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Cross-reference to related application This application is a
continuation-in-part of co- 5 pending application U S.S.N. 08/678,513,
filed July 9, 1996. Each of the above applications and any patents

i ssuing on them are hereby incorporated by reference.

Background of the Invention The invention relates to pol ymner
foams. In 10 parti cih@fnatBs FON@NETROCTERBSERITH PRHRNEED! QROPERAIESY

| ow densities W|tht|e . capF0am structures

are-useful in the areas ofx 7 and
construction. In gengiad | ﬁﬁ[ﬁlém aI£ d ommteitsmatqumm;/mrepart maf ecoal s
15 with good physi cal properties t hat ca l e .0 t Igpads

wi t hout adversePgBfdPFafPe lclaﬁlon geﬁePaP’ 8%2 6§ﬁ‘yf§’|18a| %|t)‘{r|[i<l%(|oa(rer'jtdlq'L £
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is generally reqwredthat he f 1 ;i N
conpressi ve prop&Fti-8s, © Th&EFT a%rg‘eg%t%?eg%g?’e&%??ge%%es éran%

buckling limts, as def i ned,BEaitaeouiith|@ HE U INBER RPN s Handbook, " E.

Cber, et al., Geen Fress docpo1 s coXpsk, 1892,
pages 166, 163 and 253%q351ﬁ@%£6ﬁa£85| cal I Cﬁv%vﬁl‘ﬁf e

particul ar
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packagi ng, aut oRBLi ¥en<GNE uﬁtcnpraamg@meactphgmrda,l Dropmi‘:ere$ports
exerci se, and appliance_applications

t rt ai n good
foam properties (e.g. ,P%‘Bmcﬁgﬁ‘ilﬁﬁrlﬁﬁsaﬁﬂer‘é%?%tl%ge %ogc?égggﬁgf at | ow
f oam densi t b@gkaging, athleRacieagivwagedesipgprtms drot usatstoiathionse bl
syst ens such as e d s shich f d R reridagkaged
product (e.g., BEFEV r%‘gp cf\(l)wr%pmus{]erzlse 1%3 g tISﬁg%wgﬁ;é)Jl equi penlélnt or
hi gh val ue a:(Sl fidets g::fs:labhpha@1 cal greperidess tdat AgitaPake wk k) and
suspend the pro%%%%ortlng loads without adverse deformation. In

general} the physical properties required py these
applicaticns suggest the use of high density foams. It
is generally reguired that the fcams have good

20 proportional limit, compressive proper:ties, shear

] -5 I hiicklirmey limits
properties, fatigue properties, anc puckling iimits, as

defined, for example, in "Machinery’s Handtock, " E.
Cherg, e+ al., Green, E=d4., Indus=z=riazl Prass Inc., New
vork, 1552, pages 166, 158 and 233.

25 Physically-blown foams, parciculaxly fcams with
enhanced paysical propertiss are us=ful, fox exampls, in
packaging, automotive, construction, contact sSPOrLs,
water spcris, exercise, and appliance zapplications iz

is impor:tant tc maintain good foam properties (e.d.,

30 cushioning and resistance to creasing! at low foam

such as end caps which £it on opposite ends ¢ the
pacicaged product (e.g., talevisions, computers, anc
35 electronic =guipment, or high value artifacts such as

b ’
alass vases or fragile art work) and susgend cthe preduct
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ensi on-type packagi ng systens have been conposed of
corrugat ed or- paperboard nmaterials, nolded | ow density foans such as
organi c or

|, or conbi nations of the above materials that are gl ued
ded packaging materials, such as styrofoam end caps, are
bul ky to trandpottieasemsiadt ©f |3 qbRifter dgedd MHPHige and stvuwads e to

provi de the regdisieshsl Gukadidio fifdd ealdieiyiMd sydtedPuwaste asmunt  of

protective filns 5 or sheeting, wood, plastic,
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he foam The outer surface of

t he

relatively | ow wei ght

product that uses relatively small anounts of polynmer material. The
| ami nated foam 30 structure can be die cut so that the skin of higher
density foam on the outside of Summa 1 a hi nge al | owi ng

the die cut piece to pac Lol dadibA EBKEuRes £Oakl PSLBLE-RACKAGENG SYStem
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laminated and have enhanced pnysical properties,

making

them ugseful in the areas of packaging, athletics, water

sports, and construction. In general, these structures

include a core of a low density foam and one or more

skins of relatively high density foam covering

The skins provide Improved physical properties
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and

foam

structurz. The fcam structures have improved stiffnpess,

resist creasing, and more effectively dissipate loading
+

forces of the

Foam. Thas outer surface of tha foam

structures is smocth and flat relative tc the surface of

the low density cass. The low density core provides a

rezlatively low-weight product tha:z uses relatively small

amounts of polymer material. Ths laminated foam
structurs czan be die cut so that ths skin cf hi

dznzsicy foam conn the outside of the structure can
h z

1ings allowing the die cub piece to be fol

collapsible packaging system. Examples of
1

phvsically-b

own foams are described in U.3. Sar.
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Low Density Pol ymer Foanm', which is i ncorporated herein by reference.

I n one aspect, the invention features a laminated 5 foam structure that

includes a first foamarticle |am nated-tg a first surface of a second
foamarticle and athird foamarticle lamnated to a second surface of
t he second famyerd)jrie, Fheediastiloas arppel endndntheled third foam

article each havg, an av foam enl hat 1 t le t|rres
greater than the %%g@@gﬁ(}n fgwdlgnm yo% e? lé%a@ foagiértl i'€le and a
vol une that is inadrpeested. Eeremsbynaﬁerenhan t he second foam article.

The flexural stiffness ?RSH% a at e&h eo?gqv%trfﬂigdyrfeéﬁres é 2&&%@:}% N

hi gher than the flexura s of’ second foamarti
stiffness canSbeoam dettEnel weel @h@@c%ﬂ?l‘ﬂdém pelhrBEnfpPAy aosisle

In preferred embodiBSy weas)?f@@@ beamastbel 8 secbicarbam Ated1LoaRy
article including at [east two foans. Each of the two foans _have an

average foam dersi®iizd DRRM AL FhR Jia‘BbHﬁEEdpEP 2uBPECRGoELTPREFePALFYE
each of t he té&éx@@f@oi}%a@tidﬂl@kne"sﬁebeim@enFamehr&iéleaaddlthe

h It f that _the f t, f t
arti ol cach havSi sRAGE T ORhT dERERt Jave F GECTASR 58BN S8Pdngv15nar
pounds per cubidd aot .l1&sstPreferabhgs gaehtefr thenfthstateaagar tbelme and
the third ABALL ¢! g e h@ﬁeas BbE8NESamDELLEED AR 2 1400,AR  ROLO: o

i nches. e second foamartic as an average
f oam densi ty of aietlesst 11 aﬁ&@%uﬁd@lbéf ebdnctheosecgndt heam asticigam

article has an auerage f.0am depsitye 8 of @ﬁé\@smlageea 4o§ﬁld 12.peurds iper
cubic foot, and the third foamarticle an a erag? oan1dﬁpskt of
a¥he fg t

bet ween about2 2 hridi Mes palmaer "eli‘a)%uﬁ?c Foﬁ%{ur ESfol article
and the thirdsfoppad i £demegehi€na. berl apiipal edtiffness can be

ce-ermined dirsctly from beam bending tests.
in preferred embodiments, the second foam article
is a laminated foam article including at least twoc foams.
Each of the two foams have an average foam density of
20 less than 4 pounds per cubic foot. Preferably, eacn of
the =wo foams has a thickness betweern about 1/4 and 2
inches. It is preferred that the first foam article and

tha tnird fcam article eacnh have an average foam density
of batween akout 4 and 15 pounds per cubic focot.

25 Preferably, each of the first fcam article and the third
foam article has a thickness between abcutr 1/16 and 5/16
inches.

Preferably, the s=cond foam article has an avsrage
foam density of between 1 and 3 pcounds per cubic foot,

3¢ tha first foam article has an average foam density cf
setween about 4 and 12 pounds per cubic foot, and the
third foam artidéle has an average foam density of betwesen
abcut 4 and 12 pounds per cubic foot. The first foam

12 and ths third £ a article each zar laminate=d
b 4 chs third foam =a 12 each zan be 1 aced
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- 4- f odPEPPI¥es i ncluding two foans each having an avePaQ§@S9711am
density of greater than 4 pounds per cubic foot. In preferred
enbodi nents, the second foamarticle can further include a foam /| ayer
havi ng an average foam 5 density greater Ehan about 4 pounds per cubic

foot . Preferably, the foam|ayer has an-average foam density bet ween

4 and 15 poun er o] o] ..a thi t n about_1/16 and
15" nohes. - ol for M Al R b PORRs eqrll PG (7Y 6?8040
total thicknes®adretdgesithont Byertar tEan nkireunds per cubidnfaoot her

aspect, the inventionrhegtifes aq embeifdhed,§ 0AW SLUELUERACdAG a

first skin | am nated 0 a first surface of a core, and a secon
laminated  tGrh BECORE siRftHede A PR chrer Ty Bl 2R eYemeae afadmf i r st

f oam havi ngs ansaerage; foare densid Yawbubel Wesiinds SoPUtuH; @ngody-pounds per
cubic foot, the first Skin %ncl des a second foam and_t he second skin

includes a  Rufferalbam e R 2T e F6RIRNEPFY densitvieen
about 4 and 1%heuEwls peind uds cpdnnts anel acdhl € kihess 4188 Sa 26n1 flaReds 2

i nches, and the | am nat.ed fo truct has_a total thickness of |ess

t han about 12rﬁer¥é'ﬁaeesrf‘ alﬁ%‘é" fﬂ?eﬁryu(?awésatll%srh%%'s of the | am nated foam

structure is 2-20 Tinnpselfegired ehdedilentiexthel ssrittmess hafs the

core. 25 4 totdll e&ﬁc@ﬂgég%e@mtaw&@ 3M%ﬁa0fszﬁéwé§$ a  body
I nc a The am

board t hat udes am nat ed foam structure. _ nat ed foam
structure includes a ffr gnoskiex PERPRAredhe ipyeationsidegsiigse 2of a core,

and a second skigidAeédat&sh sti@cruseconsh saidpce pirdéhesieon elamTher£Qre
includes a 30 first_foam hav ng? an averaeg f%?cqn densi f n bout
Ki

v - %%%o pet wee
1 and 4 pound<Pé THFT FOot3CF " 13 e 2| SRFUWL S R etIRH B3 and
t he second skigb iandeastasd asurfide raf foeen eacd. halhegeare aiet hgée § oam

Gensi L) OTAREUSAL ol i 1 SONIGSC o8 SURLE (00! AT, Behl chress
about 1. and 4 pounds per cubic fcot, the first skin
includes a second foam and the second skin includes a
third foam eacn having an average foam density of between
about 4 and 15 pounds per cubic foot and a thickness less
20 than 1/2 inches, and the laminated foam structure has a
total thickrass of less than about 12 inches. The
flexural =stiffness of the laminated foam structure is
2-20 times higher than the flexural stiffness of the
core.

