that either an antlstatlecﬁﬁéﬂﬁyédﬁﬁé% a flame
retardant agent can be incorporated into the cellular
thermoplastic mass, none of these references recognize or
appreciate the advantages which stem from combining an
25 antistatic agent and a flame retardant agent into non-
crosslinked or crosslinked thermoplastic polymer foam bead,
such as a polyolefin cellular bead, using a single extrusion
process. Since it was previously impossible to obtain.such
non-c:osslinked'or.crosslinked polyolefin foam beads from
30 commercial suppliers, it has been necessary to coat
pdlyoléfin foam beads or articles made therefrom with other

fbams, films, foils and/or liquid or dry coatings.
In many end-use applications, it is desirable to obtain
- polyolefin foams that will not build up static electricity
35 charges and will not burn. The advantages of this type of

foam include safer shipping and safer warehousing or storagé
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nol di n the nol di ng tenperature
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dest royedhpds:epdlalléfﬁgl foam B0 maintadnsamsets ofi $shapeshimhihgeffect |

To give t ol yet ene. a e 0 t an
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yl'erie 1S -
crosslinkeals Tackagings fide Jdonget dyssaace transpbn'am QD eemsaklte usi ng‘
déeam as t$§ Qg&éssource wi t hout the 30 pol yet hyl ene suffering
econposi tion : Mol dabl e c¢rossl i nked pol yet hyl ene foam beads
are prE8entthe nefasact @fed PAMSeyhETMRRIRSEH At hFPERe RAdS

cont ai gln God1 df@@Hy]EéﬁeC”)éS'éM@&x@ﬁIIIy S@ﬁysmlmﬁél%olymer, the
per oxi de

can. be s end S. SO on heat ed
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X-rays or neecstenceeansd Tregeevolidsnorc nefaiaask ®poketis, could exist
particles mntﬂ% %d’lﬁ&preﬁ‘%%dmwﬁlin E&ﬂga&a&ﬁge 95 too high, the
chl or of | uorocar owi ng agents, or t such af
po yethylene bécomes too flowable and t structural
integrity of the foam is destroyed, resulﬁing in a
25 collapsed, misshapen molding.

' To give the polyethylene a greater resistance to
temperature and to widen the temperature range for molding,
polyethylene is crosslinked. This allows the polyethylene
foam to be molded using steam as the heat source without the

30 polyethylene suffering decompbsition. . _

Moldable crosslinked " polyethylene foam beads are
presently manufactured in several ways. Polyethylene beads
containing a chemical crosslinking agent, such as dicumyl
peroxide, and can be Suspended in an aqueous solution and

35 heated to the proper temperature to trigger the crosslinking
reaction. Polyethylene resin can also be crosslinked by

subjecting the partilcles to high energy radiation, such as
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be di ssi pat edxpandable beads mustabe! ktlored hamied @rme yoﬁoatelbweene
or_.chl or of | uor ocar bon agent are

' d dr, bo
it o cemperapGad oHeH, b MRS B! ot 1 BRtar SLER (T oease.
These beads ammedheneéxppsedexpamw erheyexpadisitdronratd o of these pnduce

crpgsl i nki “geQPQnHin E@%@s 4% ﬁiﬁ%ﬂ%ﬂ%é%%éﬁ‘eiﬂaand 45 to 1. respgkgpee

needed to eas é art These equi re speci al
nol di ng equi PRRALNgs ﬁbeabﬁﬁfiisoﬁae usually suljretrbitety pgesawagénat ed

into the beagdgepr wheredn3the bead®!dhdOplaced in a contaitferlPheaRNiEoned
chem cal nethod” of crosslhn ed polg/ t hyl ene liead mgnuf acture is
di sadvant ageSH@rgﬁ t hat1y pressurized s, " usual air or a

WO 96/ 10I600I chloroféuorocarbon/alr sz.xture P@ﬁ&ﬁ%/p]ﬁﬁﬂe%ses aged
relatively expensive autocla e.reac ee to
pfegnat & « RESrEIRRAL PRE AR T it areRR et 4,299, 0% RS
nmethod is a baaéa BBGceSE‘hmEeseep aan:sesathe pressureqafintheygaé fhside

mol dabl e crog g %%ﬁ‘isp%' y%ﬁ@"ﬁlﬁn headss A& §’b ve at %}?ﬂ?ﬁ&rg?egs% ¢r 4

batch of the are

pronptly trebhug ApREt ing reke addlthnaihl%B%brléé-Warfg%e%%rég\éflng
facilities. mbfﬂdﬁﬁg‘ ti ahe HoRds must bdaEadlSdodie RFESSUERLET BRERAoRY i OF

to EDldlng te h a%dltlonal pressure 1ns1de the cells of the beads will
be - dissipated.

In another method, low density polyethylene resin and
a hydrocarbon or chlorofluorocarbon blowing agent are melt
mixed and extruded into strands which are cut into beads.
30 These beads are then exposed to high energy radiation to
induce crosslinking and to impart to the beads the thermal
resistance needed to easily mold the particles. These beads
require special molding equipment as no additional
expandability is incorporated into the beads prior to

35 molding. _ -
'The aforementioned chemical method of crosslinked
polyethylene bead manufacture is disadvantageous in that a

SUBSTITUTE SHEET (RULE 26)



addi tional expandability to the foam This process requires 10

subst anWQ#6/10500c, as the beads will be destroyed or danad&d/US95/12218 jf the
" pressurizing step is carried out too quickly. | Therefore, large
pressure containers are needed to perform _ t he operation

econom cal J s .o s i ng.J ' i atJ, r.QC di d, .the
crossli nkelldéﬁﬁt ively %35 § cagﬁi ng‘%gggign %urt%%&t%v\%éﬁ |ene§%§§§$5e &t r uder
equi pped iaadad e ter opapregna beefhef oregianwisih nghendlowing adesdned

ext rudat e.pyrdjQRNSFe, the Hlethofhy 8XPLESH \Prédkhs wherein &HBASAE

radi ati on source |sqf(r)ecgu reclata% crosslink the _ - .foam  Furthernore,
as it is JRHAEY ot igislabls, oxpsslinkegd podwethiylene heads @Geng
gep at mandfdd@ureditbeAftét a batch oRriHecheddsgakecEForaed, e

process generally reguires the crosslinking step,to be perforned
at a si ngleéﬁ:ﬁ]%ﬁ' gg}laﬁglgy mu%%nPFalpmgét 5FeRS c?’l“?{?’f (ﬂ%d?ﬁe‘{a
handf ul ofTlsischrequires ldxge | storage Fufabilnbies. si dne adidjlt iemgr mhe
radi ati on ) L ' : t lptg t d
biast) | DS Aigt pe, BResEite tollacld PR hAL8LLG B VepHTPC
on additdionalks ier@ansiakiidisy 60 thRefoamandthis arocasmraguinase

1QUt Si des, g iSIAI V& ieAdsd G HA K WillANbe WaPyed or damaged

resi stance._30 U S. Patent Number 3,413, 2447di scl oses 4 process
for if  ShSduPFRGSUEEAtCar StEBI yiPef FRFT IO RS HaP Wiaklyy

parti cul atmhasrdfoared. hatge| préssuse f conedinetsi areé nekdedndo performi s

simul taneqysly grafted and crosslinked by units of conpounds
cont ai ni'ng:thet %%O&n??&?@fajé{]%yl enically- 35 unsat ur at ed doubl
bonds. Using tHentradiztimmlprocgss idiscdussed ,Neche crREHIEIEAAD0079, §

' 1|85nt ernati CBEH%PS% | ORL | QR UTBRT MO8R4P1944y 'ﬂﬁé‘c‘ﬁ%ﬁve extruder

10600 -
PCT/ US95/ Erpuipped with theameppey | SRUPFEIS | ARE] Prnelating f 66 cabl e
COVerings foamed ex¢hudatd.e dagswdres, aa r ebaht ¥ebYyhadtpbermsli¢é Jighaend are
pr oduced lt)}%/ xtrudi ng a_m xture containjng pol yet gyl ene, a , si | ane
hydrol yza ‘H‘S?/ﬁ’ﬁf"%’at ERAigtigRISRULES 18 aF‘%gP IR £ crosslipk ith$ agent
such as waicem. Furthermore U. 8s Pit eds Npener&BBy 890 tdi feasiblea teet hod

r the pr ct} . Y hi densi oa y S

, 2{Oguch _ perfoxétré p%?%et%%?se%é}ﬁiﬂﬁgé\hi %ﬁ&t’ heggol ;s/rrep'ta%ggm g‘g‘ | ngjt h%gfr
sil ane, wmagnfpetiuxingekeeaticnsl Whe process genenaldat neguiges the
provi de a J : _ .t |4 hel, 4l , as is
i nj ected iénto t leﬁlg(r%?u%g%egg?p?i@o_ %t%owr“%ﬂibgn ?orﬂﬁgle' 1(?5:1195% t he
pol yner t cswaRhnmapyastugApdyraqieitiol yREr atb @ handfuls,gfs|gugh

facilities. Furthermore, since high energy radiation does

25 not easily or quickly penetrate into the foamed plastic
structure, the degrée of crosslinking is often much less on
the inside portions of the foamed beads than on the
outsides, causing the beads to have deficient thermal
resistance.

30 U.S. Patent Number 3,413,244 discloses a proceés for
producing cellular polyolefin . products in which a
3paiticulate unfoamed polyélefin is foamed within a mold and
is simultaneously grafted and crosslinked by units of

' compbunds containing two non-cohjugated ethylenically-

35 unsaturated double bonds. .

International Application No. PCT/F184/00079,
International Publication Number WO 85/01944, discloses

8.
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*U.S. Patent No. 4,456,704 discloses a method for 15

_ roduci ng
crossl i nk P 9G¥t hy| ene f oans. The nethod U?W’pg%"éu&ls
cm xture of a polyolefin resin, a blow ng agent, _ and, optionally, a
surface active agent. The .pol yol ef in resin contains a '

crossl i nkabl | epe y 1.0g.50 P Sj chai ns.

t hereof si I{j?ﬁ%%bu%glg%i gﬁgsgi ¥1élggd2g°ly°leféf1 ogszﬂ%lmnkélaﬁbg'%p% v%%:h?%%t

wi th. wat er. whithehi ageedlesaribad as. relatimpiyd handl and migidr @ng are
extruded i nt9-3aho¥a PHPSERESuALRE a'mixture“@&éiqﬁﬂ%%I?é% héldage
(e.g., in sheet form .1s .al lowed to expand. The expanded extrudate
i s then brou¥htane hydrolyzahle  WithiWaFeFr: -2 FPRASS ERF dERSRAYSEa2RAYRt so
theg the 25 foamingxagefedseshr ddakgtés. crossl i nked upon contact  with :

wat er . _ _ .S, _Patent 4,606, | scl oses a prqces or Ki ng
pol ystyrene beads?'sbupagsg‘g St rf}E’rﬁG'%Q‘]d 33|€b?‘é#°?ﬁ§ S‘r"“e%%‘:'dS 16 .Eﬁe
crossl i nki ngpoddudteipnl gl xélasipelyrhigh edensitpnfoamed polymers (&u&h
Patent No. 4,87 ' | essa S Ki I e foam
‘beads corrpri%fﬁngm?};sel% ne-r%rg)osg' |%§§8ﬁ e Bglﬁ’é“le;‘fm efi r‘ﬁhfq%éaar)n q@%gl béads
are made by #ikang. awkbebografen thereto, apdnphighnysathenapstrudedi td
pojyol efin (§H6(id8 8 SakRkee for a cabldléf! eHePlix@thylenflisd anéitanol
condensation catalyst, in . an extruder, to prqoduce a nelt, then
_injecting a $R8wiHgimiected into khe grEruderdustapriorate eXEELELoR £8
produce a desaligd the polymetfoed fioai aydi the heitxheugpratted pbEtyheaned

pol yol efin ig osslink then extruded and cut .to form foam beads, and the
beads are ross.inx. ' 9

SUBSTI TUTE SHEET URSLE P#jent No. 4,45807%/ 1@dG@loses a method for
PCJL US95/ 12 s to ' e sil _
= éﬂg?dttzﬁ:éng crogéﬂggﬁgg ?Iagir?%gg\fehg PEGHES S ?ﬁg (method

crosslinking of _t . | e ) ) r or egol ng
references dethdizapsal BdEturecodniay eViyolefin regin oziblewing agenhtages
of making a gRAJaliRicMA1Y a suréhesslddisrt Oagéness! iThedpbiiopmBphast i c
pol ymer foam bead, \ such. as_{ hose. made fé_om crossli nk_aﬁ#e, si |l ane
grafted resin,Goptados (i SFOSRbREAPLS eFbY. FPﬁké’t?le@P%l YH+ig on
according the side tbﬁaiﬂ?t,ﬂttd#e&%f -amml}a]f; usgréupel omtich n &ffect

pr gsent Lcation. The faregqi referen al . NO

G €85 0se, 10°romsiERkIBE Won FMRCAde IR A & O e S AGr 881 B0t s Ao
wherei n t he paked, eahdstheemixburei hkecexbriided ihbp ar dow pressurgozopé to
enhance the pi SSiy &%%r‘ﬁ :erJ Sti he m . e nd ;{0
enhance t he gir:‘gggr ts"ll'%% -of” t'gctl?{gamé%%%ugfsglécl (eé'a"%" m ?Irlr%%ig rom t ﬁfg

pol yol efin fddnwBdade. expaddeh Iharfpanded extrudate-is then brought

into contact with a silanol condensing catalyst so that the

25 expanded extrudate is crosslinked upon contact with water.
U.S. Patent 4,606,873 discloses a process for making

polystyrene beads, but does not ‘mention polyolefins or

" crosslinking of the polyolefins prior to expansion.

- u.s. Patenf. ‘No. 4,870,111 discloses a process for

30 making moldable foam beads comprising a silane-cro_sslinked
pblyolefin foam. The beads are made by mixing a composition
éomprisin_g a silane-modified polyolefin (such as a silane-

grafted polyethylene) ‘and a silanol condensation catalyst in
an extruder to produce a melt, then injecting a blowing
.35 - agent into the melt at a rate effective to produce a desired
foam density in the extrudate. The foamed polyoclefin is

then extruded and cut to form foam beads, and the beads are

SUBSTITUTE SHEET (RULE 25)



15 include the increase . of nelt strength,- smaller cell
di anet eWO 951068 cushi oni ng characteristics, and hi gher PCI‘IUS95/122,J,§| ting

pai nt s. I n addi tion, none of the aforenentioned references
di scl ose a nethod for the manufacture of a nol dable non- 20

cl ther (1SR oo PERRRES ey TRl (B {1dé T ePRnkcing, of THBII T8

a cheni calpolyrlestin nkeampol yol efin, made from a mxture
conprising a ﬂ?éyfgfé#&n féfef‘éncféberﬂéfﬂot disclose; Crr‘é%'ﬁdﬂl‘ﬁé‘%@ge”t
that is placed 1Tn an eX er to produce 25 a nmelt (3) a

si | ane- crcﬁ@##ﬁ’eﬂ#%ol% efddVankademdehy making a |’ﬁ‘3€'1 ]a?'corﬂzﬂfkl tion

aGPNPri Si NSt ] Brileadsh fdx&ihsmlrﬂﬁ&fthdrmoplastlc ;(cﬂmte:asoam bead,

silane-grafted polyeth Iene an sil nden -
atalyst (SRS G ) ARRSS o HddEch pdindbblinkable st ERTREGRR, |

-agent int cpdl;&:lmﬁnatomchamecaﬁ.ﬂ.yccroesBaned polmle;ﬁx:@ﬁmeaccmrd;ﬁm red
foam dengl é% Y edd! n{er?:%oqﬁ rrﬂ:id""g.ﬁparatus d%?q@f&éaé' Ngn t Rgndrel gréégrpc a

pressurized atnosphere t rcient to prev
appr eci ablappbigaiitemn Té'Ie fpﬁ'ggolng referggregl aiea; d‘éd’t‘%tr e HCs™ t and

s for mf&é@ﬁi@agﬁd appreciate DERES adHERedys of N sudwndedtthsddi a,
such as water’ f i:%%lﬂ\g t he beadsl tgrau h _a zgge wher e
they are where:Ln th@r oRRHtYR e tfeqoFPRalinks %erfé’rt%e E¥d<L%%r ough
a | foamd® v erthdrve thepprotessing tharaetndsissicsgof atleel faam

10

/1 _
PCT/ US95/ 1%%5 am?Q:o en%aagg rtg& BFORFF 85‘? Fvgftté}rlr%efro Tjraem% oarrtflocaln?sng; am
expel | i ng made £rou h¢heeapelyolefinwefoam ebeads wher8uchepadugntiage® for

':{%l dabl e n:?rg'cft'i<935| Eﬂ%edlﬁﬁrgégéy bekedq, ]gfl‘?. tH) agmaller &&Ifinuous

nner. met hods © 8 uci ng nol dabl e beads of foaned
t her nopl asdq.ametqgmyrhqtster syehioniang g pygpﬁ;réﬁglcsor and higher

- pol ypropyl g1 eﬁ,giﬁ@gly needed that do not reqw re pressure
. treatnment or radiation a.ndthat takea cel lul ar

ant a
orientation andiBt AR B9 (%G 9°re'8§55ﬁ8’f*ﬁ8 arﬁ?fﬁff%?si n
that is ajjiséloséeal n@ﬁHd&lﬁdStr' the manmm we andicddaiilst nenal r eady

i nked . Y : | '
_%?;&;25‘?”?%%%%?“89 v FHeEs A iRkeR %@mg }EE'AHWEHZ %}%?e
expanded comprisesséitited (1)or nonr-GS‘QBBﬂ,R-G&ed thermopﬂ-ﬁék‘-ﬁﬁpth%tl ks
pol ymer foam -Be éds(zf hé‘tchertrﬁ‘l.Q:‘s!i!lrlﬁ(s c_:lc_'BQEilnked polyb&baihYehidsi £k,

i nexpensi ve eqU|pnént enment
a mixture compr:Ls:Lng a polyolefln with a chemical

crosslinking agent t;hat is placed in an extruder to produce

25 ' - a melt; or (3) a silane-crosslinked polyolefin foam made by
| mixing a composition 'c'omprising a silane-modified polyolefin

(such as a silane-grafted polyethYlene) and a silanol
condensation catalyst in an extruder to produce a melt;
injecting a blowing agent into the melt at a rate effective

30 to produce a desired foam density in the extrudate;
extruding the melt into a pressurized atmosphere that is
sufficient to prevent appreciable-. expansion of the
polyolefin; cutting the meit and thus forming non-foamed

beads suspended in a conveying media, such as water;

35 conveying the beads through a zone where they are
crosslinked when required; conveying the beads through a

zone where the temperature of the beads is regulated to a

10
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"method is such that the beads may be pro'duced econom cal ly at

any

f

desired |woaisitosop and in any desired quantity. 20 TheornEoss12ig
;pol ymer foam beads and articles made according to the nmethod o
‘the present invention have a conposite structure nmade up of an
antistatic agen d/ or ret ardant... ggent which, _.when
combi ned %% 1[3?5% f%eﬁ:tlve tempex %@J% is 3N, &xEedn 1Nave

i nproved usefhd riesad@5to a lmenumeﬁsﬂﬁeeIWh@r@pehEyeSexpéH& 8ew form

t her nopl ast i

beads,

agent

are

S can

pol yol efin

f oam beads can be ma
s, rod®rSH

sheet

;Snr o?%:]:}ei rnon crOSSllIlggg] ng’ﬁad%ESSPQr gﬁ ngo%%slfb 55%’& fﬁﬁ?lrgal .I y

less to prodmézlnuous manng¥an t hose made with a coating process or by the
~segondary '
Various ty

Im f@v‘@d“’ﬁét@fbdﬁc ? rodk 1@%5&%@1@%&%‘1%f anJatme

pes of _ antistatic
frhermap "’l?tﬁr"oduc@o%me?ﬁer nofugd i c a8 PolyegbyimBe an®r

eqfe t herer e&eehrwveﬁéeaed that do st h%{}é&l{ﬁre
pes,. suc

[tit
raainat 9 aad e lon ana that BORRS Bavinpags of

‘modi fied furttHeer cbgrlhmlar ngorientaatibng @nd strengtlst agkhfigved  when

\1/\1')096/ 10600 expanding a polyolefin R EgEagHgﬂ_%(sg%e%%?)gxtrusi on

BRI EF DESCRItRMpEY ayurEHRIGH N(Ziat is already crgualinked. a schenatic

drawi ng of a conventional foam extruder and die;
FIG 2 is a schematic drawing of a first. enbodinent of 5 an
extruder die suitable for useSURMARYHQF  EEE INFENTEEN " present

|nven

tion;

The preseft Ginveh&idns @mtdee & anetHo@f of

¥eHtin
odlrrent of tr.uder_die suit f.or use with th th
t Holdakle,, | pYBAPRGH.  1opon-czossiinfen 2 SoRSRIRke
drawi ng of tdiemndplayiasspobjywer foam Ui O thml: enrequﬁ.laesnetdﬁﬂd,s
t he present c t|c r
SN Able, inexpensivd |duibehdl AFIGHA

third enmbodi rren
met hod of tm&’-‘thod is s

USE W

EMBODI MENTS foF Eﬁg evegM&ﬁN locat:.on, o 3nd Thes eaﬁfgféﬁé,%r%d Rl ity.

advant ages are ac

f 128re

-retar

I_.nl ng_ant

QRfAfic mldﬂtfr foam beadsheaww S MAds ARrIing

continuous RIPCERE- meT'J}ﬁ:cf O8f" the present invention have a composite
‘structure made up of an antistatic agent and/or a flame

25

30

35

retardant agent which, when combined and produced in
accordance with this invention, have improved usefulness
because of their properties. The new thermoplastic polymer
foam beads, including polyolefin foam beads, are produced in
a single operation and cost substantially less to produce

‘than those made with a coating process or by the secondary

lamination of articles made from the beads. .

Various types of antistatic addltlves and flame-
retardant agents can be used to. produce the thermoplastic
polymer and polyolefln foam beads of the present invention.
Furthermore, the foam beads can be made into a multitude of
shapes, such as sheets, rods, planks or other forms. These
products may be modlfled further by cuttlng, laminating or
stacking.

11
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20 passes through a heated pliable state to a cooled set state

during p™p¥186%00n, using a process descri bed bel ow. PCT/US9S/12219\ny
" thernopl astic polyner can be used in this invention to nmake
~nol dabl e foam beads. One group of thernoplastics t hat has

achi eved mar ket acceptagﬁigﬁsn Eg&gﬁgbﬁ P agggfggzﬁéﬂcs IS the

pol yol ef i ns. Al t hough™any ex pol yolef in
conposi tion mayEFdGused, i @osybeaatm gmaym:ag tdfata conventiomadolfodmunder
standard cggkg_lrhaggs andl Rigf,erred. Exenplary preferred pol yol efins
I ncl ude the organic addltlon olymers - or copol yners of the
mononer s di scus§é@-bél & 2 SengPRtig drawingppfopr farstpempedamens @fl | be

appar ent t@norgxtikiddeddia suitable £&¥ @8kk. with the method bfCefedance
with the presen i pventiqn, nol dabl e non- crosslinked or

~crossli nkeBr Woﬂ'@f‘ﬁ ﬁ‘tlfagam beads - are - - produced. The polyol ef .

inis prefer abl ¥FISel 8ciedafscimendeiddrawing g:ﬁ)lapsecmjdsbmbgddinemdbtﬁm

density po i&etmﬁqﬁ%ﬁ] ?i"ed%m't%le for }JSepQJ ?ﬁﬂh Sn‘?n thg% <PL€ éhe

| ow densi ty ypr opyl-ene€,
copol yrer sPr§ﬁen(§I énv|¢ntlon,

Y& 96/ 10600 FIG. 4 is a schemat:.c drawing of Eﬁg/ é&%@%&gglgssembly
nononer s havi ng erm 2 to about 8 carhon atons,

pref er abl yUspd” tPodmpeRELRF tHe metheds °fo§PedB’ﬁ§PF9t 1nvent:.on, and

BOl yet h{I ened FIG. 5 is a s&emabheba@hwggszlef aethyfagﬁmbaaeﬁ&henef

ut ene an obut.en n use ta are olyners
of these 322 extrqﬂﬁ%né g, sui @gﬁ'ﬁ 7 vBR§I Wi ?'h eoltg‘ p‘bf Fr\{é‘ig

et hyl ene/ apn:‘pbentcaps‘leyﬂmp_s.and the like. Bl ends of the

Egove-naned'pOIyners and copolyners are also included.
specially preferred t hernmopl astic - polyners are 10_

~ pol yet hyl enes, et IRRESERRED, BMBODIMENTH OF Tﬁ,ﬂ)mm :
- g; Bxcf): eprglr gcgl I Q'g%fébd Eé}{él?.tn‘}t@][énd @tméxeredwﬁmg;eécaﬂe' Gachieved by
Yy noner salls QO sucC copo An
¢ her nop! asFP@g&a%raaﬁa?B?tbFe@P  El et dant  agents into a
subst ant i athgrmoplasetdis fokmdshaper dashi ssatdinndushpioc@ssd> The fdamnubl e

B90cti o, ERERER.FRFRhERR §§?§§dp§?9ﬁé?3 BHAES Bpea cooled sprogbits

accordancedumng prieparptdonnt usingeat procesg descr:.bedblbed.@mg a
| eat
nucl eating agenpy SF?‘EE’“%P%QE%? Wméi:'c&r?sbe used in Eﬁhiﬁsi%ﬁréfl@l

pol yolefin, a cro or a
crosslinki §§ ke moldakie i peads. 5 One grouRzﬁéf’n Ebﬁr‘BPBikPﬁﬁlﬁgent

an anti st athataggst aéﬂié%-.damﬁkﬁge acceptancéeaérdaﬁéléaﬁl]é fbamt Bead

31 i ves 72 Do U3ttt VNS Alenougn® SRy eke B3B8, *roandBEe " o
polyolef:.n compos:.tion maybe used, a polyolefin polymer that
is solid under standard conditions is preferred. Exemplary
preferred polyolefins include the organic addition polymers

or copolymers of the monomers discussed below. Other
30 . appropriate polyolefins will be apparent to one skilled in

the art. _ _ . _
' In accordance with the present invention, moldable non-
crosslinked __oir crosslinked polyolefin foam beads are
produced. The polyolefin is preferably selected from the
35 group consisting of medium density polyethylene, low density
polyethylene,  linear  low-density polyethylene,
polypropylene, polybutylene, and copolymers of olefin

12
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‘pressure and is heated in a pressure-resistant vessel at 25
t enper at uwesdddsoeen about 150 C to 230[err] C. \Wen requi rRaE/US95/12218 a

_blowi ng agent is injected i'nto the vessel to forman adm xture
‘With the blend at a terrpera'ture at | east as high’ as the nmelting
poi nt of the pol until: & uni form or .substantially uniform

f1 owabl e ‘geMqRO sdl ]H%HlngT EPBaf% e §b°ut 8 qarboRInAkPUFe B5de Q%M ed
and di schar gatbfidyabigh aisuitabWwe density @y filenkako aw«reS&i&ns'!ﬂy
zone. The ext r]§§i q{rﬁﬁrl al.is cut into beads and is crosslinked
when appl i catt tenperature is adjusted to a desired and/or
suitabl e range Suitable fpmlymexs of, ethitlene| spropyleneelbetens-h, lawdr
pressure 35 i goput e dar znéc Qt%@@l aﬁﬁsbssﬁgeggﬁg%fg'copolyrgers of thesl

present invention provi | Mprove conom cal et hod
for maki ng MRAPEEHKS . fron?Fﬁ‘éfr]n%E?a{é’tlt%Yl acetate copolymers, '

13 ethylene/acrylic copolyme®bBabdl ke SilEké . (RibEerfd of the
WO 96/ 10600 PCT/ US95/ : 2218,

pol ymers sud@Paee ﬂbﬁ%‘ﬂymspola% F°Pf?1¥5'|e§ﬁer§re THeSO included,n

beads are n@spédialbyded prefeiiepes titadrmoplaseial polymers$or aare

' ety of as i tati 0L tive

pacq<ag| ng. %ﬁ:ﬁgé&gl%&l&%]t pogéeﬁéhg?"ﬁi‘gﬁ %%e%%.@e fororﬁo Iggtell

structure coEchyteng/agryhig gfcltdhucrppolymers, mnyéenedmswlceactsyhdhe

pr oduct s rrad@oém i bAATiRERR: salts of!Subhoxsile A adynel y
terla at inc_stear

di vi ded solid such as calciumsilic te,
magnesi um stieprmeplastic polaymex hand/pe, Bhenddweht &@émrf pehat is

i ncor por at ecblhl:ﬁ’é@aﬁ‘lbﬂaﬂ-ﬂy non- c&@sﬁé‘l&hk@a ot e&b%rsltmkeaoa@ﬁd Ngniate $3neE.

Theeflnely ed materi aid in control [.he size pf the
b Foanghile, <A A Sy iR | TPehinn it HIGHRLS (4o HEG et th
vvel ght of the pol wepractice, celluladhtlsermopkadt D p@lymes lb@d:Be@aéitdebl e

tcgrer{)gls)!olt ?gltni 1fsz’a'red jaiﬁo % %12 %’iélghan St%h%argp%%%ﬁl yi?vglg’f(%éﬁda]BYe

modi fi ed blendmgieanupica]saaunngaoagmt witimosi thenmophastiag sligkenasonal

stability a as £ of
linited to, n€° %élggggarlu rrpoun s %}&gﬁ AgTe ?gi}édeﬁnkn%an to
pr%‘bare t herP@LY %]5? 0 p@Andred FG'&FF!? linking agenheat ‘ﬁhﬁ%?l g r2hor #al | y

solid theL nDélE?ﬁid:&l PBLYWRAG - agent, ah€gnfti stdtid et M r M aglameed
[P D Bl SO agen ond5ien RE: Dok 0 PHE TG 0 Bl dce
pressure specific properties. The blend is then processed under
pressure and is heated in a pressure-resistant vessel at
25 -~ temperatures between about 150° C to 230° C. When required,
a blowing agent is injected into the vessel to form an
admixture with the blend at a temperature at least as high
as the'melting point of the polymer, until a uniform or
substantially uniform flowable gel is obtained. Thereafter,
30 ~ the admixture is extruded and discharged through a suitable
orifice into a pressurized zone.- The extruded material is
cut into beads and is crosslinked when applicable, its
temperature is adjusted to a desired and/or suitable range
for foaming', and it is then expelled to a ‘lower pre'ssure
35 where it foams and is then cooled.
' The present lnvent:l.on provides an improved and
- economical method for making foam beads from thermoplastic
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25 and tenperature to activate the bl owing agent and expand and

cool thewgei6/10690f or m t he desired solid thernoplastic foanPCI/USIS/12218

product . However, a problemfrequently encountered with sone
t hernopl astic foans, espem al I y polyolefins such as 30

pol yet hyl ene,. is that v u of
shri nkage SPES a|~°r pgﬂggggﬁgﬁﬁg ?h%ﬁélfoh{eeflqle%%ers cutrlhr?g
period fol If@amgneradajtmte ammalthe nokded Dimtpgshapes that aregyisgfuds

curing perigg ghtsﬁe g\é‘gnsfaﬂ%owl %ﬁf&agsaq}f@d])étlon, flotadiniaey out

of the cell's™in m product and air gradual l'y dlffusgi I nto
the cells proflestdvehePdskagipg.i| The prodef&ttse P@é@ﬁtsrsy 3 t hig

bgl i leved t%@l’%f@i‘@’ OEEnéobélU @structure ciy@ietdngommaindyowdMg thiagent,
Sg/”ﬁo’éoo ‘walled, closed cells. The products F‘E‘l‘}%ﬂﬁﬁ%ﬁ foam beads

di chl or ot eb&@‘ Imx)fbltanend wasigh capEl'hhely adividedvédlig materials,

‘suf ficient n{sslcfc):g ﬁtnag%#égtguri é}%ﬂé‘ggﬁ%ﬂe@i&@ stearate(,

pernit the® FyVi 8bTe-Tantfac ure g.
1 to 6 | bs/ind3, tle lbkeo 96nkgdvpategeousdys ke mmm%te@ into the ymer

(r} fS :‘Eze ou?qJt ]Ty“ﬁtr %a%gic?%%gt & %E@Q{ﬁw% Weéme. These [Flheayed to

ssovvlyenog{l Er ﬁgt celllvvall
col | apse weivddad makerialgd \24d 130 sFRARET 1ing the,gizenRt
More recentgng %n@tﬁplb 43 fRdahbanssobfStivun i0 01 0to 10 pewcent! agents

have been devel o | ncorporation into ' polyolefins in an

at t enpt to“éqltﬁk/“tpt% d:ﬁ-fe ﬁt}ﬁ%ﬁ vol atile - hydrocar bon bl owi ng

agents out of pahid ef:.mnenftam ceelatesheto: expandah)lg e thermopl agtdse ‘
g meabi | i1 er Mg ganal Iy

5‘[ able to ﬁ%%lg‘#%/ar?% %sl enté]eo at [ ?flﬂyg gﬁégon bl'ow ng .agents.

