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I claim as my invention:

1. A method for producing moldable thermoplastic pblym T
foam beads, comprising the steps of: :

mixing a composition comprisihg a thermoplastic podymer
in an extruder to form a melt;

injecting a blowing agent into the melt a
effective to produce a predetermined foam densi
melt when the melt is extruded;

extruding the melt in a first pressufe zone into
nonfoamed, foamable polyolefinic beads;

adjusting the temperature of the begds to a suitable
and effective foaming temperature; and

expelling the beads into a secofd pressure zone of
lower pressure than. the first pressyfe zone, thus causing
the beads to expand into foamed beads.

2. The method of claim 1, Aherein the thermoplastic
polymer comprises a crogslinkable, silane-modified

polyolefin.

3. The method of claim 2, wherein the composition further
comprises a silanol condensation catalyst.

4. The method of/claim 1, wherein the composition is
crosslinkable.

5. The metho@ of claim 3, further comprising the step of:
exposing’ the beads to moisture to induce silane

crosslinki in the beads.

method of claim 1, wherein the thermoplastic

comprises a polyolefin and a chemical crosslinking

The method of claim 6, further comprising the step of :
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adjustlng the temperature of the beads to 1nduc
crosslinking in the polyolefin.

8. The method of claim i, wherein the therfoplastic
5 polymer is a polyolefin resin comprising a po
from the group consisting of polyethylenes
polybutene-1 and polyisobutene. |

polypropylene, .

9. Moldable thermoplastic polym€r beads made in accordance
10 with claim 1, wherein the  thermoplastic polymer is a
foamable thermoplastic po

10. Moldable the
accordance wit

oplastic polymer foam beads made in
' tlaim 9, wherein the thermoplastic polymer
15 is crosslinked.

11. ldable thermoplastic polymer foam beads made in

ordance with claim 5, wherein the polyolefin comprises
‘polystvrene.

20

12. Moldable thermoplastic polymer foam beads made
accordance with claim 1, wherein the thermoplastic ymexr
is a polyolefin resin comprising a polymer select
group consisting of: ethylene, propylene
25\ isobutene.

from the
utene-1 and

13. Moldable thermoplastic pol r foam beads made in
accordance with claim 1, wherein the thermoplastic polymer
is a polyolefin resin com sing a polymer selected from the
30 group consisting of:

medium densit polyethylene, low density polyethylene,
density polyethylene, polypropylene,

and homopolymers and copolymers of olefin

35

4. Moldable thermoplastic polymer foam beads made in

accordance with claim 1, wherein the thermoplastic polymer
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comprises a copolymer of ethylene and a mnonomer selected
from the group consisting of:

' vinyl acetate, acrylic polymers, methyl acrylic aci
and ionomer salts of methyl acrylic acid.

15. Moldable thermoplastic polymer foam beads
accordance with claim 1, wherein the thermoplasti
comprises low density polyethylene.

polymer

16. 'Moldable thermoplastic polymer foam bdads made in
accordance with claim 15, wherein the thermgplastic polymer
comprises a mixture of non-linear low-dengity polyethylene

17. Moldable thermoplastic polymer/ foam beads made in
accordance with claim 1, wherein tle thermoplastic polymer
is a low density polyethylene h#gving a density of about
0.917 to 0.923 g/cc.

18. The method of claim
comprises an inert gas.

wherein thed blowing agent

Voo
19. The method of clfim 18, wherein the blowing agent
comprises a gas selecyed from the group consisting of:

nitrogen, argoy, neon, and helium.
B

20. The wmethod/ of claimf‘i; 1, ‘_where:'i.n the blowing agent
comprises a haYogenated hydrocarbon.

21. The thod of claim 20, wherein the blowing agent
comprises/a compound selected from the group consisting of:
tYichlorofluoromethane (CFC-11) ;

dichdlorodifluoromethane (CFC-12) ;
di
di/fluorotetrachloroethane (CFC-122) ;
lorodifluoromethane (HCFC-22); 4,1-dichloxro 2, 2, 2-

trifluorocethane .(HC‘FC-123 Y; 1-chloro-1, 2, 2, 2

hlorotetrafluoroethane (CFC-114) ;
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tetrafluorcethane . (HCFC-124); 1, i, 2, 2, 2, -

pentafluorocethane (HCFC-125); 1, 2, 2, 2, -tetrafluoroethane

(HFC-134a); 1,1-dichloro l1l-monofluoroethane (HCFC-141b
1, -chloro-1,1, -difluoroethane (HCFC-142b) ; 1;
difluoroethane (HFC-152a); ethyl chloride; methyl bronide;
carbon tetrachloride; chloroform; ethylene dichlbride;
methylene chloride; 1,1,2—trichloro;1,2,2-trifluor ethane;
and methyl chloride.