25 In yet ancther aspect, the invention features a
body bcard that includes a laminated foam structure. The
laminated fecam structure includes a first gkin laminacad
to a first surface of a cors, and a seccnd skin laminated

to a second surface of thne core. The core includes a

[#9]
o
rn

irst foam having an average foam density of between
abcut 1 and 4 pounds per cubic foot, the first skin

includes 2 second fcam and the second skin includes a

third foam each naving an averags foam densicty of between
about 4 and 13 pounds per cubic foot and 2 thickness less

35 than 1/2 inches, and the laminatced fcam structure has a
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-5- tota 091 ness of |l ess than about 3 inches. The hig %%Tamyﬁusu
densities of the flrst and second skins can nake the structure nor e
resi stant to mechani cal damage from i npact, shear, and abrasive | oads
due to the higher 5 polyner and | ower air gontent of the-higher density
foam . In preferred enbodi nents, the first foami ncl udes at

| east fwo | ani nwed fueielaiéss| of. 1dbe spanngbdoan inenesi ncthdehaghkeast
can i nclude at ast two

two |am nated fpamarticle third foa
| ami nat ed foam a[tliec? e%j:S %e?ﬁ%‘bl?nde %cﬁo%(?] FHERY o%?ﬁlarpft‘k%lg €has an
aver age foam deztsmqmufe bm:meneaimmhm pounelshaei calibdeamage f Hodmand a

t hi ckness of b R‘]\Qﬁcge]: Lipches si\trelfoadspcﬁtfée{ée&té ﬁQe first

foam further inc oam llllayer avr ng an average foam t:y greater
than about 451%pqlomais ard Lowsz amtcm@e@ttmf cikdpe sisi glees dwamtﬂzfoamh

I n another aspect, theIh”?S%@%b?Qe@ﬁ@Wo@iw@n’E%t h@fle £t RELGASIHIG [

flexural strength of a co oam structure inc the steps of
| aminating a fiatstledggth two tkpmigated SoaT REHFiese s %ﬂ%ﬁ%ﬂdaﬁ@am

lanminating a 2G-3pGoM sdd et Ol easecors Fahmineee@f fddle £ RTO8MBr the
structure. The first_skin incJudes.,a first foamh wnq cgn aver age

density that i $HEY £LAM 1€ (I 2t ef€2St HER gCP#Bnsity of
the core foam sstrrdimwse arereferabbhy ckemsls dhathe sf@amlaaasiclleé haSesn

small er than the 25 é%t\?séert’é £ e, £0L8 é’&?‘ft{rﬁ tyrpdum;l'shep?secgltrltgiskl n
t¥Tea €5

i ncl udes a secShd Toaf avr ng an average density
times greater tivat td‘rel v erhpknrasief ftween he/ coand fhainatesict uke and a

thickness that 4% @b l&Sthat the Eif@é £6%h | Srdian {1he) idy Cé“‘ §§m0f the

core foam 30 s ructure preferred enbo I ments, e core foam
structure i dayaramiaiang a’rfbaﬁff%tratﬁ‘%lie@?‘hc‘h}bﬁ‘#@’ HTGTY %met 4

each havi ngwna@\aera@e;é‘loamwmdc Hid | esnidiate ds PEIS han PES2 CLRES .

foot. In other preferred e inments, th% 35 first Skll;_l and the second
skin each have an averaﬁe apg ﬁer aspett he invention features a method

of increasing the flexural strength of a ccre foam
structure including the steps of laminating a first skin
to a first surface of the structure, and laminating a

2C second skin to a second surface of the core foam
structure. The first skin includes a first focam having
an average density that is at least 1.5 times greater
than the average cdensity of thz cors foam structure and a
thickness that is at least 1.5 times smaller than the

25 thickness of the cors foam structure. The second skin
inzludes a second fcam having an average density that is
at least 1.5 times greater than the average density of
the core foam structure and a thickness that is at least

2.5 times smaller than the thickness of the core foam

In preferrsd embodiments, the core foam scoructure

s

iz a laminated fcam article including at least two foams

each having an average foam density of less than 4 pounds
rer cubic oot In other prefarred embedimente, the
35 first skin and the second skin each have an averags foan
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- 6- dend¥Q $8/¢2%et ween about 4 and 15 pounds per cubic fET/USIT11S12
Preferably, the core foam structure has an average foam density of
between 1 and -3 pounds per cubic foot, the first skin has an average
foam density of between about 4 5 and 12 pgunds per cubic foot, and the
second skin has an average foam density ®df” between about 4 and 12 pounds

per = cubic faot. .The firs in t he skin, each can . e .

| ani nat ed f oamggf’tsil}:zlyes?ﬂi r?(ﬁttt%léﬁlg at%\r/a\)gltf %ar?é’%ggg POURAR, NG acﬁ“rhajsférgc@%“ f oam
density of gre@referadiyd phendore0 fivam cibiuctiost has an averaden fodwer
preferred enbodi teh d . fuy, r i 31C| e, st ep of_.including
a foam | ayer hg€5%3E§h?* %ggg%%gbjTgg%?g%ﬁ§¥¥$ﬂbF%%fg?hﬁﬁ%ﬁaé oUttQFpounds
per cubi ¢ f ddrrsitn skiie derse afoavieradsctiipam deRsity of |hetotder gaiers ed

embodi ment s t Bl GAMJARiKIRRr cubROIAIE! i thee RAloleldn 4 nelydes a
pol yet hyl ene or polfypropylene. Preferably, the foam further includes a
singl e-site i nRVRAPEE FORYOICENSE tre Sth Petyesterdiqudd ¢ andhidddinrunds par

| east a portioaubfict FoctkQamThe ZQ retoskiln @Rl the second sHih B¥tdefan
aspect, the im/aen i_on feat uifesma ot 4 agsnate faam structure including a
first skin | anPRat8Frmates r 8¢ " ac e 6t U S &%° WorEGthel udes a
first f oam haviing an average ffoam demsiitty of lgetasrer atiaut 4 Rhureded 6
pounds per big f sk first skin includes a second foam having an
aver age foalfndjdlg%gi ?&E’&F rBl'gtov%e'en about 3 and 18 pounds per cubic foot
and a thickness |ess Intaginer/préfehred embodimenasi nehedmébhadstruchare

has a  total jLbhcleagseHel deeps dfhamakeiingl4 !fraﬁaﬁq-afy%% having dd
anot her aspect, the invention features a | am nat ed foam structure

including a fi PYETAEE GOA™ dONSHYa G A6 Ta HHars @25 dc VM K¥ond f oam
article. Theubiikstf caitt i11¢) & hies caxfd ristanf eamuattired .e havi ng an aver age

donsi 1y of The second TRanrart ;B ere Eea (hfGaflnggst it "foBNti88E. 028
PCT/ US97/ 11512a polyolefin. The polyolefin includes a polyesthyvlene or
polypropylene. Preferably, the foam furcher includes a
single-site iniciated polyolefin resin. 1In preferred
embodiments, at least a portion of the foam is
20 cross-linked.
In anothér aspect, the invention features a
laminated fzam structure including a f£irst skin laminaced

ma

to a firs:-c suriface of a core. Tha core includes z firs:

w3

foam having an average foam density of batwesn about 1

25 and § pounds per cubic foct, the first skin includes a
second foam having an average foam density of between
about 3 and 18 pounds per cubic foot za2nd a thickness less
than 1/2 inches, and the laminaced foam structure has a
total thickness of less than about 14 inches.

30 In another aspect, ths invention fsatures 2
laminated foam structure including a Zirs
laminated to a first surfacs cf a sezond
The first article is a first foam article having an

Ll

average foam density that is at least 1.5 times greater



-7- and a volune that is at least 1.5 tinmes snaller than the vol ume
of the secon®®88Ai1284ticl e. | n anot her aspect, the PRVAPTHAL2
features a col | apsi bl e packagi ng system The systemincludes a 5 sheet
having a skin lamnated to a surface of a core. The sheet includes a
first packing nmenber connected by a hi nge_regi on of the sheet to a
second packi ng nenber, and the core is schred or cut entirely through in
t he hi hged regi.on to.formthe f.irst and _seco ackin nbers. 10

In preferred enBBi f?‘er"f'tog‘,u"ﬁettkﬁ%r st Sé:c%enagsscmcslrr’b%(ejrﬁmesl sérb ?Iéltfs@alae?}il%ed
by a slit extengolgmentifr elhe tdeomngh foant lertsikdet,, and by a gap or a

t hi nned regi on of the sfgegnotgggr%}ééé%gge&llgaigggﬁttpg;lvx@ggt{lgg fi,rst and

the second packi ng nenbers t relative to one anot Ref 15 about
t he hinged regi collapsibilesPaskaiding Pas@m caflise systan dinal udrrita t he
hinge from astapade PASiitdP idkiM1Ghinatlle dd Steiatd NG Areyhes d s
parallel to and contal ned'_ within a gap in the second packing nenber, to
a packi ng po¥hei gheek \wmcdmdese & itigS tHRAGKIGIhEFRe s CIEHeY 2o a
transverse to thengacerdipackimgnmmheler b @f Micond HRAGHE haftRod] nemd s, -

the first packing frenber i s t apered, havin w de end nearest to the
first hinged t?‘@gF@ﬁ.e 1s score °Irncb’tth§tntd1gf§{i<¥rrtg'if di §,higged

sheet further 2pepiehudes fartrhithed [Eacisitn gtk Mesrorsl tpectkeichd onelieesecond
packi ng ne by a sec Lpged._ kegi . t hi ; pRACkL ng per i
partially d eq ned by a gﬁq??‘@éegg’efn%(? n&wgdlexpl }P?Sel yt{lgr.gﬁﬁﬁ tﬁéggﬁggg?\ggﬁ&%by
a gap or a thinaedpartiedilon dsffimed Sheét sgditniextiongidice @&rdrice netitterghe

30 second and tpg.t Qied DaAGKNGYTRMBALS R3S af ReY HHRE regildd] Af Whd LN
anot her about the second hinged region. In_the storage position, both

the first and t BETFALLdNT PEAGERGemPRbeEesr ENsafdmss a6 & RRGMOned
W thin the S 8aeRY nBA Glekitie YL e thed thovien rieha tiaekitRg pRSidridihet he
vo 98/0129415 about the hinged region. The firgﬁjgggﬁ%gétggg£er can be
pivoted about the hinge from a storage position in which
the first packing member is parallel to and contained
within a gap in the second packing member, to a packing
position in which the first packing member is oriented
20 transverse to the second packing member. In other
preferred embodiments, the first packing member 1is
tapered, having a wide end nearest to the first hingsd
region.
In other preferred embodiments, the sheet further

includes a third packing member attached tc the s=cond

N
U1

packing member by a second hinged region. The third
packing member is partially defined by a slit extending
entirely through the sheet, and by a gap cr a thinned
region of the sheet permitting clearance between the
30 second and the third packing members as they move
relative to one another about tha second hinged regiorn.
In the storage vositicn, kcth the first and
a

packing membex

T
-y
®

o
re parallel tc and positioned within
P

second packing member, and, in the



- 8- first and the third packing nenbers are generally parall el
form ng a weblesboescont ai ni ng a packed item | n opOeUSPrakeY red
enbodi ments, the first packing menber is tapered, having a w de end
nearest to the first 5 hinged region and the third packing nenber is

t aper ed, having a w de end nearest to the second hinged region.
Preferably, the first packing nmenber and-tBe-third packi ng nmenber are
oriented so that the first hinged region and the second hi nged region
are | ocated ofpds§t énth the dirbiBrgkigig tMnkeretare generally | n anot her

aspect, the i pagniilen f eaimiias & milodor @ntwid ey a pN9eq Theemet hod

i ncl udes the steps Ofi ﬁrovi di gg a ahee i;ncluding a skin |lamnated to a
sur f ace of a core: TRuPEPRY PRFSGHRSENETPEFEMERESr nEDSKEATSE PREKIBIsheet

to forma fir slembaekiitg veydmssd, drdrimg td ngiddirenmearde ©Orendfs ther
sheet and | eayi.ng the skin con ted,to t he. First packi ng nenber to form
a first hi n%e lfl%&dgr{eglonﬁ?‘en#]ietﬁiﬁ dtp%ﬁ(c? r%a(ﬂ'é ™ e’ﬁelspigﬂﬁﬁeéﬁe bout the
hi nge f r omhaviingr ageviglssiandmearedt die tiiee fsesingackigel nexdiesn 20 i s

parallel to apdeGantaiined wid it - Oaddkind NeemeeoNtha «RAGK| NG, Member, to
a packing position in ich the first packi ng nmenber is oriented

. ) .
transverse toPEEFEiSEc ARTbEr fckig SR rSC Yhatpridierfietenbiowiaknt s, the

sheet is I%@?ﬁ@trﬁcérfd)adnestgwdm GirdPed region ldrPrES@ided Sihadiaents,
t he net hod further H}lcl udes the Ets}}‘ﬁe s of: cutting through the core and

t he ski¥P of ot RETh&H e ForhS 9 packi ng menber: and cutting
through the core of tbas sheeheazndspeatinghthénvenskbh ¢easgekedat Rethed

third packi ng_nenber. to far. 30 .sec i hged region,, whereb tl%ﬁethird
packi ng menbef" ma%&_ﬁl 3 %ollrpl%d' _al%n% ck‘emésée]glorh%f‘ﬁ?%sge ?esdﬁﬁg °ih the
storage posit poeyvideriy tthehdastinmdiding thishilpasaimpted menbersarface
parallel 0 apd RORdrianediol iy RURALINY corPatid hdIbis o Achd n the
packing position, the fjrst - WD 98701294 .
PCT/ US97/ 1451 sheet to form a first packing member; and cutting through
the core of the sheet and leaving the skin connected to
the first packing member to form a first hinged region.
The first packing member can be pivoted about the hinge
from a storage position in which the first packing member
20 is parallel to and contained with a gap in, the second
packing member, to a2 packing pesition in which the first
racking member is oriented transverse to the second
packing member. In preferred embcdiments, the sheet is
laminated foam scructure.