For pur posamdafp:tdaessses, and mqnwmntdrcultaﬁélx darexmaadaddin modi fier"

anldl Ste?b' lﬂﬁé/rmoplastlc C8BL{Rkradympotididis USHQviﬂé‘er Qﬂmlanannd
will r

{ions cor, orated I n t he ol ef.i
sl ow stabzdhtms%% B&%b?h?m 2 hgﬂ?’b gr BIR g\ﬁi tg&g Tey &H he 20
| fogﬂcggl‘l et qlm%@xwplmlmmmmmlco@&nmx .
4 teaches the productio t
vzﬂ atil e hydroc "bd’r? B“eavh ff& sprgé?%é %ﬁ‘%ﬁéﬁi@uc pOIr?gnde#llfeArs such
as saturatesyl‘hmrplastyfm:ng anndmally solid shermepdastiigha@olamematic
am nes, and.esf In:.§g$1§ %h?ﬁ. Rat plaé’éﬂfﬂdff‘éﬁ.’(naﬁhgﬁ %.r %low:.ng

i ncor por at e]EFﬁ co OSI t 1 0on grl O[j- xpan i on.
U.S. Pat. Nugent 3amde19 helago atnéhcn?é%setml ERi wable

having i Prayere St FERSERERhd RGP yeindnl:aaﬁh%ﬂe!'l@f lower pressure
25 and temperature to activate the blowing agent and expand and
cool the gel to form the desired solid _tnermoplastic foam
pfoduct. : : _
However, a problem frequently encountered with some
thermoplastic foams, especially polyoleflns such as
36 polyethylene, is that of preventing an unacceptable degree
| of shrinkage of partially cured.foam during the aging or
curing period follow:.ng productlon of the foam. During the
-aging or curing period the blowing agent employed gradually
diffuses out of the cells in the foam product and air

35 | gradually diffuses into the cells in place thereof. Until
quite recently, it was " believed that only one volatile
hydrocarbon  blowing ~agent, namely 1,2-
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Use of a copol yner of ethylene and an unsat ur at ed carboxylic 30 acid
as a stabi WQ9%6/19600 r ol agent. U. S, Pat. No. 4, 347,329 PCT/USBALAS thg
yse of a fatty acid am de such as stearani de for . use in polyolefin
foans as a stabl lity control agent. U.S. ‘Pat. No. 4,394,510 :

further teac the of fat Cld am de stablllty nodi fier
agents to pro URFO aéf? was v iGRPIIAR overf el ereaekding

t enper at ur e (ﬁuﬁsﬁmm dsi:@mdudrgal stability B&Tr:eﬁb ﬁ\he &nﬁﬂﬂg%}’é&%&%&ses

a nmet hod for tg B8 rusion. coll apse in
bol yol ef i n féﬂﬁry@ ﬁg Bithercially vi®the'SQifelly0! Larys, density

WO 96/ 10600 (e.g., 1 to 6 lbs/ft’, or 16 to 96 k@MI)US@n?24B ethylenic
i ncey porat i Ofbdlfynféﬁ wélﬂmu@ﬁaeflﬁb%y Woégtzaaéﬁp%%%q%%%% wag ghain

fatty acid oyo Pat ent
met hod for ££yse reat opf cthe foam cellsosilepdy mmnglylto
copol ymer foqsm\kanﬁ h@elIlCﬁé.DDrébELQBpQE ¥Mle air SG’EE' sélEWiE}t ﬁfﬂlé’ﬂﬁé 'eal'

ester of a laqn in f aci and a pol yol
use of such ég.‘r?e;% ega/l':lr%dlflers permts the use of a wider
var| ety of voI ati IMmhi owecgnadent sperfisabibley modlfllergeyﬁn%ﬁ&mgl le
ng agen t?.‘bo.lh b e n uti,lized in_gonjunction
q\# st abi | i Ec?: cont ro?é ﬂé& HL?E beef) dlevesltoche% hf?’ﬁkéﬁgorﬁﬁéﬁtﬁ'? GhR
has been use®Aysiefing hen an attempd do mjoagdhe idiffusjicreidm vfoJaemle

Shr i nkages. dopgyubon blowind; 39bhee SAE"GE pIfySREFEn g ¢ -

the rati o of opjective \qf V&ﬁ%ﬁmp@rm@%lbwm@duﬁyers is &b a:emdammheo

g:e I - ﬂgﬂmﬁTEg@ﬁret h?lﬁ\_@ﬁﬁéﬁﬁ??y%f&aérggéet 2:{0 gapamaéﬁ é@fieﬁy of
a
o i%h 554 osyoratiie Hydloddthen nlnuloy At eed Bon PUrPASERc R (this

I ow cost 20 lnvent:m:lrat Mhe ttlemnsngpegaﬁahl\m.ltqhh mc?aifti@rufsagzd Os@éiﬁflcity
ol efin y ' e 0 l.mensi,ona
t&‘al r| - :éélgl.e l?url %& g{xﬁag y01and Wil1'¥ ﬁﬁg

stability W|th mnlma
“pol ymer foanm$e compos:.t:.ons ingoxporatiedc cink o hthbe pu]q&ﬂtﬁfimveot isdow

nol dabl e foaRizFusion @PW@I&QE‘P&' Zggo%a%bﬁxn?lw\ﬂ# %geﬁf.gsﬂrbﬂnkq:ﬂl

ol.yol efin f oam_ar e _produc conpriSes t
gt éds of - foam cell ywalldgsy Kor example,(y)atama;gqqgt &l,c&vSosiPaiton No.

conprising a,294 m O ¢icfictiés30 the product@.QJny()'on gﬁlg%lte%ﬂzfgnl(fﬁaénns
ditive
condensat i on b\?: é‘d’ aritat:l.rle E’xydrocarbon blow:.negs Iatrg?ant:s Permeability

extruder to
modlflers such as saturated higher fatty acid amides,
saturated higher aliphatic amines, and esters of saturated
25 higher fatty acids are incorporated into the polyolefin
composition prior to expansion.

U.S. Pat. No. 4,331,779 also teaches ethylenic polymer
foams having improved dimensional stability and teaches the
use of a copblymer of ethylene and an unsaturated carboxylic

30 - acid as a stability control agent. U.S. Pat. No. 4,347,329
| teaches the use of a fatty acid amide such as stearamide for

use in polyolefin foams as a stability control agent. U.S.
Pat. No. 4,394,510 further teaches the use of fatty acid
amide stability modifier agents to produce polyolefin foams

35 héving improved elevated temperature dimensional stability.
‘Patent No. 3,644,230 discloses a method for preventing post.

extrusion cell collapse in polyolef:.n foams by the
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(b) injecting a blow ng agent into the nelt at a rate

ef f ecti wo dbenogeoduce the desired foamdensity in the PCT/US95/12218
extrudate; 35 (c) extruding the nelt into a pressurized zone and
cutting it to formcrosslinkabl e non-foanmed foamabl e

pol yol efin . _ . 16 WO
06/ 10600 incorporation of a small amount of a paxfiiakestengf a long

" beads (theH£nn "feads"” acsdmeand t @1gd.partpatest ofNo. 3,755,208 any
confi gur at%iong; t%?%il ?x osing the. crosslinkabl e foamabl e 1@?' yol ef .
in beads tdtscloses a methoy (FRFe PEEYPRMIRE H%he R TMK Tt the

f oamabl e dollapse in vimd ywipsflymeredimms by the ingporpmdjatsiamet lee

t t fo t i | | j ds t
peral Wiy e{tﬁ%ﬁt?séf'ﬁgﬁgﬁgfé‘ﬂaééﬁer of a 1?%@&1&9, *%tgﬁ»draa@ s to

a suitabl e an _ Lve fo erature;
(f) expelandha@ tpel¥?bssl i nked foamabl e polyol efin beads to 10

]9 Zon]ga of LOV\ngHH_QEéé'_ '$¥E tdirdh \@iéﬂnltéhu, QQ.tW]@dBdi(fi@ﬁ%ath {iﬁrmifcs tk}[e use tfind
ormrtToam pbeads. , . ccor nce w 1€ pre n Invention,
mol dabl e fFfan® wider varaaars-%m?g?a@eag?%m REP 1yo|§f§Fi P¥Fam are
al so 15" jinexpemstisee drdila il d sl divindiagdemuEprawss dehd stibeqramd,. can

thod B s a 1 X4 : 0Si 1] . .S g lyol efin,
1 be utiligeq ¥n, dBldibe fon TP Bedt) ey UdeRdY adbpdl el 0
addi ti ves stopinskxinkaige. t Whendigsebutapet has been usedhplomec@s ridisn

bl oWl NG agefly{ ] Oah]éﬁt”eiﬁ ?atoli‘rorl@f‘in foams ~ withoutef £RE! igtq¥ia jpypduce
the desire oam defisity 1.n the o . extrudate; . C{c)-

ext rudi ng eerRE¥R} tagente L£he £eans Asdhikite mardmin shyjnkages defined ¢
to form g4 opshiDkapl 8f beBWBehoamednd FoABihére r = the raticP@fol efi

beads; d t h |'i pkabl e f bl e, pol yol ef i.n bead
¥ the voluBks ot 4N (SAphal A% Th PPoRSCE CRUSLRRALERG BIE (ho

f oamabl e pedMohefoh tioadioamimmediatdls) aftdr shxpansivn .t erges atilree. ,0f the
crosslink fo bl [o]a ebingb a _sui_tabl nd
effective %%{Pﬁ’aﬂ%s £1, 24, and 37, 3%2%@52; Bgr@g@%ngge et & Ij‘é'xsg)l'el ling
t he crossiPatkedNé oadp®l4, ot yol efin beads to :

Accordingly, the need exists in the art for low cost
20 | volatile blowing agents which can be used to expand olefin
polymers and yet exhibit a high degree of dimensional
stability with minimal shrinkage during aging or curing of

the polymer foams. | ' '
| In accordance with the present invention, moldable foam
25 beads comprising a silane-modified, crosslinked polyolefin
foam are produéed by Method A, which comprises the éteps of:

Method A o
(a) mixing .a composition comprising a silane-moc_iified
30 : polyolefin, a silanol condensation catalyst, and other

desired additives in an extruder to produce a melt;
(b) injecting a blowing agent into the melt at a rate
effectiire, to produce the desired foam density in the
~ extrudate;
35 (¢) extruding the melt into a pressurized zone and cutting
it to form crosslinkable non-foamed foamable polyolefin
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a zone of |ower pressure that wi |l cause themto expand 35 and

f or m f oam DiEE$E10600 ) o PCII7US95/12218
SUBSTI TUTE SHEET (RULE 26) - WD 96/ 10600 -

PCT/ US95/ 12218 ' I n accordance with the pr esent invention,
nol dabl e foam d ggeI ey g any_fo bl e, t sti.c polymer
my also aéispro%%cgggg\y %S?Hgd Lo tﬂ%?‘r‘bge\-s? n%erf‘ﬁ:e %%s"%]fe.é) of
Method C 5 anya)confidgurpt ionlconposi tion conprising a

t her nopl ast i p W I ene
and other () exposing, chePEr¥ERlinkHbl e PoRul I IDGTo e I DA LS

mel t; HPlﬁtﬁ-F@:ttl%EerBICGV\Fhéaage‘hF°$%lbn]&h§9n@ftthﬁ foamphie
effgct ive to prodtﬁg_yd]_eéﬁq-slgﬁagoam density in the 10

ext rudat e; extrudl t he nelt to . a press ed zone and
cutting (e} adjus'ﬁ)’tnq &%r ?F?‘b‘é’ﬁ%d°£o§ﬁ&bF§°tsﬁir‘ﬁ’§ﬁdasﬁqa@ 3RS ner

beads, EDlycldfiist i bepddetbespaswitalsl ©f ahdeeffamtive foaming
_ ]therm)pl astic 15 tempe:iature-pq-.lr}’ r beads to a suitable and effective
oam ng enper‘ature, and (e) expelling the
foamabl e t her(fdpl ssmel Jigig de ets linked foamable polarcz]aﬁamfbda:dmerto
pragsure that willy GRURe deheBwWee ﬁ:‘é@égﬂre that will cauéé%ﬁétﬁ d;ttti%@
I n_ accordance w't e present 1nvention, ab

beads may al so be FIDRRIIY IRAHRIRAED, conprising the steps

Met hod D 25 (a) mxing a conposit i on corrpri Si ng:

(1) a silane-nodif

ed I ef in.an
condensation cat alfsfs C%(ﬂfl it wichEnd 3 presen% Anvention; dioidable foam
chemi cal croddadki ogmprising a agenssldnked polyoléﬁj.na foam caesslalded

pol r; or ' 4) C i ons
(1553 Produced by MeFhes, Brosfibh AT LRL SOUBERLEL NS |
produce a melt; | (b) injecting a blomnng agent into the

melt at a rat ethod B

(a) mixing a composition comprising a polyolefin, a

chemical crossiinking agent, and other desired
20 additives in an extruder to produce a melt;

(b) injecting a blowing agent into the melt at a rate
effective to produce the desired fo.am density in the
extrudate;

(c) extruding the melt into a pressurized zone and cutting

25 it to form <crosslinkable, non-foamed, foamable
polyolefin beads; _

(d) exposing the crosslinkable foamable polyclefin beads to
sufficient temperatures to produce ci:'osslinking of the
foamable polyclefin beads;

30 . (e) adjusting the temperature of the crosslinked foamable

. polyolefin beads to a suitable and effective foaming
temperature; and _

(f) expelling the crossl:.nked foamable polyclefin beads to
a zone of lower pressure that will cause them to expand

35 . and form foam beads.
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effective to produce the desired foamdensity in the 35

ext r udaéo 96/10600 (c) punmping the nelt into a fl ow chBOTAUSINIRI® it may
have, if desired, a |ubricant between the pol yner and the
18 WD 96/ 10600

PCT/ US95/ 12218 nel _wal | and where it i d to: (1)
noi st ure In accordanqe, w ﬁtg' gggs@??ﬁﬁ‘éﬁ Jrfb%erf%la%ﬂ “f ol efin

and/ or; dea;tis ufdmipot ieging @mp’efaamabIEOtbeMc:pbastlc polymer may Gﬂﬁd nki ng

. of the fo 116 | e wal |
-terrperature t"hat V\AT(T) ﬁa‘.%j ust e po@“ﬁr&lng the St:e‘%]atgferrperature to
make it mifethed t@ble for foam ng; - ~ .(d) adjusting the terrperature

~of the croggli ﬁkﬁduig)anabl @omposition corﬁﬂ?ﬂ@iﬁ‘é' Naas tHermdmdeiough
the fl ow channel ui table and ef fectjve fodmn

t enper at ure; 1(pofymer, (Sé5°h EprPF'VﬁSYFﬁEeCB YREPRY 170% DA
listed above desired additivedsiin par sgpapiddinr o gredute iQn@linne Of

| ower syr { us to and
(1) cutti Py ndnieshiE %o%fn%?ln#moggc?ﬁ% PRld B0 fePEN % 0 race
Foaned corrponerﬂiéfaﬁtw@e'smpuodhapetMy des ipregt ubeaim | density in aheor dance

1y th the presend,d e;.on by nethod E, conprising the steps of:
Met hod E 20 ﬂ}’&%’ﬁ mi xi ng a conposi ti on conpri sing:

(1) a silaf- mRAETEREDDI SRS AT diFx siingRAurized zone and cutting
~ condensation caiwl Y6t foffn non-foamed foamable(aherﬁ\o ohyekef igh13akre

chem cal cros | i né<| ng agent; or 3) a non-crosslinked

pol ymer; or ~ " (4) any conbination of conpositions

(1)-(3): (d) adjustlnga:iré sepperatusd afdiite \rmnalile rhexropldart o q
oduce I ct aggrr! o the

lprgelt at a rate OIﬁé? Eyeads t?f ect g\g‘)el1‘:t:’1g’|l%ro uceaT#é)#em re oan‘ﬁiens-i ty

in the 30 temperaturea.dand (c) punping the nelt into a flow
channel ,  pher eé:fbéiﬁng the foamableCéﬁgﬁbpﬁbflgaﬁoﬁﬁgﬁ'b'b'e%ﬁtseq:df

desired; -~ (d) ex 0Si ng %Brrer W ith nnel wal | (1)
noi sture to fordnzeng &&i Pﬁ'ﬁé'd rﬁSﬁuFSa At WhhhFaHSe them to expand _

~ polyol efin and/sxid £dzy foamfﬁea‘dsant tenperature to
20 '

In accordance with the present invention, moldable foam
beads may also be produced by method D, comprising the steps
of:

_ Method D _
25 (a) mixing a composition comprising:
(1) a silane-modified polyolef:.n and a silanol
~ condensation catalyst; or
(2) a polyolefin and a chemical crosslinking
agent; or ~ (3) a non-crosslinked polymer; or
30 (4) any combination of compositions (1)-(3);
- and any desired additives into an extruder to produce
a melt; ' _
(b) injecting a blowing agent into the melt at a rate
" effective to produce the desired foam density in the
35 extrudate;

(c) pumping the melt into a flow channel where it may have,
if desired, a lubricant between the polymer and the
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‘produce crosslinking of the foamable pol yol ef in - and/ or

(3) a chawoo610@b| tenperature that will adjust PCT/US95/12218
.19 WO 96/ 10600
"PCT/ US95/ 12218 > the polyner's tenperature to make it nore

sui table for oam adj usting.the

t enmperat ure of tﬁé’%l"farﬁgeoachqﬂﬂ% it is gx%;osegj l‘ﬁJBI’yo(aéf inPigtyye

fl ows through the:dlbwrmhanrmedosisimld’ed non-£foamedufbainhbleapblafdleetive

f oam ng tenperat t pQl gh a
di e }‘{ C/uttl ng(:phe s&f?féi{eﬂg E§m£>8éé[ﬁﬁkr‘é Y ”)'Hrdécig.l{ocgé‘nSI g
the beads into aqﬁﬂaﬁlmérr:élg h@g ptégs@o@mable polyolefin an@z[tpr Hi3gh a

engugh to preventordriiilf wednt téiﬁ@éﬂﬁt%}eof:hég will ad ot the gAlPHES’ s
beads; ahove q(rrbl ent ressurelgf h enopygh to all ow
only partt‘?‘%’?e’ié’}%% ® foaming:; head; or
(3) at anbient m&j&mﬂmgﬂhﬂ'{@ tmpéﬁmmpaﬁsthe efrokslinked foamable the

beads occurs;". J S h ur or,wi.th ut the
addi tion of pdydeéﬂ'h E‘g lf&%g% %(? erﬁ%%%%‘g\'ecﬁgﬁg

suf ficient armuntstuftabieﬁ bm ezﬁfegmxvalfqarwwmmperature, foam
bggds are i he G3es rgnn%'e S lgjgc
toget her to %rm e co onent %to %91§3e 8¢ th@ ;?tglymers llsteé vof
the nold; and in this(ppraggagh | %r@%hm@cﬁp‘a@t a Ipne @.f vacemt

first predfidtd NthdtewilPaddusd El'i@mn%dexpaﬁ@ and The
bl owi ng agen sed I n, the resent ent on can sel ected
b B SE8Pkndl

from vol at t° “form f°?1‘9dli’%§‘§?bons and
conpressed, inert gases Alter nat ively, : : i nstead of injecting such

a .l owi ng agent i e f .t OWL N

adgnt can be m xeﬁc:oaf"ﬁﬁ‘g %%n@s of 30%8%?‘? éngﬁas?%g %%pro&céﬁ th

al ternati ve gacordanse oWith the pridsent noitmvéentionl ybyef methad MEEhod
A step(a),os%gj- Ly erials can be fornmed in situ as the

I ngredients <:ar méx%i‘]& the Steps;@frfml melted by m xing effective amobunts of a
conposition conprising at |east one polyolef inwith a si | ane
compound 35 method C@Nt @i ning at |east one unsaturated group,  a free radical

initiator angl a si ] apol condensat i'pn cat al¥ in the extruder.
.20 a) mixing a composition comprising: : _

(1) a silane-modified polyolefin and a silanol
condensation catalyst; or
(2) a polyolefin and a chemical crosslinking

_ agent; or . (3) a non-crogslinked polymer; or
25 ' (4) any combination of compositions (1)-(3);
' and any desired additives into an extruder to produce
a melt; ' |

(b) injecting a blowing agent into the melt at a rate
effective to produce the desired foam density in the
30 _ extrudate; _
' (c) pumping the wmelt into a flow channel, wherein the
channel wall may be lubricated if desired;
(d) exposing the polymer within the channel wall to: (1)
moisture to form a crosslinked, non-foamed foamable
35 ' polYolefin-and/or,- (2) a sufficient temperature to
produce crosslinking of the foamable @ polyolefin
and/or (3) a channel wall temperature that will adjust
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20 WD 96/ 10600

PCT/ US93¥7026/16500 Still further in accordancRCHIBI/RHS

" invention, processes are provided for nmolding solid foamarticles
from mol dabl e f oam beads prepared in accordance with the above

b
Furchor aspect s UROPANVIRE L8 xS effen SO BT, e Suteamdligy |

apparent to thofeaskngbied in the.art fromthe . foll owi ng detail ed

descripti %Qdﬁhdaééﬁs@i?ﬁﬁr?éﬁg Eéﬁbﬁaturéoof_rthe crosslinkedFldhdle

DESCRI PTI I's invention relates to a

met hod and appaP@iyRlefin as it -flows,rtduenghgtRecfisy shanaedoltde? foam

bpads, such as guitable p@haséﬂf@wieé ﬁ@émphgftémfaeﬁatﬁﬁéﬁls and articles
nmade hereﬁom hay 03| e str tur i f desired,

15 of€hn SHReF Ja?gc ﬁ?a'& :FeF g‘ﬁ? 7 whi ch,
when conbified candingr tbecpolyher mt:orhaande, Wi t h th| s

i nvention, (gPThcgl?%gH%ﬁﬂgdth#‘szg&&é@. o Qeﬁgiaew asﬁﬂgeﬁressure is:

properti es astic poly oam pr oduced
in a single (bberbwbnenougheutto El’é%‘f%nt aignzélcant expassdon Pfy | ess

idan thosecp@de by apg éf\gb@é@gess or the secondary | am nation
of articles madg%f romt ccordance wt he

present inventi n%pﬂ‘éﬁl @“‘glent Pre?ﬁé‘lrﬁorﬂ%tﬂi:g}bofa?ﬁﬁg & , such
as expandegnly cr opartbkbderphyslieh iof filten beads, iate @ ofbwed -
using a Zﬁxae _conventional extruder apparatus having suitable nmeans for
heating a %%bl?:ﬁg, and with a bl owing agent injected into - t he

pol ymer nelt or (8htratuesbiento pdessuie dvlieren complete expansilom Mef hod A,‘

££ ossl i nking of the 9{; yPé$ si'é‘cé‘g-fén S ' carried out after
r

extrusion when the po I'n 1s ought 30 into contact with

noi sture. (W sj raheamgfm%l RRASAILS Mi-th or withopgsthejadditonRfh as
pol yet hyl ene nogeit edpi0 §@é‘$.tﬁ' lor other &ﬁm&oméllyﬁ@é@um This

silated or silane-graf is.melt mx t he extruder
with the propers‘éﬁgﬁﬁ%ent amount of aﬁﬁ n}a ads .8xd gﬁa&ﬂ'yca?@%‘ii &i

pl astic product fgasicbdads are im tlne anmnewovwause:rmslﬁmvﬂsmdsmact ed

L th water. |.S lon, the
%\él ane-grafted 5‘6??0F%??ﬁh?%5| n, éﬁg %’ggd%g‘ﬁ%?%ﬁ@ﬁ% %Mfgg@ﬁg _

21 shape of the mold and | '

(1) _expelll_ng the molded part, with or without first
cooling the part in the mold.

25 The blowing agent used in the present invention can be
selected from volatile hydrocarbons, halogenated
hydrocarbons, and compressed, i'nert"gases. Alternati'vely,
instead of injecting such a blowing agent in step (b) of the
Methods, a solid blowing agent can be | mixed into the

'30 composition in step (a.) . As an alternative to the use of
siiane_-’modified-leyolefins in Method A, step (a), such raw
materials can be formed in situ as the ingredients are mixed
and melted by mixing effective amounts of a compositioh
comprising at least one polyolefin with a si]_.é.n_e compound

35 containing at least one uhsat_urated group, a free radical
initiator and a silanol condensation catalyst in the
ex_truder.
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a

nucl eat i nYV@B@IE0GUch as talc for cell size control, and PCI/USISNZZR ot her

.desired additives, are typically mxed with the ' resin before it
added to the h'opper of an extruder. The i ngredients are nelted,

I xed and f d h
ot Tuder uhor o al b nEetcheE  In, peoaPBRRSCl i) oo arertisR,

mel t ed,

conpound

or

owl ng a

COrg ai ni ng anad@ber of small hol es. In Met hod B, chemi cal
crosslinking of t ol e resin is_carried out essentially
- Frifel adpects and agyantagha, 6 €

after the polyol

is

a blpxwéegsses are pmrdgdpi@f enabding caplidi fepm axt telés fromnic
moldable £&88m! BFE&sga%r@ba@e@ &Pura%ééﬁagge wl}wﬁ&tggovadef

pressure into the nolten
pol ymer ar e R¥PFFRERH | Fym% arplégatdead Qﬁqraﬁgh &0 epressure il sde

Ehe, BsseRT LnY oL LPR! i 1

I's brought wibl &elSapparentenpuer shose téieilledsw:t abhe faxt a€triowatthg the

chem cal

ok ¢ ACREES Sek 168 AEREEI 68 SA"EEDBRebAtBa’ TaRR10 L "

-thernopl astic polyners, such as polyolefin resin, - a crosslinking

agggt, talc or other g?iéﬁdt sEsERTPEoN CoF THE gﬁq?ﬁu.fbﬁe control

and any

other desir

resin before it iEh hﬂdé&vﬁﬁtﬁ-ﬁ§ relates %p%elme agng rapRaratumetor

i ngredients @amﬂsétﬂﬂm@ tfbrmo 1astm':tn§of1
At a point

In

tives, yare mxed with the

d?@aﬁlhflﬁﬁb thguent rager.

of .the in redlens are |1
m xed and 259°£Y9ty¥?ﬂl?y %IPBﬁjimfﬁbeo ‘?‘?d“aﬁ@ﬁfis' ﬁ e PEIH Eﬁ&p égng a
vol atil e orgeherefpopobading ancomposigasstrueturatmade up, if déhfredt

njgoted undse BLESSG IO, Ui LeR RORYURE repardanddedl'o oM

agent and poly
di e pl ate comhenni cgmbinedperanst mroducedsmanl asicerdance with th:’cae

ner -are su hroug

i S

resultant fopishe REds PRAYUCCdnBEotRtCudlifIthah  bocauge OTof dfetst as

t hey energe
‘subst anti al |BrABRTESERed TEEdiaw BRexmophastic polymer,Lfgamiberdsf arfe

die 1nto ressure Zzone orma

" polyolefin tﬂsﬁadﬁeaaencm Wizt h gxpgsure @ﬁeratlonto MHeSInIr € caBtigh taeecase
of thod A or

h f d
0 20000’ neStbakaBFA3YLY' Te8D' rhap, rhose Tadedy % watiiy (frdery or

crosslinked, thetbecondary lamination of articles made from2fhe beads.

- 96/ 10600

25

30

35

In -acco.rdance_ with the pré°éZE4éJS€ﬁ4r£%%1%n, moldable

. thermoplastic polymer foam beads, such as expanded,

crosslinked polyolefin foam beads, are produced using a
conventional extruder apparatus having suitable means for
heating and cooling, and with a blowing agent injected into
the polymer melt or introduced into the solid form.

In Method A, crosslinking of the polyolefin resin is
carried out after extrusion when the polyolefin is brought
into contact with moisture. A silane-modified polyolefin
résin is used, such ‘as polyethylene modified to contain
éarbon-bonded silyl groups . This silated or silane-grafted
resin is melt mixed in the extruder with the proper amount

of a silanol condensation catalyst. A plastic product made .

in this manner will crosslink when contacted with water.
In making the novel beads of this invention, the
silane-grafted polyolefin resin, the condensation catalyst,
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tenperature of the foamabl e pol yolefin beads is adjusted to a

sui t abl e WQ 86110680 t enperature, and the crosslinked foamabl éCTI/US95/12218 beads
“are then expelled to a | ower pressure where they expand to form
crosslinked foanmed beads. The beads are 5 typically cool ed after.
expansi on, col | eft ed. and conveéedhto 1 a syitable storage areg,
such as a BAGYBFLothtPdsadelh guch as talc far icedl size Gontrdly @nd |
they are neamfedothert desired additnintedi,ngaip= otgsically mixed with lghdket hod
C, the ther | I res f i s . Jnvention,can be
‘m xed with {%?Jér?s%éf%o?hy%? hag(?déh bce@da,lé) }hcé%ee%tcffngérgge}nttm}(%rtel h%i ze
control, anktngFedienys ogxer melted, mixes rapdad@inwansied whhrbughe theed

wigh the resitri@pre iAt a point if ¥WCleiOrider hoBRSE %l]?no -Xttﬂ.'@er"
The ingredignts He ﬁl t ed, xeg g&dlimorwar ded through the
extruder. I9g*eAyepts are, yg iﬁ“’t’f?é{ eRPAu efelted,of at felowing

i ng][ edi Elnt sagemnt wpreferably cOmpni@irfyldl ﬂ‘alaemeaobé@miég:(:j@ﬁ{%&nd, or

pref erably rjsi.ng A i organi ¢ conppund or _aninert gas
or a ni xturgeﬁmﬂesz@l ggts hePEof? 'ims?'\é%rﬂaéeect gae %ﬁ%‘ prEsstrEEFHEd (4RESHI ten
pol ymer . pressurerinto The micdwiemgpedameramixpol Therbowingfddente did/

joced 20 m@é’p r : 1 iy .44 e L A er 4.0

rs]i HGI;J | hel esI.)o:L §§&. gﬁ%ﬁ%;ﬁ%ﬂr_g u?qtlgdrﬁ%' %@m %%?gél s&p?§5§8§§n%y ‘?\3@% hod C
are cut Plate certairing e umbelnf mallk holesa pressure zone to form

a - substaniieehbd BON-dHEMIRGL @@l Bbagl ofhenkePANI WS P 25
t he foamabl e t hernopl ast,i ¢, pol yner beadi i's gd%gsted to . obtain a
sui tabl e f JERRHY ¥ FEFAES QutaREsSeREM2LLY REERRLTRe Polyolefindenves o
expel | ed t cclee | csrtrpdessur eheher ehieheypadywsliwEi® is. brougher mekboaned

ds. Th t yDi [l ) f \ . [ col] ect ed
o Convey e saits L KRRES il GRPL8018" KB activarind BRED g s O
sui tabl e coresskinkingl dgent which thennt¥dsshisyksrchegpolbyolefinhe _
mol di ng process.tpn n kinr%plihe novdl Khddie J¥ RS 1%%1&?109{ %ﬁie'i'}eﬂé'ﬂ:\@t I on,

expanded t her astic polynmers, such_as po yrene and non-
crosslinked aAndeBt bRerPeRLRFREBJIPRLVTIBEES | ﬁuFBaﬁlsbPSééml&fln resifavi ng

foaned bul ky depekblefikingt Rgentngecsic f 6eMotheH Midleating ageh® Fwwt 10
-%d;nds per C%hgjnc fpot, are grfdu_ced The bea‘ql'ls,1 a . d-pr ef %{,ab,l havi ng
f CRiehsi 3188 | GORHEC angdRGr AR¥m Other desired additives,

med bul m
23 typidd1 D6 /a6 @ixed with the resin before it is added to the
PCT/ US95/ 1 .2 . ] d er, i€ f and
st ox9f ap, ey, ¢ i e BB CErEohel il (e
and forwarded through the extruder. At a point in the
extruder where all of the ingredients are well mixed and
25 fully melted, a blowing agent, preferably comprising a

volatile organic compound or an inert gas or a mixture
thereof, is injected under pressure into the molten polymer
mix. The blowing agent and polymer are sufficiently mixed
~and extruded through a die plate containing a number of

30 small holes. | _ '
' " The resultant foam strands produced by either Method A
_or B are cut as they emerge from the die into a pressure
zone to form a substantially non-foamed foamable bead. The
crosslinking of the polyolefin then commences with exposure
35 to moisture as in the case of Method A or after sufficient
heating, as in the case of Method B. Once the foamable
polyolefin beads are sufficiently crosslinked, the
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‘One of the prinmary raw materials presently preferred for the

process | WORYI96 A, are the silane-grafted low5 denBGT/YS95/12218
polyethylene resins. ProceSses for the producti on of such resins
‘are described in U S. Pat. Nos. 3,646, 155, - 4,117,195, and

4, 526, 930. g@%gé éé’u 3‘:"@1?5 féarﬁgﬁé e&oifolef eve%a% J.nea%?jugtegegg' ty

poI yet hyl en ting1s nt Xi ng,
an extruder Q)rsulrt% rfaamg tempe@@mdanﬂx‘éheso;msabmksﬂam@ble

mixer, a fregesddi Gdle then ex;ﬂqu%r@tea SUtBwas Ghrdimiiy é)ewﬁé ﬁ@g
SI grou

silane such as . | triget hoxysil ane, The _pendant

will form expand (FPOS%‘P’-F‘Ek§rB§F\;vé§HeEih§%‘F%ﬁrePeéﬁﬁl ns WRen hgadshoryeer
iss wpcsmyowmeawfteﬁ é:bpa@éﬁsxem@ome@fe@rwoem%ye@ ﬁé

sil anol condensat| cat al st (i an _organotin_ester

di butyl tin i F&ﬁ#gﬁ% storage 'area, “gpehlad) gPaﬂaﬁrbé’%Fo SRHEIPLE ¢ he
pol yet hyl eneconta:.ner, ressl narei | beabkd amtifly eeheydla:né gevesiend oforn &he-
second step, yhich the final noisture curable product is
fornmed. The r%ld:.ng pron? st may-al so be _conbined with the pol yethyl ene
resin, 3 Eﬁﬁhoénﬁ f.t@@ therawplgstdicaralimenieesian rheads of