22. The method of claim 1, wherein the bXowing agent
compriseé a compound selected from the group £fonsisting of:

acetylene, ammonia, butadiene, butane
dioxide, nitrous oxide, cyclopropane, di

butene, carbon
ethylamine, 2-2-
dimethyl propane, ethane, ethylene, n/butane, isobutane,
isobutylene, methane, monomethylamine/ propane, propylene
and trimethylamine.’

23. The method of claim 1, wherein the blowing agent
comprises a hydrocarbon.

24. The method of claim
comprises a compound selec

. wherein the blowing agent
d from the group consisting of:

isopentane, pentane,/hexane, heptane, octane, pentene,
4-methyl pentene, and hgxene.

25 .. The method of/claim 1, wherein the blowing agent-

comprises an ester

26. The method of claim 1, wherein the blowing agent
comprises an gther. o
ethod of claim 26, wherein the blowing agent
diethyl ether.
/

27. The
comprise

28. he method of claim 1, wherein the blowing agent
compgrises. an alcohol. )

7..

!
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29. The method of claim 28, wherein the blowing agent is
selected from the group consisting of methanol and ethanol.

30. The method of claim 1, wherein the ‘blowing ageft
comprises a ketone.

r ./

31. The method of claim 30, wherein the blowing ent is
selected from the group consisting of acetone a@d methyl
ethyl ketone.

32. The method of claim 1, wherein the physical blowing
agent comprises a heat activated chemical blowing agent.

33. The method of claim 32, wherein /the heat activated

.chemical blowing agent is selected froy the group consisting

of:
sulfonyl  hydrazide;

34. Moldable thermoplastAc polymer foam beads made in
accordance with claim Z, wherein the foam beads have a
density in the range from about 0.5 to about 40 pcf.

35. Moldable thenfmoplastic poiymer foam beads made in
accordance with £laim 1, wherein the foam beads have a
density in the fange of from about 1.5 to about 2.5 pcf.
36. Moldab
accordanc

thermoplastic polymer foam beads made in
with claim 1, wherein the thermoplastic polymer
compriseg a crosslinkable, silane-modified polyolefin having

one or siore silane groups selected from the group consisting

- {1,2-epoxyethane) ethyltrimethoxy silane;
- {1, 2-epoxyethane) propyltrimethoxy silane;
-(1,2-epoxyethane) ethyltriethoxy silane;

e —T
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-(1,2-epoxyethane) propyltriethoxy silane; //
- (1,2-epoxyethane) ethylmethyldimethoxy silane;
- (1,2-epoxyethane) propylmethyldimethoxy siiéne;
- (1, 2-epoxyethane) ethyl-tris-(etho
5 silane; _ _
N - (1,2-epoxyethane) propyl-tris- (eth
silane; L
-(1,2-epoxypropane) éthyltrimethoxy silane;
B- (3,4-epoxycyclohexane) ethyltripethoxy silane;
.0 and the sulfur and nitrogen'analogues of these groups.

v

_oéﬁ' beads made in

silanol condensation .
catalyst comprises at least one compound selected from the

5 group consisting of:

\ 37. Moldable thermoplaStic polymer
accordance with claim 3, wherein th

organotin compounds, includi g&organotin esters such as
dibutyltin dilaurate, stannods acetate, and stannous
octanocate or stannous capryfate; lgéd; naphthenate; zinc
caprylate; iron 2-ethylh anoate;‘XCbBait naphthenate;

20 titanic acid esters; titapgium chelate compounds, including
tetrabutyl titanate, tetranonyl titanate and
bis(acetylacetonitrile)diisopropyl = titanate; amines,

including ethylamine,/hexylamine, dibutylamine or pyridine;
inorganic acids, ingluding hydrochloric acid and phosphoric
acid; fatty acids,/including stearic acid, linoleic acid and
octylic acid, d their wmetal salts; and zinc salts .of
higher aliphatic or alicyclic carboxylic acids, including

zinc steara

25

, zinc octanoate, zinc laurate, and =zinc
naphthenate/

30 .
38. Moldable thermoplastic polymer foam beads made in
accord#Znce with claim 3, wherein the silanol condensation

st comprises a mixture of at least one organotin

ound and the zinc salt of a higher carboxylic acid.