In preferred embodiments, the methed further

18]
Ut

includes the steps of: cutting through the ccrs and the
skin of the sheet to form a third packing member; and
cutting through the core of the shest and leaving the
skin connected to the third packing member tc form a

30 second hinged region, whereby the third packing member
can be folded aleng the seccend hinged region. In the
storage position, beth the first and the third packing
member are parallel to and positioned within th

e
vacking wmember, and, in the paclking positicn, ths



and third-packj gﬁlﬂgmbers are generally parallel, formng a peisob 1512
containing a EREE P em In other preferred enbodi nents, the

first foam structure, which is a*skin, is lamnated to a surface of 5
the second foam structure, which is a core, the core i ncludi ng at | east
two core elenments separated by a bendi ng reegi on that is-a gap or crease
in the core, wher eby the | am nated foam structure can be fol ded al ong
the benting regi 9Aa &Aird packihg mbhberpr aker gedeealdgi partadldlhe Hdxmsing
f oam article is a fkin aving.an averaggkgaa gﬁpsity of bet ween
about 3 and 18 pButBsipEPTchBPEStBIPaRd> ] t fi-CKriess | ess than 5/ 16
inch, and the second foam otle imptefdsred camodimenits antaw ef hyet déasgint y of
bet ween 15 about and 6 pou p uhi.¢,fo ; hckness Qf.-¢
between 1 and 125%58ﬁ g?ewbygggPeﬁérgb %?néag% g?gﬁ 3EEH F%é%i§$¥?bcgécﬁ%s
an average foan thassegonfi fesm shancBure, pyhags psr acgore  f B ARFS he

core thickness i BwbNeBes. ehBamehRer sepakatedd b
enbodi nment s, thefggggﬁgﬁgoéFoéﬁ?Egs gn averaSe Pbanldgngg&éggreagéf'between

10 and 12 poubgscprg rgBien ABAtang & BRPcRFeSTe8Fehaf and

1/8 inch. In othgp-pesieehedigrbadtBBNESamt Berlhictare cahod@m Fldd® along
includes at |least two | am nated foam articles. 25 The foam

structures can i RBeuBBTEIPGr FEBY OBt pol yolefins in the conposition,
including sing e-site 1Innbtihet airgpidyrddiembodsnersts Potlyet hiyreneSoancl ude
et hyl ene-cont ai ni ng, pol yol efi ns.. i -site initia : dn
resins include pBngggFiﬁ§ Srggépega?géﬁl§h3§vggﬁgke%§%55%%%%%ktiﬁ‘that
has control | ed nbkewskar aboueBghnd afdpepndsubgr wabglet f@ost &Lt ons. The

pol ycl efin can be,palyethyhene, cpahyByapyliaes, @nddthe GRRAINATHOLMH

et hyl ene and al pla-unsaturated ol efin’ WD 98/01294 .

PCT/ US97/ 11512 article is a core raving an averggfodgnSLEY of between

Copol yners i ng udgopel Ymens kesuvluhibegpkbtodubie foot and a thickness of
between 1 and 12 inches. More preferably, each c¢f the
foam articles has an average foam density of less than 3
pounds per cubic foot and the core thickness is between 1
and 5 inches. 1In cther preferred embodiments, the second

20 foam has an average foam density greater between 10 and
12 pounds per cubic inch and a thickness of between 1/16
and 1/8 inch. In other preferred embodiments, the first
foam article inciudes at least two laminated foam
articles.

25 The foam structurss can include a variety of
polyolefins in the composition, including single-site
initiated peolyolefin resins. Polyethylenes include
ethylene-containing polvolefins. Single-site initiated
polyolefin resins include polyolefins prepared from a

30 single-site initiator that has controlled molecular
weights and molecular weight distributions. The
polvclefin can be poly=sthylene, polypropyliene, or a
copolymer of ethylere and alpha-unsaturatecd olefin

nonomers.



pol ymeri zation of two or nore nononeric species, i ncl udi nggt er pol yners

(e.qg., resuVeOi%G1I%¥om t he pol yneri zation of three nononer T%ﬁé'(ﬂ‘ék% 5
sesqui pol yners, and greater conbi nations of nononeric speci es.

Copol yners are generally pol yners of ethylene with CJerr]-(err]

al pha-ol efins, and/or diolef ins. 10 The average foam densities can
be nmeasured according to ASTM 3575, for ‘exanple. 10 The foams in

the Iam nated foam st puctures._of .th ion e CrQss-|
Cross-1inking can occé poyyﬁ‘?rﬁi gh<eh Fg?g!%tsa at| SH* Aot “prEY érngbl y
el ectron beamoolyme:aﬁdiaaiiwn Oﬁ)enm(i@e neEatmeEmmmnenyc sspagregyr af ti ng and

cross-1inking; E& edrq{grr%gitﬁné@g e{ g Sl ang o ald | it general Iy
ing on€ or re

i nvol ves attac ICOﬂ cont al ni ng nononer or p0| yner to
the ori ginal polpmwarcmref theeq deonneriqripepidEting  for

cross-|inkidf penéimé@rmaﬂcﬁ Slasor d P esbmib Ha ©XHP! F mondderh S Ser.
No. 08/ 308, 801 f| | éd nio 19, 1994 and 0 entjtled "Cross- Li nked Foam
Structures of SESSERS -al | TR 20| JRATFF Y BRI RE ferhylene

Manuf acture, wiwh eh-cs, alph’ac;@’lm:aised dmey/@im v Iregfiereence, and in U. S
Ser. No. 08/ 638, 12 The grgef erred foar&st ructures contain

sil ane-grafted cross- ﬁlﬁkaa SFegrnsoadisdensitiesrhan £5 MEASPTEAe | ani nat ed
foam struct ur escaneling geneékIIN3 Tl Dsetbredtadmens. The term "cl osed-cel |,

used, fierein, Meafs B3Pt RdeRLNAAkbardkeRLeh ghauctﬁrag%%mrms%te' y
e une

70%of th oam ceII ave cel Isolatin emfrom-
external at meﬁlW@f@lOfO@IB(PWQ%g'd]e’t@?ﬁﬁ ne ‘f#ﬁ’@ﬂslrﬁylfiﬂaa%%ﬁ iPRCEhe

amount of wat ef, hidHhalndSpbserhehi 4, thesd g mhenthefaamds haamr sed

in water. The inventi on can have one or nore of the fol | owi ng
advant ages. IREIHATAD RFCIFRSTIRITRRE 2 B5 Tord o194 bRt t y
foam and one elrdﬁyeﬁm;nsg dy treaﬁﬁ&r%/mélwater. Silane-grafting

PCT/ US97/ - ; oAl relatively high
density fo 88 rrally hemf:%lrve S\/\hz?tchac‘q‘n o?ﬁ/es o exanpl e, the flexural

strengt h, re5|sstiam§m conta ekl MpnevRK r@e@qlmeldarmg@& e Dl ng in

the pclymer chains. The use of silane-graf:ing for

cross-linking in polymer foams is described, for example,
in U.S. Ser. No. 08/308,801, filad September 19, 1594 and
20 entitled "Cross-Linked Foam Structures of Essentially
Linear Folyolefins and Process for Manufacture," which is
inccrporatad herein by refersnce, and in U.S. Ser. No.
C8/328,122. The preferred foam structuras contain

o = ~ 1

siiane-grafted cross-linked resins.

25 The foams of the laminated foam structuras are
generally closed-cell foams. The term "closed-cell," as
used herein, means that predominantly, greater than

approximately 70% cf the fcam cell volumss have cell

walls isclating them {rom tne external atmosphers. One

( ]
Q
th

amount wats

-~
L

\

30 way to dstermine this is by measuring th
N

H1

that is absorbed into the foam when the fcam is immersed
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n
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The invention can have onz or mor

£foliowing advanctages. The laminats s:tructures includsz a



| am nat ed fo%gé{éﬁg{ ure. Because the skin is thin 5 relativep&pukdfie@r e,

the overall wer @ the | am nat ed structure is increased little
relative to the increase obtained in the physical properties of the
structure. Addi tional inmprovenment in the physical foam properties can
result when a high density |layer is added 4+t he 10 center of the | ow
density core. The high density |ayer can help further dissipate |oading
forces’ reldtnieeldy thigh tdensprpvioamt devevenal thet coreuwhlich

properties of th fgg;% tr e i > es
have an i npr oved‘?"?rmot %’r %%%%azm%ingl;}?%e%%ngﬁ%% esEfglg%%%’sel_.ttgﬁgsg lﬁge
general |y has a thu ghenrding avcndgeesiehsintyg dapaoe heredrieendingsigenkeal |y a

t ougher mat erial; fdah ek Erudtigre { OUBEEREEe SHET 86800t PRin
structure makes it nore durable as well. The foans including

sil ane-grafted el vg 1% 2he e delpoPYeratti ¥eidat Rt geher Aprinagee

lower foam  densiidigsremid eifetad Seddl POOTe Sk&BAGL e aPd t196 heAcrease
physi cal foam properties.. See, far exani)l e, US.Ser. bNO' 08/ 628, 122.
In general, by |%3ir}ﬁf§ her IR FRGE C2 L RIPTT-ARE P hpt i At tRE PRy si cal
properties of theldx iamhatimp-dommest rict thesphyaitcait Edastpucpeareses hat
contain | ess nmateri al i . Jhi a h : t. of e

mat eri al s and dé:(ﬁr}ed:seesgh\?\t/a??ae%ll %%#§£I§E$%%ﬁp§§i#tgs n%%&fgnf ﬁa%%%
structures. 10 center dJhethamomtdensotyn se¥ect uFee kighbdepsbtvickayen a

30 conti nuous '%%’rm{é'l OPSr R+ U s s MDE€OVESadi g forstsuctures can be die
cut quickly and efficiently, for use in a,vari’é}t?i/ of applications, such
as packagi ng. Ef fi ci &Rt 2REAT LPENTRaLFBR O Noh & Nek Y @ -tth St ruseiral

al i minates the gieg A0 Lok teheli Seami darucsuréaceshyi IiminacedD 98/ 01294
PCT/ US97/ 11512 for

many appl i cat i ofETHHHTSHATHATE (hRVE arrle%:r{}%%%%fg?i-%ny}o%lfﬁgﬁhgg%%??é??a g
By cutting thsougle tleniootes | ayBecaise hehe apkat@enerasly uczsira hhgheot one
of the skins to lanmd e o) Nehar? £ESWAEEY LaM aberLORNY SLT UCLYRES
material than the core. The "toughened" surface of the
structure makes it more durable as well.
The foams including silane-grafted single-site
20 initiated polyolefin resins generally have lower foam
densities while.retaining good strengtnh anc cther
pnysical fcam properties. See, for example, U.S. Ser.
No. 08/6328,122. I

density and improving the physical properties cof the
i~
[

in general, by lowering thz averzage

o
[9)]

laminated fcoam structures, laminated structures tnat
contain less material are cobtained. This decreases the
cost of the materials and decreases wasted material
compared to non-laminated structures.
The laminated foam structuress can be produced in a
30 continuous laminating operaticn. Morescovar, ths
structures can be die cut guickly and efficiently, for
use in a varizty of applications, such as packaging.
Efficient heat lamination of the skin to th

Y a3 - T 3 Py T . e gt
the naesd to pornd to dissimilar surizces with

2liminace

n



exanpl e,. in_packagi ng applications, the packagi ng system i s readil
shi pped in Y‘de"{s{mg"dl | apsed position to take up | ess space?cgﬁiﬁﬂfblf’){z
freight and storage expense and sinplifying reuse of the material. 10

O her features and advantages of the invention wi |l be apparent fromthe
foll owi ng detailed description thereof ,,and fromthe clains.

Brief Description of the Draw ngs FIG 1 is a drawing depicting

a lamnated f , UgL, pr vi nsj igh
enoity siki ARdSIFEE UELL! Rialg VAg Ros DILAETOE AL OB R 20 BUCCLON 1 ¢ oo
structure havi¥RF¥cl i HEREi 0§ e emakeRialdi gh density f oam | ayer and

two high density skingy Zditting thribhigh 2hieS cor@ auyey ¢EPIEHd %n?inatedd
| am nat ed foam structurg havi n%_.a %omﬁde SIt% core and two | am nate
hi gh density skypicture and notpoge gi;the %F’a’b WRpF Iy BHRIBendNfg

stress cBr viassdi ot img | bamtteased yféamanscouet ands aataniepsedi f@eam 25¢
structure having o hi gher i L. er_on each surface.