% :N? lngf stepchlas J.ri\fér%ﬂr']i%d\/baaﬁ' :gaet 5&1@%‘:@&3 vgﬂifh T'EﬁlcSWéf w:|.th another

| erer n e cas (6] WO StEp QCesSSs,

Corni ng- s S BREhSaEif agent RpY sedlssise) CaRGRAly AN MAFbsany other
grafted pol y@éby}:eﬂeadestﬂs_eandwhmhtairsfsmmmithatné résin before it
bur thased. THESBENR EPoatet BOBPEY LRE /R SEHETC no nd “ingredionre; £2E' Y
pr oport i ons malitedoc asiszed aandleilomlarﬂedf dthreugh the exumidemre XAturable

B a1 apPRL AR BhEodxbALdEE WEPE 31 of, £né SPhBFeqRlilestala! Valt

are avail a rom
M ssi ssauga, mtxedr apd (B&ll&@ @nddiowimg agent, prefemrblinneemsyhetngea

1019-A for t@Slétllﬁee d}.‘gﬁﬁﬂg E8fmpbBund or an k=Y NQGlY eorlcéoomgxf'_ﬁﬁret he
cat al yst mast er ba%c | ane graftedresin_ and

~catal yst mastBeT8afenigy éna§g5e§5under PE%%FPE IénF?oFrb?Jn‘F‘BﬁtﬁﬁrBP ymer

Chem cal andmPkast The Glopdmg agent and ﬂdﬂ(ymwcbfetbl@ffidﬂenﬂaﬁmlxed
gg? ngge”]and extruded through a die platﬁm?%%”/!l’f’ﬂ8a number ofC

I n anot her tamaiﬂ.ehoihescess a noi sture-crosslinkabl e pol yet hyl ene

such as a silane shavkeneregnel ¥OBh Lerdidfbroduced by iigid e ¥ alkshur

mast er batch. Such materi a S are nmar or nance
Pol ymers undaf theyt eaexeer Exom mheysiadate a presgire ozongetai farm a

~ethylene copghbgeaneaamyt AbiSEcHRERS foamable bk ChThe' esRpekiatas ofand.
arg sai d tghe goamab e ?:?xermoplastlc polymer beads is adjusted to
obtain a suitable foaming temperature, and then the foamable
beads are expelled to a lower pressure where they expand to
form foamed beads. The beads are typically cooled after
expansion, collected and conveyed to a suitable storage
30 area, such as a bag or other suitable container, and held
until they are needed for the molding process. :
. Using the process of the present invention, expanded
thermoplastic polymers, such as polystyrene and non-
crosslinked as well as crosslinked polyolefin foam beads
35 having foamed bulk densities in the range of from about 0.7
to about 10 pounds per cubic foot, are produced. The beads

preferably having foamed bulk densities in the range of from

23

SUBSTITUTE SHEET (RULE 26)



advant ages over the use of one-step silane processes, _ per oxi de

crossl i @ qishobgoocesses or silane grafted | ow derpmrysosrat2igt hyl ene.
10 One of the primary raw nmaterials presently preferred in
the process in Method B, are |ow density pol yet hyl ene resins.
Generally, a |low density polyethylene resinis - : bl ended wth a free

radi cal gesult od . otel iakquly BgepPunds per culpdie afogFeumd p&RBS de,
and i s th%éﬁé%l%ﬁ%fdh abckit 1.5 t@ﬁfsl(&uﬂ&@r;@eﬁ F@wﬂsefd;@uv density

| yet hyl Kj
o of Lhe pri Y FRwEE BERIREL A PEHETHALEpresent Ty Hafirzed

Met hod C & pahyprmdeesua imntMethiodstdy eare the silarergrafted| Vmwpyl ene

_ \raﬁf'cﬂsafg'érﬁab' 6‘%055 Qé%{‘%ﬁé‘%&&&g procéBSeH' Wtfﬁepﬁzf%%“ ng?er'D 632

resi n/ addidf vmmhxresenSSafrsddemw H!G’pp‘érs Pat. Nogf. 3n 6béLiRfor. At
a point in t:|,P|.e7 %5 d W”%g% 039 . Genelralﬁ!yasé' §1P§H@0I§'§xsaﬁed Ry resin

m xture ard Tully ow hg agent Eln jected. The
bl owi ng ag:ém %g ;ng density @p@.,y@éq hylene aresﬁ}'dro? eporatting is

Chl or of l Uy ALALRAD. by melt bseiRshl QhOféﬂOFe?i&ﬁthié”r o®f in another
dr of | uoro carbo such as ob tane n but% €e é cDelnt ane,
‘el EmRARRd miXeT sUghciAt, 3dPFARS radi

di chl or ot Qjéx@éﬁaw:p,eténme as80dicumyl cpénondidél, uandrrat lsdlaneqr svicht \a=es
t her eof . e.leblfn\{\éﬁgoxysﬂfane a‘?ﬁgt§e3dhﬂ$:e%5ﬁgla§'5%3 5%::@17?5&’( e to

give t he d% Ooam densrt usual wel ght
per cent ofc:tdmllnks betweenal:hﬁomlqumclraaxres when othp| polomes 48 and

the nost exposed tBr o%hsfi:l?iﬂé zﬁ'xtﬁhéoﬂ&eééﬂﬂcéjeéﬁeﬁh eréiiﬁ:rﬁéﬁﬂli@am ‘

out put 35 e proper tenperature for foam ng egends upon the
¥elting pcﬁlh'-tal@ﬁl t%‘%ﬁﬂ%ﬁﬁ,ﬂtorhrﬁ tadystydd -8nd RoDREARPELn ester sygh,ing
agent usechg bt b By DepEh 2l VauFat &P, range of from

V\D 96/ 10600 The catalyst may be c T:&.hrggE SF?!'E ERULEﬂ%%tglylene
about 175[ségin} oshbame, . 2dd[freé Fadicall gengrater ain \a fseganddiep,
190 to abo ttglgl - e Hfe r?éfyréﬁ@%@e yé@factrfé ‘;gi@cﬁ?ct is formedlydrpgarbons

and hal ogeJﬁ ydr oca ons partially, sol uble
20 the polsatalystreaynalegebengppbined with m%m%vﬁwlﬂ%&e t he

nelt, redug éhe Jr¥d Cﬁfkgémradlcal gehedatgeneint @he ektrhiBgofvrer due
to the | at ent ' ri zat i on, these naterkal,iﬁhehavg Ay cooI i ng

ef f ect durm:mg:.ng step, as in t%e Monosil process ©
Maillefer Company. In the case of the two step process, Dow

Corning’s Sioplas (U.S. Pat. No. 3,646,155) process, Ssilane

25 grafted polyethylene resins and a catalyst master batch, a
dispersion of the catalyst in polyethylehe resin, can be
readily purchased. These two products are then mixed in the
proper proportions and processed as desired to form a
moisture curable product. = Silane-grafted polyethylene

30 . resins and catalysts are available from Synergistics
Chemicals, Ltd. of Mississauga, Ontario, Canada, under the
tfade names Synecure 1019-A for the silane grafted resin
and Synecure 1000-B for the catalyst master batch. The
silane grafted resin and the catalyst master batch are also

35 . available from Union Carbide Chemical and Plastics Company,
Inc. under the trade name SI-LINK™.
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foanming as the bl owi ng -agent vapori zes. The foam ng
" tenper at urwodBA0éod be mai ntai ned within the desired range byctisses/nz2ist he

use of external cooling nmeans in conjunction with a rate- _ of flow
‘of the blowing agent effective to provide addrtroriél - cooling
effects. In- the extruder, the résin/additive/blow ng
agent m U PEOEhe % CHOr StaR fPEPLSs )y aameistuEes-cxoseddmkahider
15t dat preﬁ&u&%’ch%%he isucrif4{s caeauahe rértqmréne f Qe Dt &Bemxeldl
extrudate

xtrud a die wt
hol es. The f?ﬁ'&ﬁg‘b %ﬂlm‘se: q'éa ﬁ?%hro%ﬁﬂhtﬂagﬁrlxls are magketed,q
cut by a rapbgl BPrBeafomgakoef§ Poljmehs cuidet the trademariexiSLERahd M

| bead f | - i [ | th
oS o ars 36, Lo R SPLahdPRLhD LR Tbiymer JBF eatATyRE TRethn o
the knife robat&®.absgspectively, andendye a¥aid THzor aoEfer erac:h.ctdse

extrudale erpEIAntERB over thelNGedl Gof S faSidved ORinAle dp Al ddis 51 28
of the beads are eterm ned by size of the 1e%sHegnthe |e plate'

and the 25 Per°x"§|§ee8’r815 AokiBgar PXgoesSe® or silane grafg
are cut at thencérlq:yf myettmgy_eh@mr n under _ suf ficient pressure to

R T T oy e ettt A i,

to be crossli"Rg
zone.. |f theheeagsonesd 3in Methdd Bg canesllastkeeﬂ,ertémgy apelykeehydensyed

: I I ded, i
(o 3 000! 1 Bl _penersdBNE: o IcHPidRa by BoA0RRIEIRGE SHapERTS, I

t he lernd@sil rwnmhrgazﬁnee Iradmaissgemmgozoneosslsnkengt ageintow

for sufficieglych Nggf Qilét{hﬁrlbeﬁgioﬂdgcm EHﬁ t : e eﬂrgéessad in€f of

crossl i nki ng. S_ar e suspen In a
hedPed medi asxtruder whegzg (thes bagerlew @?lh%%tléup??alﬂﬁéhﬂ-ﬂpé rgsiph@ndr e

conveyed ° crosslinking agent are melt m:Lxed 26 WO
96/ 10600 S95/ 12218

t hrough the cr 3¥9 i ki kge BLHATY, ZRY mq.th%rla ekreierred for the
crossl i nki ngprgpeess siact Mebhed by e zpuiypm:g:ylerie tan=l polystyrene

pol yol efin. . @a3iy thg,g O§Sl ) f&ggréggﬁ ugr. | Wi J.nvenfT:r.o(H

sufficient timefor the 16 achieve red

cr 88sl i nki ngare HIMONT's PFfﬁﬂ4tﬁ@db§@ﬁ§3@OWWGth@6@ bogheme&mmaunengnh
t hey pass regin. directly into an annealing zone. If they need to be
crosslinked, they are crosslrnke tqQ the desired | evel and t hen

pass into an afkeafingl regin/addifdvepmigturechsfeddinto th%&’é’rﬂ?ﬂ?ed
in the fluidofedan axyhrier. owAmta peMeainnkhe extruder where the

_ - plastic components of the resin mixture are fully melted,
25 the blowing agent'is injected. The blowing agent used is
typically a hydrocarbon, chlorofluofocarbon,
hydrochlorofluorocarbon, or hydrofluoro-carbon such as
isobutane, n-butane, isopentane, normal .pentane;
dichlorodifluoroﬁethane, dichlorotetraf1uoroethane,

30 chlorodifluoromethane, or mixtures thereof The blowing
' agent is injected at a rate effective to glve the desired
foam density, usually as about 5 to 70 welght percent of the

total foam output rate, preferably 10 to 40, and the most
preferably 25 to 40 weight percent of the total foam output

35 , rate. The proper temperature for foaming depends upon the
melting point of the polymer and the type and amount of

blowing agent used, but is generally in the range of from
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zone where their tenperature is adjusted to achieve the . optinmm
. foam ng tenperature for the beads. =~ Sone of the rs that
e HRLRAEE

di ct at WQ 268680 i nrum f oami ng tenperature are

t her nopl asti c pol ynmer/ bl owi ng agent 15 adm xture, the level of

crossli

nki-ng,

I f applicable, and - final foamdensity. |In a foam

extrusi o AACesss W“@faeaﬁﬁut .340° F eXtéﬁ@eis' §r€§‘é§ab@ C3ont Nbout

- thernopl ast I C

| arge
occurs

than the
addi ti on P&

b

of base

ol yner ature, ere s usually -a
g |%1F V\;

Pur%bout Tao- df f £ &R ERE n BHYMEHS nérendteed Thi s

abons and hﬁl@gtenaiﬁd hydabeatrboaspehathr &réast txedex cool er

i A0S BPLTELE 1 (A SRERVOIRERYy TRTRT pioea baVe! oy o

Swhich i nglmxi#mg)o{aﬁﬁects arel theemeditat ureducing the Gohrisetimmely,
there ar qalageAL-Cekd aNdbabehOEmSRALS it o cHllPUElAU! peblie opOl yirer

nmel-t crea

I hg

tenper a erential’. e tenperatur

di f f er entvaRox#aat PR hethese materpalenbavaer: corlddgs afifeqiol Guping
expansi Oredfhds ! lt1RS blowing abketanpapbrotesxpanstid. fdamihs

I nventi

t enper at GreMBRTARILES j§hdpld be majntainsed wit

_1doeads,

t enper at ur

f oam ng

on, the

annealln . _.zQne can _achi eve very.uni form nel t
BdReEhe1 28 LEMEr EFRTREY { he

buihe aiderof external conliey meansi ﬁ.nrod:xstjunttionhel'dhsé rmte

£aflow o% the bl%%qhsy?ﬁent g?f@ct&?? %ﬂf fﬁé*éﬁdl ngIred

enperature ey are ex O a zone O OMBF

‘pressur e cooling effgetr®.t hey expand, cool and fall into a collection bin.

The. 35

ot her swtabl e means and are conveye to a co [ ection area

bgads gL e dpep,geawn &&E %eéﬂ?/éﬁdi@ﬂ?é‘/@iéﬁfﬁéy Syedy

pref er abIBAXEWER kS oftHereS uSHABIE 168 napd ThEeRx pfefreaded under

1827
WO 96/ 1

 beads rer¥HrHdALE or ad&eu r?l’ﬁtlru(dr?gy i ee%%%dfgfcﬂoﬁdl

0600

ressure that is suffici&hBSTtd Uﬁe@'&fﬂ EBEREN6) of the

usas/ 122]1:
wi many

| f ther nogrh&®Bl i loles y nihel d@rmiamé@mlxmulreaispekynhéédl t]hrough thed@am

beads,

ar.e ro

e

et RO R BB PR St e higy ol enouan

H gher preporudane dnter @g@lhlnmeigia:an BE a propellﬁge&m ﬁ?@eﬁ%el%eads
2@Nd nol degds Q8] eche HEYLE80oh! ERBIdie are arifdedietn a @NeeBt|yo théEt

percent age crosslinking or. gel ent _shoul d ranga%from about 5

ont
t o about glgepg;cggﬁfiate will® be cut as é:h knJ.fe rotates

out

center axis. The rate at which the extrudate emerges from
the die is easily controlled, and the size of the beads are

‘determined by size of the holes on the die plate and the

25

30

35

speed of the rotating knife. _

As the beads are cut at the die face, théy remain under
sufficient pressure to prevént a significant amount of
foaming. If the beads do not need to be crosslinked, they
will go directly into an annealing zone. If the beads need

' to be crosslinked, they are then conveyed to a crosslinking

zone. In Method A, the beads are suspended in a media,
pfeferably heated water, as they are conveyed through the
crosslinking zone. The crosslinking zone is sized to allow
for sufficient time for the beads to achieve the desired
level of crosslinking. ' '

In Method B, the beads are suspended in a heated media,
such as water or other suitable fluid, as they are conveyed
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10 preferably fromabout 8 to about 60 percent as neasured by

. ASTM D- 2765. The above descri bed process for the manufacture
of wo 96/ipdodabl e t her nopl-astic pol yner foam bea,ds POS IRIPEEYsABAS MBNY
advant ages over other nethods and processes used. The 15 equi pnent
used is relatively sinple conpared to that required for

ot her processes. . The primary egui prent used I s an extruder

equi pped WERKORGH owbhE agehPsFhiREingn 2zone  whexe emthmhj s chemiasl
extruder i greglsh ikkavws tagydrtosies V&é&hvated by keaw gdae bdhamiylastic

manuf acture. .Th ch| n whi qQnverts the foam strands to
beads is aP F%ﬁﬁg ¢t e g%‘t’r&‘t Ehe? crosslin Z0e dise SASE 54 13dtlion ng of

non- f oamed folrersuffi iasitent time for mHenbeadsuth ascipbdvye! ehen deliveia t he

b?,ads are §Utert @Eycrosslmkm?e conveyed to a crosslinking apparatus or,
required, they pass directly into an 25

anneal i ng tube &£ &ﬁ}ﬁamaﬁsﬁ dortnot reeedi bRi hg eppasitinkedan they pass be
anot her exyiyder19r  1HPS er%.rﬂé‘élkl‘i@ z%’h@ keptlf‘n‘i‘ffey ngﬁi t?prkg\essure

and crosslinked_asS they are conveyed tthrough it
crossl i nki RFCESFAkEss, TheY FERISYIRES Phlt‘%daﬁ@ the desueﬁhd@:@ﬂ- &nd

anneal i ng d@encepakst efpepat dhe 4RQCABIAE Sfone.  ABRAT Adids rH¥Rain
%ﬂneal i ng tube or par an, al s db anot her extruder. or tube
ere the BESES 3%& media as theysEAPH 40tond amekidight to

t he desi red:cnenpeharelr ¢haedir temperatuhey ia eadpusegad ttchraunlne{rée thee or

appar at us. ' P e r used
- tgpSS OPgr:L(T)nélg\ [ n%a‘%e p%%ﬂ%}é&%%%r t heg\{c]rz‘):gls [ n%/ae%%] Aﬁ%ﬁ ePIfnssréer
extruded | PagREOSSERS mﬁﬁeﬁlﬁa&%@healomdmw eﬁqamlng‘m@mperature ans hods
of crossli RipeNOriesTbgped s Nodde s th@f%gl%tlc %b&oxér%gg _agent

BSTI TUTE E
\}é 96/ 1060@dm1xture, the level of crosslinking, P& UapBLigapge, and

el i m nat es flila1nefshi odemsdtgh emﬁr@y fcsehh aéi:@ﬁuéi)ﬂﬁCﬁrB@éss where an
CrosSli Tk A AL 4 uaBhVEp TS UL TSt B AR e mei,
rad'i' ation dt@mpemattuamsl I ytheuet rate relsatalist y ahl ckabge tempelfhire
L) oaseserential widhty MRS IMEe nblLe LML A pecaupe
2y | eave thee extruder spFgraluFammeratunshdiasg toks cm@mm:ham\mm
el im nates polymer’s thelpeatbnprdBise 26l OLbRYGe t HaRLI CRELAN Sit . The ype of
heat | addltlon, the feedscrew is putting shear energy into the
polymer which increases the polymer’s melt temperature.
Consequently, there are areas of cold and/or hot spots
2% throughout the polymer melt creating a temperature
differential. The temperature differential within the
polymer melt effects the polymer expansion rate as well as
the amount of expansion. 1In this invention, the annealing

zone can achieve a very uniform melt temperature because it

30 does’ not put shear heat energy into the beads, but rather
removes it uniformly until the desired temperature is
achieved. Once the beads are at the desired foaming

temperature, they are expelled into a zone of lower pressure

- 'where they expand, cool and fall into a collection bin. The

35 beads are then drawn out of the bin pneumatically or by
other suitable means and are conveyed to a collection area,
preferably a bag or other suitable container. The expanded
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10 activated chemcal crosslinking or silane crosslinking

elimnates the need for a preprocessing crosslinking step. The
beads wgdgndéedot Ni s manner do not require the pre-nol di NgCT/US9S/12218
pressurizing step used in the autoclave bl ow ng agent | mpregnati on
process.. 15 The entire system needed. to nmake these
. nol dabl e t hermopl astic pol ymers,  such as_ non- crossllnked and
crossl i nkeddgolreaRan iihEEAEageaMid ISy | 2%e Reeded for moldipgqi ng
facility and sized accordlng to the nolder's needs _ Uslng t he

appar at us and.getﬂod di ic gsed thls | nv nt| ﬁ
produce the qdiantPEymBPBELYS B m%ﬁe%:a(% cads suchf S P8 38}5
Crosslinkbag,bwhdm r epel rexbssldinkedy| atey nshould be crbssippkedtas, and

expan3| OEF ursoaght @8 Rgﬁgsthgafgaﬁ\hseads therm?%EQaEE HSe Ihe B0 age

Stime req One “net hods beads™1's eI|n1nated or
si gni fi cmnﬁ.tiyngepgocaﬁé t h@igher propephienst pincraasliakingeganobest oring

large vol,ugms +9f produce begdBandsd Fh%i@%dp%ﬁf@éﬁél f}fmrfgurrfs&he&uppl iers
is |ess. Havi ng t he bead nanufacturln% %ﬁ nig%ﬁat t he Idlng
site textureg|. i AEREEALAY hi RBEFCERERIF aLEPSFHLLR RS PRy 9 '
quantiti ggnekntheshowl duldandensftymbeaddmit 51 taddbbuen, 8530percentsi nce t he
10{ ne ol REPESBERITS SEEH AR o hOE 60"BEEbéne a5 mepsuiBi By OV
addi ti veasTer os2l7iesked | evel, etc., and t hese can be changed
(ol BtIVelY A fBoEcWbarined process 40k BRCPIARMSE .né‘f‘“‘u"é e
si | ane- cmisllameeuhermoplast1sop9byeernfwari%e s messassambanpenei on @

V\:h?aret S:j ?Q%ntages overn%ﬁézedmaﬁhbalse‘céﬂ& Prodesfes Pabeal.ef imhe are
sel ecte

29
15SUBSTI TUPGUSAEERY RYSEDejis relatively gigglfpeGompared to that
PCT/ US95k k%% ed for othehqimpedsysess -aTHecppdingrer eqouiipment used

oy G, Yo AN (eguipped PRI SpRBULAG UMRE gpae%atorﬁ car bon

at ons, pr opyl-ene; enes hexenes
and the system IThis tyipe ebpexymeder cha waslulmownhse @b@ﬁ@t vt

onomer S’kn%w]ted e &F tﬂ%%ﬁ\ﬁb@ﬁgtlge\lnaﬂhfactafésenfﬂé’ madH¥hery which
pol yet hyl'éne- 6% yners are erred, ,and such polyqfrs are
t

20referred qq;marts the fOQ'hes%ﬁ'%‘ll%sE‘Pebegﬂﬁ eRaRpPETPLE GRETEF T
shoul d bg g yged forf @48 asdeagseneepimg off ridis foumesd ithie reidlarstiman

|p|0|my:t E%gg@égners sucl‘?ngls po yoleta' oy Ctﬁfe{:r l:.y Jﬁe fbeera sd a%:ree <:tuq:.e they
are conveyed to a cross_l:.nk:.ng apparatus or, if no

Ider can

crosslinking is required, they pass directly into an
25 "~ annealing tube or apparatus. The crosslinking apparatus can
be another extruder or tube where the beads are kept under -
presSufe and crosslinked as they are conveyed through it.
After the crosslinking apparatus, the beads pass into and
through an annealing device or temperature regulator
30 apparatus. The annealing tube or apparatus can also be
ancther extruder or tube where the beads can be kept under
pressure as they are brought_to the desired temperature as
they are conveyed through the tube or apparatus.
Regardless of whether Method A or B is wused to
35 ' crosslink the polyolefin, the crosslinkable polyolefins are
extruded in the same manner as a normal polyolefin. The
methods of crosslinking disclosed in this invention
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10 i ncluding nedium density polyethylene, | ow density

pol yethyl ene, and |linear |ow density pol yethyl ene. Such

pol yet hyd, § /206‘3 e described in the Kirk-Qhmer Encycl opedipgrusosinzzig Of
‘Cheni cal  Technol ogy, Third Ed., Vol. 16, pages 385-420, the Modern
- Plastics Encycl opedi a 1986- 87, pages 52-63 and in 15 t he Encycl opedi a
of Pol ymer Sci ence and Technol ogy, Vol. 7, page 610.

The term "sliajeated ftihed rpmkyeﬁdtyleenlnghsenérggsraédadtlon source rfdihe

BLF?EPIW?2%%%%?‘%3%?2.”%5* oy PRETEEr S, b unigory,  SRRYSISAM T o

conpound &EbmPuchiong téhe fIQ?éfStln mnparlson tgn§h§u¢§ﬂeétgp@up16ttd’lcai,
pol yet hyl egg- tw&lé@ﬁéﬁ idbddenot eas;LlyprQ‘é%@QQaQE %é?&&?@élﬁe@ﬁ%l@r as
discl osed, for exanp in US"~ Pat. No. 4,160, 072.

TRe term: é&l/ﬁet hyllefl?é' r&83P as used in the present 25
speci fication arm’het beadspﬂadedb'plah:hs insemebdh dre inwtldsslinked oot

I h I I :
orY RIS S Mg U oL RpBHNLCRE ey, doays TORL VTS
nol e per ceappaarfataxs eintyd ewezonet chdlower pressurepni wbdchpredponiniazres of  a

mononer @g an%.eil' aryht Quégcl?ve ?’%le@?@torénd PHENGS féHeaIteast

50 percent east 60 percen y Welg

30 the et hﬂC@ﬁérated chemm%pawlmkmm%rs%am amqs@lwmu bI e

pol ymer.  eliminates thétded efopl anprapRbeesaRaby BrosEAlk Md Nsteddy! ene
and gteher ol flns re vin agetate, vin I .chl ori de,” propyl ene,

35 bdtEn éEr 18 WRPRSENC| QL SR B I&%%é‘tqlﬂlrf&g
acid and prﬁ:'e%ﬁlﬁ:lfn&ln'ﬂ”le smtéper upedymen tbhe camtdselénlrendﬂbwzng agenw th.

t he et hyl ene_hono I copol ymer may be any
30 1 FEGHRR 20H ol SUBSTI TUTE SHEET (RULE 26) .

WS 96/ 10600 The entlre system needed to wREFE USSEEP?®ldable
pol ymer corpal ﬁlé’&éﬂb gﬁgi@% exagples Qfs CORBALEPLEs1inked HORYTErS
ol f/) u

include polypropyl ene leﬁe polyi sopr ene
- pol y- chl or &FcaRlinks Qﬁ]e ca,nghbgengnspalled at the

- pol yet hyl eRRs.4; Mdmltc}hléa{a dé%uzéti setdé@mix@t@éﬂ&{@ molder’ s GREEEY ITer,
"a VInyI acet at.e/ et hyl éne

copo
acryl oni t r UsHRsLChEA FRHS) (AR C{) maé/'ir}?‘?ﬁld‘c?ﬁr}cﬁ?%%/’ﬁ ftis inventiope; ate
empol yner, tdiec.moIdeeccahl prpﬂai:er e spemtestyref beads aspalagdeapytene,

pol ybutadi g8 ; op8drs. SOUAYINNAY S Vhen requirS8POLUIRE place in
. the apparatus, and expansion occurs as the beads leave the'
apparatus. The storage time required, by some methods, to
age the beads is eliminated or significantly less, and the
2F space than that required for storing large volumes  of
expandeci beads purchased from ~currént suppliers is less.
Having the bead manufacturing equipment at the molding site
eliminates the high cost associated with shipping large
quantities of the low bulk density beads. In addition,
30 siﬁce the molder is producing his own beads, he has complete
coﬁtrol over the moldable bead specifications, such as
density, color, additives, crosslinked level, etc., and

these can be changed relatively easily as needed.
'In the production of the heat activated, chemically
35 : crosslinked polyolefin foams or silane-crosslinked
- polyolefin foams of the present invention where silane-
modified polyolefins are used, polyoléfins are selected from
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10 Exanpl es of pol yethylene resins _ that can be
advant ageousl y enployed in the present invention are | ow,

- medi Umyo a@fbeb 9N-density pol yet hyl enes, an ethyl ene/ vi nﬂé’rmss»snzzls acetate

copol yrer, an et hyl ene/ propyl ene copolyner : copol yners of
et hyl ene and nethyl or ethyl acrylate, a blend 15 of pol yet hyl ene and
pol ypropyl ene, a bl end of polyethyl ene and et hyl ene/ vinyl acetate

copol ynerhomgrplymgesmd agid copolymeps| yof hyatdnel enidalil wilysd anetarepy| ene
copol yrrermorgméx@sﬁavz.ng from ay Medi WpLgNskt BEaQ‘ﬂ?f?tQQ&ﬁEe Sudy depsity

pol yet hyl ene, ~and t hyl ene/ propyl ene copo é rs are especirally
sui t abl e.ethylene, Pr°PYI5Pé‘Fera}BP99nFﬁe RAANRS endoxesiass Ande the

Sﬁftenhn@JﬁB Ehe a&pb&yﬁérﬁe&anthﬁﬁ%ﬁég gthef¥ﬁéﬁﬁaimwfé thdndre s £f erred
at the polyet | ave g, _nelt index to

ref er abl ‘% %r%ec%c%]a% per rﬁ‘?ﬁﬁ’g‘l 2nd %%er%‘?]txfeé?ylene -t¥pe . 910
to O. 940,pqﬂr3eﬁersatdz;e @:x@]ﬁ@md) 828 guahspotym@bs are referréd téhin

pr esent ' v th S di oI Ie n,yesinis
pr epar ed tb c%’%cg'ara’islureboﬁad éa&mﬁl%%e ﬂéf&” but th%%nd igl nl?%g at

| east on@ng‘%l%dQ# a%%cﬁlgﬁfmﬂgalno Qfhe&he mventhmn;ﬁmkar rthaasuhmtssmg bed

-above in trheangf SRR Of’aﬁtlcularly préfbeAbd AR Yolyerferidd ane
COprOUI’]dS use I n thl S | nvent i on_are, or gan05| I cCon COprOUI’]dS

1&ont ai ni Mgk medium dsRE1kHsat BPAVEEDYLBBE caph®Ve clemeity
~ cheni cal |pbmmméme, and lindse. soweﬁe@;fs:fuyeepdshﬂe Begeler atwshin the

| h f ' h | vol ef i | t dical t
Bovaral Bolyetiylenes axe dqieiihad & thek ol ihrtes Erdieidped e ' °N,
35 off 1GeBY@al afeichyplogy | yTharduBd. or Fadosiléaneagep BBBISL 20,

{/\ge gglolli)g%%é‘gacfﬁfﬂ'lﬁastlcs Encyclopedia 1886-87, Pages 52-63 an§ ]1n

1%herei n dike dingy®loppdia e Bolsmsy dirienge @ng rlecimetogy, R{Qﬂc r ]7 and
Rl err] page eI®present a hydrocarbyl or hydrocarboxyl group containing a
radi cal - pol yITE,fI Zatbelx?m d"osu biaeneb On?gdl nedd tphoelyet%yieetg)er e:éseesnln“ , .as used
in the present specification and the appended claims,
denotes a modified.polyethylene'resin obtained by chemically
20 bonding a silane compound containing aﬁ léast _one
unsaturated group' to a polyethylene-type resin in the
presence of a radical generator, as disclosed, for example,
'in U.S. Pat. No. 4,160,072. | |
. The term "polyethylene resin", as used in the present
25 specification and the appended claims, is meant to inclﬁde
not only homopolymers of ethylene, but also ethylene
copolymers composed of at least 50 mole percent, and
preferably at least 70 mole percent, of an ethylene unit and
a minor proportion of a monomer copolymerizable with
30 ethylene, and blends of - at least 50 percent by weight,
préferably at least 60 percent by weight, of the ethylene
homopolymer or copolymer with anéther compatible polymer.
Examples of monomers copolymerizable with ethy1ene and
other olefins, are vinyl acetate, vinyl chloride, propylene,
35 butene, hexene, acrylic acid and its esters,.énd methacrylic
' acid and its esters. The other polymer that can be blended
with the ethylene homopolymer or copolymer may be any
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10 organi c resi dues capable of being split off by hydrolysis.

In the above fornula, exanples of the hydrocarbyl group cont ai ni ng
-a radi cay (?)QJ g8y i zabl e doubl e bond are vinyl, - al | yéruses/i22is

~ 2-nethyl al but enyl, - cycl ohexenyl, .~ ~cycl opent adi enyl , and
oct adi enyl and exanpl es of the 15 hyr ocar boxyl group containing a
r-adi cal - polynerlzable doubl e bond include allyloxy and 2-net hyl

al | yl oxy. mml&meeXéﬁwp@§lble with nétude:Sofier ekamples of compatible

O these, wi sniqﬁllme_e S ani c
resi dues ca aBYméf bei n &p@oaﬁﬁene ?O%¥bﬁgéggg§§lsﬁélﬁl%ggrgﬁg
groups suchP@sY-c °r°Pﬁ‘%{‘ﬁoxché?1FPtﬂ@F %xyh@%‘up§3§§éﬁlfas
form oxy, polyethygg??g%ngomyvmngmoxwhhoﬁﬂ&eAﬂ(HWBsﬁyﬁéné?butadlene
P%%/USQSII???%Oly%%Efr vinyl o 3cebREe/ eEREYCHRi noCgPBLYReTs or an

exanpl e, aldmjtyhcnmmbrnle/butadlenar ydopaiiywemr oapyisiydh esloeifig)/vanyQo,
ethyl . am'“%égtate copolymer, etc. Especially preferred species are

polypropylene, polybutadiene and styrene/butadiene
copolymer. .
10 Examples of polyethylene resins that can be

advantageously employed in the present 1nventlon are 1ow-
medium-, and hlgh density polyethylenes, an ethylene/v1nyl

acetate copolymer, an ethylene/propylene copolymer,
copolymers of ethylene and methyl or ethyl acrylate, a blend
.15 of polyethylene and polypropylene, a blend of polyethylene

and ethylene/vinyl acetate copolymer, and a blend of
polyethylene and an ethylene/propylene copolymer. Of these,
a medium density polyethylene, low density polyethylene, and
ethylene/propylene copolymers are especially suitable.