35

9. The beads of claim 38, wherein the organotin compound

is selected from the group consisting of:
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dlbutyltln dilaurate, dibutyltin maleate dlbutylt;;r
diacetate, tr1a11y1 cyanurate, and triallyl 1socyanuratef

40.  The beads of claim 39, wherein the amount | the
organotin compound in the mixture ranges from 0.0%8 to 10
percent based on the total weight of the mixed/ silanol

catalyst, and is limited to not more than 5 percept based on
the total weight of the mixed silanol catalyst /'

41. Moldable thermopiastic polymer foam
accordance with claim 1, wherein the chemical crosslinking
agent comprises at least one compound /selected from the
group consisting of: '

organic peroxides, including/ benzoyl peroxide,
peroxide, t-butyl
peracetate, t-butyl peroxy-2-ethyl/hexanocate, t-butyl peroxy
isobutyrate, t-butyl peroxy bgnzoate, dicumyl peroxide,
2,5-dimethyl-2,5-di (t-butyl-peyoxy) hexane,2,5-dimethyl-2, 5-
di (t-butyl-peroxy) hexyne-3,

dichlorobenzoyl peroxide, lauro

di-t-butyl peroxide, 2,5-
di (peroxybenzoate)heyyl-3, 1,3-bis(t-butyl-
peroxyisopropyl)benzene; /and azo compounds, including
azobisisobutyronitrile d dimethyl azodiisobutyrate.

42. Moldable thermoplastic polymer foam beads made in
accordance with claim 1, wherein the silane-crosslinked
polyolefin foam

produced by ext

eads comprise low density polyethylene
sion foaming with a blowing agent selected
from the gro¥p consisting of hydrocarbons, halogenated
hydrocarbons/ carbon dioxide, and inert gases, wherein said
foam comprifes a silanol condensation catalyst, and wherein

crosslinking is produced by eprsure of said foam

" beads t moisture, the density of said foam thereafter being

inthe/range of from about 1.2 to about 5 pcf.

43/ Moldable thermoplastic polymer foam beads made in

cordance with claim 1, whereim the beads are crosslinked

66
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until they are sufficiently heat stable to be molded by,

application of heat and bressure.

44. Moldable thermoplastic polymer foam beads. ma
accordance with claim 1, wherein the coMposition
comprises at least one antistatic agent.

45. The beads of claim 44, wherein the antistatdAc agent is

an anionic surfactant.

46. The beads of claim 45, wherein the
comprises at least one compound select
consisting of:

ntistatic agent
from the group

alkyl sulfates, alkyl sulfongtes, alkyl benzene
sulfonates, sulfosuccinates, esters/f aliphatic alcohols,

esters of phosphoric acid, and estgrs of phosphates;

47. The beads of claim 44, whefein the antistatic agent is

a cationic surfactant.

48. The beads of claim
comprises one oOr more
. consisting of:

, wherein the antistatic agent
ompounds -.selected from the group

primary amine s#lts, secondary amine salts, tertiary

amine salts, quate

derivatives.

ary ammonium compounds, and pyridine

49. The beads/of claim 44, wherein the antistatic agent is

a nonionic syrfactant.