FIG 5is a gr%f%ﬁ“%% cti n%a%ée)sjblté%dg%&s%%%%ns' tglﬁ? VR3CHRF LAY SHEHERsi ty
f oam core and is |zeadbl edshitpped istflat ureohbapsed t pos bt gber tdenskeyuski n
| ayers on eac S e. - freigit Gnd 4 ' pLcking a

| am nat ed foa%%‘os sﬁ%@%hr%a %ir\l/ n r?il ow d%ns%?@f%%érgg%ﬁgngﬁeéﬁ?gh density
ski n. WO Dgpibiming reuse of the material. PCT/ US97/ 11512

- 13 - 10 FI Gthér Feardiraw ﬁgldd%.@ivﬁhit'%%e% REr ePRCHIN@Hi  of a
| am nat ed foam sfructure that hﬁs bee}g d%ﬁllwt' or .a .#)%ckagi ng .
application i} Dl FRPREF o PPur At bRt towing detail dgSTEIRt §PFwi ng
depicting a bathewaof pvand fhem Hhé aviadted foam structure of FIG 7.

FIG 9 is a drawing depicting a top view of the

Brief Description of the Drawings

FIG. 1 is a drawing depicting a laminated foam

15 structure having a low density core and two high density
skins.

FIG. 2 is a drawing depicting a laminated foam
structure having a low density core with a high density
foam layer and twe high density skins.

20 FIG. 3 is a drawing depicting a laminated £foam
structure having a low density core and two laminated
nigh density skins.

FIG. 4 1s a graph depicting the bending stressz
curves for a low density £oam core and a laminated foam

25 structure having cone highexr density skin layer on each
surface.

FIG. S is a graph depicting the bending stress
curves for a low density foam core and a laminatced fcam
structure having two high=r density skin layers on each

30 surxiace.

¥I3. 6 is a drawing depicting a laminated Zoan

tructure having a low density cors and one nhigh dansity

<



| am nat ed fq@glgg,bﬁggture of FIG 7. FIG 10 is a dpewRgriisiz
depicting a side view of the | am nat ed foam structure of FIG 7. 10

FIG 11 is a drawi ng depicting a cross-sectional side view of the
| am nated foam structure of FIG 7. FIG 12 is a draw ng
depicting a perspective view of a | amnat®d-foam structure that has been
die cut for a packagi ng application in the expanded configuration. 15
FIG 13 is a draw ng defdicet iTngsa at ciravieg depiles ing |aamerspest fioemview
structure of Pl d2aningred foah! Gerddrifeafbalhiy #80hChiA0ALPELLOD
vi ew of the Tam rated 10 &

am structure of s a
drawi ng depi ct map@amx@gsam%w%wnzenﬁm W%WBFe@hﬁopﬁhﬂﬁﬁﬁééioﬂoam

structure of FIG 12. g1g. 8 is a drawing depl@fttr'ﬁd ed HRIWn RN of the
The | am nat ed poI ymeri c_foam structures |£c core of a low density

f oam and oneSorlafbka&Rd koY FFHACEUT YR ﬂ/ fo&m relative to the core

that are lamnated to Iﬁd h@ der @ dbaeisly depderrine sswdmeda e dheinore.
I n general, the core a skin on at%%eﬁ% O.l;le surface of the core
0 i

and can have a%‘&‘&?ﬁf‘%‘& ‘T“&n?%ﬁ‘t‘cé%uf% surface of the core. In
general, each of the skFiIgs andis at hgragorg capiled imd amsiateedr fevamf the

structure. The 30 I étfg?lrﬁté%&@r%agfbﬁﬁrogduced usi ng any
ron te

conventional | am 4 rncluding heat, film or adhesive
| ami nati on. 1¥he | ami nafFé@- céﬁstlﬁu@t idgrRwing %9@(}\%‘911’491@ FESFRTISgdtional

properties of tdiesStyughuse %hlamlnamggé&ﬂz&ﬂructure of FIG 7.
PCT/ US97/ 11512 ﬁ o»&grt,l onal

limt, conpressive propéftiés<, 1§h€afiramﬁ’rgo;9§ﬂl1cé?§-n9f & |P§L¥§p cldS%g.

Preferably, thef @nlaaﬁim&i@@ m&nf@aﬁmmﬁésnmt hal Baks @béchBueadobea
prepared as described, for 8/638,122. Foam

U.
articles with PRI NI ?% ‘e %l?)ﬂyé?c%’ p?’é%%???%sco?gbgﬁﬁﬁﬁéog br oad
range of 18verage foamcdensi tises, deawilng plegppiartdchdye thdoep netehodst the

laminated foam structure of FIG. 12.

FIG. 14 is a drawing depicting a bottom view of
the laminated foam structure of FIG. 12.

FIG. 15 is a drawing depicting a cross-sectional

20 side view of the laminated foam structure of FIG. 12.

Detailed Description
The laminated polvmeric foam structures include a

a low density foam and one or more skins c¢f high

ti

ccre ©
dernsity foam relative to the core that are laminated to

25 the core. The skin covers a surface of the core. In
general, the core has a skin on at least cne surface of
the cor= and can have a second skin laminated to another
surface of the core. In general, each of the skins and
tha core can be a laminated foam structurs. The

30 laminated structure can be produced using any

orventional lamination technique, including heat, £ilm,

O

ran
or adhesive lamination. The laminated construction’

improves the mechanical properties of the structure such



descri bed t i Particularly preferred | am nated foam structures are
descri bed aH’gBS#IF{}gfrat ed in FIGS. 1, 2, 10 and 3 F@Wé’rsﬂ’ﬂauto

FIG 1, the lam nated foam structure 1 has a core 4 lamnated to a first
skin 6 on one surface of core 4. The core 4 is also lamnated to a
second skin 8 on a second surface of corgg 4 Skin 5 and skin 8 are 15
general ly foans having average densities of between 4 and 12 pounds per

cubi ¢ foot and atéﬂ;pﬁsgf&&eﬁoﬁl betaen éeéxa;ﬁrassﬁr@ &fépéﬂer@énbggégr‘l is a

| am nated foamw th nmultip Iayers hese prefeerred e I ments,
core 4 has fourPrOqufﬁﬂé’r%f |frﬂ91tﬂﬂﬂg ?%rﬁ‘i‘é‘ ¥¥Am 12, foam 16, and foam 18.

(210 The foa][ns %0 12, @@efangblﬁ Iﬁhéofe(ajﬁa a&@hcﬁgéeaQ%eF@ﬁ% shefe%mor
ensities o 2.and 2 ounds. per eubi ¢ oot and

t hi cknesses of @@%eﬁ*’]i'@icé‘ & 9% mlp c? cribed n‘go'r ¥ t@XBRsE i t uent
foans 10, 125 3151and; A&ehaws. Oaayﬂ@aa,gmz‘oarﬁ‘@mmsa:tum*émahtamealBﬁbad
relative to th . The_structure 1 has a
t ot al t hi ckﬁ'ﬂé?‘fé-l %A%@k%ﬁ%saqggneliai i yr%et V\eenﬁi\ﬁ gnd g9 |£?*|%h‘e‘§me offoams
according to FlaﬁaeraEecafrPaﬂe densl Yiepaciéiyibry prerpgpid day i Ons . methods :
Referring to F'a@s&lﬁéae dridiat ed 5Mﬁfﬂyr§r§pe1§:msl§mf9 €ed fogm

consisting of a low density sub-core 4a and nsi t -core
| ami nat ed, respFEEMGRRIBES dFe desEH REH 1Rt Joifl‘bs’?reﬁ}%ﬁ@vmyf'm@h Hendity
foam | ayer g andlhe foamlayer 7 is a foam having an average density of

between 4 and 12 poun er . cubj c Lo nd thi ckness .of. 35 between 1/16
and 1/8 inches. The gﬁF TFEN9) bt hdre il'thg TamlnﬁfﬁéSf@f?QEtruCture
PCT/ US97/ 115121 has a core 4 Lamlnated to a first l&kin 6 onfomstsskiac® on

one surface of S Lol & ANty o 280600 41 SkIM B LR SPNG SULEaGE; O

the core. Skin are genera y Toadns havi ng aver ag
densities of bét weem SeCQPChrﬁPIlﬁzﬁq:ﬁ)lﬂfdsCOp%ﬁr Lubiiwot =l S}hlr@k&e@s@s of

between 5 {4 1638 51/18, | fighes hFach (Hviflﬁgél&@&r@zﬁeéao‘a”de'ﬂ‘pe&’? and
| am nated foamwth nultiple |la /er's InthlsPreferre rrbowrent
sub-core 4a had? REISRES SHEURIRF 8% }ifbess’r%arﬁﬂ?etaﬁ%le? obfi a3

and sub-core 4knaas Adrge-ayer Core 4 is a lamirnated foam with multiple
layers. In these preferred embodiments, core 4 has four

layers including foam 10, foam 12, fcam 16, and foam 18.

20 The foams 10, 12, 15, and 18 in core 4 each have average

foam dansiti=s oI zetween 1.2 and
foct and thicknesszss of bstwean 3/
4, and its constitusnt Igcams 10, 1

average fcam densitiss that are low relative to the first

25 skin 6 anrnd seszond skin 8. The structure 1 has a zZotzal
thickness 20 which is generally between 3/4 and 8 inchss.
Foams according tc FIS. 1 can be used in packaging

applications.
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Refarring to
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2 has a core con515ting ¢f a low density sub-cors 4a and
a low density sub-core 4b laminated, respectively, to

each surface of a relatively high density foam laver 7.

The foam laysr 7 is 2 foam having an average density of
bacween 4% and 12 zounds per cubiz focot and a thickness of
35 bertwe2n 1/1s and 1/2 inches Th2 core is lamina=zed to a



including fo am 16, and foam 18. The foans 10, 10 12,
Hoshurisd Syt

and 18 in the core each have average foam densities of bet vveen

2.5 pounds per cubic foot and t hi cknesses of between 3/8 and 5/8 inches.
Each sub-core 4a and 4b, their constituent foans, and the core

including foam|ayer 7 have average foamdensities that 15 are low relative
to the.first skin 6 and second skin 8. The structure 2 has a total

t hi ckness 20 whifdhrsts skirgemeusxalduye bt nEeve 38 tindl Soiaches @6 Qrséleﬁd
Foams accor di 1o} FI G 2 kagi atiqQns,
Referring to FI én the Iameﬁ(’acph ﬁgg%?ru@% 9% hag’ggn r%na kid'

| anmi nated to a 8 farﬁsg%’t@ralﬁl}omm sﬂa?m avemgeodenﬂltléheoﬁ%etéeeﬁ
al so | am nated g4t i core 4. Core 4
is a.laninated %Tn%am W|2 ﬁrﬂgl 0] e iayers &C %hl 5 nﬁe%err%n?r %%F‘@eﬁn%
has four |aye?sl/Aél edidqglﬁf?oamq!tﬁsmaﬁﬁqu Oﬁo’%hﬁ 1saab-amres 4poamd 84baih
have average foamdfasidets @larbsigehule dple Ak 5 PAINIS DYrEHbL Lo
foot and thicknes es of etvvel% i nc

constituent foafEPcdifgnty, s Cé-’rRF ih’%ﬁ/ #%m%@ln@sf@éhm
are 30 | ow rel atioye foant he fidmst fddm 5 anh saﬁorwbz%urb thas HhPee 18dsSs @
| am nat ed foam i.ncl u% ter f oam 22 d i nkpei f oam 24 Skin Is a

| ami nat ed foam “Ffi¢l &ﬁ“erl‘o? odme™ ¥oamP® forpssl @2,
24, 26, and 128 eachlhave4 1®veraage ldensi tites afrdedae b and,d2agpo Ueksin

per cubi ©,2°5 10aknd0d 16 PenERaSRA! P WERD /s QAN J 18 ] nehes. fwth

- 16 - t he abfefhigkmesEesad %%ﬁm@/&«@’@géj/wemmqfl@ | Gmezh  t han
the inner foanmsg3h-aRee28a ada wbef &80 eor@m%éﬁnt%ar%acrérﬂf NeTVigl=T

foanms 22 and 26 has an avera ensity of 6 pounds per cubic foot and a
thi ckness of 5lBEtHEERILL %hﬁ&Yf/rS |ﬁ{ﬂ‘(€s Y agksc 5 idemard ticmst I

and 28 has ars aaeéagewdeealau:mv@f tD RoNdS e KB & TR secAM skihigkness
of about 1/8 in IS am nate faam wi th w@h_plelayers In
t

t hese pref erred fhe nﬁl‘5°r¥é€r?ts h@c?re &P %a&d HYERO5S i2uetE Foars 10, 12,

16 generally between 3/4 and 8 inches or greater. Foams
according to FIG. 2 can ke used in packaging
applications.