20 : Preferably,'the polyethylene resins have a softening
point of less than 130° C. Furthermore, it is preferred
that the polyethylene resin have a melt index of 0.2 to 20,
preferably 0.3 to 6 decigrams per minute, and a density of
0.910 to 0.940, preferably 0.916 to 0.925 grams/cc.

2F _ In the present invention, the silane-modified
polyolefin resin is prepared byjchemically'bonding a silane
compound containing at least one unsaturated group to the
polyolefin resin described above in the presence of a
radical generator. The silane compounds used in this

30 invention are organosilicon compounds containing at least
one unsaturated group capable of being chemically bonded to
the sites of free radicals generated in the polymer chain of

the polyolefin as a result of radical reaction. Several
examples of such compounds are described in U.S. Pat. No.
35 : 4,160,072, and typically include organosilane compounds of

the following formula:

31

SUBSTITUTE SHEET (RULE 26)



5 phenyl amno. O these, the al koxy groups are especially

~ preferred. The silane conmpound preferably contai ns
t hree wo 96/10600 hydrol yzabl e organi c groups. Suitable sipEespshpsagude: 10
- (1, 2- epoxyet hane) ethyltrinethoxy sil.ane - (1, 2- epoxyet hane)
propyl tri met hoxy sil ane -(1, 2-epoxyet hane) ethyltriethoxy silane
"-(1, 2-epoxyet hane) propyltriethoxy silane - (1, 2- epoxyet hane)
et hyl met hyl di met hoxy silane 15 - -Ri1- 2- epoxyet hane)
propyl met hyl di met hoxy si |l ane - (1, 2- epoxyet hane)
et hyl -tris- (et hoxynet hoxy) S|Ia2§§__ si (1 2- epoxyet hane)
propyl -tris-(ethoxynet hoxy) sil o (1 2- epoxyet hane)
ethyltrinmethoxy . silane and the sul fur pnd - nitrogen anal ogues of
g hese specific compounds.  Also 20 suitable are conpounds such
as -(3,4 -epoxycyclohexane) g%hyltrlnethoxy silane and the |iKke.

Vi nyl trinmethoxysilane and vinyltriethoxysilane can be nost
conveni entdereigednea axhewe egareferakey iamly one, of R, R, TR aﬁaun; of the

silane c be varled wi del
accor di ng, “tT ot e&%ﬁ{;q’é’&{dé%@]ta&d@ﬁdrocarbo hGI otk g qptlaég}r{}/g tthe
desi red thpmﬁh‘wbh denhle bond, ark 'r-haciresn maphetsems
ner al | FEUNH: S
e )brg?derilzcbl ab olhétsg oo le of bea'ﬁ%géo%]fp%éo te B’E%dﬁ&g%é and nost

wei ght, pre
pref er ably abdft thesafgve fomP&aabSEFmEéeﬁa‘Pgst% M@ﬁal‘-‘m@r EEWPparts by
wei ght ofedrtaining a raﬂhkéaﬂ.hpbeﬁ)ﬁeﬁ:ﬁ&lable double bond Ag¥aniageously,

R ST S ety oA,  urendfl v SUELSANY ool
and t he siycdpermgshierylin 3md octd‘dartémdL,A araieeﬁdnqﬂs%smldfﬂ gigconpose

P Rat dif ety group 88AERTEEAS SR RoaHOIANERAREr Hitile 21 202°

.33 : bond incjodespldgdoxy and 2-methyl allyloxy Other examples

PCT/ US95/;k218e : - conpound to the polyolefin resin. These radical
generators generally have a half life of 6 m nutes or |ess,
preferably 3 minutes or less, and nost preferably 1 minute or

| ess, at t he nelt-kneading tenperature of the polyolef in resin.

2 Typi cal exargr;# es of such radical generators include, but are
not linmted to, orgahi®c peroxi des such as benzoyl peroxide,

CH2 = C — COOCH?_CH‘_DCHZ— r

CH,;
25 | : .
CHZ = C — COOCH2CH20CH2CH2CH2— ’ and
CHy _ OH
30 . | i :
CHz = C - COOCHzOCHgCHCHgOCHzCI‘bCHz‘—'
Of these, vinyl is most preferred
Examples of the organic res:.dues capable of being
35 split off by hydrolysis include ‘alkoxy groups such as

methoxy, ethoxy or butoxy; acyloxy groups such as formloxy',
acetoxy or propionoxyl; oxime grbu_p_s such as:
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di chl orobenzoyl peroxide, or |auroyl peroxide; organi c

per oxi des such as t-butyl peracetate, t-butyl per.oxy-2-ethyl
hexanoat wo ggr10é00but yl - per oxy isobutyrate, t- butyI peroxy Merusespziignzoat e,
~di cunyl peroxide, 2,5-dinethyl-2,5-di(t-butyl- . : per oxy) ﬁexane, '
2,5-dimethyl-2,5-di(t-butyl - peroxy)hexyne 3, di -t-butyl peroxide,
2, 5-di (per ox benzoat e) hexyl - 3 ‘or 3-

bi s(t - butyl ‘é &epr opyl )beﬁ[%c(é’rﬁi @t corglinds ste®N=C (CH), as
azobi si sobutyronitrile or dinmethyl azodiisobutyrate. 15 Di cunyl

peroxi de is_pres referred In any situation, a
speci fi ed Pgﬁr ebsgte%téfr%% 4RO groups, @reﬁwm]@enﬂlhylupmmmar

t emper at ur argtl wimihot hgroups such ymlaehrym rafimo) S ek tesAat egmr,_ﬁol\/eécrhod B
OE the t WB%S%V,:LI‘ Smino. gi&ewhr CB: t he olefinresinis reacted with
t Re sil ane A ioud FEth Y eSEAPPE, aKfefSRRE Ik i on
Is to prefegygedarri ed out "at about 190[err] ‘C. to 200[err]C., dicunyl

eroxi de, - wh S fe _ 5 sec dsattis-
p The b?ﬂaﬂ@ Sﬁent Ji a@% f‘@?ﬂ)l% ceocr%'aa.ns t@kﬁ & od

tenperature, _is suitable. Ton 13

out at abol¥drsdyaab lﬁeﬁmnlﬁeﬁi’)ﬂ% heﬁmr@kalezasnanes pir¢tuded hal f

life at this terrperature Is suitable. The.. - amount of the radical
nerator is._n | mt artrcul a,r and can be varied over a

\%rsde range é&c%r pr?d‘ye hade) ethyjitrd QXY t%-}3R€ t ype of the pol yol efin

resin used-diL mepoxyethane)arp:wﬁyluﬁlméﬂmxys|§ﬂyme conpound. Al t hough

the radical,,3 t ouI I n an amount sufficient

for (2 %er x%e%&[?{]g %esr red JP@@’O? fication, it should not

be ‘used |n'e{ﬁm@rrte§>°3w@rt anst) EReRYldimiathanossilane ng of t he

pol yol ef i n (resi-peqR N ) TRithy 16RA r@%@;r CGenerally,

thy; H}P"'Qibal frgllanght preferably 0.1

Lts suitable am)unt I's 0.01 to 1.5 part
43 1 part by‘ -GROXyshansy prapy lRethyldimethasey ghitlasie t he pol yol ef i n

resin. - (1, 2-epoxyethane) ethyl tris- (ethoxyn?éhho ) silane VO 96/10600
PCT/ US95/ 122(]182 bondi n@F t he sr I ane corrpound to the
pol yol ef in epoxyleé:gaﬁeearpr& ge FELIRR to be

descri bed -(1,2-epdxyretihanedl eWhyltr:.methoxy s:LE&he Sﬁdn%@ squ\?r and
or, and the. silane conpound

ol yol efin radica
gr eyf ed infa andéﬂ 2 Qlog?\g_ b£° E\kﬁﬁs?h ?%%I:f' I SENRRRIE; s d osed
®Ri | e nel t iskgteipde are coppopadsy | ewehr esisn, -t(3eHeleposdyeryicdaiHexmaidi ng
the silaneethyltrimetHBRMAA 142 i tl'fé)lly%g'yl ene resin. Al l

silanol Vinyl trimethoxysilane and vinyltriethoxysilane can be most
conveniently used in the present invention.
The amount of the silane compound is not critical and'
2K can be varied widely according, for example, to the type of
' polyolefin resin, the desired degree of modification, and
the reaction conditions. Generally, its amount is from
about 0.1 to about 50 parts by weight, preferably about 0.3
to about 30 parts'by weight, and most preferably about 0.5
30 to about 10 parts by weight, per 100 parts by welght ‘of the
polyethylene resin. : _
Advantageously, radical generators used in the heat
activated crosslinking reaction in Method B or the reaction
between the polyoclefin resin and the silane compound in
35 Method A, are those which decompose upon heating and
generate radicals. The radical generator acts as a reaction
initiator at the time of chemically bonding the silane
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condensati on catal ysts which are usually enployed to forma 10
crosslinkage in silane-nodified  polyolefin resins are _
f easi bive ggAoddoe sil anol condensation catalyst in this pcrwsesnzyention.

Exanpl es of the silanol condensation catal yst _ are organonetal lic
conpounds such as organotin conpounds [e.g., esters such as
di butyltin dilaurate, stannous 15 acetate, and stannous octanoate or

st annous COFROPNG o they@olyolefin ragimenFhese; rrdicadr genaratiqus
2- et hyl hgeeahay ¢l ta half 1lfdwaj®td1aﬂaﬁﬁ,esa& ulets%m é?ca%sltffs and

L1 SRRk or egs, AT WY, Srbcen b e nauie o ddty o ¢
bases 20 the meiueknaadamlgyl tiemperabeaxel aafnel;hell lpdIwtarrg fien orre@iim di ne;

d d
5aci ds su aC| 3{'8&9@@}%3&% §uéﬁ ?adlgxfré’&&eféﬁgrg {6 ARk, but ars ..

phosphor i att
aci d andneét yimitad &p, Srgard perm:@dewlaugh as benzoylhgeraxid yst

conpoundg e henetbyAl { Berorhians %raaaa{%oyl PePbXidEsS. orgdificalts of

hi gher carboxylic acids can d, zi n¢
al i phat i @er&m%s eyeh; as t- butyl R%ﬂﬁﬁ&é‘?%' a\’mk?k"—Ydo@ﬁéiqﬁﬁYn@ -ethy 20

car bon i’ihea@nolertfdef Lerépl t-butyl peBoky Lédwt@&fatet ong- bungﬁ efi:l% these
zinc sa i nclude _, 'zinc_stearate C o e,. zinc |adrate,
103nd zinc ate, | dhiamlar ReTRPRRE, | n% ?téé érrgf rdéd(z gse hi gher
car boxyl permnyd hamesams dapebbyii-2¢ 8 -diit(l bumyrlepea:mr)thexyne 3, of
anot her - ;| angl, ¢ 140, 3181 42Up0okPEADONEE) hexyl-3 of Eiﬁ”' T ed

SpeCI es, OI’ exa anotl n -conp tyI tin
di | aur at @mdutb@pttgﬂytlwpemﬁe@t@nﬁowl&hemqnﬁ B3mnd azo giompstds suftle anou

of the ofher a%'&tﬁ%'sdbﬁt%‘ﬁbﬁldﬂlté“e or dimethyT X&oR:iSRYhE A E NI M zed,
and preferabln%l I|mtedc{ 35
15 WO 96/ 10 Y peroxide lS presently most prequ@q%95/ 12218

more than 5 parceahybasiarhamidmhe hotspem:gird Gr‘adtlla:almgeﬂerator ig sil anol

cat al yst ‘selected  depe nd}r}x%g % hq:e (ﬁe%@uxg %nsa anethbel yst- can

be ~varied acco y pe an anbunt. o
conpound piofdefin oresire ispueaceed pol MethodnB prsiche temperatmﬁeral I y,

T e el G ekl 5 emccag W Lpelglegl ) 0
20nej ght, FEmPRYRD AT g/Ied:)hod A. For&xamplst thers %é’.ﬁiﬁﬁﬁﬂqud-sp@%/ol efin

resin. 1le carried ou/&nathabouarnsorcn 06 M0 hawl, B dicwasfi @%ﬁd@onbl ni ng
a polyol Efl nhre%aé % pqi & ecalofcro%scldtnkllr%g 2 ec::rclatnds dat this
temperature, is suitable. When the reaction is to be
carried -out at about 150°C., benzoyl peroxide, having a
25 preferred half life at this temperature, is suitable. The
amount of the radical generator is not limited in
particular, and can be varied over a wide range according, .
for example, to the type of the polyolefin resin used or the
amount of the silane compound. Although the radical
30 generator .should be used in an amount sufficient for
' performing the desired degree of modification, it should not
be used in amounts such that the ordinary crosslinking of
the polyolefin resin becomes a  main reactien mechanism.
. .Generally, its suitable amount is 0.01 to 1.5 parts by
35 weight, preferably 0.1 to 1 part by weight, per 100 'part's by

weight of the polyolefin resin.
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a catalyst. The blend is nelted in the extruder and m xed wth a
bl ow ng agent into a nolten adm xture, extruded under pressure and
.- cut. i nt owbesdeseoconveyed t hrough a photo- 15 . crossl irdu/vsysnagpar at us
to produce crosslinking of the f oamabl e polyol efin beads, then
conveyed into an apparatus’ - to adjust the tenperature of the
crosslinked foanmabl e ) pol yol efin beads to a suitable and effective
f oani ng Thee RASIGNE ©f ahBef ShdANE SPIUTY thetbropsilvileafin
foamabl e 2@esin caRObyobekirBrheadeaka 13 F9Nenel redMya RIEL IR A1 | |
cause them.t o expand and form foam beads. O course,
t he above BSF?ﬁBrg ﬁ’tloned can be used as non-cr ossl i nked
pol yners. Any Fotrherexwmmple 0ssthakegodyolefin r@ﬁmsl | sked theyiyl astic
pel ynmer th ' d r.esent veniion to
rrgke a nol §E5’{8§a%%§mgha €A8 Sf1aRe com%?&gsnﬁfgoén fc;%%? ik & r}ﬁ&l%ﬁﬁ'efi ns.
Bl owi ng agénds theedradicab geperatoro immMgeompesed hehile meltlng the
t her mopl as f ad or,

bl yeehyTene B 112 €ndienp dmn{:)ea&q%ﬁ%n%:rn% £t agen:t

conpounds Or fm xtures thereof. Sone’ of hat
can be use§CHPOUWCst ckCbheltdt® PRé¥Bthylene  regimi ng agRhls Iﬁls]taéwlare

exarrplt es at@@narefhsractﬁdi%iaatauq;é&% which are Qﬁiﬁlfllﬂ}ecénﬂﬂd}*éa NP S
venti on 0 Oon e oM ng
:&ﬁong the & ﬁé"r#‘zﬂ G estht ha?lmeﬁgoghggﬁgedpﬁﬁyﬂi§§1n resdns s & ory

results aréelajsmbd@enasargha sbbanoindcdmdensation catalystadihtithis
oot o) LR B°T ARHPAUNGE, The DB HERE condensatli®n® BRI PIES ! ©

mat eri al . ort ant

36 are mwm@g@bllc compounds such as organotin compounds
PCT/US95/1321% ., esters !46S8 & tﬁﬁb{lﬁﬁﬂéﬂ d%“ %Tfa‘(:"es Of THiane and
et hane, which are used as refrigefa siml ar purposes

~dfch  as acetateJﬁPéhFBPBPPHérBﬁ’é?ﬁ%EFCP{: qtaa}nnous “caprylatek, Head r o
di f | u eapmtHematde,h Aidc ecépﬁzfa@e irdn) 25ethy1hedda9iaastré>t &obalt

o oot hae (G4 g st tani piEr Lt gchlar e ane (GiC2).
trifl uoroetdmmmundd—l(a:@ 123t rabutydhltdrtariate, Z:etraﬁ';on}Zl titanate or
et | o A e s tpdpropy), s4anand) dfgenic bases
@9C- 134a) suchl- @lscnpbyéamlnsnofhwlmm»e @&b]:tylambpe or- pyrldlne.
2 L, e e SR el e wcid
the like, )ﬁ'!ﬂ%‘*r"es a&‘ld&nyaﬂ% SRERYr e36id Fhe @bBve. Stearic acid,
llnolelc acid and octylic acid), and their metal salts.
These catalyst compounds can be used either alone or as
2F - mixtures. Zinc salts of higher carboxylic acids can be
used, such as zinc salts of aliphatic or alicyclic
carboxylic acids containing 8 to 20 carbon atoms, preferably
8 to 17 carbon atoms. Examples of these zinc salts include
zinc stearate, =zinc octanocate, =zinc laurate, and zinc
30 naphthenat:e, with zinc stearate preferred. These higher
' cafboxyl_ic acid zinc salts may be mixed with a minor amount
of another silanol condensation catalyst of the above-
exemplified species, for example, organotin compounds, such
as dibutyltin dilaurate, dibutyltin maleate or dibutyltin
35 ~diacetate. The amount of the other silanol catalyst in the
mixture should be minimized, and preferably limited to not
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15 O her normal |y gaseous conpounds t hat maiy be enpl oyed

are acetyl ene, ammoni a, butadi ene, butane, butene, carbon di oxi de,

" nitrousy@¥éseioo cycl opropane, di net hyl am ne, 2-2- PCHUSRY/2¥i8 propane,
et hane, ethyl ene, isobutane, isobutylene, met hane,

- mononet hyl am ne, pr opane, propyl ene and 20 trinmet hyl am ne and
the like, and m xtures of any_two or nore of the above bl ow ng
agents. more than 5 PRFqceBF bRsegk oo itatal mgightalof athei misaded to
be sil8AblaegdaM/ERi N the ter m "normal | y gaseous, expanding
medi uni’ - as used herein. This %e tend d to pean that 25 t he
expandi ng nedi TheefPPYHEICF st g%% h%o‘t" %ﬁe’g{.apegatalyst cangkest i ng

under thevapieal apeseding mndtheorwpﬁ andl aanbint of the extilsder.

so, when_r nc de _to t I nt of a_nornally
gdaseous ‘Sgﬂgnﬁ eb c?Jérn@or t_toa ggg |nt"£) %‘Lﬁe& polygledin. BRB&RNd in an
_extrusi onGelyeralibY; |xt$ sameunds 3bs at leassr sabodtt HhtQl wipares hby :

material §o§&Rpduc é&@aws 8l1 to 20 pd NQYTB);e PPRE at | t ratures
of the ext?% er, f\!?r be ° In e‘t’ljt er aseo%s or Ildci;%i dﬁgtggte at

nay
the tenpePEeGeEaliy 0.5 to 10, paxhfe byt WRLIGRE) t He¥r | WOPOMAKEE i BYO t he
extrﬁSl3 gnwelght of ltﬁél Isglcﬂaﬁe hbgih.ﬁlédvﬁﬂg.?GQtéﬁi?t 2e8ARl, 0y bl owi Ing Sgents
I C I qulLds | 0 I AL O e extrusion ¢ |, naer
Wecauso it is BROFBEr RaSiARIER pBLIEEHGTCE Lhrarhipved bY' onbiniAg
37 a polyoV€r 96/ #€60N0, a photo-chemical crosslinking agent, and
ey % 478k Rayer,  the MIRHINE LD M%end "B ilads L84 HRRLY 2 025

under t"pressure "an €S of
li qui ds wHith AEyleeingapeRt Hinda ﬁgm@@,eﬁpsadmxture.. mstuuéedyundear bons, ﬂ

such as 'ﬁ?@ggﬁﬁge,arp&mc%'ﬁe iReXalpady, COHVE?QHa%r&EghOC&ta Roto-
unsat ur at'ed Xdrocar ons, such as pent ene nmet hyl. pent ene,

1Pexene or CPREFGLBEANEst 8PPATatus tor ;prp@HEe eFﬁ@ﬁ 1§{iéﬁ9as°§| etEh$
et her; al ﬁeaﬁbblesmhya&efm beadsrretdlfemlca{vea,téwrmto keh oapparstaB as

acetone o one halo ydrpocarpons, such
as car bon gyusr’te?]?%chq %ﬁp%lratuezt orof ?‘ g gl chP3rs g '
met hyl enepolyolefxnchbeadde tor 4, 1sgkitabtéal oandl, efﬁectﬁrt'uofoemhage

- Gther Dbl opg geeaeu&% thak aaaﬁ Uéﬁ%i‘ﬁn hEthSPb&QiJ.nked fgamabw ng
agents t hat eco ose at e evate te eratur es

2@ases. PW}E@éeflﬂl berdg to agane © Q‘Rﬁru@é'esfgre thata!’éélcﬁﬁbﬁﬁam de,
- p-tol uenegpemskebf g&g,gnd abrdFezimd®oam beads. dinit rosopent anet hyl ene,

E;éﬁ;{gz gruifgggcgﬁg%%;g% gtgbovg polymers mentlongglcéng%gsgggdvarlOus
non-crosslinked polymers. Any other non-crossllnked or

_ crosslinked thermoplastic polymer that is foamable can be
25 used in the present invention to make a moldable foam bead,
including non-crosslinked polyolefins.

Blowing agents used in the process to manufacture the
thermoplastic polymer foam beads are normally gaseous
‘elements, compounds or mixtures thereof. Some of the

30 blowing agents that can be used are listed below. These
' blow1ng agents listed are examples and are not meant to be
construed as limiting this invention to only the blowing

agent mentioned.

Among the elemental gases that may be employed with

35 satisfactory results are nitrogen, argon, neon, and helium.
In addition, normally gaseous organic compounds may be used
to expand plastic material. Among the most important of
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alum num tri hydrate, sodi um borohydrate and the |ike. Bl owi ng
agents are usually incorporated in anounts from 20 . about 0.05 to

about 55ypR%a6600 by wei ght based on the pol ynmer agoirosysinenel ude a
‘conbi nation of two or nore:of the af orenenti oned bl owi ng agents or
the Iike or any other suitabl e conpound and shoul d not be
construed as limted b the bl ow ng agents |isted. O her
ingredi ent $hesa caras tﬁs haloggn | fersvagavesxicfarmethame | angt iethapest s,
flane retardgilh are used aMli Le¥esgePHBLBAdRN AELNEIMiNWRY iGaSsed PaNi ng

ai ds, col oring agents deterioration inhibitor and the like
may also SRShres&ft Tin [53? ﬁ’e‘?ofg]e’tmrom ﬂ&tﬂ cs t}

conpositiogsi efh lh@r:fmpldastt IfCl nob yiTes m reesi hsa nue:h( aF 80-12) ,

p%ld?/?: \e/]e!sn:ﬂ'é M&hé Eogoét aftl ubl d reg te?‘g tat | v(eérbOIC 11 4san‘pl es

of such conpdsftl ane mrcetsett froatdnh i oheOpeet/lh)asnw (CFC-1mm@doned

patents, t@gmfmﬂ@t\t&%?ﬁmnﬁr oratadgichiore 4erein by,

reference e conposi |ons of thernoplastic polyrrers
such trifluorerthanrg i ns (BFFFhé?ﬁ)aopol%frFﬂ?]sor%‘t%w ng2agent® and2
agd'tlves térfhfludtadihaney cemtrelizagents.i, antistatpe 2,  2,-

3 96/ 10600 .
P/ usos/ 1metam°r°etha%9getﬁ%€cﬂ%—‘r?e' et #rdant 2 agert S atierRetiRRe are
vel | known (HFC-134a) n 1,he dirdhland 1a monpfdseicsthanes HOFE-ak 190Gh1, -

composi tiong) ooy o 13 SELOLOLLIAAD ESPIEIUShY BNk PgS-RRLRRRE the

t eachi ngs of I'ncor por ate ern b{ ref'erénct
Stablllty cUifCol52@kntethyk chlonidy, aueehyiconemide, methylpchieréden

foams a&gf ﬁ?é 180! aé’ﬁd ”rﬂ:.x@tfxreé hgt &R¢Mwo or more BALELE! ¥p6pALT O
or

agents SUIt use in the present i nvention include_the
pertial esters o@th%ﬁgn@h'@ﬁnli'aﬂta?eous compoynidss thath TRy o seweie¥ehed in |

U S Pat. Ngre3 a@éﬁy@%ﬂe asamkbnia, buehdiasiehi @ﬂﬁranﬂ KyduttehdescatBbhy
acid am des_and, ester of hi erlsgftt%aflds sucg gs
those describedt ﬁ' itFous \@th‘?t%becgf: SProPg! & 053
Typical ly, &imbthyl propantabethagmecoathplengenisohutarnepl m;ehlutylaneam)unt

150" cTgkeaBE Che BrinativighBIS) | kAR PO BIOBALTORCAAR, 1°

i sERR ¢
agent s are toiwethyladdse and hhﬁehlkm oamqhgnlxtures ofh@nyolt#o Ar mMEZEn

prior Et EHSI gﬁovgublot,gﬁgsgbggﬁgs _ described herein is not

Ilmtedtot antistatic agentsmclude
but are not Ii m%él 08, thehgfggementlopgﬂi BAtRgLiadsi 8xec 1nkepdetattsPeuch

as al kyl sukfBtgsedal ¥ikhin the term "normally gaseous, expanding
medium" as used herein. This term is intended to mean that

28 the expanding medium employed is a gas at the temperatures
existing under the normal operating conditions of a plastic_'
extruder. Alsc, when reference is made to the introduction
of a normally gaseous, expanding medium or.a gas into a

- plastic compound in an extrusion cylinder, it is to be

30 understood that, while the material introduced is a gas at
the normal operating temperatures of the extruder, it may be
in either gaseous or liquid state at the temperature and
pressure at which it is introduced into the extrusion
cylinder. It is advantageous to employ blowing agents which

35 are liquids when introduced into the extrusion cylinder
. because it is easier to pump a liquid under constant
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sul fonates, al kyl benzene sul fonates, sulfosuccinates, and esters

of allphatlc al cohol s and. phosphoric acid and " phosphates; cationic
" surf agyg9é/seepe'Ch as prinmary amne salts, secopgpipdos/Biigne salts,
“tertiary amne salts, 25 guat er nary annnnlunlconpounds and pyrldlne
derivatives, and . noni oni ¢ surfactants such as al kyl ene oxi de
adduct s of - ali phatic al cohols, alkylene oxide adducts of a fatty
acid, = Pressurg| lgAdn¥odMee BHANCLEE ofisal kYl phepply arad gllsy| undeht hol
aIkylenecgﬁgggngdgygg§u9é #REYP¥UGaIe . al cohol s, al kyl ene 30 - oxi de
adduct s of aI| hat ﬂﬁ% qﬁg al.i phatic §p1des pol yet hyl ene
gl ycol, and bF _RP %ﬁon% MAYe e used as bleyipg aggRys

polypropyhenede gyﬂrobarbohbnlenbh-am(ﬂﬁdpentane, péﬂ&iﬁ@}aﬁéﬁaﬁé9h as

nono an rs_of eth et hers an

spolyoxyg?%éféég a?gylgg%ﬁgéysupﬁ %%I§ﬁ§d§5hyé} é/ SRy et BYF OI'kéne""‘ﬁlky
phenol epﬁ@tesﬁlfaﬁemeahﬁlsupeabbae,ashexene orzupetmmﬁmmmrlessarfactants
such as f+5¥£18ﬁ§aeéﬁhéfg such as di@%ﬂ?fqéﬁﬂgrde£i¥3ﬁbygs sughhgé

suitabl e antistatic age
VIO 96/ 10B8phanol or ethanol " ketones, such as pEgetsnsg/ PZZl@ethyl

maybe knewhybykébese;skibl ﬁd et ed th dr@l%.z‘lfoﬁ@r%&fh as carboﬁhese or

ot her anti st at agents are ed in ant i to 10
10parts, p?%?ﬁ?%%i?rggﬁ'té’ ,'pe?aa pﬁé%lorlde, oWeEBY}%P%fln.
- If the achlstidfiec agebjlj3- aﬂﬂeﬂlbnoa152 2- trlsMEbkeétﬂuﬁatlty, little or
no effect of V, t C perti of, t he | yol ef
"n Tesin compQERer piowin agense thaf ¢dhHhe WBLSPHES ' Bhe cinimiehY,

gr eat er plewingyagknts that dwwisstatl elayated TanpsAtwEs sdnce not'
only is. if'ﬁerate %ggégessalm{ésté/ of btlge,lﬁgnposh%éggﬁadveiﬁgﬂdgtfeCt ed,

but 10 .also - mechani cal _ propert conposi tion
15deter|or%¥@§lﬁﬁﬁﬁﬂﬁﬁmﬁ €he adRa&Pdiiedte dustSwhicRYEt onbydrazide, the

surface @inﬁtﬁbﬁ@pdntﬁﬁeﬂhﬁlén?l erﬁﬂidt?ui'@s bbﬁgﬁldﬁdﬂuﬁfbie@rbonate and
‘antistatic ent ecau of _the_l ncrease grascopicit
nany ant?%?ﬁ? %ﬁﬁ§ﬁ gy%g%% variousp ydrate (ﬁ%ﬂm %V&g ar®

generalIglumﬂadmandlhydedte, sodiumihbnohyéraherandlahE|&1herner such as
pol yol ef i n resi A, - Hrd Q) d i bed is
Bl8wing a%Fn$§)d éﬁﬁé&!ﬁ Q%, %88§ﬁﬁs EES@ |

not limted ame retar dant
20 addi t i veabput| M%al‘—@ge#b%t §|5n|R§r©$@'énth bWGWh@ dmﬁ@@ on thehlorine

conpoundﬁopyﬁéﬁraﬁaycsﬁniﬁtmag at cbﬁsﬁaé.@oﬁeéfeeﬁo or more 8Y ¥géght of
brom ne ‘or. chl orine. Eﬁqﬂ able co und is chl oroparaffin.

Exarrpl esaS‘PrFﬁ%nEFQFﬁfir i) nége ou‘PPéIs the 1like Q| gy other
1, 2,5, 6, Suifabisabompouydl anddehentd not be construed as limited by

the blowing agents listed. Other ingredients, such as
25 fillers, antioxidants, antistatic agents, flame retardant
additives, nucleation agents; lubricants, foaming aids,
coloring agents, and deterioration inhibitors and the like
may also be present in the polymer gel. Foamable -
compositions of thermoplastic polymer resins such as
30 polyolefins or their copolymers, blowing agents, and
' additives are well known in the art, and representative
samples of such ccmpositions are set forth in the previously
mentioned patents; the teachings of which are incorporated
hereln by reference. _ '
35 ' - Foamable compositions of thermoplastlc polymers, such

as polyolefins or their copolymers, blowing agents and
additives, e.g., stability control agents, antistatic
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t et r abr onodi benzyl acet one; pent abr onophenyl al | yl et her; 25
pent abr onononochl or ocycl ohexane; 1,1,2,3,4,4, - '

hexabr onwbweatso2, 2, 5-bis (tribronmonethyl) -1,2,3-thi adreaobsesiiz2is
2,4,6-tris(tribronoethyl)-1,3,5-triazi ne;tetra-bronoet hane; .
bronot ri chl or onet hane; 1,2,5, 6-tetrabronohexane; -
hexabr omobenzene; pent abronmophenol ; pent abr onodi phenyl et her; 30

tris-(di br 3SRy HaFFRIRTEant agaRtEmROR (tifeddd@vamge well known

oct abr onodijphehel art,0¥hdea repredeftifiPéEMRPEAVE such compositions
decabr onodi,phen L_ox.de' bis (tri.bronopheno g') et hyl ene;, and

br omonapht A& e.ﬁé. J“rﬂ’églé artd rPFFQFrEuﬁE ar‘aﬁﬂgé"ﬁﬁg patents, oftke used
i n admi xt uteashimgentdfmwhidlr iape dmaorpotatedyhéfein by Pefépxhde.to
ogtain a synergigti ff.ec ; The | di of .t hes .

t Rer mopl asti ¢ posﬁ" ;Arfbé'rﬁbéégdéo%%ﬁo%e agents ar%ef’g%imﬁégg’i.na%‘i?/grgf’ Y The
beads can Pelyvsedafim rfigams to prevent collapsing of the foidn.