50. The

eads of claim 49, wherein the antistatic agent

comprisgs at least-one alkylene oxide adduct of a compound

selected frbmjfhe group consisting of:

L4

/aliphatic alcohols, fatty acids, alkyl phenols, alkyl

na tholgm-ﬁblyhydric alcochols, aliphatic amines, aliphatic

ides, polyethylene glycol,: and block copolymers
polyethylene glycol and polypropylene glycol.

of
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higher alkyl amines;

.7

51. The beads of claim 49, wherein the antistatic agent
comprises at least' one compound selected from the gfoup
consisting of the monoesters and diesters of: /f

| polyoxyethylene alkyl ethers, polyokYethylene al
ethers, phosphoric acid, polyoxyethylene " alkyle ester
sulfates, and polyoxyethylene alkyl phenol ether gulfates.

laryl

52. The beads of claim 44, wherein the antistatic agent'is
an amphoteric surfactant.

53. The beads of claim 52, wherein the /antistatic agent

comprises at least one compound selectéd from the group

consisting of:

alkyl betaene derivatives and imidazoline derivatives.
54. Moldable thermoplastic polyper foam beads made in
accordance with claim 1, whereifi the composition further

comprises a stability control Aagent.

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 Zong chain fatty acids with polyols;
fatty acid amides; and olefinically
unsaturated carboxylic acid copolymers.

56. Moldable t rmoplégtip polymer foam beads made in
accordance witlf claim i, wherein the composition further

comprises a c¢gll size control agent.

57. Moldalle thermoplastic polymer foam beads made in
with claim 1, wherein the composition further
comprisgs a nucleating agent.

58.
aggnt is

The beads of claim 56, wherein said cell size control

lected from the group consisting of:
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. and a carbonate or’ bicarbonate which'feactg with the acidig

mixtures of an acidic alkali metal salt of citric acid

alkali metal salt at the extrusion temperature.

59. Moldable thermoplastic polymer foap beads mage in
accordance with claim 1, wherein said composition further
comprises at least one flame retardant agent.

60. The beads of claim 59, wherein said flamwe retardant
agent comprises a halogenated organic compoun g
61. The beads of claim 60, wherein said/ flame retardant
agent comprises a compound selected;ﬁfrom the group
consisting of: _ ;
' brominated and chlorinated organfc compounds.
62. The beads of claim 61, whexrgin said flame retardant
agent contains at least 50 percefit by weight of bromine or
chlorine.

63. The beads in accordante with claim 59} wherein the
flame retardant agent mprises at least one compound
selected from the group fonsisting of:

chloroparaffin, 1,2,5,6,9,10-hexabromocyclododecane,
tetrabromodibenzalagetone, pentabromophenylallylether,
pentabromomonochdoro cyclohexane, 1,1,2,3,4,4-
hexabromobuteneft2,2,5-bis(tribromomethyl)-1,2,3, -
thiadrazol, ,4,6-tris- (tribromomethyl)-1,3,5, -triazine,
tetrabromoet}ane, bromotrichloromethane, 1,2,5,6-
tetrabromohekane, hexabromo-benzene, pentabromophenol,
penta-bromgdiphenylether, tris ' (dibromopropyl) -phosphate,
octabromg’ cyclohexadecane, octabromodiphenol oxide,2,4,6-
tribrpmophenol, decabromodiphenyl oxide,

bis (tYibromophenoxy) ethane, and bromonaphthalene.

The beads of claim 59, .wherein the flame retardant
gent comprises at least one oxide of antimony.

69

SUBSTITUTE SHEET (RULE 2%

.~ PRoPosep PmendmenTs
- PCT/US9:



‘ PROFoED HI‘ENDHENTS
WO 96/10600 : -7 PCT/US95/12218

65. —Fhe—method-of-claim-l,—further-comprising-the—step—of
adding at least one antistatic agent and at least ohe
flame retardant agent to said melt.

5 66. The method of claim 1, further comprising the
crosslinking the beads by combining the polyoléfin with
an additive comprising a photo-chemical crosslinking agent.

67. The method of claim 1, wherein the compoéition further
10 comprises at least one stability control agént.

4

68. The method of claim 67, in which t
agent comprises a fatty acid amide.

stability control

15 69. The method of claim 67, in which the stability control
agent comprises an olefinically saturated carboxylic acid

copolymer.

70. The method of claim 67,/in which the stability control
20 agent comprises polystyreng.

71. The method of clai
agent comprises
and a polyol.

(O 72. The method 6f claim 67, wherein the stability control
agent eliminatgs the need to pressurize the foam beads prior
to molding tpEm.

/
30 73. The/method of claim 67, wherein the foam beads are not
pressurlzed prlor to molding them.