20 Referring to FIG. 3, the laminated foam structure
3 has 2 core 4 laminated to a first skin 6 on one surface
of core 4. The core 4 is also laminatead to a second skin
8 on a sescond surface of ccre 4. Cove 2 is a lamninated
foam with multiple layers. 1In this embcdimant, core 4

25 has four layers including foam 10, fcam 12, foam 16, and
focam 18 each have average foam densities of betwean 1.2
and 2.5 pounds per cubic foct and thicknesses of between
3/8 and 1/2 inches. Cora 4, and its ceonstituent foams
10, 12, 16 and 18, have average foam densities rhat are

30 low relative to the first skin & and second skin 8. Skin

6 is a laminated fcam inciuding cuter foam 22 ané inner

fcam 24. Skin 8 is a laminated foam including outer foam
25 and inrer foam 23. Foams 22, 24, 26, and 22 =ach have
averags densities of between 4 and

d 1
foot and thicknessezs of between 1/16 and 1.

)
[¢2]



10 and-18,“%ﬂ§ﬁaﬂyerage foam densities that are low relative to the
first skin decond skin 8. The structure 3 has a t ofSFUSAIHRHess 30

generally between 2 and 2 1/4 i nches. Foans according to FIG 3 can be
used i n water sports as body boards or kick boards, in exercise 15

equi pment (e.g., as gymmats), and in congiruction applications as eaves
fillers. The preferred foans are pol yet hyl ene foans that are

descri bed, fofh&xaapbe. £bAmY: 2 S88. 280na080838va225, acdlEcPLET ghl@d Skins
Eet ween apou

are foans that. have an,average f oam 20 gen5| ies o and 15
pounds per cubRRRfbRe innepcfeamy, et e?RB| 98bet WBeRTEEBHEEE and 12 pcf, and

thi cknesses betveeimdhd6, asdcB/ 8fi sabes. foMast22 apaeber abkYant Boeskins
have averaged;oanldens't'es Q out hickﬂesses of 1/87i nch.

k f ab b8 pff and é
The pref er r eI oY eOF 55 PPRURATWEH SHPAGeFQGE PBENRdERIFKYe8E PEss t han
4 pcf, preberztiwedet Wek6 ahdul/a. 2naheds2abdpefch dbBeinnegOFaing a4f oam

| am nate wit | % f : having thi.cknesses, bet ween about
3/8 and 5/8 Eﬁgﬁéégp#%% ggn%%%?%é%eggﬁg%%yp?gf%rggPVdﬁageﬁe?ﬁgéﬁ 558hd 20
foam 30 | ayerand aHehiekaesshpEkaeayt ot/8henebre Coarget is a lamipaneded by
the overall flgknpsen’REvtigrENapbrihe 1n SRBLLCBLLPD-pLgthe | am nated
foam structure. The total t hi ckness of the | anfnated oam structure
is, nost X HBPYES peERERN? abRBE BYE GPESEPtRpthefOaT®el 85 1ani hat ed
core can hoclase ps highvdeasetygéopdahaiefisities ¥ELO8494204w relative

PCT/ US97/ 11512 . . .- 17 - havi ng an
average foam dendityEbEFheBiiandudna S55P92 PEin 8 anBne nFERRESYES Bet ween
1/ 16 and 3/ 8 naxhestotal thickness 20boeheralbyibewhéeh b hengkdnijs a

| am nat e, 1 ter r ' ferably has a higher 5 density
than the adjé%g%Fggbang %%%rég %£$ﬁ%§r%§1ﬁ% éd£ ga%k?%,u?%g pret@rfed skin
preferably hapQrtavas ¥ oaprrds dehskigk opogrgef dmdewerdiskness of 1/8

i nch whi chisi quidmdhpatedgt o aa Sha®¥) N 2hqhayi agpan-guerage foam
density of 6 pcf and a thickness o anut 1/16 inch. The 10 lam nated skin
structure gi Hetretondspsiapges bt llers

The preferred foams are polyethylene foams that
are described, for example, in U.S. Ser. No. 08/638,122.

The preferred skins are foams that have an average foam
20 densities of between about 4 and 15 pounds per cubic foot
(pcf), preferably between about 4 and 12 pcf, and
thicknesses between 1/16 and 3/8 inches. Most
preferably, the skins have average foam densities c¢f

about 8 pcf and thicknesses of 1/8 inch. The preferred

-l =

25 core is a foam with an average foam density of less than

The
core is a foam laminate with multiple foam layers each

Cowaa

4 pcf, preferably between about 1.2 and 2.5 pck.

having thicknesses between about 3/8 and 5/3 inches. The
laminatad core rreferably has between 2 and 20 foam

30 layers. The total thickness of the core layer is
determined by the overall thickness reguirement of ths
application of tne laminated foam structurse. The zo-al
thickness of the laminated fozam sziructurs is, xost
preierably, between azbcut 3/4 and 12 inches. Tha

35 laminazed core can include a high density foam laver,



creasing in f which is inportant, for exanple, in
sports appli c‘g :&gﬁgzgsuch as body boards. The | am nat egﬁ%ﬁmsu

structures and their potenti al applications are varied. For exanple, a
| ami nated foam 15 structure with a total thickness between about 3/4 to 8
inches is useful in packaging. The | ow density foamcore . contributes to
a |l ow weight of the total package while the high density foam of the

skin provi des agsivigid Gan avedgy efeah mdsim@rbemdeéﬁadb@@teadaﬂg 12 pcf
properties. The 20 nsu% 3e/generﬁllly as a result of
h

as h|
smal ler cell si A9 }guac}fré%?ﬁ?s }?%%w%%??g){:e ot ktH<?€5t s denser and
snoot her than the surfate efbphdémenls indemdichy ther ekdmd ilsas tlkeniappesnr ance

of a highly gﬁ?%dd&!‘ r%#%f@fethQSSkln pref%at %gﬁr?% nlleglqu' cted in

FIG 1 or FIG are exa s of structures t e used
packagi ng apglanssitiorighan thmadErceiantan ayer nchin atl‘cﬂilfﬁal@dlnaté@am

structure can beused dye §0el £l S Wi DBHe SRS has W 4R Say ¥"h§6§mt he
hi gh density skin gives inproved | oad 30 spreadi ng an resi stance to damage

resul ting from RERRLLY Qi BGE AR Hert 8 of 114 fickeanyhbeRdlf oam
structure can be jisehtasd & & astdttedd Oékﬁav@ﬁ Hdti®d an aveiget hgaki gh

density skin g|ves the structur rov. conp i on re iStance, a nore

dur abl e surf ace SSH#f 435 qgrpsrcﬁfég élﬁr% Bt Jr?'}bn %ﬁ %‘P‘?"srtljc 16 inchnot Aag

WO 98/ 01294 10 lamlnated skin structure gives beﬁ{EYLEE@iéﬂéﬁéb to

- 18 - exa t a the
ﬁ ﬂ{:hg(l 2 %E s éfﬁ&@ N be é'>§§

wat er sports i oar ds, the'l
fl exural st rengttﬁlegMﬁé‘@E e@%ﬁ%c@ﬁ@catmlwfarﬁs Cb@@)élb@ar@i% vvel | as

fatigue resistance. Therha E%@Hhﬁ%ﬂt $odaPketadt ek %a%ﬁ@@ﬁ{:%%%ﬁ aaf

structures that can be used in water sports, exercise
construction apFEEddGaHEny RrRACHRDEY he IR TR, 2xkAmirated hfoam

l'am nat ed foggn SriRitines wiedieraldotal mmrd@é‘s fc v adﬁowlgm to 8
reductions over ,an. extruded 1fgjalgl ank ¢ nstructl\%}b |£1 reased. ¢ ressi on
resi stance, and *PCHSHrioyetfs Hhavibr 10w density foam core

contributes to a low welght of the total oackage while
the high density foam of the skin provides aesthetic
improvement and improved load spreading properties. The

20 skin has a higher foam density, generally as a result of
smaller cell size. As a result, tne surface of the skin
is denser and smocther than the surface of the low
denzity core and has the appearance of a highly
cross-linked surface.

25 The embodiments depicted in FIG. 1 or FIG. 2 are
examples of structures that can be used in packaging
applications. In another example, a 2 inch laminated
foam structure can be used in exercise equipment such as
gym mats, where the high density skin gives improved load

30 spreading and resistance to damage resulting from heawy
use. In another example, a 1 inch laminated foam
structure can be used as a construction eaves filler,
whers the high density skin gives the structurs improved
compression resistance, a more durable surface, and

35 improved die cutiing characteristics. In anothsr



Assorted. shapes be cut for the | am nated foam structure t her
solid or fo 3&@§$és. The shape is configured for partlcur n@%@ﬂ?ﬁ
applications (e.g., to 15 fit into an end product) . Alternatively, the
structure i's cut to forma hinge so that the structure can be  folded
into different shapes. For exanple, the coyg of the | am nat ed foam
structure of a sheet can be cut to forma piece (i.e., packing nenber) |,

leaving”a sectiqaafi0 4he skin ishpgicéd w@mr§gf@@c@£et@£np8élﬁgésrlﬁf
t he pi ece so that the skin can gcé?ggng hi nge, The piece can

positioned in tHRe T ofPPRES st Fhi B +?9w5%dy beaxds; | ﬁher?n a
col | a]pseﬂ or clmeeoh«ﬁr?m?]ed ﬁlédcﬁﬁhaétrehgth gixh@sgrﬁs%mmc@et@?m tioned
out of the 25 t sheet n_expande or o en or

By tapering th%’ éiﬂg ??glgri%iﬁ P1 & ?%fh?% g%%k$%% res %ﬁ%ﬁ?s W%Be
hol d t he piege erﬂ:ddn&naxmmﬂepllmecﬂ:oim aDE@d 3 aferexamples hef expandedrésr m
the area former '89 useéylx;ﬂﬁa@éfc&éf’w‘; S&dPLE LN %ﬂ?tSheet that

can be sized 3 o f| a product for packag i ng of
pi eces or shap@pnﬁﬁr4E£EQM|@E@h~%@tlonﬁand1®s¢ﬂ@hMﬂfw&ﬁuﬂr%©¢@sngs A

more efficient JIBthots, Hsetparuﬁﬁa@é@rp@&kﬁdsﬁ@@éuf@éea&@lsapi forged
dies to cut the ‘'entire shape aL% at  once .e., die cuttlng) In 35

this process, a?qﬂﬁﬂ%ﬁﬁl%Oﬁr%g%r %?1$?FCR%$UC%§$@§ over \§x 9BrbI2ded

PCT/ US97/ 11942 p1ank construc;*on lqcreased compBfssion rds£§8anPEr ghlng
at pressures betmeen %9 fnd 150_p roomtenperature, can be used

to press the di*¥RuREL 1932 FRIF q%%??ﬁ% Tstructure. Once the press
has forced the die Aﬂs@mgbdtheapaﬁemam becammlébelyh&euamwm@tdaiﬂbahrom

the rest of the SMUGLUE. 102 P2l eslike or colfiE caLbE IVl

use. In order toforma romthe skin € cut prece o the
remai nder of lﬁfﬂ?&#ﬁﬁ%re %@%t@%ﬁbb@u%ﬁé e ¢EPb¢¢%%¢O%% fhag.itteuts

through thejgorm,c bulcHlogs 894 SH6aEHE PUIMRDEeSEYELvEDE, 10hSKiPructure
Referring to FIG 6, the |an nated foanlstructure s a flat sheet that

i
has a core 4 | am fated? ot & Fifsiinge so that the structurs can be

folded into different shapes. For exampls, ths core of
the laminated foam structure of a sheet can be cut to
form a piece (i.e., packing member), leaving a section of
20 the skin intact in one regicn ¢ the perimeter of the
ac the skin can act as a hinge The piece can
be positioned in the plane of the sheet from which it was
cut (i.=2., in 2z collapaed or closed
Alternativsaly, the plece can be positionad out of the
25 plane of the sheet (i.e., in an expanded cor openr form).
By tapering the piece, it is possible to form a locking
mechanism te hold the piece in the expanded or collapsead
fzrm. In the expanded form, the area formexly occupisd
the piescs forms a veid in the sheet that can be sized
30 to fit a produc:t for packaging.
Cuctting cf pieces or shapes can be achieved by

hand using knives or scissors. A more

once (i.e., die cutting). In
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skin 6 on orwo®siotzee of core 4. Structure 3 has a too sur PETAISSV1151i ch
is an exposed surface of core 4, and a 15 bottom surface 35, which is an

exposed surface of skin 6. Skin 6 is generally foans having average
densities of between 3 and 18 pounds per_ cubic foot and thicknesses of
between 1/32 and 5/16 inches. Core 4 is a llghinated foam =~ with nmultiple
| ayers. Alternatively, core 4 can be a 20 single section of foam In

preferted enbod@¥Rsd s, CRFL NI a%é@:r?%%ﬁr?%ylé‘?"sw?%l%ﬂlmdfbé% 281 fpdm
%2 foam 16, ?rwl: roé@%ﬁ&r%&@rép%&i&é G\Q%d ]2150 L@ﬂéis%&h@ QQéelABSaCP
ave average foamdensjties. of between 1.5 an . ounds er, cubi ¢ foot
and t hi cknesseds 4% dﬁ?%%%/@@ﬂﬁe%/%%tf%ﬁm.gn%]ega%r%r?gﬁngaﬁr e
preferably pol yihedad floandie thswueih asha motegetay) enemplepel y psopyteng
foam that close ell_J t + S gnt foans
Foam el 18 i OREkiEe fedd JAlE oDl o Al 082 EFLSL LY

vé average foam densifies that relative to
skin 6. Skin 6 piene desn ste erepdvad i 89 st rlretcunr@e:anﬁo cmrfaca hsngehi nge

when the structdr 3’81(—3 s;&Jf}s% d oam 418 @p&h! Yo fitle J&%ﬁéry&&gﬁﬁd&h@f a

t ot al t hi ckness gener a bet ween
| ani nat ed foamtste Whaste i %ﬁq@&fiv’-é"l yt%rﬂé%l is %rg%%e?o ushag héa‘éuts

l'ami nation to gphanae dieey&dad iy &edfndhecumteiidhgh howeyeiergtye or
adhesi ve or any ot her WO 98/ 01294