WO 96/ 1060@tability control agents suitable foP slésgﬂxl 8
with at | egst one r?ovabl ﬁgii@deg\l\hi ch can acorrpr essC&e be_ad?lzé presG"I'ltwhere

they are sdBV&tePn o18C $8§ Rarkigh gsters of lopgesbainzefpttyeam
S L SISyt i 12 U SIS 0 VO
ened eng it W use , Wi sel f, e, conpressi bl e
1 (val | SFLK asigieF @Al amines, £365y, SMIdRs AR CIRISR R,
causi ng t hedm=ats ¢6 thiggher fatty aardst oswchf asmtloddedabapebeli tie
nol d. Lng a;sSiem | od ds e pliaced in a
cont ai ner g(itfgearﬁet%yfhg'holuzsdn %'rlsaﬁégbn%é%ggr'B_lgg'lg%lcgﬂﬁ'r’es%%?]?zed
Wi th a comst@dxidd tjascortedl aagents aresemglowed in an amawitumeangindge

beads 10 dggifastoour Jhe beadboul ad fdrts per hunbbaASkGER din {hls

conpressed state to the no ich is al so pressurize

he o) d, . whi
deneral |y t“f?é-gggrré’%r'%lé%bﬁjee.fq’hep r employedeont aj ni ng t hese conpressed

pol yol ef i n beadritsi sl D508 afehtkd are norindi18¢t addwdt AnlrReREs | Z8€o Stgam t o
‘heat the bea(is tloé.he , tenperature where th olLyqQlefin will fuse.
The pressum®i¥Pielin  resin, BEIGEf b t ﬁ@tﬁﬂls&"&nd%ﬂ"l%e B:gﬁjs PERESPAnded

back to  describeddieresiquiils moitubinditedetoAsht bemétibdl e Memfislee-erpand,

t hey fuse i r ' % it i d..sp Wi t.hi.n. 20
I n anot her %%%omﬁ%tggt hgﬁe'(%llrﬂaésh- ?Dll#lo glr;%t f}rgcgt 1iHited? BRads*WF e
#ed to filfoldowing: EEPrichpussastants susd as alkyl swlfiangsspablglas by

movenent ofsatrdaasds ONg1al | nehzbAR sulfonate®) %ul%tﬁ&q{gr%egs ) ni:g&néed

‘at a suitable pressure for"a . time sufficient. to soften &
fuse the b TS af odihiBhatic  ieoholss FRMgiPRPSBRGM AbARFLIG t3nd0
psi g can behiashatel; cationii riiifetddmys tistieh r aByi PPihaLy admikel tO
15 ceconds sairs,  selBRAaky CWA NOifbNVoLeal:and SLANPT osstis, the
beads d
2F quaternary ammonium compounds and pyridine derivatives, and
nonionic surfactants such as alkylene  oxide adducts of
aliphatic alcohols, alkylene oxide adducts of a fatty acid,
alkylene oxide adducts of alkylphenocl and alkyl naphthol,
alkylene oxide adducts of polyhydric alcohols, alkylene
30 oxide adducts of aliphatic amines and aliphatic amides,
polyethylene glycol, and blgck'cbpolymers of polyethylene
glycol and - polypropylene glycol. Nonionic-anionic
surfactants such as mono and diesters of polyoxyethylene
alkyl ethers and polyoxyethylene alkyl ether sulfates and
35 polyoxyethylene alkyl phenol ether sulfates are suitable, as
are amphoteric surfactants such as alkyl betaene and

imidazoline derivatives. Other suitable antistatic agents
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are nolded into a fused foam object in the desired shape. The'tjse

of steamin these nolding nethods facilitates the 30 fusing of the

" f oam bwad®10600 - Once the nol ded objects are r conedsAzzgn t he nol d
and cool ed, their properties can optionally be inproved by '
annealing, i.e., heating in an oven for an effective period of
tinme at an eff tlvete ratur Lﬂqéabiliﬁethe S|ze 35 and shape
of the niEd X sPY ﬁ@?alq??‘ tHerBhRa8Tt.  One @greAoFRr idfkage of

t he nol detepay ox; dﬂlre:palrtt&smddlcﬁmrd:s are added iightd Yyudhding, ameal i ng
SO as to st t
41 BY US 10 pAAL, PPLEBADYy 02 w0 3 SPRETSe RBEE 3@ parts
WO 96/ 10@@0 polyolefin. If the antlstat:l.c agepRCT/1s8084882A18in a
size and th SaFe t d hggd of the
> shiddigr V‘%hhﬁti‘&g rgl'ngl ng flrog'rsnlg out 100% errf] eﬂ@bé&nng‘ th ¥bout 200
] the

nol ded foam Te ature

F., pref 8n&sisfE aﬁrl&nmrtl’éﬁﬁ ef ohgbirr rpsin, compositiagan be
‘used. D%B.@indié”'gabmméche tm@t@meysradnandat B‘Q'eﬁter quan%'IQ‘j'rmofo
anneal i n % uired, annealing tinmes r%&%@gi i bouyt to about
48 hours her SULRIRF T ATERbut 4 URGe e 'since L BBt E, 1§ar\'-

enpl oyedprocessablllty ot gthet cmhpmma:g@mfad\ke:ss@lpwﬁeéaédt, héut

.' OTSnUf act lérJ‘cr ossF keﬁpo@féﬂ'n gg?rﬁ%@a sstICl s()lty %%@P%E%%IV puch as

avai | abl detﬁ;WCrfﬁi:teé‘ mcsau%encpf rehat adbesion| apl éusanand dirt onto
. i nexpensicyg %ﬂ'ﬂf&'&nbfaéeslﬁgé&zf@s:m dfcibie &@ép@&tbleéﬂlng of the SMall

crosslinked po yol efin foam facil # e se up at the
.ol di ng &nEds E)qeéltlfnPﬁa]P?ﬁ@uFﬁe° !é}pcggqrqﬁseghygrosc%%yng the
bul ki ng biamab@a@mtlslﬁwﬂwramt age i s that t he nol der need
manuf acture o eri a sent |

15 equired, eli % galng Saltlves are %?%?ﬁggi%r%cg% ‘?5%1{ d?/eqw red

for the smndrcagehef tlhanrgeplastlc po]:mhekrshspnhnta: pokycbefiin mesin
manuf act y; ez (thh%ob‘éﬁQ?uE?.ohhebaQ the proé@gg'z% iﬁ’é@ sr Gyt rl?t%llt%%

needed, densi ty,
Thi's pro¢esstbdss method.  Exampdgs r oft h%uh‘éébbﬁ aﬁ-aemﬁ odlesacdanse

pressur eard%q%tl%s’ Oinclude haldd&i‘x nesKt AChihE @rdﬂ?h@.ablb:@otﬁﬁé!ma‘?fd ns, nor

does It U&_ﬁl m ounds % % ggl ng ﬁr eisurl Zi ngjcésﬂte%eg p'egpart

20ax pandabid “tn(? SHmp PRELEERRsY CFRFEIBLBIRS e the

use of aﬂy gleight of bromiregwyrr a:dﬂa:trm Souaceulibablée cemp&ahankuswg The

gg%;legt gﬁ:[hloroparaff:" S x'a'?nlgln ty %lft%hogctefter%e%e%%%mvfrﬂel c%?npré%rn s
include: 1,2,5,6,9,10-hexabromocyclododecane;
tetrabromodibenzylacetone; pentabromophenylallylether;

25 p-entabromom.o_nochl-orocycl_o_hexane; 1,1,2,3,4,4,
hexabromobutene-2,2,5-bis(tribromomethyl) -1, 2, 3-thiadrazol;
2,4,6-tris(tribromoethyl) -1,3,5-triazine;tetra-bromoethane;
bromotrichloromethane; ‘1,2,5,6- tetrébromohexane_ ;
hexabromobenzene; pentabromophenol ; pentabromodiphenylether;

30 tris-~ (dibromopropyl) -phosphate; octabromocyclohexadecane;
octabromodiphenol oxide; 2,4,6-tribromophenol;
decabromodiphenyloxide; bis (tiribrcmophenoxy) ethylene; and
bromonaphthalene. These and other £flame retardants are
often used in admixture with antimony trioxide or antimony

35 pentoxide to obtain a synergistic effect. -

The molding of these thermoplastic polyme'r beads can be
performed in several ways. The beads can be fed to a mold
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uéing a heat activated crosslinking agent in the polyolefin. or

silane crosslinkages as the crosslinking sites are well 30 di spersed
t hr oughouWOtH6H0698| yol efin in the extruder while, o Pé1iBsds)iSa¢se of
radi ation crosslinking, the effect tends to ' penetrate just
slightly bel ow the surface and not throughout o t he whol e foam

particle. JThe,use of _high_ener adi ation, | such as el ectron
beans or X- ‘rﬂggg : ggl g'gatséqﬁpfeglo%?:’ﬁ'éi gids which cepf eoynpreasatheo e ddy be
observed, wWhelrenakéeyt heseneshbdected to @f &e@ss! izpki :

di sadvant aggg sgl&y&%z such  as

WS curi | :
SUBSTI TUTE HEE%‘.‘E ROCE pejteam- once \\nthg 1 Jgrrmoplastic  polymer
PCT/ US95/ 1299@Prising the beadsThis esofudned euicugll Xy pecwii i e
Qd by Tirst

shods of When i est. ‘he understo
et orring “heh itself, PRESEordySIOVR] WA Rl Temoa rares 10

_ to FIG:- 1,
known to CPBIPFﬁésp'rQ%ﬁ Bgads tpgetheruderusdnga tiee riséad? egquifppad 5
with a centand poi senfokmovopereaghapd of LReCRHAGICE 16 equi pped
t he ) extruder to

with a hopper 18] rovi ded.at " one end_ of

facilitate int roaégflgona prM?EFi a{?%tel?‘?ﬁo the beads angipdagefll dm a

passage. Theonbaineri sadpaecent | ytdeailesl dI@ and thi%ewegﬁﬂﬁﬁ%%r ig .
and the ol t&n

ficient ' : | ' truded, 10 = |
Zﬁrhggte 2 |%P ?%%%éggﬂr'%ﬁr%ﬁéoﬁﬁ*%?g fé%ﬁfe such as pixgagauBjngeshe of a

Lfedscrew (Zagl}llﬁ:i rii.fgcfiihGlnébeadSZZtcbsde:c_retase. pr ovhdebds | '&tﬁ]eOdEﬁleﬂgl a
oW ng ageffah8iOrté8 HR! tEAs - e € paLre -
terminates in a die 24 which defg}n%rﬁesssgmesqf%e to tré%a’b%l%r vBiahofst he
extrudate. 2-¥NePHPSABFEZEGoFPngenerally ties Sages Pfesgwrd! OViHedmbagt he
vicinity ofcomeaiihingethése compresBavi Rpe13d1eFi8l vy OU %et. A
s t abl e f|ﬂfecg\@acai;:ﬁ e rqefe?g’b?% i it ai ned'*a;’tsoaé P2E2t 8P ned
tenperature, 1s ;?fsességd‘r&ﬁ?ﬁ nSotRMNy tohhaah the bedldsngpashages
to cool theemperatureupiheare tihe wod yesdfefim iwilils fesler Udede p;gggs{lggdg%r ew
forces = releasdd©s¢8Rl E_nq# L xture through_an inlet” passage an
into the dig, where lt,exfc?ls t %f%ig}lgri _eceb?ﬁ#%srﬁ'ﬁﬁﬁpded back to
FIGS. 2 and-®P¥hotTvhbikkivndeelunes sdist abiec fuwiblee beads re-edbhhd,
net hods A- Gipdy theser Bsed tond 5ditd Q} quuder 250 dies are
sjqrilar in rrosteiﬁsgectg to that S%ﬁ\/\%ﬂ?ﬁé‘%gﬁ{lﬁ‘ﬂ vold spage Within;p
dddition to a cetltraROpPeFaPFthosw dmawrelag2the "crush- filld rexhetied, di es
of FIGS. 2iaie avet hmedroyi 48diWid mdld, then cSRSLELELY filQY channel
?’4 whi ch C%P&ﬁ?&“@ﬂé‘é&a% by movement of at least one wall .of the
mold, and steam is injected at a suitable pressure for a
time sufficient to soften and fuse the beads. , Steam
25 pressures ranging £from about 5 to 60 pPsig can be used and
maintained for times ranging from about 1 to 15§ seconds.
Upon release of both physical and steam pressure, the beads
are _molded into a fused foam object in the desired shape.
The. use of steam in these molding methods " facilitates the
30 fusing of the foam beads.

Once the molded objects_ are removed from the mold. and

cooled, their properties can optionally be improved b}}
annealing, i.e., heating in an oven for an effective period

of time at an effective temperature to stabilize the size

35 and shape of the molded objects. Generally, if there has
been shrinkage of the molded parts, the parts will expand

slightly during annealing so as to restore the part’s proper
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10

secondary material capable of flowng at the normal 30 extrusion

tenperatures of the thernoplastic. Such secondary mat eri al s have
been wevé/mesd y di scussed and may incl ude any POHUSYS13218t hat can
enhance the properties of the extrudate. One exanpl e. of such a
material is "Aero-Cel", which has excel l ent insulation

properties. 35 .The thernopl astic and secondary material are cut
and ‘size angAhaps ntPif e v saw Yo oeiuging Kihe densitner
cutting deae d1dEE fpaimt TempBirabuikbe +AREIREG! AB6hCaBHE: 100° to

3\% 96/'1(5’(‘%‘0‘“—' 200° F., preferably fr%%sa-go-l;;l{“':m%ﬁ%}q%gq 516 B F..
secondarcameber uatdreeDepending apad tie aténpeeatudesused and the

result. jthus.. igeF . L he. L a nat-eral. nmeet
at the die Ol’tf fﬁeé%eéﬁé{lg fﬁ@ig?g'cg%?§§3992E¥ﬁ§% qanaémg f%?% passi ng
t hr ough abfute (R tihPhAkhsA 8 Py Brefruakdyr fxom about theplakaut and

secondaryy reeFd 2l carebe dmpIGyéd! er change , 42 within the primary
fl ow channel where they are conbin “hef ore passing through the

ed ., o b
cutting neand® great advantage, pf) g‘l’r@dpﬁ°ic§sr?s§d’,r the N3 Gfrue ed
pol yol efédfh aildable thermipdlagttical pedyweth Sosmotbesdsecessehy £ desired

additive 10 .. are..dr .end and_ then conveyed to the ho , Where
They | erosslinea SERadiat et IRdaR i, CORVANES: | Somied ORI 0GB

i s used,atdiclagiwleg ol eivn rwateriaadscheandal relesdiviedli ngsimple andigent,

al ong w r : y desis ddi t k4e, e are dry

bl ended SRiRTaire | SEOIRREALY Se EEiNfcoRCCl Lk enis pespectid

ext r udersmakle erepskinked cpehyoiefinnfesadbead facility magh henesesii mary @

- flow chagele BheRNAitlg aitesdeae@dby eliminatinferBEtH g bt i pped

15

20

25

30

35

wi th heating neans sq that, th | en s being pushed through
the pri rﬂ?ﬁpﬂ*ﬁv%ﬁ?ﬁﬂqﬂs Foam beads e ‘Fé%ﬁ’%’i: angagR iR melt. At
a certaithgoimdlddongedd manufatbererichly fEsowmabanneitetdgl plisstic
conponen f the .l e fuldy J ed. at, which point the
bl owi ng .“SiogLe‘%tné as presl%nt'l.% e%&%ﬁ%’ t;}gel%Tler%A '1ng TraFeh? es]lC i tivel
bl owi ng storage aregentymdeseiiyr cdgiined ifaouthe sterdges dfi Iiargmnveyed

t hrough f,e el s UntiHe mb1uRaChey hBBUBQLBLYa!l MO Kdadd &5 the s
ext ruded. o ] FI 4 shows schematically the general outlay of
t he specificatimm®n HRAULFedt nBft BFFIPSr us SHSBd @St h 1@MHod LA C of

the preserdss IBOin®). dendhieyexicolder, ietRqui PRed prbbeds does not
: require the use of an autoclave-type pressure reactor for

the manufacture of moldable polyolefins, nor does it utilize
a pre-molding pressurizing step to impart expandability to
the beads. This process does not require the ﬁse of a high-
energy radiation source for the crosslinking. The degree of
crosslinking throughout the beads will be more consistent
using a heat activated crosslinking agent in the polyolefin
or silane crosslinkages as the crosslinking sites are well
dispersed thfoughout the polyolefin in the extruder while,
with the use of radiation crosslinking, the effect tends to
penetrate just slightly below the surface and not throughout
the whole foam particle. The use of high energy radiation,
such as electron beams 6r X-rays, also requires .certain
safety precautions to be observed, which makes this method
of crosslinking disadvantageous.

42

SUBSTITUTE SHEET (RULE 26)



*pel l etizer 44 which is provided with a high pressure punp 30 46.

-~ The high pressure punp 'supplies a tenperature controll ed
fluid, owmolesraesoeat er or oil;- to-the cutting s chaPiCFUSesSN2me
‘pelletizer, and allows the adm xture to be extruded under a
pressure that is suffici ent to prevent f oami ng of the extrudate.

35 Eebl et.i zer % di % face with magé smal | hol es.
The foanabl e ad ?t FLriders; PH&E& dfir 6GGh UERe¥d thotde Fgghods of t:hecut by
a rapi dly peesehngikneheéion athebestt bengndeastood &y first referring

gg/ 10600 to FIG. 1, which shows. S%%%Ueg{r%nsgﬁ%ﬁ{l}gw% 10 knownl VO

cuts the ekor (e ©ien anbi| Bhwisextrfuderyhasde dodrrel ol2 equipped
cgnt ai ni ngy,9RR @ﬁ@réia%‘ﬁ seﬁowtges abt_;e 4. th%“entrance 16 are

S
arranged i-n a straight line sothat hey“can Bbe_ cut the rotor
at its cl o8SiPPEANWitR t Ae h@PRET fl% bFotﬂﬂqV gded 5at one gyt RAi fté'lei s

used, the b&t@&d@ﬁr tthf ﬁh@m@@éraﬁgedduata.on of maté‘d:i&i@ iﬁtbhitthet he
extrudate wi l, | %. as t he kni f r ot at es abgh:’y nt er axis.
t

Because t hB* P-E‘FE at- i Hpssage: enfeneb??c')’é?‘rt ehBr §e8eFR £ ot
~easi | y conteoplesdturie sufficientsn:pewﬂ.tt ltdeb eatenisld decny reed:rhgdﬁ ze of

Ege hol es gp 4 tlﬂﬁelgtf_all&en es&%uag%e 18N¢ 45 es&%ugh e | %%i:gﬂ é&w e.

ferring again to eads are nmal nt
suf fi ci ent PRESager byt BepneveAt af bepiagraNn 2@. t Ay injection part B2 ats t he

die face apgovilded tHey ehereaeehhgdatrenb&bﬁg agent ifPaEBEUSoledd the
t her nopl asti,c pol ynmer beads require crosslinking after they | eave

t he cutt|n5l r of the ' p_eIIetlzer as in Methods A and. B, they

are first suspermi@dbarrel terminates tiablse diented wiidihn dEtdrmihamittfe and
ése passed QSs) | nklag,?zone The crosslinki.ng zone

t 8. |
Sheps. 1OF o BT a5 L8 FPEFENERES o 1 OIS hB2bdIEe IR o 00
the desi r egpalspagiesof2&rass | pnkivhged Oncaheheriministyhaof bkendie, each

crosslinkeg| Rﬂ%eg{jgﬁifee&j dfY8in SbEYed! e P.a%'ﬁ%abﬂet Muig, Wl”'ojtfﬂ 4 d |

nmedia into an or te erature regu
Par aneterspéf@cflﬁr@é?h}hemah%‘é@bg?dofatt h@ rn:@dﬁmra@meed temperatpsey ek

bl oWl Ny agepls Al A uSug1ySs th%‘&bﬂgl‘_héf £86123g ?assaﬁégséé'é%i‘%héf

required, and final, foamdensity diCtate he opt| mum f oam ng
#nper at ur @olten mixture befone,dt Hg R piibfdessarrew o arses

require- the codlédshobiengmikbereMaienidh isn usRlletingakbagbea®s ®
passed into the die, where it exits the die orifice 30 as a foam.
FIGS. 2 and 3 show the extruder dies suitable for use

with methods A-C of the present invention. These extruder

2% dies are similar in most respects to that shown in FIG. 1.
However, in addition to a central primary flow channel 32,
the extruder dies of FIGS. 2-3 are further provided with a
secondary flow channel 34 which can accommodate any
secondary material capable of flowing at the _norﬁal

30 extrusion temperatures of the thermoplastic. Such seeqndary
materials have been previously discussed and may include any -
material that can enhance the properties of the extrudate.
One example of such a material is "Aero-Gel", which has
excellent insulation properties.

35 : The thermoplastic and secondary material are cut and
sealed into an encapsulated bead 36 by a knife or other
cutting means 38. The point at which the thermoplastic and
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directly into the annealing or tenperature regulator zone 30 wher e

. the tenperature of the beads is adjusted to achieve ' t he opti num

- foam ngyd sgvBsRt LT e. Once the beads are atpdpgsddasifged
foam ng tenperature, they are expelled through di scharge val ve 52
into a zone of | ower pressure . where t hey undergo expansion. A
wat er 35 separator and cooling systemis used to cool and dry the

beads. Tieedsdsrnrmateriakonreettnayi heavbrnedheoe achdevenra desired be
dr awn ou t Iy iar obh 1 '
trRRAYNRL GRId,Y 187 PR, Ob ! eﬁhéél e & r@g %%‘E% material

V\D 96/ 108Wet at the die orifice 40 where they arpcp 28 they
conveyed dx@ Qaarsﬂ:lrﬁ_;:tumumﬁnﬂxe Flﬁﬁfte.x.r |méa6h§3&9 9 FI'E 3, howeveP! her
ssw t abl e cont n %e exga ded be main_in storage until
t hey are (ﬁéloa Adary materia Freetsat, bhe dnherqhanige with

Met hod D42 Wicthlire tlse 5pr1mary fbwoshdnnélawher&altmefyl @itre. hegnilsindd and

secondary. f &na&{bg.] rosslinking zones and
anneal i néeﬂo% pass'mn%s are otsch [ ncor por%t%%ﬁ?%to the secondary flow
channel s, so tHatMathodd tigh yssidimithe ¢ idenss idnadsedmpplitalefin and
t enper at waecal%ém%&ige%ttq{ Yrfy '&ufe&l tzfeée@% oazmaés&z%& tive

Plastic flows from an_extruder “into the prinm channel , and
1°t hen for ®&ed 95% @%W%%%Wq I%V(ﬁi’&rﬁqéil% e hOPPer,AtWI@rméé?ex he area

wher.e th%.r@'gtﬁinpiyasﬁdd? e ithd primary - £1lovs efRidly. f|I3ﬁNn€é’c§{H&"B a
Jubricant, fluid other, sujtable u,brl cant, can

;
be inj ectidd PAEH: th@ﬁSp{’%o‘iegéBon{%?V‘f Ia&% cHaFREFaby GROBRLRKING ot
i nj ecti oageord,s &ong with any58therThecbabaryamr ﬁlamﬂefd)rardﬂ:a:jf\}eu d film

bet ween the 4 I r the secondary
hblenc?é@ i o ten pcf% t1¢c f oWs #hé%%% t he

- flow amne no secondary fl ow
. L5channel , it paTsnﬁlsiQ ke sextruder enpbeablicadpddmpierdnlzdise amveyed 60

wher e itstﬁzeaﬂ&u o W& ep-emiPYUlEabed d@ﬁéﬁéleas ttﬁé‘ﬂﬁéeéf a fsedsc déew' d that
I's inject thro second 1,njectiaon ,
t hr ough f'If &%k %%% MP%'Wl qattr:g’t means so ttl'{ﬁﬁve
modul atummemabeenghpuspednmwgmsdhmkpmnary flow cmnrdee. rﬁyten
 Dlastic JsReR Bdreh, S HREAY bLRETe . Pac o cqrrain Bl ARS
- 20nodul at i dthezopeimaryeriow aheaueaxd the plastienmanpanentwdofattile zone
fgayhle;el n}e}é% g foﬁuf melted, at WRAURLRALY thd ol dfind | Ui d
is injected 1nto the blend. The resin/additive/ blowing
agent admixture is continuously mixed as it is conveyed
! through the extruder, until it reaches the point at which it
25  is extruded. ' o -
FIG. 4 shows schematically the general outlay of the
extrusion and treatment apparatus used with Methods A-C of
‘the present invention. The extruder is equipped with a
peiletizer 44 which is provided with a high pressure pump
30 46.  The high_- pressure pump supplies a temperature
controlled fluid, such as water or oil, to the cutting
chamber of the pelletizer, and allows the admixture to be
extruded under a preséure that is sufficient to prevent
foaming of the extrudate.
35 The pelletizer has a die face with many small holes.
The foamable admixture is extruded through these holes and

cut by a rapidly rotating knife or other cutting means which
44
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third injection ports 72, 72' and flows through second die 30

passages 74, 74'. The tenperature of the second tenperature

Jrodul at | wo g@mseerodul ates the tenperature of the moblten  perrusosnBi@stic
to make it nore effective at foam ng. Once the nolten
plastic is at the desired tenperature, - “i't is extruded through the
die orifice 76, 76' and into a 35 zone of |l ower pressure, which may
"be anbi ent PHELhe eXpridate into small beagst. | Afoapeylindrbyad kotbe 78

and expandsdniaiiiegnone or mordePLSaSs. is Thseh eNghd Hélége%lfl L8t god

second t enper.at
SUBST| TUTE aﬁ%é‘lﬁ:{m%dzw a strajghf-lime,s0 that they can be cut by
PCT/ US95/ 12418 rotor at its ciokest ipoizones che dpevaried t9r3sbigyg-a

desired eff i n n count_.such factors as t type of
pol yrer e kn:.fe 1s %ééﬁ ghé i1?’?‘%\% (r&a tt-’het ﬁg' ffhta%oFa r&?%és*-’i‘nﬁl ng

desired, t rFé-lfﬁJf%sséPec‘Eh%ﬁalthﬁ n§ﬁ§r§d§th whil sdéeondaty as 5the kniEew
channel , t%mtamu@eﬂst&@ﬁt@ysaxﬁs “a“S%SEéﬁQe the rate a‘de‘f’%f?%ns

}?kteﬂe ILgﬁgﬂ?plggﬁ'? Cer%%l_rrer f#%m at%?%‘\t]?e;}s nefeeasily ContrOlle@Dbeeefl n
f oam | t hz;te sieplioRslos Gwdmriom%eﬁéhﬂg@éf%;bﬁl)seﬂ@ of the ﬁermﬁe
| g]{da)lglsel |nn t laé ré)f%féng%%g%g% Spe#g‘ﬁ% the oh3 ?Fgﬂg knife.
crosslinking carRQi@elulsmgt sgpinduce BEGAds 4ancthw| Bedds are maa.ﬁ)@dafﬁéa |
ol 0t or B4 B8R CIBBLS plndilh DS CRELOUR: a0
pr ef er abl y ¥ AHbAK the ddeafage asd until theyparecexpehbedefsomethdy
ASTM 1P(-)|2|7§v% r?aratus : Ifset'Fl'\xlee t:.he:r‘rrg.)lpvleastSJ.pceC Pﬂl?&ggp LE&ads ﬁl?%%?%t i ons
g‘% the pr a&’?ogc!"'es]dfna'{%gs pRUERt ithebuteavey thee cutting chamberu wifenclee n
any way to pedildtaidém tad hmw&:@é AMEd B, they ard B8R yspdiieq
nunber ed eﬁ%pée%ul%%%ﬁse%eépee %?gt such as watler:p/ear.lztuliog.re passed
through a crosslinking zone 48. The crosslinking zone is
-sized to allow for sufficient time for the beads to achieve
20 the desired level of crosslinking. Once the beads have been
crosslinked to the desired level, they are passed in the
fluid media into an annealing or temperature regulator zone
50. Parameters such as the rheology of the thermoplastic
polymer/ blowing agent admixture or its rheology after
28 : crosslinking, if required, and final foam density dictate
the optimum foaming temperature.

If the thermoplastic polymer beads do not require
crosslinking, then Method C is used and the beads are passed
directly into the annealing or temperature regulator zone

30 . where the temperature of the beads is adjusted to achieve
' the optimum foaming temperature. |

Once the beads are at the desired foaming temperature,
they are expelled through discharge valve 52 into a zone of
lower pressure where they undergo expansion. A water

35 separator and cooling system is used to cool and dry the
beads. The beads are then collected in a bin where they can
be drawn out pneumatically or by other suitable means and
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47 WD 96/ 10600

. PCT/US95/ 12218 The follow ng designations used in the
- exanpl %g@ﬂmﬂo el sewhere in the present applicatipfrfgesa2iifike
fol |l owi ng " meani ngs: 5 _ ABBREVI ATl ON DEFI NI TI ON
pcf : pounds per cubi c foot rpm - revol utions

per mnute t enperature (Fahrenheit)
dg/ m n. conveyedrete ﬁnd@@-lﬁﬁe’#@ aneape; prefegably a bagglecr some

density;, P BELtEBREC CHEd WLl The expahBPd beads remai@N¥d to
di aneter ratio I nches psi g

pounds pet %"Eﬂ%‘?é‘rf‘h’c]h theyare needed ff’rngﬁ’ldlng ~ grans 15 ' hrs.
hour s '~ FIGU S shows a dieMud#td® with Method BXAMREE LHie is

5 composed of a primary flow channel 54 and secondary flow
channels 56, 56’. The crosslinking zones and annealing
zones are both -incorporated into the secondary flow
channels, so that the molten polymer is crosslinked and its

temperature is modulated before it exits the die and is cut.

10 Plastic flows from an ‘extruder into the primary flow

' channel, and then _forward into the secondary_flow channels.

At or near the area where the molten plastic enters the

secondary flow channel, a lubricant fluid, such as water or ‘

another suitable lubricant, can be injected into the

15 secondary flow channel by means of first injection ports 58,

58’. The lubricant fluid forms a fluid film between the
molten plastic and the surface of the secondary flow |
channel. As molten plastic flows through the seéondary flow
_ channel, it passes into a first teﬁ\perature_,mo_dulation zone
20 60 where its temperatui:e is modulated by a heat transfer
' | fluid that is injected through second injection ports. 62,
62’ and flows through first die passages 64, 64’. The first
temperature modulation zone can either promoté crosslinking
: in the molten plastic or enhance its foaming abilities. | _
25 As the molten plastic.progresses through the die past
: the first temperature modulation zone, it enters a second
temperature modulation zone 66 where its temperature is
modulated by a heat transfer fluid that is injected through
third injection ports 72, 72’ and flows through second die
30 passages 74, 74’. The temperature ¢f the second temperature
| modulation zone modulates the temperature of the molten
plastic to make it more effective at foaming.

Once the molten plastic is at the desired temperature,
it 1s extruded through the die orifice 76, 76’ and into a
35 zone of lower pressure, which may be ambient pressure, where
it is cut into pellets by a knife 78 and expands into foam
beads 80. The length of the first and second temperature
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20 As a specific exanple of materials suitable for the

practice of the present invention, a Uiion Carbide grafted

_crossli nkadepiobe Yet hyl ene resin no. DFDA- 1596 which has apcrysesiazig MEl t
index of 1.5 dg/mn. and a density of 0.920 gnicc, is Mended
with a Union Carbide catalyst masterbatch 25 pol yet hyl ene resin
no. DFDA-1173 NT which has a nelt index of 2.0 dg/mn. and a
density of MDLARLMTEZMRE £ahiks varied to aCihriEwke d desiorsd teffect,

pol yet hyl engygsi Nififo RUAEMOsUBE Clact b t Jign o2 0
dg/ mn. and algrgjnsi ty of 0.920 _gm cc actors 2%t agr Z’iﬁéopagg%%esrby
wei ght of t4ReDFDAPESRPLIVINGE £4080 rate, phe,anauntof of hecyormyl URENT,

and 57 pardesivedei ght fross-sectiordle BERAndidfs 6f|_h€hée$ééb$l11§£'£j¥i S
ceride, a. stability control .

further blended wth nono- and .di - gl
aécraht sol def{}f’w charinel, V\FPanﬂ‘ﬁb‘E‘% t#cei 13?%‘%e¥h%ﬁemHFtA%§ﬂ§'Eﬁg%¥r§d4
parts by - to, or wetgkenperfbhomdr exhear peoliyynessi ghndf resher Téeck! end

~is 35 :Irf‘éja { hopper of the extruder. The bl owi ng agent
conpri sing S IS%%J%&%%?SI'S fed into the extruder through the
48 If the thermoplastigUpsTymeFEiSHEERatRYIBEL6)such as a

WO 96/ 1060@01yolefin foam, that requires cross gﬁ%&?’ el 8naterial
bl owi ng agént ‘i.nj ect | oréaps%trt at_ a _cqoncentration o ~ approxinately

P parts petoMH R ke Gt Lgaskgenough to makpcthenferntbeadsn the
Elone of th&:kﬁaﬁmaujwb_ émﬂileprjjmgthmolding'probEEspOimi r]%%csp(of’%iéﬁ%

OW ng age na .mai. nt ai { 5 abaut 1 Oig rl, ¢. T ten
pol yner an(?rgol Sﬁgﬁaiéglgﬁpgar%& Be used FRoPEIGHSS . ésaﬁ‘(’i‘dt Héoﬁggaen
admi xt ure icbjestwrhiading firmer tektuwghk.t hSemeidadtliyzert iavpewcenthgew t h
round hol e : : desd [ t fr e ) i apeter.
The extrud%égsgmkln_g olrs gc?l}t E‘?énl:rgne |éat éﬁgﬁ%g{i {}%é‘% e&%‘éea§§%ga$ d%

Adt ati ng r RRHUL 185 percgphdesprefmakly e fajom habeut bRads depends €on
the speed Qfercent, as médSupedtisy ReeMUPOPrEbe speed with which the

extrudate i's comng fromthe die. By changing the speed of the
cutter, - the size of the beads can be regul ated. The extrudate
beads are kept under suffEXAMPLESressure to prevent appreciable *

15 expansi of .t S he, bl owi_ ng_agent _which is Des

di ssol ved or enc@%%ul gtog'gcﬁ%ﬁ'%ghefnﬂﬁé%g}%% bESAYSart©  91Ve  SReEHERGed in

el er to forllwstrations e theadwacitisre dfuthis invention butethéyoapé a

crossl i nki o] th t t r.at - i e devs . B
ogoLfesHaLs, Hur ey EIPSER WO Lines g Ak Ehng B

the time the S reac - crosslrnking~ zone
suf fi ci ent 13neeREEPR nkedTheo numbered_ examples represent the present

invention.
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achi eve inproved properties of the beads once they are
The crosslinked beads then pass through a tenperature

zZone

and tenperature.