74 The method of claim 1, wherein the thermoplastlc
'polymer is selected from the group consisting of:
35 // ethylene homopolymers, and copolymers of ethylene and

/ :
+ a—ecepolymerizable—monomer-
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7%. The method of claim 74, wherein the composition furthér
cdmprises a stability control agent selected from the group
consisting of: '
partial esters of.long chain fatty acids with pglyols;
higher alkyl amines; fatty acid amides; olefinically
unsaturated carboxylic acid copolymers; and polystyrene.

76. The method of claim 75, wherein the
comprises isobutane.

lowing agent

77. The method of claim 76, wherein the Plowing égent is a
mixture of from 5%-95% isobutane on a mgllar basis with from
95%-5% of a physical blowing agent sefected from the group
consisting of: .

chlorofluorocarbons and fluorgtarbons having from 1 to
4 carbon atoms, boiling points bgtween -50° and 50°C., and
a permeation rate through said ofefin polymer resin modified
with said stability control zgent of less than about 1.2
times the permeation rate of/air;

a mixture comprising least 70% isobutane and having
a permeation rate througf the composition of greater than
about 1.2 times the perpleation rate of air; and

a mixture compr¥sing a physical blowing agent and
having less than 70% isobutane, said mixture having a
permeation rate tHrough the composition of greater than
about 1.2 times e permeation rate of air.
78. A method/for producing moldable thermoplastic polymer
foam beads, fomprising the steps of:

formiyg in an extruder a melt comprising a
thermoplabtic polymer and a photo-chemical' crosslinking
agent;
jecting a blowing agent into the melt at a rate
effedtive to produce a predetermined foam density in the

me¥Yt when it is extruded;

71
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extruding- the melt into a first zone of pressure that
is sufficiently'high to prevent significant expansion of the

blowing agent;

cutting the extrudate into nonfoamed, foamable beads;
conveying the beads through a photo-crosslinki g
apparatus to produce cfosslinking of the beads; _
~adjusting the temperature of the beads to a suifable
and effective foaming temperature; aﬁ?
" expelling the beads into a second zone #f lower
pressure that is sufficiently low to allow the¢’ beads to
expand into foamed beads.

79.“ A method for- produc1ng a crossllnked olyolefin foam,
comprising the steps of: \ 2

mixing "a composition comprising/a silane-modified
polyolefin and a silanol condensa on catalyst in an
extruder to produce a melt; : _

injecting and mixing a blowi sagent -into the melt at
a rate effective to produce a degired foam den51ty once the
extrudate is expanded;

extruding the molten agfiixture into a first zone of
pressure that is suffi .éhtly high to prevent any
significant expansion of he blowing agent;

exposing the .crq éiinkable foamable extrudate to
moisture to produce s ane crosslinking in the extrudate;

adjusting the Jtemperaturg of the extrudate to a

~suitable and effecfive foaming temperature; and

expelling tHe crosslinked extrudate into a second zone
of pressure that is sufficiently low to allow the extrudate
to expand inyo a foamed product.

80. The slethod of claim 79, further comprising the step of:
cuyfting the extrudate as it is extruded into
cross)inkable, non-foamed, foamable polyolefin beads.

-~
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-pressure that 1is sufficiently high to

and -

mixing a composition comprising a polyolefin and
chemical crosslinking agent in an extruder to produce /a
melt;
injecting and mixing a blowing agent .into the medt to
form a molten admixture, the injection occ'urfing at /a rate
effective to produce a desired foam density
extrudate is expanded; _
extruding the molten admixture into a fifst zone of
prevent any
significant expansion of the blowing agent;
exposing the crosslinkable, foamable extrudate to
sufficient temperatures to induce crdsslinking in the
extrudate; . ' _
adjusting the temperature of/ the extrudate to a
suitable and effective foaming templerature; and '
second zone of pressure
that is sufficiently low to aldow the extrudate to expand

expelling the extrudate to
and form a foamed product.
82. The method of claim 8Z, further comprising the step of:

ate - as it is extruded to form
crosslinkable, non-fogfied, foamable polyolefin beads.

cutting the ext

83. A method for roduéiﬁg moldable thermoplastic polymer
foam beads, compyising the steps of:

mixing a cémposition comprising a thermoplastic polymer
in an extrud to form a mélt;

injectdng a blowing agent into the melt at a rate
effective/to produce a predetermined foam density in the
melt whegnh it is extruded;
truding the melt into nonfoamed, foamable
polyblefinic beads;
cooling the beads to a low enough temperature to
revent their expansion;

shipping the non-expanded beads to a remote location;

-~

.
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adjusting the temperature of the beads at the remote ,
location to a suitable and effective foaming temperature.