PCT/ US97/ 11582 skin. - 20 - mat eri al usef ul
for | am nati on nmay be n&edrtrangf tecFiGhes, thendam$Shauetiurfeamactaiditnget 0

FIG_6_can be used in . pagkadi ng, APBIIEAL IS, 4 1aqingcca RELCLTENT L0

FIGS. 7-11, FUcture can be die cu or ~ packagi n‘g
appl i cations tcszim rﬁ on omws|$upidd o parkeryihg sysrertudat isashawmobn the

col | apsed Conf i Quratdong F"@&fcﬁ% o ax;?oééci sduPackd Ngr coP@nberan&ng

pi ece 42 (i.e., a second ackl%‘;q are cut from structure

conpl etel y &6t tHQfg“—Q"hr%u@gﬁ 4 "!l}O-%fhd‘-%léfh FRASFHatBiF¢e 4af aﬂﬁl%l €ie
sl ]ES 4630 Ref %{]){wlrﬂ%h 1st§éféﬁld1]§1 daai;]é ?ﬁ\?in{&\kééré‘c:& &éz@éﬁihﬁst@p
surface t hrough core not , t hrou ski n or . a hinge

bet ween pi ece RFHDHiRHN aﬁﬁi‘rﬁﬂe ?ee‘rrgr%le(f £k h%”‘g]tqglc'{r‘ S of

between 1/32 and 5/16 inches. Core 4 is a laminated foam
with multiple layers. Alternatively, core 4 can be a
20 single section of foam. In preferred embodiments, core 4

has four layers including fozm 10, foam 12, foam 18, and

fcam 18. The foams 10, 12, 16, and 18 in core 4 each
have avarage foam dansitiss of between 1.5 and 2.3 pounds
per cubic foot and thicknesses of betwesen 3/8 and 5/8

= T £oams,

25 inches. The core foams are preferably polivyolefin
vie

such as a polyethvlene or polypropylene foam that is

tT

closed cell in nature. Core 4, and its censtituen: foams

1¢, 12, 16 and 18, nave avarage foam densities that are

low relative to skin 6. Skin 6§ provides strength to the
~ £
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the foam is properly cuz. The structure 3 has a total
1
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t=ickness 29 which is ga2nerally between 1 and 14 inches.

e laminated foam structure is effectively kended
on to enhance racycladiliny

.|
-
-

35 of the macerial, howsver, glue or adhesive or any cthesr



sheet. .Tail slit 48 does not extend to bottom surface 15 35. The die cut
can be desWgP8@12%94 t hat sections of the | ani nat ed f oam aPETUSEVHSR be
renoved al together to | ower the total weight of the coll apsible

packagi ng system Referring to FIGS: 12-15, die cut |am nated

f oam structure 3 depicted in FIGS. 7- can be expanded to 20 formend
cap 50 for use in packaging. Piece 42 |s ext ended out of the plane of

t he sheet by b dln qﬁg, t slit_4 t ottom
surface 35. %gl ‘guléané? ?‘]3'} aﬁ?o@% h%bei‘gegg th

confi gurati orbondn tmsu@maaaedCCQnﬂimrml DFG; ﬁetaﬂGDEZBSe@ for nmed.

Pi eces 40 an aggé wi der ends at tail slits 48 than at
head slit 44%ﬁ¥%%§r|% 99E§9§85£914 t he taperin pieces 40 and 42
all ow themto |ock @tré”lﬁ!%é@ FHES -ext-édded A %ﬁ% LOPEe S THIF G4 hi nge

I's 30 bentsaty %ﬁ%edﬂ@[@uﬁ]fcﬁop@@k&@ﬂhé%p Lications dbesdi-nensi ons of
well 60 are suited to fit each: end of a

packaged prodirR}l aps%eoﬁ?ﬁlfa%?ﬁ%ngYﬁﬁ%m ‘Fh@f‘ldlﬁaﬁﬁ%‘gga?’é E0ft abl e

securing thel Y psed t configgravbornd Bapsei @0a({taet pna bbxstopadkiagher

sui t abl e cont ai ner. WD 98/ 01294 .
PCT/ US97/ 11513 er) and plegg 9% %1.e., a second aicglng member) aﬁﬁen not

bei ng used f atutpafkagi sgracpupdudt byt bempleegpandetdt togf tjucaghonoové énd
cap 50 ca be I e Lt e a, ffi ng -she or
st or age o? rf#)aén]gﬂgrg o? Rﬁggc%lﬂl’g é?b?ﬁﬁ ggig %ngtg %%em ﬁ%ﬁé?%?h&e
structures aIﬂQ)vFlCFue bhckbaihgSsyst &t L8 P8 eﬁ”PTBl ehel for susfiaes. 30

Die cutting l&;%@%h@r@éﬁér@daﬁaeﬁ@tl enré@@ncgkinng fothenkagi nahgd foam
structures si.nc 1S, Sl carr eat aghorrat e)

re
The cutting o‘if'et?"é?*r%npi%c?s‘lghéot)nH?e%Ec%%ga sf}éﬁ Forlra &8880?5
protective sikodtapsThid pamkagangoeysnetn;exlteedtty tcbm:mheutém:aat ed

f oam st ructur nln ted fp tyyuckuLe nQéVL99~- [e..c1BRD gre.figh
density sk% %S | gﬁ?n“‘b‘n g]a]t%h surf’acé {ID gFFucture can be cut
inasimlar hﬁnn@at@@ foRrm article can be removea a__oce_hﬁr tc lower

the total weight of the collapsible packaging system.

Referring to FIGS. 12-15, die cu:t laminated foam
structure 3 depicted in FIGS. 7-11 can be expanded to
20 form end cap 50 for use in packaging. Plece 22 1is
extended out of the plane of the shesst by bending along
the hinge formed at tail slit 43 onco bcotiiom surface 3E.

Piece 40 is similarly extended to Zorm the expandecd

configuration. In this expanded configuration, wsll 60
25 is formed
Pieces 40 and 42 are tapered, having widexr ends at

LG.

14, the tapering of pieces 40 and 42 allow them to lock

tail slits 48 than at head slit 44. Refexring to

P"-‘!
PR

into place when extended from the sheet and the hirge is
30 tent at an angle 90° to bottom 35.

The dimensions cf well 50 are suictad to Iit end
cap 50 onzo, for examplie, each end of a packaged produc:.
The outer dimensions of end cap 50 are suitabl
the product having two end caps in a carton, dcx, or

35 other suitable container.



15 the hi ngesuyydgslsl apsi bl e packagi ng systens. For exanmpl g, .l.?‘psg
addi ti onal skin cgri]fybe added for additional structural stabill 7md‘-'12

support. , The foans are generally foamed pol yners and pol yrer
bl ends. Exanpl es of suitable polyners include 20 single-site initiated

pol yol efins, |ow density pol yet hyl ene (LDPE). high density polyethyl ene
( HDPE) , | i near | ow density pol yet hyl ene (LLDPE), et hyl ene- pr opyl ene

rubber, " et hyl ene- pr opyl %ﬂ&x@&ebelri@w ﬂo&rmdﬁ@'lr(g'i@lﬂmdl%e/staﬂ@e
pol yvi nyI chlori de 25 %(E’ %’% g am des %‘B yacryést es, cell uh ses,
pol yesters, DARG gy Ell‘alap‘BFy PsCoP” 8P hgRBnBeWFPHh 1apsed
propyl ene, isobubaﬂe itid etiee émeaeefﬁrteent; shagt foraCEbatEtowagw or
chl oride, vinyl propion I i Vi n ohol
al cohol , al I yi a‘}cjlé?’g?% B Get) ’P@r{ %%%%%é%,?ﬂ ‘311‘8% i lng"l .ther b l@?ﬁw
acryl ate, netbylsaougtatres al:hymrhacpdgk@glmth}astqdm t:o beaeftﬂchlaatly
pol ynmer bl ends Qxaéh% o0 include rubber mat eri als such as -

poly

pol ychl or opr ene, ut adi ene, pol yi soprene, polyisobutylene,
nitrile-butadiene rubbePie3SustyfgéshirgdPERs sk opesttgiamaiad cutting

pol yethyl ene,  the WRRBADILP 4 0am structures Sane 1t is simple to garr
PCT/ US97/ 11512 chi or osul fonaf ed

pol yet hyl ene, epftthIFRORREIE r Bdr, FUCYBRYRLr ylrﬁ?%scubﬁ%?‘ﬂ PUBBRE 10Br

hal obutyl rubberis Hite onlyphbetes@deyiatepafobeppodoxifg- ﬁﬂb@éc@ﬁ.ve
vul cani zed. Pre:ﬂc erreﬂ esins_include si nrﬁl essite

pol yol efi ns, LDPIEILARPERISRIPIIAALENE S 1T siiﬁ%ﬁ%iy %rom té’f’ﬁy}%'ﬁé“a“ed
copol yners such fammetdtyhersaingny| aveimtited fomposyrect¢Edd) having more

ethyl ene-ethyl aglyl 95,6 GORA) YiBEss vy (HEM - §r0n1et%yfklghgqsﬁggheséfggcnﬁ

initiated pol on Inresins are 10 derived ene pol ynerized Wt
at |east one OB EFrEEI R eIt FF tFet gidud THRL]I AT | AyBETatol Easn

one al pha- unsst wiat e (Fe&s rdndsTlapd Hia Wﬁ@éss stefsef ergbly, the
al pha-unsaturated ol efi ns cont n_ pet and 16_carbon atons,  nost
preferably betwsei™P Ci:éaﬂr %\fo‘%ﬁ IS(%‘ %sa%‘ge@u fr acdditional
al pha- unsat ur at @iz@icﬁ:fuzﬂal stablllty and support.
The foams are generally foamed pclymers and
polymer blends. Examples of suitable polymers includs
20 single-site initiated polyolefins, low density
polyethylene (LDPE), high density polyethylene (EDPZ;,
linear low density polyethylene (LLDPE),
ethylene-propylene rubber, ethylene-propviesne-diens
monomer terpolymer (EPDM), polystyrene, polyvinvichlcride
25 (PVC), polyamides, polyacrylates, celluloses, polyesters,
polyhalocarbons, and ccpolymers of ethylens with
propylene, isobutere, butene, hexene, octens, vinyl
acetate, vinyl chloride, vinyl propionate, wvinyl

isobutyrate, vinyl alcchol, allyl alcochol, allyl acstate,

[¥5]
(w]

allyl acestone, allyl benzene, allyl ether, ethyl
acrylate, methyl acrylate, acrylic acid, or mathacrylic
acid. The polymer blends can also include rubber
matarials such as polychloroprene, polybutadiene,
polyiscprene, polyisobutylene, nitrils-butadiene rubser,

35 styrens-butadliene rubber, chlorinated pclyethylege,



conononers _used as copol yners wi.th ethyl ene include, but are not limted
to, propyl e\ ut vl ene, 1-butene, 1- hexene, 3- et hyl -RCHEREAH2

4- et hyl -1 - pent ene, 1-octene, 1-decene, 1-dodecene, styrene, hal o- or 20
al kyl -substituted styrene, tetrafl uoroethyl ene, vi nyl cycl ohexene, and

vi nyl benzocycl obut ane. The conononer. ¢gntent of the polyolefin. resins
is generally bet ween about 1 nole percént and about 32 nol e percent,
preferably be I d 25 cent, and
nost prefer ab%éﬁggﬁ%ggﬁ%a &rﬁa gogsllreceﬁg}elre?%ﬁt %%q%hr}éngrﬂg)&%l% Ir’L)n%e)iirbem{c}er cent.
The copol yner peawacayilade sondusy IngrudbErer r hglendtyl mppdlbeene rimoners.