Whﬁm‘; nbéve tenperature of
proper tfoam ng tenperature (about 210[err] F).
t hen expelled through a rotary type valve into
The sudden rel ease of

the beads is 25

expanded.
r egul at or

POTRUR9S/Ad288 tO the
The beads are

_ anbi ent pressure
pressure causes the

beads to expan@he fmtlowipmndesignations used ppaddearexawples, agdd ed,

and col leghgd i 2 Cﬂ@t %Héerprggént?’(b.ppllcatff&{n BUoE Denér g3k

foam ng to enhance
col | apse Weapings:

Sever a

pol yet hyl
ganuf act u
3, 646, 166

{

f8sREVIATION t e

f oamed properties and so that
exposed

nd. theoco a¥ oductes . 1205

before
it does not

to pressurized steam during nol di ng.

suppliers of the noisture curable, silane-crosslinked

are

yEEmoyrIteCcri bed in U S Pat .
49

No.
WO

96110600

pounds per cubic foéEj7U395/12218

The cross
0.25" an
'di aneters
faster cu
anot her e
10r esent |
pol yet hyl
density o
1.0 parts
parts of
ext ruder.
into the

qeoncent r af iy Of
pol yet hyl €éne. The
prior to {fen:
mai nt ai ned_at

Pﬁﬁed pol yet hyl ¢ne beads
1 r®Mdensity of aI

eap be produced ]|t
ter eed. 5

Nggidicd on.
b resin having
E%PQZO gnmcc, 1}5 _
&f di cunyl per oyfiiechesd

| om ng agqn

2 @tr @Fer t hr ough Igrams

produced have a

;ﬁ%&%@fgﬁ Py jeynute
tiee USE‘élhrenheJ.t) of smaller

<Qﬁﬁﬂé f naterlmqf¥ﬁu*é§§¥¥ dEC1gramszﬁrtWEP¥ﬁ%ctlce of
A m xt yrdendityp0 grams per @ubic

?’ég%%s {?e&ﬂeé& ratio 2-0 dg/mn.
%ﬁ%gtjs prEbler%%LndS per sq@ﬁ%effﬁhhnt

t he blomnng agent

ﬁwﬁw@xinately 12 parts per
: qurature in the zone of the extruder

[xanlQH %ﬁtry of the bl ow ng agent may be

di anet er| of
Beads of sngl |l er
hol es Jand
The following is
t he
dgniimgter of
and |a .

Zzinc stearate actiator -
1.4 parts of Atnos 150 |per 10d.
&agde hopper of tlhe
I ch conprTses isobutane, ils fed
injection port |at a

100 parts of
| ust

about 150]err| C

-The nmolten polyner and blomnng

agent are 20 thoroughly m xed and the nolten admi xture is forwarded
through the pelletizer and cut inmmediately at the die face as in
Exanpl e 1. EXMRLE X he extrudate beads are kept under sufficient

iHessure to m“ié”% %ﬁﬁkﬁ@fﬂﬂékéﬁﬁﬁésbﬁndﬁtéfﬁhls suitable for the
practlce of the present invention, a Union Carbide grafted
crosslinkable polyethylene resin no. DFDA-1596 which has a

melt index of 1.5 dg/min. and a density of 0.920 gm/cc, is

blended with a Union Carbide catalyst masterbatch

25 polyethylene resin no. DFDA-1173 NT which has a melt index
of 2.0 dg/min. and a density of 0.920 gm/cc and a Union

Carbide low density polyethylene resin no. DNDA 4140 which

has a melt index of 2.0 dg/min. and a density of 0.920 gm/ce

. at a ratio of 40 parts by weight of the DFDA-1596, 3 parts
30 by weight of the DFDA-1173 NT, and 57 parts by weight of
the DFDA-4140. The resin blend is further blended with

‘mono-and di-glyceride, a stability control agent sold by

Witco under the trade name of Atmos 150, at 1.4 parts by

The blend is
The - blowing agent

weight per hundred parts by weight of resin.
.35 : fed into the hopper of the extruder.
| comprising of iscbutane is fed into the extruder through the
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“‘beads by the bl owi.ng agent which is dissolved or 25 encapsul ated-in

them and the beads are suspended in water : to forma slurry. The
beads/vmtragmdaoory noves through a cr ossl i nki ng prarus9siiezie t he
“water- is heated. By the tinme t he beads reached the end of
crosslinking zone they are sufficiently crosslinked to achi eve

i nproved properties of 30 t he beads once they are expanded.

The cross| PAR¥dNSead g Hen H&l%c'@wléugﬁoéftt erder o ur goncentratiopnegufat or

zone wher eaph e-o&qaﬁ%eltyermrlaaﬁﬁs rremia ﬁlt.tsoof the resih® HVORES
foamng te ratu é about 210[err é ar e expel | ed

through a ré€ars® PSR ntta nPr%pr Lﬁ’ét{"’}?)der Jusén@rt%&%ture
The suddenthel pa&atobfpenssyr@f ctelus sl dwitng agent maypésdandihtexiesdl.at Once

géﬁ?gldﬁgrt %o%%adfs@xecgool.ﬁge %&%@n polymer aﬁgd lv':fr?gt eggiegt are

SUBST|TUTEtSHEEnQ@QULEmggﬁd and the molhoeds/ adBdRture is forwarded
- PCT/US95/ 12218ugh the pelletlze-{h?la J?@Sl d e R SdHE R té%{a@fz Jpéjuced
t p

have a di anet ér of

densj t appr oxi nma cf
Beads of sl‘?&lslléﬁeddlsé-r@é’rfst@&neﬁ@rbﬁd@&@c&f r‘%@ﬁ? G&te udde extrudat-cﬁ
smal | er holijes catd ﬁmaaeatemtyt gt theedieSface by raﬁwl-x%é’atlng rotor

e a0 B! pe®haB b Bha ol 8IS L80nt0 oon 1e bl F° ©

DFDA- 1596, tReDAitit7Asr I\a'ndaupoﬁ)FBhe4med1 vWiixh whickxahgl ex’tmﬁiatreatrlsended

with 1.4 p%%ﬂ%}r@ ft’f'dngrgh f fémSBy ﬁhangJ.P&S hel' e%% %"‘Httﬁ] ht of

resin of a at e oW n gent is fed
into the hé&fgesigle of the bepds eanrbeeregulatq@e rﬁ;lT-Q @ch}aﬁtﬂ wsheat

activated gre kept bhﬁaeeg s@&e&fcl@&ﬁ: U AUaH Ve 81 $edvand tdsprmiiah e
adm xture 15 rvvgr ded through the pelletizer and cut_ | medi atel y

e’ﬁ?‘?é‘%“r%n f Q(ife e PeBdFpIRY 1 th@gapﬂowﬂﬁ‘g eRPPHlat ¥hbehRdsis
are kept urai@s@uféd Clcﬁ:ﬂt dicegsilatad prﬁverﬁha@pramd abdree beads are

expansi on of the b t he bl gw ng_a oI ved or
en(F:)apsuI at &SRR il 58a§8rg?a %g C@Eﬁ}éerﬁﬁ%/vl’%t UESY f or m
a slurry. mbwe hﬂmﬂxﬂg&abecrsbsin.pklng zone wherettheugattar (xraméra:ukmng zone
uhere the wal Chdstddat edpy ¢ the tuﬁelshég}lm g‘iaﬁ@ rE8RES £RBCN.AGC P Of

crosslinking zone -are crossli
-&hi eve |rq;nQﬁ§jgp.nk1ng zZone they are suff:.c:.ently crossllnked to

" achieve improved properties of the beads once they are
expanded. '

The crossllnked beads then ‘pass through a temperature

regulator zone where the temperature of the beads is

2° " regulated to the proper foaming temperature (about 210° F).

The beads are then expelled through a rotary type valve into

ambient pressure and temperature. The sudden release of

pressure causes the beads to expand. Once expanded the

beads are cooled, dried, and collected in a container. ‘The

30 foam must be crosslinked before. fcamirig to enhance its

foamed properties and so that it does not collapse when

~exposed to ‘pressurized steam during molding. Several

suppliers of the moisture curable, silane-crosslinked

polyethylene compounds have been found and these products

35 are manufactured using the technology described in U.S. Pat.
No. 3,646,166. ' ' '
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properties of the beads once they are expanded. 25 _ The

crosslinked beads then pass through a tenperature regul at or zone
" where Wgod/fighEr ature of the beads is : regul at epict/usdsne2sr oper

foam ng tenperature (about 210[err] F) - and they are expelled
‘through a rotary type valve into anbi ent pressure and

t enperat ure. The sudden rel ease _of pressure causes the beads to

expand.  OnceThgparpaslined P°1YethYB-§&Gs Beads o Arafucnd edavenda

~col | ect edyi gm@c ££NbAI RERS™ and a den51tyTB(f éipa@mm{a@éleplye@ higtene beads
produced have a

> 0'por . Beads of smalie,RiENARARe Fhc e TP DriTetdt bRy BAGn the

use 35 = of swhlienl heleboénd. fndtezsterteut speedpeeds. . EXAMPLE
_ 51 WO 96/ 10600
PCT/ US95/ 12218 As yet anot her exanple of materials suitable

for the EXAMPLE Bractice of .the present inventions, 100 parts by wei ght of

the p0|yethy|e@ﬁerfélﬂohﬂn&xﬁgpﬁﬁoghé§ Qk&ﬁbf@déﬂ M&EQrﬁle sultablé S
parts of an activator, d%I.Ear s of dicunyl peroxide-and 5 parts

of a heatfartthatRRerise f Mo RERFeReinveRtddthe A mixture pf ﬁP@ is fed
into the ﬁQP@Erbffwéfghexéflﬁhﬂyeﬂﬁyﬂéﬁ&ttﬁbln hav1ng ROMmgNer inddxbbeW ng

18R ough ¢ ReO Ry Har i EabEEy of g, oadPkhBRIT. X Wl LML OF:
Exanpl e 1z1ncAgaearatbead:elvator,eit pugares béadscuavé perpkidandend

ff h
boads by tha BREGERGE Alhos 150 pell e st LETaR 8, R R B Reihebe i 1 p

them andanfefed into tledaeppe¥ of sthqaéa%réal &% waAbher blPUlnEoPE‘?—&tsl urry.

The whlcﬁeééﬁxbwabérs &b%ﬁtaﬁ@ve1tshEeagmnaoctaésékakuaarzeneou@ﬁre 15
the water 1S he tine the beads reach the end of

18rossl i nkthg blpwing h&g% 1geFELPBNRSFE cPhssti MORFeRtFation of
~achi eve i gppevrdmateny’ tizepaaftd heeheras mtdﬂﬁypalyethylene eX‘handed.

Th | 1 nked ads .th h t

e orosslIHket Rests Lo Posgod opuahed SRS v prsoy rhomEelor
proper fopoing ménmmarmref(amaﬂblnwﬁmgrﬁgﬁyt may be maimta ?daﬁ§
expel | ed Ly ggﬂhgbxogary F em&ﬁk&ﬁ'ﬂﬁi&mer and bl lapéRESHLR and

t enper at ufe. den rel ease of pressure causes the heads to
20xpand. theceugidandeixefe 3md the PEAREN, RERLEIWER &S edOTHAFIES | ect ed

in a cont@ahlelugh the pelletizer and cut immediately at the die face

as in Example 1. Again, the extrudate beads are kept under

sufficient pressure to prevent appreciable expansion'of the

beads by the blowihg agent. which 1is dissolved or
25 encapsulated in them, and the beads are suspended in water
to form a slurry. The beads/water slurry moves through a
crosslinking zone where the water is heated. By the time
the beads reached the end of crosslinking zone they are
sufficiently crosslinked to adhiéve improved properties of
30 - the beads once they are expanded.

The crosslinked beads then pass through a temperature
regulator zone where the beads’ temperature is regulated to
the proper.foaming temperature (about 210° F) and they are
expelled through a rotary type valve into ambient pressure
35 and temperature. The sudden'reiease of pressure causes the
beads to expand. . Once éxpanded the beads are cooled, dried,
and collected in a container. |
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The crosslinked pol yet hyl ene beads prbduced have a di anet er of

0.25" and a-density of approximtely 2.0 pcf. Beads of smaller
di anet er gydeiobgd Produced through the use - of snepEpisspems and
faster cutter speeds. 30 EXAMPLE 5 =~ =~ -~ As.still &
anot her exanple of materials suitable for the practice of the
present invention, 100 parts by wei ght of pol ypropyl ene resin

produced by H MIfe asFogediigirede dPSLye8hy3sne beads prshuratbd haveh 8. 02
parts of taiGdutawei ght opeshuRdr & gensity ofp%?gﬁ,—g@&(in{aﬁlg ezn.tT&e%Qk?nd s

fed into the hop{r;(l_’eljge of -{he , extruder. | ow ng 1ch
conpri ses iBeads sma ler diameters can be produced through th® use

WO 96/ 1060f smaller holes and faster cutter speB€T/ US95/12218

fesd into the extruder through the bl ow ng agent injection port at
aconcentration of approximately 12 parts per 100 parts of the
resi n bl encdEXAMREE t®nperature in the zone of t he extruder just

rior to the poi én.[%q | o N5 ... a . b [ i ned
gt about 200[gr rlfg an%é%/m%{xen p(ﬁbyrgrj\gr g‘aﬁenalsan%ﬁgl&g\g\?ﬁg gﬁgﬁtgfé{?e

t hor oughl y PHa@REe@dOf hEhgopr@sent inventyipmxt LP@ Perter iyt desight oefh t he
pelletizer dyyi Blehdli 8f DFDA-1598 ! hproandihal efrof 4he dewia-ed 49 Zgnof

t he extrudate bef\d ) .dia ter._me extrudate_ is cut 1med ately at
ML die fadexample 1 ig,preh &5 hgt r bt BRYEFalys Weight 9% eABNOBhe
cut hbeads 150'Wn andd&ﬁetyhnwgbyh%ighed_cﬁ féeiﬁUbEe(r?_ &I&hwp@ﬁtw&téaeﬁd
Wi t | the extrudate i s, conin r,om.t he .di e. angi ng_t he
Sheed of trEnetieer BIGEERe ASE, | P Baehd 43 Rl 4 fieh shé ROBB:"8s e

extrudat e bekels extarudsxt. undelThsuf btkent pokgmsere amd 1heat acpiescad
appr eci abl [ OE3ESy ; | ; a lL.ch is
di ssol ved g’irfenca%séﬁ%l?édé?% ‘?Eem %Jé&t ;é;?é&%ﬂ& theb%%%%enaggﬁi}s%\g%%nded
i¥P wat er tolsfEervardedr ehroughTiie pelletizegeingd eitterimnedigtabyest
through a tep@esabukaceedd alPrExample 1. ZABRAiWIetthd Noxt AIRSF &t HegaQf the
beads is rﬁgula ed to the 20 __. . .proper foam r‘l__%(terroerature and they are
expel | ed t HibRighERE under Sufr%’t%ﬂr%}%c yﬁseﬁa}% it PLAI RNt 2apPESSLrR18Nd
terrpe(rjatureexpansibn oﬂ'hetmldd:eadﬁelbysgtmé mmsiﬂl ¢ yaRs > magmealdla to |
expand. . ce_expan : _heads arg_cool ed, ied, and collecte
o aigsolynta ne encangalafedo of, EReR as8e Rbe" RedES [8rebe o
c2@ssl i nkedsuespendedotmiwarer to form a slurfye pGhepbepsbéwatbeadiuprygduced
have a di angier Qﬁrétlgrg]ix a crongﬁki‘ﬂg Qoﬂgnéhéid‘eOf:laépﬂéeé!rr@%eiﬁagea.pCf"
S I an uced t h

Beads of ] er dianmeters e pro rou he use of
smal | er By the time the beads reach the end of crosslinking zone

they are sufficiently crosslinked to achieve improved
properties of the beads once they are expanded.
2F The crosslinked beads then pass through a temperature
regulator zone where the temperature of the beads is
regulated to the proper foaming temperature (about 210° F)
and they are expelled through a rotary type wvalve into
ambient pressure and temperature. The sudden release of
30 .pre_ssure causes the beads to expand. Once expanded, the
‘beads are cooled, dried, and collected in a container.
The crosslinked polyethylene beads produced have a
diameter of 0.25" and a density of approximately 2.0 pcf.
_ Beads of smaller diameters can be produced through the use
35 of smaller holés and faster cutter speeds.

EXAMPLE 4
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5

10

hol es and faster cutter speeds. 30 : EXAMPLE 6 As a

specific exanple of practice of the present - invention, the resin
bl endwooagst®! € 1 is dry blended with 7 partschusesmbigor i nat ed
paraffin, 3 parts of antinony 35 trioxide and 1 part of -an

et hoxyl ated amine, and 1.4 parts by wei ght of Atmos 150 per 100

parts by weight of resin, and the blend is fed into the hopper of
t he extruder.RAS Y@E another example of materials sultable f@&3 the

gg?ﬂ;'sg?%%fgg 6BUI;Ee2§}:esent 1nventlo¥i€h9§./r(])b0 ts by we:bgltn: of  od
en i ch conpri.ses, i sobutane, is fe
into thehe p°lyet8¥}Ff}8eFetsﬂ'Pod'3ha§’F?é“$]r%V\? ngSa gpﬁg’lleﬁd&ﬁ iYBHERORR at a

concent rais garis aqsﬁ)ramlalmmiay:oi:z paot papes &60dpeutpl operoxide -and
pol yet hy. t X 5 | ust
 prior toiée&)ea ge?g %% v Q k’tgﬁrgngé\%ﬂgcg& BE?W&? % %gg nt, and tﬂ%i nt ai ned
at aboutmnml@ lqhée%l-ltﬂ'e% WMPeamf stml%xtruder Hyermoltéhane

retardandol gREAt ardp] BEHGNagétieNbire aﬁﬁoroughl fgpughly ghged and
t he nolt'en ‘adm xture is forwarded rou%t eIIetlzer and cut

i mredi at®PyLeR: "’E%’Eﬁ‘é"? dce fﬁwarded &?rPHQI’EXSF?‘EI Be.lLletAﬁﬁFnantih%u%xt rudat e

beads arﬁndfa@iau@nyzrat the dle aa‘de casenin pmaﬁple 1o preygmin ap@h80| abl e
expan5| on

£ éate beads ?ﬁse u e ggn 9 gg
di ssol vet¥ ’6? erﬁ,reps PH Fheﬁl‘l nEER b858§SHF§ sﬁgpended
i N wat erprevent apprecﬁ.ebﬂrea aedpanmonﬂﬁ belzelsbeatsr byl whey hlewinged

through dene ywniBrCHOSHIdUdIGES e MHELSebig. XA! Oh ehdipalath oY the

time 7 oS3t I nking zong tney are

~suffici elmat?S craes| |$’14€@Ff{d@dacl4pevﬁa1=ﬁ§r oved fRwpers | éé-ué‘ﬂi‘y The the ‘

15

20

25

30

35

beads ong€adbpwages Qlﬁéﬁge%ove through a. crbBR116kess! iZkRd wheads are
then passed throu gqqeatec? erature regul ator zone where the

t enper atth@ WAtehet RYadde §”B‘§gﬁpﬁt Bgag§ reaachrepererdaffng

t enper atélf@séﬁbﬁlding zone thElO[ are] BufanditheYyar ere¥seihredt hegugh a
into _amnbie and tenpetature. The

t t | v
gﬁdg;% r%&gjavge improved P’-’SPSEEE:FS cn% g’éleefsgeﬁgﬁdspnt% eg F¥d. 2 ®nce
expandedexpand@éd. - beads are cooled, dried, and coI lected in a

container e S e ed have
d?la‘rarecg?ss% lgk%a bg5§§ ltg% ﬁs %a%qo%{ﬁ{app é‘ﬁéegéggy&
Beads of TeFal REPY di 20Re erWheke h&he oG@@WW@gholfhetb% beads 13

regulated to the  proper foaming temperature (about 210° F)
and they -are expelled through a rotary type wvalve into
ambient pressure and temperature. The sudden release of
pi‘essure causes the beads to expand. Once expanded the
beads are cooled, dried, and collected in a contaiher.

The crosslinked polyethylene beads produced have a
diameter of 0.25" and a density of approximately 2.0 pcf.
Beads of smaller diameters can be produced through the use
of smaller holes and faster cutter speeds.

EXAMPLE 5

-As 'still another example. of materials suitable for the
practice of the present invention, 100 parts by Weight of
polypropylene resin produced by HIMONT and designated SD-632
is'préblended with 0.02 parts of talc by weight per hundred
parts of resin. The blend is fed into the hopper of the
extruder. The blowing agent, which comprises isobutane, is
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Smal | er holes and faster cutter speeds. 30 EXAMPLE 7

As anot her exanple of the practice of the present I nvention, the
resin bl ewod 9enoéoeanple 1 i:s. dry blended with L 7 p@ACTRUSIS/N2218

2,4, 6- trlbrormphenol 3 parts antinony trioxide, 1 35 part

et hoxyl ated am ne, and 1.4 parts by wei ght of Atmps 150 per 100
arts by weight of res d t.he bIendlsfed t he hopper of
'Ito he ext?/uderf% HHeP b'f'%ﬁn ﬁ&gﬁb‘gﬁf thyqugh LTow:Lng agent 1njeCtiD£n

54 port ‘at a concentrationSUESTHppAdxdtdly R Epdfks per 100

WO 96/ 10600 S95/ 1
conprises i SGHUTS reE TRe IS BAERG et T udererfl?n?g(gé\zu? ha™ the’ zong, | of ng
agent inj e@tha)rexqmder dustaprdomcsnt thei pasntobf entry of dppe bdowdredy 12

_ { 1 °
of *t he o) %%GQ?J %ﬁ%ﬁ?@%ﬁ?&:%h@@eat zggut0|2Rt0 o? entr t%é I%f%? £°"°

ggem errgt [)33 ik J‘n"ltjgi'”ﬁ@@ aggent are éHERHm!H}‘D'{}ér ML xed Tﬁédm)ﬂl@n WWr

?Et | sta:1 : c mtxtﬁ:&de’infs forwardedetn‘tfdagh &ﬂé?be@.ﬂ.@tﬁ'z@ﬁ m&d@g@t : adf% o
oroughl y an en_adm x f or war de roougk e

pel l eti zer éfﬁé: Tound hoigs; ?r#reﬁll"%t gpFized: fd 2§ L9tJf X CY

Agai n, the Hiameter extThelabetheiate s ecutkeptmediaiesly t itherdie pfossure

t f t b '

adln wni on PRGNS ORIAAY. | 188508 BE LHE Luf'Bidas

are suspendspend wnaen the SRﬁQé) ®%Ithe cuttenand upon th@eﬁ@ﬁﬁﬁd\muh

slurry are Rpsesh tﬂ}{@@g&ﬁd&&s% @@xﬂaﬂxgzq%ml%e dle iﬁ{%
heated. By the t| he beads reach th : Cross ng zone

they are suffR®8%R 3}'- Ge&tetkefhe size of; BhﬁchF%9§ ‘F?\‘br%é&?ﬁ# @i es
of the beadsrrncextieiatécbeads are eli(éptﬂdﬂﬂder sufficient p%ﬁx@sibnked

P enper autrer e Rt 8 248he s 8B ansion, (TGRS BRGAETEY, TR £FGRHFRG
t enper at ur e §gdrutwhich is dﬁ.ﬂe[oéme]d Rr aedcapsylatedexpeltll-mh t hkarodigbha
rotary type yalye are suTspe tdgdan‘ghen&agggssyfgeegg(}csjntgrpgmg e T{’ﬁe'

sudden rel ease ressure causes the b to expan
expanded, tteeads/water bééwra'r ENRYRS e FhTOUCHd , 2 afeMDerRsYTed rmlator

'Cont ai ner. zone where the Té@nﬁéf&@dxté‘kéé @@éyﬁém&ew PEQEEa e dé’Ge@hQave
di aneter of ,0.25" "and a density E apprOX| mately_ 2. 0 pcf

Bezoﬂjs of smBIPEH EARNERY Eﬁﬁpﬁeaﬁpﬁﬁué&@ (f¥RRjeled through a

" rotary type valve into ambient pressure and temperature.
The sudden release of pressure causes the beads to expand.
Once expanded, the beads are cooled, dried, and collected in
a container. The polypropylene does not have to be
2r crosslirniked before foaming. _
The polypropylene beads ‘produced have a diameter of
0.25" and a density of approximately 2.1 pcf. Beads of
smaller diameters can be produced through the use of smaller
holes and faster cutter speeds.

30
EXAMPLE 6
As a specific ex’ample of practice of the present
invention, the resin blend in Example 1 is dry blended with
. 7 parts of a chlorinated paraffin, 3 parts of antimony
35 trioxide and 1 part of an ethoxylated amine, and 1.4 parts

by weight of Atmos 150 per 100 parts by weight of resin, and
the blend is fed into the hopper of the extruder. = The
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of smaller holes and faster cutter speeds. 30 EXAMPLE 8

~As another exanple of practice of the present I nventi on,
the rewoosiiosonl in Exanple 1 is mxed with 1.4 PORUSSS/12218At nDSs 150
per 100 parts by weight of resin, and the 35 . blend is fed into the
hopper of the extruder. The bl ow ng _ agent, which conprises a

bl end made, up, of 60 parts_.hy oq“ of 1l-chloro-1,-difluoroethane
( HCFC 14gB%°§ﬁﬁg469ﬁgFtst¢c prises isobutane, is fed into thegg
WO 96/ 10680truder through the blowing agent iRGEEUR0Y 1348 at a |
wei ght of r t f [
. extruder ? {Q%%’ﬁg{%%k&gl g%e néﬁ%e%%ﬁ%\ﬂg dst é;%? tlfa% parts of
concent raD¢ineth3mp¢ oxi Fheekpmperpiure p@r t:r@o ne soDfthe extruder
pol yet hyl f\F\]Et ghfor APUIR Wl JNRtane off chiChiKliidChglnt may hUS!

prior to 0i nt _of entry he bl'owing agent may nar nt ai ned
at about M&pneainedatAh %ﬂtﬁ%/rr& amPeshairen polymer, sguhistatigme

retardantagegept faade blewvhsganegeagenes €and . blowa.hbora?ehtty mé9€dandt
lzer _a cu

the nolte admx re IS | rwarde t hr t he pell
i mredi ate%oﬁ?ug Y gii%ed o a9 fne mlten B?fﬁ%gﬂ:"ire Afai °rY’ﬁ€ 8%t rudat e
beads ar etkepughntbe pelletizezufhdcicert imweskiate=Xyo atrefs@atdaepfaeeabl e

16XPanS! 08l 1A xample 1, 388y Dine! B RbAVENBaRU00L, MOPENRhS, |

di ssol ve enca em and béa
wat er sufflc;gntopmgsgrgrtg prevémt heppteehable sexypansioneofhtbegh a. 15

cross! | nkbagazonyahangs t "e1YGLAE | il eimi B (18 UidBasolveq  ofNe

beads reac the“end of crosslinking zone t are sutfi C|ently
crossl i nk%eC@BS%ﬁFe@emnﬁPSWedaﬁﬁoﬁgﬁ iReads dre suspended ptpd¥abate they‘

are expanggdform a slurry - THee b@@@ssfwa&le&d sb.‘ﬁ&&%r BiRenmpeas t‘ﬂh@élﬁ@ha
%errperature 20 | at or

1henne’ 2| va “efossliniifS "aoRh Vheff e (RBFST oif g E o e, BY urhe LiBE!
-210[ err] €he beads ramgtht hehearendxpél | edosblinking rzdres y theye aaeve i nto

o0t PRSRELLEefEty SRRLLUIES, co IR ABLSRSE Blopersp of Tl
dri ed, anﬁhéobﬁééﬁeénFﬁ EhéﬂnﬁﬁﬁnéxpandEd ' The crossl i nked
pol yet hyl ene begds Ei‘@QHEEHkQQVGbéads are tﬂéarregsésea Otﬁ§ou Ad g
density of approxi mate Beads of smaller dianefers can
20e produckg™ B§¥Bﬁﬁﬁet fﬁ-gg}éé’tgr zone whexsyithe Tﬂ%‘f‘%%r%ﬁﬁr?asqf: thétter
speeds. 3Peads is reghXabPEFLS the proper foaming temperature (about
210° F) and they are expelled through a rotary type valve
into ambient pressure and temperature. - The sudden release
.of pressure causes the beads to'expand. Once expanded the .
25 beads are cooled, dried, and collected in a container.
| The crosslinked polyethylene beads produced have a
diameter of 0.25" and a density of approximately 2.0 pcf.
Beads of smaller diameter can be produced through the use of
smaller holes and faster cutter speeds. ' '
30 ‘
EXAMPLE 7
As another example of the practice of the present
invention, the resin blend in Example 1 is dry blended with
7 parts 2,4,6-tribromophenol, 3 parts antimony trioxide, 1
35 part ethoxylated amine, and 1.4 parts by weight of Atmos 150
per 100 parts by weight of resin, and the blend is fed into
the hopper of the extruder. The blowing agent, which
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‘I'n a further exanpl e of materials suitable for the practice of

the present invention, the resin blend in Exanple 1 is m xed
with 1. dofoooof Atnos 150 per 100 parts 35 by weighipedsnresi n, and
the blend is fed into the hopper of t he extruder. The bl ow ng
agent, which conprises a blend made up of 8 % of propane on a
nol ar basis, 26 % of n-butane. 56

WO 96/ 106@@mprises isobutane, is fed into the egTruw8es/ t2dthigh the
on a ol abibARiy anthdift % 05 deEhYL ANBRR AaED! & BARtnditions off o

into the extruder through the bl ow ng agent injection _ t-at a
concent r afPRF BRIk Tt RIS oPeEr 180 ppaTEg0of polyethydense of The

pol yet hyl erswpeliaturepid atheezonet BE 200 Strilided just pPirUdey fnst
rior to the_point of t%ntr oEf%t hg bl ow n% g enip,rra .be pai nt ai ned
t about pf@ﬁ{éer?# SEEIY fife HT ( BAOWANg agent, maw bé maintained, pf

flame ret abdart HEEhtCandTheombhgen polymeragemt imtatiitoraaegit y flame and
the molte eac‘y?d%ltr ' ad, t u ) etd ze cut
I mredi at e:}){_l at the iaocje%t an%i%l?ggfé&géglgﬁtég%plqg °¥.3’%9§§3Ji E&l%%dfé %)E(l rudat e
beads are the moltencagmixtyxe igf fprvantegr ebsonght therraklet bper candbl e

expansi on ft tikdaEade1’y dthendl awengaagess YHi BRakdle 1. agafhSS@hyed or

lgncapsul ated in therrz ag& t he beﬁdstare 3 : suspended ih water to form
slurry. SHREFWaLR/ sPEer yXeBt undegr; BLiheieBh PEEBSYrEnkEAg zone

w?er’e thle_pm_t\mnﬁ sappéetlable expansbynt hﬁ tthee B]é&dbebﬁislt!}ﬁ?%@&vd iﬁ@h_end

of crossli_nki . . - are sufficigent ¢rosslinked fo achieve

i npr oved YA %?%pé?t flé'sssgﬁb’%ﬁe %ea%c?ﬁﬁ:‘éf%\% é?e%g‘fﬂ‘am?é'ﬁ;. the

The crosslbeddsl lsewds suspendeds ihr cwaten tmpdicatmur @ 28lurry. regrheat or

zone wher e b ' : ; to the

oroper foon I ECIRoRTbIEE e 33fpd FRIBud o crossligiitd S

IBcpel | ed heRfyiEhe WRLRY 45 Reakgde iBY ¢he time theyheads ygach ke and
t enper at ur, €asfeO 3 ads to -
nmp ¢hd of h@réé‘é‘l’fﬂkiﬁ§5§éﬁe they are sufiHiRSiYH 35?(1:&2?;;%%@(@&

expand. Once .expanded t he heads were cool ed,
col | ect ed §%h %C]&b%(%i mEproved properties ff thesRPAARCPNGS Vid19)|@FR beads
- produced hagearded. di aneter of 0.25" and a density of approximtely

2.0 7S e A PLRIR | BB TR SRR, U aGUORL LU e
2BXAMPLE 1¢-emperature regullatexrf uzoher vsbea:rqz)l thef trmnparahsre;ubifabﬂ:hef or
oot e 1 T L5 AR L0 01008 oMokl phpel e b
210° F) and they are expelled through a rotary type valve
into ambient pressure and temperature. The sudden release
of pressure causes the beads to expand. Once expanded, the
25 beads are cooled, dried, and collected in a container.
The crosslinked polyethylene beads produced have a
diameter of 0.25" and a density of approximately 2.0 pcf.
Beads of smaller diameters can be produced through the use
of smaller holes and faster cutter speeds.
30 '
EXAMPLE 8 _
As another example of practiée of the present
invention, the resin blend in Example 1 is mixed with 1.4
parts of Atmos 150 per 100 parts by weight of fesin, and the
35 _ blend is fed into the hopper of the extruder. The biowing
égent, which comprises a blend made up of 60 parts by weight
of 1-chloro-1,1-difluoroethane (HCFC 142b) and 40 parts by
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35 by weight of resin, and the blend is fed into the hopper of
the extruder. The bl owi ng agent, which conprises a 1,1-

“di fl uorwetobaseeo ( HFC- 152a), is fed into the .extruder thro®glruses/12218
57 WD 96/ 10600

PCT/ US95/ 12218 t he bl ow ng agent [ nj ect lon port at a
concentration_ of r oxi-mat er 100 _parts of
pol yet hyl wRéghtef crllor"“%@ﬁ"ﬁ’éf%ﬁﬁ@ of 1% hEedxiRrtRe RSt

prior to g&R€ruder threght téfe eblowing ta@fv& ovnigcagent paytbetraiant ai ned

at 5 abou Q y.er t|c ent, flanme

_ retardant CSBSﬁf&ﬁﬁg %?’O\Ié%ga%%;-ﬁ?lgg{ééfe‘ﬁoﬁgug‘?ﬁ i ?éﬁ r?d parts of t he
nol ten adpbiyathyﬂ.eneorvva&@ed:em:enag:luneweupeth@t zeme a@fidthe extrudeut

-~ Emmredi ate t f)@{mhf i

extrudate ggd gr&e Eé %ﬁﬁ er su icle o:)fre:glgj%g%agnf agent mgS’Ebent

appr eci abmélekﬁaﬁg}ﬂoﬁto@bﬂﬁé b2RYCpy The Fedhiergpolymer, aggégtakpich is

di ssol vedagen®nCcamsigm edréﬂaﬁd&m aggehfe and blowafls agést Sugpended
in water to fornbi sl ur

s/water slurr s through
a crossl i RRPRGUSHHY mﬂ%?éd and thethQO&EFEr ?é&tﬁﬁﬂ%ﬁi Fﬁew?Fﬁﬁdthe
beads reaehrbhghertheofpellietizer cam‘-‘.:s:tumkinugedta:mlytaeytheedleuﬁhncel ently
rossllnked .t o ac [ r g0 h a ce they
e d shoerappge 1-"CHbELR, ' TREOKEL REARR! HelRanbrb ReiERdnaa)
through asuéfpeienyr pressure tOng&V&P@raPﬁﬁGCWﬁbﬂé ﬁﬁeanéﬁperaﬁutbeof t he
beads 1s égads by egehét embquhge gaer fQRTERY tiePed ks Bvé@bogl

210[ err] t hey are_expelled_ through a rotary type valve
foo’ ' encapanaased emestétﬂ“b AR (e PIRYF care FHeDendaehirerares of

pressure gausRsrnt hg EQ@Q‘Q?IKO exNHeadsPhateex RAnded; nidice throu h keads
are cool ed, dried, .and co

: ed in_a coptainer
~ 1erossli nké'a“oﬁﬁllﬁ'&kﬂ'fﬁeﬁé’rﬁea ST o'g}ﬂ%eH Hﬁge 5 hefated. %YaﬁB?eFlt}‘F 0. 25"
and a denshey méadppreachetelthe. 8ndcfaf crosslinkBegdszome sty eare

di aneters QY t I and
faoter  cuPlorieieidy CibddViahla L6 elieve tnoroyll BEBPLEE1RE BT 2
that crosbei beadls once theyp@nrolesmandashm beads suitable for nol ding can

be produced  rhe croéaaltxh&@ma@ Ofhé&H e&byotﬁibﬁghyaeteageeateeet ai ni ng
bl owi ng agents - each as described - above = in

29peci f i cafPSHLlaNGKey EPRe: hWEETEy AP o SLEPREFREUF Gt e‘?t%ecfn'teo Ppads  isye
limting, regdilaited Ido theapprament £oaning vamparabuseandbout 210° F)

modi fications ppy. be madg iy hedt YGRAIdH Nd FFHBLPeLSBE’ Ifalve into

ambient pressure and temperature. The sudden release of
pressure causes the beads to expand. Once expanded the
. 25 beads are cooled, dried, and collected in a container.