84. The method of claim 83, further comprising the.step/ of:
5 S placing the beads into a zone of lower pressuré that
will cause them to expand into foamed beads.

(ol

85. The method of claim 83, wherein the/beads are
maintained in a cooled state when they are
10 remote location.

ipped to the

86. The method of claim 1, further comp,#ﬁing the step of:
A - adjusting the temperature of the bfads to a temperature ~

suitable for inducing crosslinking.
15 ' ' '

S
87. The method of claim 5, further comprising the step of:

adjusting the temperature g the'beads to a temperature
suitable for inducing silane f£rosslinking.

20 88. The method of clgdm 11, wherein the polyolefin
comprises a blend or ‘polyme; of polystyrene and one or

more polymers.

.89. The method Af claim 1, wherein the thermoplastic
P polymer comprisgs a blendi"or copolymer of at least two
polymers selegfed from tﬂésgroup consisting of.: .
polystyfene; ethyleﬁe; propylene;.buténe—l; isobutene;
medium derdsity polYetﬁylene; low density polyethylene;
linear low density polyethylene; polypropylene;
30 polybugylene; homopolymers and copolymers of olefin monomers
havipgg from 2 to about 8 carbon atoms; and the copolymers of
eth¥rlene and a monomer selected from the group consisting of
vAnyl acetate, acrylic polymers, methyl acrylic acid, and
ionomer salts of methyl acrylic acid.
35
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90. The method of claim 1, wherein the blowing agent
comprises a combination of at 1least two blowing agents
selected from the group consisting of:

nitrogen; argon; neon; heliym;

12); .dichlorotetrafluoroethane (CFC- 14) ;

difluorotetrachloroethane (CFC-122); chlorodifluoro-
methane (HCFC-22); 1,l1-dichloro 2, 2, 2-trifldoroethane
(HCFC-123); 1-chloro-1, 2, 2, 2 tetrafluoroethane (HCFC-
124); 1, 1, 2, 2, 2,-pentafluorocethane (HCFC- 5); 1, 2, 2,

2, -tetrafluorcethane (HFC-134a); 1,A-dichloro 1-
monofluoroethane (HCFC-141b); 1,-chloro-1,Y, -difluoroethane
(HCFC-142b); 1, 1,-difluoroethane (HBC-152a); ethyl

chloride; methyl bromide; carbon tetraciloride; chloroform;
ethylene dichloride; methylene chlorfde; 1,1,2-trichloro-
1,2,2-trifluoroethane; methyl chloride; acetylene; ammonia;
butadiene; butane; butene; carbon dioxide; nitrous oxide;
cyclopropane; dimethylamine; 2-2/dimethyl propane; ethane;

ethylene; n-butane; isobutarne; isobutylene; methane;

monomethylamine; propane; propylene; trimethylamine;
isopentane; pentane; hexane/ heptane; octane; pentene; 4-
methyl pentene; hexene; ethyl ether; methanol; ethanol;

_acetone; methyl ethyl kgtone; azodicarbonamide; p-toluene

sulfonyl hydrazide; d'nitrosopentamethylene; mixtures of
sodium bicarbonate nd citric acid; gypsum; hydrated
aluminas such a aluminum trihydrate; and sodium

~ borohydrate.

iding retention means for improving the retention
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93. The method of claim 92, wherein the retention mea is
a solubility enhancer that is blended or copolymerizé€d-with
the thermoplastic polymer.

94. The method of claim 93, wherein the so blllty enhancer
is a natural or synthetic rubber.

95. Moldable thermoplastic po er foam beads made in
accordance with claim 93.

96. The method of clajal 93, wherein the foam beads are not
pressurized prior to”“molding them. '

97. The methéd of claim 78, wherein the melt further
comprises catalyst.
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