Preferably, tbgnpakysReersaa canstaeaipmtoaafaa;-rau:@dar&h%ﬁ&%rbéa. cyclic
hydr ocar bon 3C di_ene, nost,preterqbl having bhetween 6 and 15 carbon

atons. |t isPEPSELREEt &SRS HEC Fege e ite dgitddtietgat ed.  Exanpl es

of such di enepolpelledénshulopes LLDRH, polyipedpyQenk, 3Paladhake, or
1, 4- hexadi ene

| . 6-octadi ene, 5-nethyl-1,4-hexadi.ene, 35 :
3. 7- di et hyl - FEBY3EPR4FERE, Yﬁefsdisﬂr‘gﬁhﬂ%- f}’?‘y&é@t"&di"éﬁé’i acetafd 9g/ 01294
PCT/ US97/ 11512opolymer (EVA), or ethylene-ethyl ac2¥late copolymer
5-ethy|idene-gﬁuggbornene, and di cycl opent adi ene. Especially preferred
is 1, 4-hexadi ene.”’ -~ The preferred single-site initiated polyolefin
resins include eitherThe hyirnks a$ pha- inshiated cpobyel¢hin Srespot yares or

et hyl ene/ alphaz Unsakuralgd @hehieedip@NSmer i@HP U LIELS: 1east one

Single-site initiated pol olg in resins can be prepared using

singl e-site | APPPRPBES. setectedsSrom she d3ong ecgisistiingt Pit Gits least
particul ar i nbgeeat pake unati@atetald, ocgnelifihi ab®bsowBireh are descri bed,
for exanpl e, ni_ch, wen, e

. CUS, pa PERECTRRGY 396, SRAS UGRAVSRET o oA LiAY cgnaaip, prgsen
5,064,802,.anﬂ hndJlGStew@ng,aebmaL.mo@LSprefeEablbeep&gk&Z33&&d @ach of
R T Al
zirconi um tifanParmers used as copolymers with ethylene include, but
are not limited to, propylene, isobutylene, 1l-butene,
l-hexene, 3-methyl-l-pentene, 4-methyl-1l-pentene,
l-octene, 1l-decene, l-dodecene, styrene, halo- or
20 alkyl-substituted styrens, tetrafluoroethylene,
vinylcyclohexene, and vinyibernzocvclobutane. The
cemencmer content of the polyolaiin resins is generally
cecwesn abcut 1 mcle2 percent and about 32 mole percent,
prefarably betwsan abocut 2 mclie percent and about 26 mole

25 percent, and mcst preferalbly between about 6 mole percent

o)
3
o H
o

bout 25 mole percent.
The copolymer can include cre or more C,-C.,
polyere moncmers. Preferably, the polysne is a

straight-chain, branched chain or cyclic hydrocarbon

d to, 1,3-bucadiene. 1,4-haxadizane,
5-methyl-1l,4-hexadiene,

’
35 3,7-3dimerchyl-1,6-octadiene, 3,7-dimethyl-1l,7-octadiane,



and haf ni um wggga&tz?@rrel y high activity ethyl ene pol yner i zaﬁ;

initiators. The single-site initiators are versatile. The po ynerlza |on
ccnditions such.as a 20 initiator conpcsition and reactor conditions can be
nodi fied to provide polyolefins with controlled nol ecul ar wei ghts (e.g
ina range from200 g nol[err] to about 1- 23m-lion or higher g nol[err])
and controll ed nol ecul ar wei ght distributions (e.g., Merr]/Merr] in a
range from nearl g- éthylZEe@Eeababrhb&me&ﬁ e d¥osialjopet tialdd eneel ght

aver age nol ecul a t and A S 4t u r__average nol ecul ar

wei ght) . Nble@ﬁ?ﬁ?lﬁggght?rgﬁgr% FLéﬁlaquEHQ%EF “St'ri butions of

pol ynmers can be determ rue poefexcedleindlegeite iperiheatdopolyolefin
chromat ogr aphy. #sins inc1WARN oLRACS! BIHGIRNLD kL! %%gtweé%jf' 155 ©

copol ymers, then conposition distribution”bread

general ly greéte@OPﬁ Hmﬁﬁ%)Oén&tﬁﬁ%ﬁ“ﬁ/éﬂ&@ébpﬁsatué@@@é ?O@ﬁln ldie®BBl s
a measurenment ofgg Eegmty of distribution of conononers anong the
i ndi vi dual WO 8/ 294

PCT/ US97/ 11512 Single-site initiated polyglefin regimgneanchei ns

having a conDnonpfep@ﬁéanhsmrghsmrga%bsQEe 1n&h@aﬁa&ean bukk cialsar of a
conononer content rre e initiated polyolefin

n
resins are de%%??%E651F8r18X ﬁ6ﬁ8r5|ﬁ p%?%lEH Argfnfpresy gre ghsy;
Nos. 5, 272, 236, ﬁeQaBlaaépeamd¢5 BB@FSIthCh hre deSpetkdédl, , fet &kamDUes

Pat. No. 5, 246 7 n ey a 5, 32 728, i.n
W J. Hodgson, §§ 5! %J E@M U S5 gég 825 538 3 tehI%H& ett
al . VO 90/03&14: eﬁeﬁ o?aﬁhlﬂﬁ i §, Pﬁ@@?ﬁéna@étheSéﬁMeby 1etr efler,ence.

The resins contawq;vapgtng ggnugg§6@f802 sggatlﬁhglnsgggehgngeghgun’ U.s.
branchi ng, which_depend, in rocessi ng conditions.

Sone singl e-sit e23hi t¥Qt ed bé?ygpgflﬁa ESPESBQFQ arﬁvéﬂFﬁEP@rééﬁﬁeP@Féﬂmy

from Exxon. Chgnngphrébgﬁaﬁye 15Thbsstmﬁ1tIaX635 Uﬂd@&lbbeakﬂadeﬂéﬁé baael’
and i ncl ude Exact 3822 act g act g aExact err 3027 Exact
3028, Exact[err§" 331" pExabFferrf 53%“ Ex§th8F ] 230357 RRAR S5 pnIum
Exact 4003, Exaanuﬂdzmﬁnﬁuactane4&xtEgaeﬂy4bngh Exbtvity ethylene
polymerizaticn initiators. The single-site initiators
are versatile. The polymerization ccnditcions such as a
20 initiator compcsition and reactor ccndicions can be
modified to preovide polyoleafins wizh zontrclled molecular
weights (s=.g., in a range from 200 g mel™* to about 1
millicn oxr zi;:e: g mel™l) and controllad melecular weight

distributicns (=.g., M,/M, in a range from nearly 1 to

N
W

greater than 8, wnere M, is the weight average molecular
weight and M, is the number average molecular weighti).

Mclecular weights and moiecular weight distributions of

g

clymers can be determined, for example, by gel
pa2rmeation chromategrarhy.

30 Whern the single-site initiated polvolefins are
cpolymers, :the composition distribucion breadth index
(CoBI) is generally greater than 50% and most preferably
above 70%. The {IBI is a measurement of “he uniformi ty

of distribucicn of comcnomers among thne individual



4050, Exact errg 4051, Exact[err] 5008, and Exact[err] 8002. O her 20
singl e-sit %@ P12 ed resins are avail able comercially R332 512
Plastics, Mdland M chi gan (or DuPont [/ Dow), under the tradenanes
Engage[err] "and Affinity[err]. and include CL8001, (L8002, EG3100,
EG3150, PL1840, PL1845 (or DuPont / Dow 45), EG3200, EG3180, GF1550,
KC8852, FWL65C, 25 PL1880 HF1030, pT120%* CL8003, and D8130 (or

XU583- 00 01) I i i ol Qletjn
KBBS00 01)  MoShab 8heiall kauthe ol BOkGsshLe LORLLALCG, - n BOLHY ol
3031, Exact[ethg medganpbm8k5m015@8zomonomeanaoacsn&o 30 The

f df |
preferred foans inc o’? 12{%]&/ m&%‘eslt%ﬁmﬂ?laiﬁéﬁe%l € ar Ctesins

single-site initiate | enes or e descri bed,
for exanpl e, Ene"§@6¢6ﬂh§de[§pﬁ]exampﬁébyéﬂeﬁln§ LAipr edegdi-ng UGS -de, "

Fifth Editisonpauani®, s,29%l 2BkVi si,ons, 32986, aaagg83@01@n oI nGer @Pr at ed

herein by 35 referenece. orme_ LDPE r esi ns are caonmerci a aval abl e
VWO 98/ 01294 Spenadel, et al., U.5. Pat. No. 5,24 ﬁC‘FP@SQ'H‘l%E Davey,
- 25 - f eemaExxou.Ehepheal NGonpanygz, MRSt an, WA, B@VYQBIO%SUJQ‘S

M dl and, M, Bg% ﬁﬁth nlca %ggaggga)akhg;;ﬁg Eroéﬁg% S|ssau a, Ontario,

Canada, Mbbi | alpa) | as,
TX, Cuantun1CNGHBGAD3454CoapahyofcwhgcnnaS|;nCHrp@mat%ﬁshbahanPQWyners
Cor porat i TX. Lal N : sins include
East man 1 4PIE|8 Phse - 15%‘&%"?%%%%1%&%%n@gggog,gkgbgﬁgﬁﬁuT%%6; Exxon LD

113. 09, Dow 5s5crumwaln 883, 1paw-7rbecn bsanTE8Ng . DYWisSE7 BepRmdacdm LF219A,

10 Novacor LCBS1Y3, oovAGOprbEREaZAg Motk this003, NObi LFA- 003,
Rexene 2018 (7018j, Rexene, 0 3 Rexene,XQ 875, ﬁe e PE5050, Rexene
PE1076, Rexene PE203F°W§idHt - SRR 5 L QARG R RINGBHS L B ol B R8BS 003,

Quant um NAZ2+¥31i088] eQrantercilAl24, f%émtEakenEEﬁ&&AAQIVE@mbahﬁ 15 EF612,
and VEStIqE$n5841%8aﬁs as, unde Ihg oggg %?ET € £GL08S" Ié%% c?bso ver,

non- cr 0SS SO 'can oans ‘can S Flnked
wi th peroxi deBxatV’ |3¢%@I1 atEoact or30é¥u L@Qanédgﬁaf Exagt” The2 UseEwdct”

silane-graftiBgzB0r Exact™ 3031, Exact” 3034, Exact”™ 3035, Exact” 3037,
Exact”™ 4003, Exact’ 4024, Exact 4041, Exact™ 4049, Exact”
4050, Exact” 4051, Exact” 5008, and Exact” 8002. Other

20 single-site initiated resins are available commercially
from Dow Plastics, Midland, Michigan (ox CuPont/Dow;,
under the tradenames Engage and Af'inity", and inziuds
CL8001, CL8QC2, EG81C%, EG8L5C, 2L1340, PL134S5
DuPont /Dow 8445), EGB8200, EG818¢, GF1550, KC83

25 PL1830, HF1030, PT1409, CL8003, znd D8130 icr
XUS83-00-01). Most preferably, the single-site initiated
polyolefin resins are selectad Irom the grcup consisting
of Exact” 3024, Exact” 3031, Exact” 4043, PL1845, 238200,
and EG81890.

30 The preferrsd foams include polvetihylene, suzh as,

mn
je
3
=
1
{
n
'.‘
ct

for example, e ini:tiated polvethvlanes or LDPE.

c

i

LDPZ rasins are iked, for =xample, in "Petrothene?