The crosslinked polyethylene beads produced have a
diameter of 0.25" and a density of approximately 2.0 pcf.
Beads_ of smailer diameters can be produced through the use
_ of smaller holes and faster cutter speeds. '
30
EXAMPLE 9
In a further example of materials suitable for the
practice of the pfesent invent:ion, the resin blend in
Example 1 is mixed with 1.4 parts of Atmos 150 per 100 parts
35 by weight of resin, and the blend is fed into the hopper of
the extruder. The blowing agent, which comprises a blend
made up of 8 % of propane on a molar basis, 26 % of n-butane
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*and scope of the invention. Thus, the scope of the present
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35

on a molar basis and 66 % of 1sobutane on a molar basis, is
fed into the extruder through the blow;ng agent injection
port at a concentration of approximately 12 parts per 100
parts of polyethylene. The temperature in the zone of the
extruder just prior to the boint of entry of the blowing
agent may be maintained at about 150° C.  The molten
polymer, antistatic agent, flame retardant agent and blowing
agent are thoroughly mixed and the molten admixture is
forwarded through the pelletizer and cut immediately at the
die face as in Example 1. Again, the extrudate beads are
kept under sufficient pressure to prevent appreciable
expansion of the beads by the blowing agent which is
dissolved or encapsulated in them, and the beads are
suspended in water to form a slurry. The beads/water slurry
moves through a crosslinking zone where the water is heated.
By the time the beads reached the end of crosslinking zone
they are sufficiently crosslinked to achieve improved
properties of the beads once they are expanded. |
The crosslinked beads then pass through a temperature
regulator 2zone where the temperature of the beads is
regulated to the proper foaming temperature (about 210°-F)
and they are expelled through a rotary type valve into
ambient pressure and temperature. The sudden release of’
pressure causes the beads to expand. Once expanded the
beads were cooled, dried, and collected in a container.
| The crosslinked polyethylene beads produced have a

diameter of 0.25" and a density of approx1mately 2.0 pcf.

Beads of smaller diameters can be produced through the use
of smaller holes and faster cutter speeds.

EXAMPLE 10

In a further example of materials suitable for the
practice of the present invention, the resin blend in
Example 1 is mixed with 1.4 parts of Atmos 150 per 100 parts
by weight of resin, and the blend is fed into the hopper of
the extruder. The blowing agent, which comprises a 1,1-
difluorocethane (HFC-152a), is fed into the extruder_through
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59 CLAIMS 1. A nmet hod for produci ng nol dabl e t hernopl astic
pol yner foam beads, conprising the steps of: a. m Xxi ng a

'CONPOSi WEs/0eeuo! i SI ng a thernoplastic polynmer in an PCT/US95/12218E Xt r uder
to forma nelt; b. |nject|ng a blowing agent into said nelt at a
rate effective to produce a predet er m ned f oam density, to
forman adm xture; C. extruding said adm xture into a first
pressure Adwe bdowsng fagemb| dnjection port takds epreennratignpretsur e

zone has sfifit Al swrpaf@sppeyembo parts of polyRRPHAGEHRD! e eypansi on
of said bea and sai bl owi ng agent

bl e be
to further q“&?ﬁﬁ%%uae b%%dggg zone °d% tch %?a’f{l‘é@?ﬁg:’?ﬁ% Pé'ﬁﬁé'ré't%rfeh%f sai d
beads in spbxhtfloﬁt epr-:rysuufe hheeblowdng agent may beumbadbiteinedn 4wy

| d bead
;serrperatur Il’lﬁ{l press%re ‘?he moften bb&%@%‘ %1%% 8 té'g;\%g;a)e%ug “iegﬁesof

rom said
| ower preseahardanth agent fand bipwing ragent are thoroug;ldne miceadi rapdai d

beads to etRarghiivid AR ReadS forwarded through the pelletizer and
cut -immediately at the die face as in Eicample 1. Again,
the extrudate beads are kept under sufficient pressure to
10 prevent appreciable expansion of the beads by the blowing
agent which is dissolved or encapsuiated in them, and the
beads are suspended in water to form a 's_lurry.. The
beads/water slurry moves through a crosslinking zone where .
the water is heated. By the time the beads reach the end of
is . crosslinking zone they are sufficiently crosslinked to
achieve improved properties of the beads once they are
expanded. ' .
- The crosslinked beads then pass through a temperature
regulator zone where the temperature of the beads is
20 regulated to the proper foaming temperature (aboﬁt 210° F),
~ and they are expelled through a rotary type valve into
ambient pressure and temperature. The sudden release of
pressure causeé. the beads to expand. Once expanded, the
_ beads are cooled, dried, and collected in a container.

25 The crosslinked polyethylene beads produced have a
diameter of 0.25" and a density of approximately 2.0 pcf.
Beads of smaller diameters can be produced through the use

of smaller holes and faster cutter speeds.

30 " The above examples illustréte that crosslinked
polyolefin foam beads suitable for molding can be produced
by the .extrusion .of polyclefin type resins containing
blowing agents, each as described above in the

. specification. However, these examples are not intended to

35 be limiting, and it will be appreciated that variations and
modificatibns may be made without departing from the spirit
and scope of the invention. Thus, the scope of the present
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2. The nethod of claim1, wherein the thernoplastic polynmer conprises a
crosslinkabl e, silane-nodified polyolefin. 3. The nmethod of claim 2,
wher ei n {RPocf@BaR0si tion further conprises a silanol : PEHOSHADRe ON
catalyst. 4. - The method of claim1, wherein the conmposition is
crosslinkable. 5. The method of claim3, further conprising the step
of : exposi ng the beads in said first pressure zone to noisture to

i nduce sil dmvention sghevidi e epustikedbeadely Gy refaeeneehaw othel ai m
1, mhereln%?ﬁﬁﬁ&gargmgfﬁglc pol ymer conprises a- pol yol efin and a
cheni cal ssl 1 nking agent 7. The met hod of claim®6, further ,
conprising the step of: adj usting the tenperature of the beads to

i nduce crosslinking in the polyolefin. 8. The nethod of claim1,
wherein the thernoplastic polynmer is a -polyolefin resin conprising a
pol ymer selected fromthe group consisting of polyethylene

pol ypropyl ene, pol ybutene-1 and pol yi sobut ene.

61 9. The met hod of claim 1, wherein the bl ow ng agent conprlses an
inert gas. 10. The nethod of claim9, wherein the bl ow ng agent
conprises a gas selected fromthe group consisting of: nitrogen,
argon, neon, and helium 11. The nethod of claim1, wherein the bl ow ng
agent conprises a hal ogenat ed hydr ocarbon. 12. The net hod of
claim1l1, wherein the bl ow ng agent conprises a conpound sel ected
fromthe group consisting of: trichl orofl uoronet-hane( CFC-11) ;

di chl orodi f| uor onet hane( CFC- 12) ; ~di chl orotetrafl uoroet hane( CFC- 114);
di fl uorot et rachl or oet hane( CFC- 122) ; chl or odi f | uor onet hane( HCFC- 22) ;
1, 1-dichloro 2,2,2-trifluoroethane (HCFC— : 123); 1-chloro-1,2,2, 2
tetrafluoroethane (HCFC-124); 1,1, 2, 2, 2, pentafluoroethane :
(HCFC-125); 1, 2,2, 2, tetrafluoroethane (HFC-134a) 1,1- “dichloro

1- nonof | uor oet hane (HCFC—141b) 1,-chloro- 1, 1,-difluoroethane
(HCFC-142b); 1,1, -di fl uor oet hane (HFC—152a); et hyl chloride; methyl

brom de; carbon tetrachloride; chloroform ethyiene dichloride; nethylene .
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chl ori de; 1,i,2-trichloro-1,2,2-trifluor e; énd met hyl chloride. 13.
The nmethod of claim 1, wherein &Wmﬁi@@ t conprises a conmpound

sel eciyaslodiiogsn t he group consi st ITI*I’QSEEPLAQED pcetyl enecT/asesnnziz,
but adi ene, but ane, butene, carbbn di'oxlds T ous:

cycl opropane, dinethylam ne, 2- I met hyI propane; . et hane, et hyleng,
‘but ane, isobutane, isobutylene, nmethane, nononet hyI a
- propyl erle clmafin rasmtmyila‘rﬁlﬁ*élon14 The rret hod of cmmummmﬂm’””m

bl owi ng agent conprises a hydrocarbon. The rret héd bf ‘¢l & ms1,
wherein the bl owi ng agent conprises a und sel ect ed. from the
group cdnsi sth faetRed for PTORUGHBHt R %g%gﬁ't &?@%l%eﬁﬁwroct ane,

\%ﬁnt enﬁﬁﬁaﬂﬁé‘ﬂdsp%@sﬁ@ the stepexefe. ig $Ee me: Eod 011: C: aim i
erei e bl pw en r # me of_claim
5 wherein the BT”O’\H"F% adg:ggpog&:%-“ ses“@%lgghg & tki%?WOP%%tﬁ%t%ogy% Tclaim1,
wher ei n imearb| exi rgdewy ehe ﬁ@mmrasmeld;ethyl ether. 19. The met hod of
claim1l, mher Wi t aggyyw a ¢
62 20. ﬂnﬁ?#ﬁ%ﬁf %clggo‘ﬁglgg erel nﬁﬁg rtl?vvl ﬁggsgearﬁ |as gaé %ct ed
“fromt heeffectlvgr§9pm‘-§%q e BrefetraménesnF@ma GPSJ-tYl in ¥R net hod

of cl.ai r&% t%ﬁl%& hRe DE OV NExEBEAEA FONDI | Ses a- ket one. The net hod
of claim ]2

re|nthe bl owi agent is selectedfromthe
10 consi sting of SXEEESHRT arkh l"ﬁa'l% gﬁylakéft"d??é: P?'?ssur?hezﬁﬁg OHQB‘P claim
1, where,hcghfa@m@@ySf@ahalblevpdagyageﬁintonbeadss a heat acti vat ed
chem cal bl ow agent haod: o 4 er heat
activated cheﬂgg‘é?gb?%v\ntﬁﬁ 5’5&%4}%":”%% oqE ‘Iéré ec%ggéf rt (‘)DW% h%ug?%ﬁge
~consi stimgdoéffective faamungatbmpanad‘erep anfiuene sul fonyl hydrazide; ‘
di ni trosopent % %ﬁge ‘the beadd &&ftroesaofse%%%aurwégeuben%@néfCItrl c

aci d; gypsum um nas I ym num trihydrate; and
15 sodi um bbeweydpyegsure than the first pressure zone, thus causing

the beads to expand into foamed beads.

2. The method of claim 1, wherein the thermoplastic

polymer comprises a crosslinkable, silane-modified
20 polyolefin.
3. The method of claim 2, wherein the composition further

comprises a silanol condensation catalyst.

25 4. The method of claim 1, wherein the composition is
crosslinkable.
5. The method of claim 3, further comprising the step of:
' exposing' the beads to moisture to induce silane
30  crosslinking in the beads. '
6. The method of c¢laim i, wherein the thermoplastic

polymer comprises a polyolefin and a chemical crosslinking

agent.
35
7. The method of claim 6, further comprising the step of:
Th!S She

o iy il
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25. The net hod of —ctarm1,—Futther co = ggﬁg p of: addi ng
at | east one antis t | ﬁ,ﬁ@.sﬂﬁ@‘fé me retardant agent to

sai d nel wo 9619600 - i@g!ﬁ'ﬂg ME Bi m f uRERRAFEC ¥si ngcrivsesinms of :
crosslinking the be th efin with an additive -

conpri sing a photo-chenical crosslinking agent. 27.  The nethod of clalm
1, wherein the conposition further conprises at |east one stability
control agent. 28Justing nehfodyrreratwre, 9fh wiiehbeadsst £0i | ingducent r ol
agent conpr¢§@§salﬁniﬁg in the pél¢oaBkda. 29. The nethod of claim 27,
in which the stability control agent conprises an olefinically

unsat urated carboxylic acid copol yner. 30. The nmethod of claim27, in

whi ch the s&abi | Thg coethod ag&nkﬂeumprnseswhereln pehgst yhepmopldstic The

part1 al estRIBreS Hon TREVRIFELR PahY ' HaRBREnaTH BoISRRY kRTEcEen ;o1

cl ai m 27, mﬁ§¢@|ﬁhﬁmSQRQRn¢©E§l€6hngopfa@m&YQ§h ere espohypropylenrged to

pressurlzeiﬁaaz Qeeheeadanar b8l yi8obitdhay them - 33. The net hod
of claim 2 erein the foam beads are not pressurized prior to
mol ding them  34. The met hod of claim 1, wherein the thernoplastic

polyne[ i s Selecgemdébmé1th@rmoplait?éqpﬁnyffﬁiﬁéédﬁ)mﬁde 1nb?ccorahh&bene
po yners n rs.of ethylene a_capo e
iEfoner T 58itR R ERE MG SR S AR O ST 1 d né

conpri ses afeambbletyhermoplasumCrpblagemt sel ected fromthe group
consi sting of: partial esters .of long chain fatty acids with

pol.yol s; higher alkyl amines; fatty acid am des; olefinically
unsatur at edl@ar bMQ}dﬁblgcﬁélh%ﬁ!p@P%rﬁétsc apelymer fommydeadmemade  in

accordance with claim 9, wherein the thermoplastic polymer
15 is crosslinked.

11. Moldable . thefmoplastic polyﬁer foam beads made in
accordance with claim 5, wherein the polyolefin comprises
polystyrene.

20
12. Moldable thermoplastic polymer foam beads made in
accordance with claim 1, wherein the thermoplastic polymer
is a polyolefin resin comprising a polymer selected from the
group consisting of: ethylene, propylene, butene-1 and

28 iscbutene. '

13.  Moldable thermoplastic polymer foam beads made in
accordance with claim 1, wherein the thermoplastic polymer
' 1s a polyolefin resin comprising a polymer selected from the
30 group consisting of: ' | '
medium density polyethylene, low density polyethylene,
linear low - density polyethylene, polypropylene,
polybutylene, and homopolymers and copolymers of olefin
monomers having from 2 to about 8 carbon atoms.
35 | _
14. Moldable thermoplastic polymer foam beads made in
accordance with claim 1, wherein the thermoplastic polymer

'I'hls -Sheet Has Beeri Replac
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36. The met hod of cl aim35, wherein the _blow ng agent conprises
| sobut ane. 37. The met hod of claim ogamhrrein the blow ng agent is a
- m Xt urngoRknbdop™ 5% 95%-sThut af@ “on a4 nol ar basipgTisbéhf2i®m 95% 5%

of a physical bl ow ng
chl or of  uorocar bons and fl uorpcarbops
boi I-i ng points between -50 and

t han

of

rate through the conposition of
per meat i bB.r aMeldabiier . th88mopladstithopolpmepr ctbam npeadslakatle in
t her nmopl ' I . £ 0 S, « C risLl teps of :

formng RRearoBBrbIRAct Ulali 5 wherein CONRCLALHIObIRet 1 B0Tvmer |
phot o- cheampxisesodom densgtygpelyethylene.injecting a bl owing agent into
the melt at a rate effective to produce a
in the nelt when it _is extrud

obutan€ and having a perneation rate

an extruder

nprising a therno

phot o- cr GETPEARERg %

adj ust i ngntihd ineame law+densfi tyhpolyathytlens .sui t abl e and effective foanmin
tenperature; and , expelling the beads into a second zone of | ower
pressure that is sufficiently : low to allow the beads to expand into

15f pamed ba3ds. Moldable thermoplastic polymer foam beads made in

20

25

30

35

accordance with claim 1, wherein the thgrmbplastic polymer
is a low density polyethylene having a density of about

- 0.917 to 0.923 g/cc.

18. The method of claim 1, wherein the blowing agent
comprises an inert gas.

19. The method of claim 18, wherein the blowing agent
comprises a gas selected from the group consisting of:

nitrogen, argon, neon, and helium.

20. The method of claim 1, wherein the blowing agent
comprises a halogenated hydrocarbon. '

21. The method of claim 20, wherein the blowing agent

comprises a compound'selected from the group consisting of: .

trichlorofluoromethane (CFC-11) ;
dichlorodifluoromethane(CFC~12);
dichlorotetrafluoroethane(CFC-114);
difluorotetrachloroethahe(CFC-122);
éhlorodiflubromethane(HCFC-22); 1,1-dichloro 2, 2, 2-
trifluoroethane  (HCFC-123); i1-chloro-1, 2, 2, 2

agéﬁﬂﬁ§e#§8tje tomthe group consisting of:
aving from1 to 4 carbon atons,

0 C., and a perneation rate through said

ol efi n pebppeisessian aopPiywer woth etdivlenabahdt p cwonomdr agedecaed ess
romagﬁgtg}o !B ikRenRepgeation rate of "air; a mxture

conprising at [east 78%)is &

through the cHApYdi BicEFasL gREAYALG RALVAIRKA . IMethyheacrridigemmddtion rate

andi LondRdr salts of HexhyleaceRiicSiakda@ physical bl owi ng agent
and having |l ess than 70% | sobut ane, said m xture having a perneation
greater than about 1.2 tines the

_ipredeterni ned foam density
_ ed; . .extruding the nelt into a first

1070ne of pPessMpPédpRde i ChernPPirghify PeYymes foam headsnmagdegnim cant

expansi ogcebriaace! adchgcagemt 15, wherein the thegtbplagtikepsiimegate into

oot oo GompR AR, 2, i ine, 9%, aenabinedt "ot GeBEEEY bR Tt s cads:

- This Sheet Has Been Replaced : 6
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*39. A net hOd fOI’ producing a cr n':';Li nked.polyol efin.fgam conprising the
st eps m Xi ng a conpo 'I,H%@@Wgﬁ[ﬂ% a silane-nodified
pol yol efwoga/mkoa Si ““‘“H“HJ“I “IIBHmens ti On REPUADEPSt | I ®CTAISOSAZIS t O

“produce a nelt; . gent into the nelt
at arate effectlve to produce a desired foam density once the
extrudate i s expand extruding the nolten adm xture into a first
zone of pr'ég'éﬁiﬁg:|-P‘f'?§f:’e?"?5@&1‘f|c(|I'ECFﬁCF3;L i high te préeent any 2,-

signifi canpeﬁxaamab@ae@hahbe(ntEw- mgsagent 2, 2, 2, -€¥PesENGckBRthane

i nk I
o R SR AL S b8
extrudate Lo-ghdoirpadlé ,addfé-ilbe‘aat\lmnfeoam NEHCFC-142k)enper atyr e; _
expel | i ng PQ@}%%%EHQF@" (ﬁﬁ:r 48356 .| NLey gls‘éﬁ% i %”emgf:]:ng/ e%%%ﬂdt hat 'S

suff|C| ent ow to he extrudate t0 expan pro&dct
40.  The ﬁéFﬁ@& oftQ’::Irzﬁthl@Qflq‘Qth Herle: JF'BI ngethelenep dfichloride;
cuf fing thﬁeehyueeket Q:mﬁdés @xarudeélbaueret@.sy hokablre yReRT A,
f oamabl e EMO eads 41 " A nethod for produci ng a
crossl i nkeﬁnﬂof"? N 6’5&; conpri sing the steps ~of m xi ng
a conposition conprising a pol on efi n and a chem cal crossl i nki ng '
ent in a ext der r,od |nJ and m xin
E ow ng ag ﬁégﬁgﬁt ‘?% PFUI ¢ Yherein 'qgltqff‘é‘gt i1 &

i nj ection compmlsng at caﬂqp@uadesbéetat‘ed tfaropr ctdhecgmu@es:mmis‘mmg of:

density once theg %% ﬁhdﬁ%gﬂugﬁkadlen butane, butene, carbon
65 ext rudin ten admixture rnto a rirst zone of pressure

that is sufBfcEidsy ynltrous RKgASE 0 PHAARBAORANL | GHretbubambrpand-@r of
the bl ow nala@%tyl propane §X RS hétﬁW&%E' nkabber adOamal g dddidat e

suf ficient eratures to i-nduyc ossl inking I n the extrudate;
&gj usti ng tff& urBeHRaRe e m lé"es'uﬂ?ﬁ‘BP & nd PHORYCSRR
f oam ng and tirdmeestatlane neand

23. The method of claim 1, .wherein the blowing agent
comprises a hydrocarbon.

20 : . : _ .
24. The method of claim 23, wherein the blowing agent
comprises a compound selected from the group consisting of:
o isopentane, pentane, hexane, heptane, octane, pentene,
4-methyl pentene, and hexene.

2F :

25. The method of c¢laim 1, wherein the blowing agent.
comprises an ester.
26. The method of claim 1, wherein the blowing agent

30 comprises an ether.

27. The method of claim 26, wherein the blowing agent
comprises diethyl ether. .
35 28. The method of claim 1, wherein the blowing agent

comprises an alcohol. _ )
' ' - This Sheet Has Been Rerlaced
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& that is sufficiently
a foaned product. 42.

PCT/USOsn2BH ti ng the

expelling the extrudate to a second zone of
low to all ow the extrudate to ex

| -er;]ter Hgg?‘ggg;ﬁsf)flﬁ m’m ,lﬂimwm ﬂﬁnp non- f oame

f oamabl e pol yol efi i béads. " 43. * A Tor hkodu0|ng mol dabl e
t hernopl asti ¢ pol yner foam beads, conprising the steps of:
m xi ng a anpotheimathodphﬁﬂatpimth&rnwhbaeuncqhd3bﬁﬁwiﬂga@gentrmder to

_ fornla_neg%lec %ufrohntﬁgté98u§e§$€§ﬁggl f h@%ﬂaﬂQ? QE ?ﬁéaﬂgiate

—

effective ern1ne oan1 ensi t when’
it is extruded extrudlng the nmelt into nonfoaned foanable

pol yol efigpc b@ﬁés,method ofcoelipia the haadseiw Q:Hé)WbQ@:Wé. tggRpcature

éo prevent thejr exgaﬂs on; shlpplng the non-expan s toa
enot e | otPHHE®4n etone. adj usting the tenperature of the beads at the
renote |location to a suitable and - effective foam ng tenperature.

gl4aC| n;hte% begggoinﬁgkoigg ggﬁeclaﬂr§ o&gf gg%?%be%thﬁg ﬁévfefn%a%%%n?héﬁto

expand selectedo froanethéegdoup ¢&n515ﬂmngmmﬁodcetowamandBmemhgﬂeln t he

beads ar.eg gtﬁéggﬂ in a cooled state when they are shipped to the
renot e Iocg?* S The net hod of claim1, further conprising the step
19 : ad]ustlng the tenperature of the beads to a tenperature

sui tabl e $9r '@Héch@&hod of claim 1, whereln the phy51cal blowing 66
47. The nmethod of claim5b, further co EF H g é‘p
adj ust i ng>PRBE EAPBYBEF 2 oReRheafELYEEET § @gﬁé aPAOWing aasns - for
i nduci ng sil ane crosslinking. -
33.. The method of claim 32, wherein the heat activated
15 - chemical blowing agent is selected from the group consisting
o_f : '
azodicarbonamide; p-toluene sulfonyl hydrazide;
dinitrosopentamethylene; mixtures of sodium bicarbonate and
citric acid; gypsum; hydrated aluminas such as aluminum
20 ' trihydrate; and sodium borohydrate.

34..-Moldable ‘thermoplastic polymer £foam beads made in
accordance with claim 1, wherein the foam beads have a
density in the range of from about 0.5 to about 40 pcf.:

25 | | |
35. Moldable thermoplastic polymer foam beads made in
accordance with claim 1, wherein the foam beads have a
density in the range of from about 1.5 to about 2.5 pcf.

30 - 36. Moldable thermoplastic polymer foam beads -made in
' accordance with claim 1, wherein the thermoplastic polymer
comprises a crosslinkable, silane-modified polyolefin having
one or more silane groups selected from the group consisting
of:
35 ' -~ -{1,2-epoxyethane) ethyltrimethoxy silane;
| - (1,2-epoxyethane) propyltrimethoxy silane;
- (1, 2-epoxyethane) ethyltriethoxy silane;

i
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*48. The net hod the polyolefin conprises a blend or

copol ymer of pol ystyrene and one ar ﬁpmgsp@%y@p§§d_£49 The net hod of

claim 1wd\b¢9{o%bdl t EII' mm |||O0| YTEREPEREEY | Ses}a bl eedusesii2218 OF
group consisting of:

‘copol yner of at
pol ystyrene; ethylene propy ene but ene-1; isobuteéne; nmedi um density
pol yet hyl ene; | ow density pol yet hyl ene; I|near | ow density pol yet hyl ene;
pol ypropyl ene; poIybut%t%n@Pﬁ&ﬁ%ﬁb&?ﬁtrBrapﬁlcnpst?nuvsSoﬂa@bef|n
monomers having from2itg.- ap@seyeéhaﬁéboatﬁwmath?maltneehe&gzoleﬂi'af

et hyl ene and a nononer selected ront}he roup consistin Vi ny acetate
acrylic polyners, neth}t2aePo¥yetazng) EHEPYBWSﬁﬁYl§&Wﬁ§%@%Ymﬁﬂ%ﬂnﬁuwyI|c
acid. 50. The net hod, pftepbriathangher ei retinel bt H3\ Nge BHER{MEBABKYFES A
nmbi nati on of ft | east two bl ow ng agents selected fromthe group
nsi sting of: P?rogen argon; neon; helium
trichl orof | uor onet hanél CEGepdékxyethane) diqmwmp¥m+trﬂsFOGehhxyméeﬁsxyZ);
dichlorotetrafluoroeg 08 CFC-114); '
di fl uor ot et rachl or oet hane{ CFC-122) ; chl or odi f | uor o- net hane( HCFCG-22); 1, 1-
dichloro 2,2, 2-trifl ubtedtRRAEYPFRPENe»3pthylERimeshoxy? silane;
tetrafluoroethane B- (3, 4b555k?89éloﬁeiaﬁe¥ 2t] ’EfﬁﬂéEHéﬁ%héﬁﬁane,

HCFC- 125) ; %% rafluoroe;hane C134a) di chloro
Q onof | UGBt ﬁes?lﬁﬁﬁland nltr?ﬁfnb?na OguREoPS. thefe @HouRS-oet hane
(HCFC-142b); 1,1, -difluoroethane (HFC - 152a); ethyl chloride; nethyl

brom de; carbon_ tetrachl ori de | or of or et hyl. ene dlchlorlde

net hyl ene %ﬁ[opvagéaﬁif Zt??¥%$F{#%FﬁF é5t¥T?Ftuﬁ?ﬁﬁru£ﬁ§d e dfhyl
chlori de; aceoyfianee arbtpbniclaimtadi whe;rebntm $ilame]l caenbdensation :
di oxi de; X ORk-O t ek LA pane;
cthane: - et gt SREEnChapLaaes, St 1Ak, Ul RIS g ceCodPERdh R4
h%nonethyl@ﬁ?ﬁﬁ Cﬁﬁéﬁﬁﬁéngppgbylene trinethyl am ne; isopentane; pentane;

hexane; heptaneprgghafien E6mpENRRAs4- mémamg ﬁlﬁto&m%efﬂ hinH a@t her;
net hanol ; thano acetpone; nethyl eth ket one; azodlcaf%anantde

p-tol uene dipat YigﬁPfo %ﬂﬁﬁ%ﬁ?ldeSt ﬂ???os@ﬁ@ﬁ@&ﬁbthy? e; SHRROQUSs of
sodi um bi ce¢bansate or staambus t capretate ; gybsadn mphtieathtad umzaag such

as alum numiri rate;, rohydr e _net hod of
claim 26, GREFE EﬁgF Brtl v% ?tpt’;ng%Bﬁ%? Fées caoa%agt%I y???h-tgfnateThe
2@t hod of tiwamit, abudthamenanntxnaQ}uMKphﬂkgtafcompounds, including

rovidin ans ovin tion | owi ent
p ° EEEQ%?ﬁ%{ergds tiEéPeE)%r el i mg:néaét"zle%{gls%lﬁ& nee ttoéﬁlp%egsurl g%d?ﬁe

foan]beadsbls(acetylacetonltrll diisopropyl titanate; amines,

including ethylamine, hexylamine, dibutylamine or pyridine;
inorganic acids, including hydrochloric acid and phosphoric
25 acid; fatty acids, including stearic acid, linoleic acid and
octylic acid, and their metal salts; and zinc salts of
.higher aliphatic or alicyclic carboxylic acids, including
zinc stearate, zinc octanoate, =zinc laurate, and zinc

naphthenate.

30. ' :
38. Moldable thermoplastic polymer foam beads made in
accordance with claim 3, wherein the silanol condensation
catalyst comprises a mixture of at least one organotin
compound and the zinc salt of a higher carboxylic acid.

35

39. The beads of claim 38, wherein the organotin compound

is selected from the group consisting of:
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priof to nolding them
means i s a sol ubit
“the t heweyshasdoi C

r\n

AL
y C1

.M 537?&‘7@9&@5&1& he

rubber

o _
sol ubility enhanc “ | u@@ﬂ!&r r\-\\s Jthﬁm het LE
Mol dabl e thernDpI m\beady. I'n accordance with claim

53.
pressurlzed pr i

T8I n the foam beads are not

The nethod of cl.aim 53,

wher ei n tEﬂdﬁéﬂaﬁdﬂtﬂﬁﬂall?ﬂ”d#&ﬁhﬁhﬂéﬂfﬁﬂ@ttrlal%%} %ﬁ] ¥§K&f%é&1600

PCT/ US95/ 12218 N The beads of claim

antistatic agent ~conprises at | east one conpound selected fromthe
gr oup 40. Thensbeadsg of tdixamneestewlsefélihditﬂﬁeéﬁlo%t of the -

gol yoxyet LKy, ol el | ene_al kyl aryl 5 et hers,
_phosphori ¢ éCI§F3A(+O éﬁé?yﬁg ¥£¥ %%%e &8pd ¥ £fom’ 0. Qul Fat &P and

ponoxyetEFF@ﬁ@ta

cl ai m 44, c%%ws& tB%da&Tsl ﬂﬁateciassnﬁo ore t

sur f act ant beads of clarm wl%er Shid q:t ﬁ’@sﬁﬂ %t atic
| the' toéﬁ}pﬂes‘@tatoﬁ é'é&ﬂ '@-ﬁ@dc@ﬁiﬁm qutaskyst from t he group
consi sting of: al kyl betaene derivatives and i-m dazoline

bl e thfrnn | astic pol ymer foam beads

: YRREr of PR hPeasihomadeon inur t her
conpri sesaacstreainicet witdontTeaim dgenvhere 26 the chéhicalherbeadin®fing ai m
54, where
conmpound
parti al
al kyl

agent

_IGerlvatlv
made

egreup ePnisds§ingaiof :f atty acids mnth ponoIs
am nes; B%bhhl%c'dpégbﬁﬁaesa”d oheh L ﬁ@llybgﬁzoyl Be%%&EE%EEd

11 THoldgple dsﬁé"éﬂkﬁgﬁhggﬁgi P

SHPbE PRG0S0 Lo g, coffifiha PRRTACEER Shron ke
hi gher

arboxylig,a
g y 81cﬁioro enzoni ' peroxide, lauroyl peroxide, t-butyl

20

25

30

35

peracetate, t-butyl peroxy-2-ethyl hexanoate, t-butyl peroxy
isobutyrate, t-butyl peroxy benzoate, dicumyl peroxide,
2,5-dimethy1-2,5-di(t-butyl4peroxy)hexane,z,s-dimethyl-z,5-
di (t-butyl-peroxy) hexyne-3, di-t-butyl peroxide, 2,5-
di (peroxybenzoate)hexyl-3, 1.3fbis(t-butyl~
peroxyisopropyl)benzene; and azo compounds, including
azobisisobutyronitrile and dimethyl azodiisobutyrate.

42. Moldable thermoplastic polymer foam beads made in
accordance with claim 1, wherein the silane-crosslinked
polyolefin foam beads comprise low density polyethylene

produced by extrusion foaming with a blowing agent selected

from the group consisting of hydrocarbons, halogenated
hydrocarbons, carbon dioxide, and'inert gases, wherein said.
foam comprises a silanol condensation catalyst, and wherein
thé silane crosslinking is produced by exposure of said foam

beads to moisture, the density of said foam thereafter being
~in the range of from about 1.2 to about 5 pecf.

43. Moldable thermoplastic polymer foam beads made in
accordance with claim 1, wherein the beads are crosslinked

53.  The nethod of claim52, wherein the retention
Yat | ed or copolynerized with

bytyltin didguaeseg,t hekbutsItin Theslemtdodidfutatlaiinm 38,

seéhém)l tbehémmfueeght of the m&edTmmﬂﬂs of
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“56. Ml dabl e thernDpIastlc de I n accordance
with cl ai WOL96/105Q0 em“mm Wﬁmm&“ n F*U$ SHEXT ;00 CONPICEESISH2218| |

si ze control agent Mol da?ﬁPtequBe?Fr?Up astic polyner foam
beads made in * accordance with wherfei n the conposi tion
‘further . C rises-a nucleating a The beads of
clai m56, wiS%h ggg& &9 %ngglﬁbﬂ?}:g}’ ek Stg‘%b%mtq &e molded by

sel ected fr @pplicagioup abrisatt iand @ressure.

68 WD 96/ 10600 PCT/ US95/ 12218

m xtures of an acidic alkali metal salt of citric acid and a
car bonat e ort%i caidkiahie wihermopi@ss iy t polymexci §pam beads madel i imet al

salg at the a@ﬁdwa:wetﬁﬂ@nr@marm. 1, Swherein®%he NQBH?BE@L:E.BW raplasds- ¢

ol yner foam beads nad a,ccor dance wth aim 1, whereln said
E:)OFY)];OSIUOI’] TR st 1easrccﬂﬂﬁ|a§é%l%ﬁa ¥2A9e f | ane retardant agent.
60. The beads of claim59, wherein said flane retardant 10 agent
conprises a | o ound e beads of cI aim
60npwher ein Js?% dgﬁ% é)s[ard cc"ta%'m wheredh %ﬁq%&%
sel ected frcﬁrnt&m%}'tmlpsurfactantconm sting of: 15 brom nat ed
ang chl orinated organi c conpounds. 62. The beads of claim®61,
wherein said flane retardant agent contains at |east 50 percent by

wei ght of bréfhi nefRf beads of Glaim néS, 2wherein the3anthetbsids dgent

accordance Vdduprisddn 88, Mdwytei Bnkh&ompound séh.éEEeHEtﬁcﬂﬁ’mEhég‘?ﬁoup
conprises at__|east. one _conpound - selected fromthe grou

consi sting donsisting of: "oy o onaraffin,
1,2,5,6,9, 10- hexaillorbcyshbfatesane alkyl sulf@ié@@épmdﬂ.k?ﬂ.za|k%&%éﬁl§

pe@ Lo h A Aded s, "B fosuccinat 88" 88EQTBMBRO AT 1 s c URSHTEN®

esters of phosphoric acid, and esters of phosphates;

47. The beads of claim 44, wherein the antistatic agent is
a cationic surfactant.
20 .
48. The beads of claim 47, wherein the antistatic agent
comprises one or more compounds selected from the group
consisting of: . _
| primary amine salts, secondary amine salts, tertiary
25 amine salts, quaternary ammonium compounds, and pyridin.e
- derivatives.

49. The beads of claim 44, wherein the antistatic agent is
a nonionic surfactant.
30 .
50. The beads of claim 49, wherein the antistatic agent
comprises at least one alkylene oxide adduct of a compound
selected from the group consisting of:
- aliphatic alcohols, fatty acids, alkyl phenols, alkyl
35 . naphthols,'pblyhydric alcohols, aliphatic amines, aliphatic
amides, polyethylene glycol,' and block copolymers of
polyethylene glycol and polypropylene glycol.
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hexabr onobut ene- 2,2, 5 Br s(tri br ononet ,yL}—fﬁgigr

' ﬁr gm?t ? 'r mg&/{)“gg‘{ ﬁgm“mmlm“ Mﬂmﬂgéﬁfﬁ et rabr onohexane,

hexabr ono- benzene, pentab¥oﬁbpﬁen pent a- br onodi phenyl et her,
tris (dibronmopropyl)-phasphate oct abromp cycl ohexadecane,

oct abr omodi Ph o'f') hexbgade, pis-claim 49, hemedfoprmopntistatic agent
decabronvdlcsm;swises @i desast Lone cdmp‘ddﬂd bselepheao g hehe, Php

br ononapht hal eng f claim59, wherein the flane
r et ar dant °°n515tL%%é%E %kﬁmﬁ?%%%ﬁ%ﬁr? @ éﬁﬁ?%ﬁf%e %f anti mony. |

WO 96/ 10600 polyoxyethylene alkyl ethers, poly®GiétI8phén 2lkylaryl

achi ng ot 1R, HAbn | 2ELL ORI BbRICLAPIEREP Slivlene epter

retardant agskfates saard rpolyoxyethylene zbkyl phenel hether shbfates.

- t hi adrazol ,
- t et redorroswsathigne,

further conprising the step of: crosslinking the beads by

conbi ning the polyolef in an additive conprising a

phot 0- chenmi®®  cFRR Fre3AS ré,\)‘i- afg]éﬂm 44, wherein the apidshaticy agent disn 1,

wher ei n trmgﬁx§m§ﬁ¢ﬁéﬁ&bfsmffuﬁtdﬁt conprises at |east one stablllty

control agent. 68. The nmethod of claim67, in which the
bility control : agent conprises a fatty aci d ani de. 15

69. The me83od Tie cbeads6af i cladmch2t hevhsirelin i tlye cantdiektatic agent agent

cormri s oAbl acatl v se! gl SRSIRe) ButeBtld ron ppe ST

conpri ses pmﬁw%xqtnm@ of: 71. The nethod of claim67, in which-
the stability 005&1&91 betaene deﬁ%&tlv@mahasmleaea1ihala@ﬁx%tp&eg long
chain fatty acid and a pol yol-. . The nethod of

%im 67, wherein the stability control agent ellnlnates t he need

to pressurize, th@oi@&lﬁl@eaﬁﬁemmpﬂrastlc polymer foam beads made in
accordance with claim 1, wherein the comp051tlon further
'comprlses a stability control agent.

20 55. The beads of claim 54, wherein the stability control
agent comprises at least one compoﬁnd selected from the
group consisting of: _

partial esters of long chain fatty acids with polyols;
higher alkyl amines; fatty acid amides; and olefinically

25 - unsaturated carboxylic acid copolymers.

56. Moldable thermoplastic polymer foam beads made in
accordance with claim 1, wherein the composition further
comprises a cell size control agent.

30 : .
57. Moldable thermoplastic polymer foam beads made in
accordance with claim 1, wherein the composition further
comprises a nucleating agent.

35 | 58. The beads of claim 56, wherein said cell size control

agent is

selected from the group consisting of: :
| ' This Sheet Has Been Reﬂlaced
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“selected fromthe group consrstrﬁg of: 35 et ylene

Eggrr)rglr.yrrers anc%lnlcx r i of of et, h%‘ﬁengl %fd, dt%ﬁarﬁ ﬁ?la C e‘r" qn%lazcalbl e
conposition afndtahe:rarbonate o:c(hnmamaetestvﬂhrdh tyye soed rvmltl*agﬂ-ré seidicd ed
fromthe grayy Cil.:. methal C%ﬂ&} Siﬂ r\?né)fextni;'umhon tempe Jf'Qt?u:t: esters of |ong

chain fatty acl hes; fatty acid

' Im 67, wherein the foam
KIS Shskd qg BE i PCI/US9S/12218 74,
| FRPLACE _ i

am des;  olefinically unsaturated carboxyllc aci d copolyners and
polyystyrene.sg. Moldabld §thE¥mdpalad Of goh %@J%&A@erséaﬁgh%?églwm 76,
clarm

agent ri ses |sob tane. 10

wher ei n theQQQRﬁdg%%ﬁeW%t aim 1, whexein gadf COSROSHLIon | LwyHiheme on
a nol ar basiconprisdd ae least ondSPhafile ofetbardynt Cagekt PW Ng agent

sel ected fromthe group consisting of: 15

chl or of | uorocar bons and fl uorocarbons having from1l to 4 carbon
“atons, boiliéfy pdihe sbeadaeef -SlBImd550 @hermids said flamepearewsatdantrate

ter ugh sai cggcg Ieds}n é/é@r rlféiélb%édegrgarflc corp#trlﬂ sal d stability

control agent® o an about € pefneation rate of
air; 20 a mxture conpri-sing at |east 70% i sobutane and having
a_perneat i ory at ertdir gUgHst BE COIPGR! 60ON wtler¥i3! 814" ¥ame retardiift!
1.2 tines the perneation rate of air; and xture

conprisi ng #9R%i cCEPMBF bR agempmaqynd selec%%ﬂlnﬁrPEBSQNﬁthKWHP

| sobut ane, s#dribigtdng eofhavi ng a 25 perneation rate through t he

t f t t.h 1.2 ti th t t f
R aré‘%otr#o?mp?mr% HETDT coRER RO st ¢ polyner

f oam beads, conprising the steps of: forming in an
extruder asi?”tThéoﬂBéhéi%% laim 61; wherein said flame retardant
agent contains at least 50 percent by weight of bromine or
_ chlorine.
20 o . _
63. The beads in accordance with claim 59, wherein the
. flame retardant agent comprises at least one compound
selected from the group consisting of:
chloroparaffin, 1,2,5,6,9,10- hexabromocyclododecane,
25 ' tetrabromodibenzalacetone, pentabromophenylallylether,
pentabromomonochloro . cyclohexane, 1,1,2,3,4,4-
hexabromobutene-2,2,5-bis(tribromomethyl)-1,2,3, -
thiadrazol," 2,4,6-tris- (tribromomethyl)-1,3,5,-triazine,
tetrabromoethane, bromotrichloromethane, 1,2,5,6-
30 tetrabromohexane, hexabromo-benzene, pentabromophenol,
penta-bromodiphenylether, tris °(dibromopropyl) -phosphate,
octabromo cyclohexadecaner octabromodiphenol oxide,2,4,6-
tribromophenol, decabromodiphenyl oxide,
bis (tribromophenoxy)ethane, and bromonaphthalene.
'35 | o
64. The beads of claim 59, wherein the flame retardant
agent comprises at least one oxide of antimony.
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Llnklng agent;
PCI/eédsagtsve to
melt when it is
71

t her nopl asti ¢ potyrer—aned—a—phete-ehem cal

oreauee & BRSO A T

SUBSTI TUTE SHEET (RULE 26) 0 L extrudlng t he
nmelt into esfi rthie zeched qnﬁe:skam 1 rther comp:sl.ssmg itheergtigp fgh to
prevent significant n o] h n gert ;

\ éﬁkﬁ XPEN$L Q0 Obnk gnt%stat%F Qb@ﬂgsgng Yt 'least one

cutting the ext? 't 6 nonf oane
conveyi ng £ldame betadantragept o %mb@dm%¥%ssllnk|ng apparatus to
produce crosslinking of the beads; - - adjusting the tenperature

of the beads to a.suitable. effecti ve fpam. nq.tenperature; and
Gpel || ng &, TEARIETHRS o SABHY Lo G CIAT SORTLAS EBS BERGfL | ha

is sufficientl YCi:@é!‘élﬁ'ﬂaiﬂx@VtHél%émjbﬁ Gombining the peolbyéhéeHih oaitd
beads. an ad%thsp'{? s??fbp‘ﬂ'i%ndéq L%gp}grodu%ll %&fr&séggﬂ%ﬁgfilgﬁéﬂ' n

f oam onposi tion
conprising a silane-nodified - polyolefin and a silano
condensat '%ﬂ Cohal ¥etn ? of 8haim 1, whé‘f‘é:{] etébn%&éjﬂ‘}fo@ fetther
. injecting ahd nTXTng a % ow ng agent’  into the melt arate
. x0fective compribsegeat He§$¢e@n¢o%h@%bﬁéFchﬁhE§°%hégiﬁt extrudate is
| expanded; extrudi ng the nDIten adm xture into a first. zone of
gni f

pressure that is sufficiently |gh O Py ever
expansi-on 8- th@hQI%ﬁFhﬁdaﬁﬁd?falm 7, in ngkglﬁﬁfb*}&Fytﬁ?E§¥? kabl e

f oamabl e §?éﬁﬁdaéﬁprige35a fattynmesduamide. produce silane crosslinking
t he extrud adjusting the tenperature of the extrudate toil
a suitable and effective foam ng tenperature; and

expel |ing e crheshévked eftclaiimes7 ntin awkbechrthe osfeability cortrolessur e

that is SUf&éﬁ ntlSrkggétQna$ié¥ﬁﬁfghf%§rﬁf@%éﬁrated carboxylic acid
' copolymer.

70. The method of claim 67, in which the stabiiity control
20 agent comprises polystyrene.

71. The method of claim 67, in which the stability control
agent comprises a partial ester of a 1ong chain fatty acid

and a polyol.

2 5 . . . . .
72. The method of claim 67, wherein the stability control
| agent eliminates the need to pressurlze the foam beads prior
to molding them.
30 73.  The method of claim 67, wherein the foam beads are not

pressurized prior to mdlding them.

74. The method of claim 1, wherein the thermoplastic
polymer is:selected'from the group consisting of:

35 ethylene homopolymers, and copolymers of ethylene and
a copolymerlzable monomer. -
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-80. The net hod of

THlb SHEET R4S t“"CUtl’d'IﬂQ%ﬁlms
REPLAGED nkabj e, non-foaned,

* 30 to expand into a foaned product.

xtrugateae e (M IARORN FARE "

f oamabl e pol yol efi n Beads. 35" ¢ A nmethod Tor—producing a

crosslinked pol yol efin foam, corrprl sing the steps of:

WD 96/ 1060075. ~ The method ofj &lagma%onﬁmqmrﬂmmnpomgmzpmwn n

and a compti¥EsL sta®Iliichk 'c‘&gxt%qmag‘e%ta%eQ@&.%ﬁe Exlch %%d Eﬁﬁ@

mel t ; ._injecting and mxing a bl ow ng agent into t to

5 . forﬁnoﬁsr'f'ﬁltﬁ&g&fmxture the injection occurring at a rate

ef fective to progeatialdestess biamoﬁhgn%lhhlrlolf&(ttE(hQCJ.ds mthe?tdlwtse i's f
irSt zone o

xpanded; ext rudi n%n ten agm xtyre into_a

gr ssure t hAtIPRET, sufFi e n 3V th% tb‘ﬁéve?‘l‘? nyatpdes;  odefindicaldy

expansi on ofnshturadeidhgaxpextylic acid copolymemosiarg tgulysasdnekabl e,
f oamabl e extrudate to e - sufficient tenperatures to induce

crossl i nki ng ~extrudate; - adj usting the

t enper at ur e 78f- tﬁ'éleex!lﬂabgtie afp glagm 75, shemeine the &laeinge agemti ng

tenperat ur egompdises isobutane.BXpelling the extrudate to a-second zone of

pressure that is-sufficiently lowto allow the extrudate to expand
forma foamed product. 20 82. The nmethod of claim81, further

corrprl sing the sty @ethod of claim 760Utmihel%£ﬁ1&k@<tﬂll&1ﬂr% ayddt ifs a

extruded to_f.orm r@sslinkab non-f oaned [l e onoIefin
beads. mixturegof from I’l'?%d§15§r lﬁpbd’ﬁ&nﬁg %Pdmlért ﬁ I"’p E5W/ yner
25 f oaBRkE&dSEf e mhysiqajl thkowimpsagént selected froﬂn theg group
conpositi oncggirgﬁrsjﬁln@go%:t her mopl asti ¢ pol yner . in an extruder to
forma melt; Injecting a blow ng agent into the nelt at a

r &be ef febdonpf lnenecenihensa sa amde dduemsicasdbonsahademy tram 1t fee 30
mel t when il icr@ed Wieshs, boiling po:.nt.eé(t}gea SQn 186+ 4Bk! s0 'Cntoanrcli t he

nonf oaned, foanmable I nic
beads to a %W?%é&ﬁ%ﬁﬁﬁ?a?ﬁ?@ugb said olefin polymer resin modifie

with said stability control agent of less than about 1.2
times the permeation rate of air;

20 : a mixture comprising at least 70% isobutane and having
a permeation rate through the compoeition of greater than
about 1.2 times the permeat:.on rate of air; and

a mixture comprlslng a physical blowing agent and

hav1ng less than 70% isobutane, said mixture having a

25 permeation rate through the composition of greater than
' about 1.2 times the permeation rate of air.

78. A method for produc::.ng moldable thermoplastlc polymer
foam beads, comprn.slng the steps of:

30 , forming . in an extruder a melt comprising a
thermoplastic polymer and a photo-chemical crossllnk:l.ng
agent,

:Lnjectlng a blowing agent into the melt at a rate
effective to’ produce a predetermined foam dens:.ty in the
35 melt when it is extruded;
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pr event thelr expansi o e non-expanded beads to a
PCT/US95/12218 73 -

_renot e | wede/10600 48 sui.ﬂ.f Hf\é
\6/1\31 8?4 }ggoghe terrpll!l!auc,u"r"ﬂlw m ,!l &LA?EZ remjt/eUS%/ ,12218I ocation td a

suitabl e and effective foa enperature 84. The met hod of
cl ai m 83, furth&xré"d’r?&r\ %%F‘elnp tofa Eirst zone °pr§8Fﬁg‘rﬁh§1’!§€ads
into a zonﬁm%df@ﬁl&ﬂemt&gshﬁ.ght batprevent s:.gm:lf:.@tlS@:f.ﬂiﬁfQidh dfpahe i nto
f oaned beaarl)s_mw]_n agent The nethod of claim 83, wherein the
beads are 9 9% Ht a| ned in a cooled state when they are shipped to
the 10 r eresttd inge Athieprextrudate intgonfiaamest hdbamiakleibedds f urt her
cgmprising the YpReRfing the beads 3ghySuGRY aheﬁg%%ercafows&l%n&ig

beads to a tenperature I nduci crosslinking

87. The nePRRRTHCUS FHomPFodusa H@-‘r"s@&#ﬁ’r]ﬂé?%g’ft e thaads

adj usting the teaaefsttlufge aietbemlbeﬁdeu{:e aft ¢MeeHadL to a sult%weabl e

for induci r%%ds er%ne Cr ossgé:ﬁnk.l ngg 20 88., The nethod of claim
11, wherei temperatiipgs & 4 blend or copol ymer of
poI ystyrene and eonpae]dnng the bemds pbhyoers. second zone39.of THewet hod
fclalml rein er o] r | end
g’r copol ynéprrege értee I%%% t"‘%o é{?ﬁ;‘?é ér&bé? r]ngvs tsogl %%?8{;1 %g{ogrjn #%%aaré%p

consi sti ngexfpand into foamed psags.yrene; ethyl ene; propyl ene; butene-1;

i sobut ene; - mediumdensity pol yet hyI ene | ow densi ty pol yet hyl ene;

| i near |l ow density pol yet hyl ene; - i ropél ene;
pol ybut yl e®. hémmshhadk @%WQ@WWSCE?Sﬁ ¢pke Eﬁﬂrbfﬁéﬁgln foam,

havi ng froRchdrd s3kHitHe GHep o:ons; and the copolyrrers of '

ethlene and a namer selectedfr m nsi
i5 y rm Q ing compos:Ltc:]Lont %o p%Li%J.CO S St 519.ane mod:.f:.ed

polyolefin and a silanol condensatlon catalyst in an
extruder to produce a melt; .

injecting and mlxlng a blowzng agent into the melt at

a rate effective to produce a desired foam density once the
20 extrudate is expanded; _

.extruding the molten admlxture 1nto a flrst zone of
pressure that is sufficiently high to prevent any
significant expansion of the blowing agent; _ .

exposing . the crosslinkable foamable extrudate to

25 | moisture to produce silane crosslinking in the extrudate;
| adjusting the temperature of the extrudate to a
suitable and effectlve foaming temperature, and

‘expelling the crosslinked extrudate into a second zone

| ef.pressure that is sufficiently low to allow the extrudate
30 to expand into a foamed product.

80. The method of claim 79, further comprising the step of:
cutting the extrudate' as it 1is .extruded into
crosslinkable, non-foamed, foamable polyolefin beads.
35 - -
81. A method for producing a crosslinked polyolefin foam,
comprisirig the steps of:
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‘vinyl acetate, acrylic polynmers, nethyl acrylic acid, and I ononer

g e © Wt RN o rsiome e o nETISEEE agent
(9]

conpri ses a conbi natiorf oft at"|tast t bl #ﬁf gent s, sel ected
fromthe group consi sting of: ni trogerm; argon neon; helium
5 trichl or BiKEBEoNRt FOAPOEdtEon] ) comprhs trgdia | polyadefiane a(:(d:Ca
12); di cBhem@talr adtows DEt (egentl4n an extrud
d|f|uorotetraggloroethane(CFC 12 )EE chlorodifluoro--er to produce a
nethane(HCF 1,1-dichloro 2, 2, 2-trifluoroethane

(1 HCSC- %23)2 1- chlmuecl:,m% add ‘itwinatd lhﬂdﬁtﬁgﬂr@émtéotge meld2ds 1.
-tetrafluoroe anekﬁﬁfﬁgtg%gﬁx%H&F %ﬁgcﬁﬁiﬁéﬁ%Pﬂ qecurring at a rate

nmonof | uor oeeffetiMerCcte4iproduce - ghl alesiked , foginf | denmdtyanence the

(HOFG- 142b) ext #udate disf buphagbhane (HFG 152a);  ethyl
chl oride; nethyl brom_de; Carbon tetrachl oride; chloroform 15

et hyl ene dlchlorﬁﬁéruﬁéFﬁymﬂﬁa@ﬂl%@mdédmlximpﬁrinﬂnoaoflrst zone of

1,2 2-Urif pressakbanchd®t hyb Clufiridaentagt yiengn aggon .
b;éadlene butan %ene car,.bon o id , %ftroﬂ%hOX|de ‘Preven any

| opr opang&* gﬁ} afffRans308. gf & 1ewingnagedttiane:
et hyl ene; n- butanpps1ngobuhenecroslmbnkabeae fBBhEBME, 3Rtrudate to

nononet hyl a op |l e rimeth
i sopent ane; g%gg%gﬁgﬂE @Qﬁgerﬁ ?aée g§ctﬁﬂé csengéﬁggh&nklng in  kBeny|
pent ene; he§§ﬁ§Ud§tevhyl et her; nethanol ‘et hanol ; acet one; nmet hyl

ethyl ketone; aZQébﬁQEQHQa”kHE Eeﬁ?EgEEﬁre of dthEU|%§E¥L88§§ra%Iana

di ni trosopent anet hyl ene; “m xtu car
c+Pric aci Buitgbpeuapd ﬁﬁé?&FéHe foaming §Bupawa§ur§ucnnd as alun1num

trihydrate; ande éQihﬁ&‘the extrd&Hﬂ&U@Eaéesecond zone 3§ ? P?EhOd
addi tive, further onpri ses ca a

f ol 66
O ) ?Ihren rreFH%gerel : hofentiy Hé?ch?erF-iPWgtthl‘?e ttgpdate £o expand

prOV|d|ng renénfopm aefioamédr progueri.ng the retention of the
bl owi ng agent in the foam beads, theéreby elimnating
20 82. The method of claim 81, further comprising the step of:
cutting the extrudate as it is extruded to form
crosslinkable, non-foamed, foamable polyolefin beads.

83. A method for produc1ng moldable thermoplastlc polymer
25 -~ foam beads, comprising the steps of:
mixing a composition comprising a thermoplastlc polymer
in an extruder to form a melt;
“injecting a blowing agent into the melt at a rate
_ effective to produce a predetermined foam den51ty in the
30 melt when it is extruded; '
extruding the melt into nonfoamed, foamable
polyolefinic beads; '
cooling the beads to a low enough temperature to
prevent their expansion;

35 _ _ shipping the non-expanded beads to a remote location;
~and
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35 the need to pressurize the foa 236S™ or to nolding them
I cl ai m ago¥Y1éedy €Nt | ON: rpduci ngp&PuSEne1s

“thernopl astic pol yner foan1beaf§?' he steps of: a.
m Xi ng a conposition conprising a t her mplastiT pol yner i n an extruder
to forma nelt; : ecting a blowing agent into said nelt at a rate

effective to proddnnsalpge ertemparatome ddhsthe, beadsoah dthe remote
adm xture; jocatfon €3!&USLDEaBREIaAEEEEEEE! 8ol Ehé%eﬂ{:@:??g{&ezone
to formfoam ? %ea ds, wherein said pressure zone I cl ent
pressure to prevent appreC|abIe expansi on of said beads and sai d
foamabl e beg4ls COREIMEEhdE W nlaAGe B3, furthexf ubinbeﬁ.sﬁ.ﬁgfftﬁél 8tégadt:

.. adjusting the tengerﬁ ure of. sai beads in sai q i rst ressure
zdﬁe to a suitabPLPFLas é eﬂﬂﬂ a zong,gr Lower pES&ﬁHW
t enper at ur ewhll] usdese bthem tooexpand 1nto foamédpbeadsie zone |nto a second
pressure zone of | ower pressure than said f irst pressure zone,
~ causing said beads to expand into foamed beads. 2. The nethod of

- claim1, whe$ei nThee wathadpl afti €lpdmym$3, cohpresias dhe oseeadkabrre

si | ane- md'rﬁéfﬂt&fh&?' §hi B cooled Tél?at{@tﬂ%’nof:hﬁ?a'a@e %hl‘ﬂi:‘é’c?'ibtéﬁe
conposition further onprises a silanol condensalion catalyst. The
me? hod  of. r%m%Fﬂ11??atkﬁEre|n the conposition crossllnkable.

86. The method of claim 1, further comprising the step of:
adjusting the temperature of the beads to a temperature
suitable for inducing crosslinking. _ " : ‘
15 S o
87. The method of claim 5, further comprising the step of:
adjusting the-temperature'of the beads to a temperature
suitable for inducing silane crosslinking.

20 _ 88. The method of -claim 11, wherein the polyolefin
. comprises a blend or copolymer of polystyrene and one or
more polymers. - '

89. The method of claim 1, wherein the thermoplastic

25 polymer cdmprises a blend or copolymer of at least two
polymers selected from the group consisting'of:

polystyrene; ethyiene; propylene; butene-1; isobutene;

medium density polyethylene; Ilow density polyethylene;
linear low density polyethylene; polyprdpylene;

30 polybutylene; hombpolymers'and.copolymers.of olefin monomers
having from 2 to about 8 carbon atoms; and the copolymers'of
ethylene and a monomer selected from the group consisting of
vinyl acetate, acrylic polymers, methyl acrylic acid, and
ionomer salts of methyl acrylic acid.

35
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476 The nethod of c “tonprising the top of:
exposi ng Wﬁéﬁ%@gﬁs in said first pr &&S&Fz f&ép%r‘mn stureP FgmsPﬂw

silane crosslinking in the heads.- e fet hod| of claim 1, wherein the
thernnplastlc polyner conprlses a polyolefln and a chem cal crossllnklng

agent . Thep th i § e ste
adj usting t?}% te erature of Cdtfﬁeg% i‘b s'f]d%]g%%roﬁ %Eowd.n nagﬁélt _
pol yol ef i ncompg:.seyhea nEPﬁ'bénéFJ-@Inal tPrfl atwhéeast ttwot dowipicasagengsl yner

Is a pol yokelib8teasErofOWRE! §kBUpachAkygeingebect ed from the group
consi sting of polye hélengé onprogélene pol ybut ene-1 and_ pal yi sobut ene.
9. Mol dable thepnbb K & I'ymer &S Breide i M &R dancevPthl wimiim 1,

Wher ei n thetthehhopbﬁihoromethané(CFCa1i¢aﬂﬁﬁbﬁbréﬁffnﬁﬁkéﬁétﬁaﬁéRMﬁ@ﬂ-

10. Mol dabl nop eads made.in_accaordance _with
claimo, vmg%? tmﬁaé %%EqueﬁﬁQ?m&g U 114);
dlfluorotetrachloroethane(CFC 122); chlorodifluoro-

methane (HCFC-22); 1,1-dichloro 2, 2, 2-trifluoroethane
(HCFC-123); 1-chloro-1, 2, 2, 2 tetrafluoroethane (HCFC-
10 124); 1, 1, 2, 2, 2,-pentafluoroethane (HCFC-125); 1, 2, 2,
2, -tetrafluorocethane (HFC-134a) ; '1,1-dichloro 1-
monofluoroethane (HCFC-141b); 1,-chloro-1,1,-difluorocethane

- (HCFC-142b); 1, 1,-difluoroethane (HFC-152a); ethyl

- chloride; méthyl bromide; carbon tetrachloride; chloroform;

15 ethylene dichloride; methylene chloride; 1,1,2-trichloro-
1,2,2-trifluoroethane; methyl chloride; acetylene; ammonia;
butadlene, butarne;. butene, carbon dioxide; nitrous oxide;
cyclopropane; dimethylamine; 2-2-dimethyl propane; ethane;

ethylene; n-butane; isobutane; isobutylene; methane;

20 monomethylamine; propane; propylene; trimethylamine;
isopentane; pentane; hexane; heptane; octane; pentene; 4-

methyl pentene; hexene; diethyl ether; methanol; ethanol;

acetone; methyl ethyl ketone} azodicarbonamide; p-toluene

sulfonyl hydrazide; dinitrosopentamethylene; mixtures of

25 _ sodium bicarbonate and citric acid; gypsum; hydrated
aluminas such as aluminum trihydrate; and sodium
- borohydrate.

91. The method of claim 66, wherein the additive further
30 comprises a catalyst. '

92. The method of claim 1, further comprising the step of:
providing retention means for improving the retention

of the blowihg agent in the foam beads, thereby eliminating

35 the need to pressurize the foam beads prior to molding them.
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11. Ml dabl e thernoplastic polynmer foam bea

claim5, woasAabdsot he pol yolefin co
77

93. The method of claim 92, wherein the retention means is
- a solubility enhancer that is blended or copolymerized with
the thermoplastlc polymer.

5 94. The method of claim 93, wherein the solubility enhancer
is a natural or synthetic rubber:

95. Moldable thermoplastic polymer foam beads made in
accordance with"claim 93. '

10
96. The method of claim 93, wherein the foam beads are not
pressurlzed prior to moldlng them
97. The method of claim 78, wherein the melt further
15 comprises a catalyst. ' ' '

—_
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