ORI v B O PRI T 0}
M
5]

Polyolefins...A Processing Guide," Fifth Edicion, Quantum
USI Division, 198&, pages 6-15, incorporated nz2resin by
35 npefarence. Some LDPE resins axa commercially available



20 cross-1i
Ser. No. OSW@MB and in U S. Ser.

foam can preferably be a polyner blend

silane-grafted single-site 25 initiated polyolefin resin.
silane-grafted single-site initjated polyolefin resin,
pol yneric content of the

| evel of
wei ght. percent of the total

bet ween about ZpaE aBRtoRNEhaROEE 1 3o
about 3 percent and about 30 18

poI ymer foans is described,
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WO 98/ 01294 5 Company, Cincinnati, OH, and WestlaE&ﬂVdf¥ﬁHﬁé512
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Rexeng {3-§1hki ng

graft can incl Rexepehe@ESAHbnRexene BRI @S Riixeren®RA3I3@| [Quarcyanur at es

uéjNA
at es

and i socyanur ahﬁ%’sglg C%lal%}q
i

di met hacryl at es” an
but adi ene.

agent can be; agkkee,r 3L ale HANSIAHED HRECI €s,

f or

ga%?y %dnae’?%‘wﬁﬁ ?]qucadrrel hactrLyI at es, zinc

NA271-00Fhe leraafttuﬂi ﬁi&ﬁ%ﬂtorﬂesﬁl@@r cBﬁfdkﬁPeﬂr o%ﬂuhﬁ«mg

The foams can be cross-linked, however,

non-cross-linked foams also can be made.

be cross-linked with peroxides,

silane-grafting.

UV irradiation,

The foams can

oxr by

The use of silane-grafting for

20 cross-linking in polymer foams is descrikted, for example,
in U.S. Ser. No. 08/308,801, and in U.3. Ser. No.
08/638,122.

The foam can preferably be a polymer blend

including at least one silane-grafted singls-site

25 initiated polyclefin resin. The preferr=d level cf
silane~-grafted single-site initiated polyvoclefin resin, in
weight percent of the total polymeric centent of the
foam, is preferably between about 2 percen: and about 3¢
percent more preferably betweesn about 3 percent and aocu:

30 18 percent. The single-site initiated vclyclefin rasin
can be silane-grafted before klending with other polymer
resins. Alternatively, the fcam can be a2 volymer blend.
The blend can be silane-grafted.

Silane-grafting of the polyoleiin resin or rssin

35 blend cccurs when the polymer backbone is activaced and



20 exanpl e, a peroxide. Exanples of peroxides include di cunyl per oxi de,
2, 5- di met hywods®izhd (t - but yl per oxy) hexane, 1, 1-bis(t -burgrgmsstag)2
-3,3, 5-trimethyl cycl ohexane, 1,1-di- (t- butylperoxy) cycl ohexane, 25
2,2" -bis (t-butyl peroxy) diisopropyl benzene,

4, 4" -bi s(t-butyl peroxy)butylval erate, t-but Iperbenzoate,

t-butyl perterephthalate, and t- butyl perOX? T Most preferably, the
per oxi de i s dicunyl peroxide or 2' % - but Iperox )

di i sopr opyl bens@ngtsagith a S*l?ﬂ% EFPSﬁECgFSf 28Mpb 9n€Fa§§nC8@°1Ymer-

cross-linked tie siBxpesyraftocani shuladeoaekiiBsbqaehanyl condensation
reactions of the hy ro%%ﬁgble

roups_of,the dant . | ane-
Cross- | i nki ng TEeV2F ops™ ﬁgﬂcﬂ§§¥oﬁ9s£§e grgfgtﬁgaépriahgrYe6gEQ €to
form sil anol s wie chrosndehsking 388n bocnrsithdeanearm, Theisonndedsatoas of

silanols to /
PCT/U897/11§12WheX[%g§ Q%ggé linkable moiety is E¥drolyza %%anes i s

catal yzed by nepeiovaibpxyhathe BueRense Péra suakabhpkecatmbysyl. tin
dilaurate or dﬂ,@@%yé &fncgaggawnkm?msnrrgét aaPageeaeﬂysxrség}%ﬁ the

condensation catalyst 1s ii ['aur a
cross- | i nki ng #FROYNE ané- ﬁ%éPﬂédgﬁﬂﬁSHEES185ﬁ°dUCB§ FRIGEBIPBY YFRE presence

of atﬂDSpherlCbn@haturﬁlternat@aalyorcb@%swaiﬁklngreaﬁ banhﬁgo€%@e6359
pl ace pr.edom nant | an 50% of the

cross- | i nkitfg) *prFbie ogg ggﬁSPB%yTﬁrseY%FﬂsPSﬁ?xégQ?he YH FSﬁﬁp*atlon

Al ternatively, ofheherpGSyMEnklngncamsbabe pbadeto ipteddaortsantly after
expansi on of the ki Exposure of the conpositions to high
ener gy radlafo%% ?% “hddce cross- | i nki ng can be acconplished at
dosages of ionizing r é’dlcaxqaﬁ’r—llmktlﬁ@ rErRfe ofampiowal wiel dshen mondvbeeses ads,

and preferablyg,af gboyi-1ahg £0i- alWBgaﬁagﬁuraIEQ @HHUBEOQ§a9LQ§§eE'nk'n9
can be apprOﬁrlater controII justing the dosage of high

energy raditdtidpkyl di- an 3?6Vi§s°8faPﬁemﬁEPﬁ66Yéﬁ BfosFLFFnki ng
used, 20 accepaﬁbéyhébeynbte=aabacaea~rpaetesuIatyycheaned

divinylbenzene, and butadiens.
The graft initiator, or peroxide cross-linking
agent can be a free radical generating species, for
20 example, a peroxide. Examples of peroxides include
icumvlperoxide,

,5-dimethyl-2,5-21i (c-butylperoxy)nexane,

f‘d c.h

,1-oiz{z-butylperoxy;-3,3,5-crimethylcyclchexane

._J

di- {c-butylpercxy)cyclohexane,

'-bis{t-butylpsroxy)diiscpropylbenzene,

-3
ut
;b tJ }-'
rt=~ [\8) l-—'

-bis(t-butylperoxylbutylvalerate, t-butylperbenzoate,
outv‘nertereph“halate, and t-butyl peroxide. Most
p*e:erab_y, the percxide is dicumylperoxide or
,2' -bis(t-butylperoxy)diisopropylbenzens
30 The silane-grafted gclymer can be cross-lirkzd by
exposure to moisturs to effect silanol concdensaticn
iyzable groups of the pendan:
inking davelops bhfoujh nycroivsis
of the siliane Y groups to form silanols which condense to

35 form siloxanes. The condsrsation of silarnols to



articles, -can only be obtained in certain ranges of cross- | j nki

density or | S(RPE/ X¥Wﬂch is related to the gnnunt of siIane-%&éﬁ%ﬁﬁdi?n
the blend. Too much cross-linking can render the material inelastic.
In a 25 foam this can result in less than optinmal expansion and
greater than optinal density for a given Leygl _of foamng . agent. Too
little cross- Iinking can be detrinental to physi cal properties such as

conpr essi on ElEBQE?EEi§§ @étaly&@@rﬂ§|mé@%&shﬁ&%%myﬁ%%e%x%@@ﬁ3as)tfd§
important to 30 00se _cross-I[inkin evel s afford materials wth

particul ar desPre@PpropBibrey! t?ﬁedéﬁgﬁﬁ@tSrSFtﬁﬁgutiﬁdtlﬁf gadisdtfy
across- |links ifgeeasett peefekiredt B@Dghblotohiensatdmposiatiadyst The
cross-1inking Igvels an . be diternkned by establi shing t he gel content
of the of the 981813842

PCT/ US97/ 115¥2 The cross-linking of silane@rafted pobpoesisiocan for
exanpl e, by extractign MAt n sugh X, The

f oans can be préﬁafg ﬁglngypﬁy5| grES?Ce 8% a@ﬁo %h%%§%|WOlStur?§.

Physi cal foaningtagmntsrlhotudetérlomﬁnosec&haklwelghm Gag&npdac@ﬂpounds

| ncl udi ng C[e”;j_gxsgs%am{}y%o a1 PRBSSAANAS 04CEEY L HRC o REORANG

pr opene, butane buta i éne, | sobutane, Isobutyfene, cyclobutane
cycl opropane, ethass-lipkRaae, PEERENES BERRRAGOTNDIRTeRELTUSIONY| Gfertine,

pentene, pentpadigpg. hgxamenagyokobexane, ciesbexanmn@n@ahe&aweei@ﬁ,acg err]
-C[err] organohal ogens, Gerr rJ Cerr] ethers,

r
Jerr]-Jerr] e8fe em*néﬁgﬁV]LéferrFLaﬁPﬁéSH o iﬁﬁgkog ni t rogen, carbon
di oxi de, neon, or heli Erposufeheni cdle faampory Egemd sto nelglleendéogy exanpl e,

azodlcarbonanlde -oxyblsgbenze e)sulfo vdrazide, 15 .. _
p-t ol uenesul f ong#? ﬁyd%ﬁ?.dS *petor ugnégulfoﬁxﬁng gsgrn!bca? a?mdl*“hEd at

5- phenyl t et r azoflezagesethiyfic SlghegyrﬂéEEQZQne‘n the range of about G.1

dinitrosopegk@neghykepgggLLaglngraagde@gggbl§zoat 2RI hr @000
sem car bazi sul f onyl “hydrazi des, carbonate, .20  and bi carbonate conpounds

that deconpose WhgATAeatedThe aTRERpr Bf eFFREST bARKAGSagERt £ ncl ude
aZOd'Carbona”‘deDQbDrlatéQ?UEaﬁero led by adjusting the dcsage of high
anergy radiation.
Regar“lvss of the mathod of cress-linking used,
20 aczcapzably flexible articles, partlculariv foamed
articlies, can only t2 obtained in certain ranges of
cross-linking density or level, which is related to tne
X Toc much
lastic. In a

1t ir less than crcimal expansion and
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my escahlishing the gel content of the of the



The foam can be partially or extensively cross-linked prior to

expansi on, WP B&ARMe extensively 25 cross-linked after expan8F&fSI711S12
Addi ti onal additives in the f oam conposition can dramatically effect the
properties of ‘the foam These i ncl ude gas exchange additives and cell
nucl eati nq agents, such as zinc steargtf and talc, respectively. 30 The
prefgrred gas exchange additive concentrat S in the foamis between 0.5
and 0" percent The, fe d c g congentra ion in
the foamis be?%%sni)%g%féﬁd gg%{;lefce#t gg%ggg%%gn ‘gg%ha s8 1 hél'tde gas
exchange addi tswds,azlxpl&neon as ceI | -structure 35 stabili zers such as,
for exanple, fatty ackgs, Q2P 4s; :
PCT/ US97/ 11512 e fodid can bR bsipng physical or boxyl at e
salts (e.g., Xhrmkeahrieaying2g§naed Phyeifat steamyng grgents| include

nonostearatg) 1% frdiecarad welgﬁtdéﬁgaaiél ébmp@mtnﬂ@ 0361 8X£hanae d)r ocess
and t he agi ng of the foa addi tives, al one, or ‘in

conbi nati on, cRfAFRFAT %’a%e%iu?% ?ﬁeaFBEHEBﬁpoEF?P%ﬁg PHOPERF ngbutane,

anti oxi dants but(éh@, bt adberd, pheablit ase suthoBsty 1 gaspxct@lfbutane,
phosphites such afos 16 or poI r|ze

trinmet hyl - di hydf F98 sTe c-’me’Ager e AK‘t}ﬁ%s?h BF1% FPERtBreH)
ultra-violet sd:yablcbpezetanet heenbene, peabadieres, hexanst ad:ycclcbem@nent s

fl t I d
ane retag atr}gﬁixe e, | %Frlepé§ag£eﬁg ofparg scrg ?gg %tl pLocesskng ai ds.

The foam can g si cal on, preferably the
form of a sheelcghrahk, %rkae f‘ﬁéﬁ'rgguq:satesf‘itersrrre&u’r‘éf imamded profil e.

Foam sheets  amfdh£X! r#ﬂ@%@éﬁm @afsahaﬂldk@aeanﬂedsﬁyeoi hieknesses
bet ween about 1/32 inch_and inch and.w Jc-iu5$ ug%r i nches. Parts of
‘t

smal | er si ze, %ﬁ@ﬂ?%gf%ﬂmr%‘éu??eﬁeﬁt nc a’f)b‘f"l“%l?l on, can be cut
from the sheetszodfaZiBorxaipee, papbeaxgbmsﬂhenygneasuufmnsl ﬁpév@élae

i nches by 1= %)négn%hes gai/fggéfu{ly&{,gm&ge %gu%ﬁgg,e; Sanend further

shaped by ni N roduce’ a” bo or water sports.
Al ternativel y,semicdvbasidéan bephenyltetrazole,

ethyl-5-phenyltetrazole,

dinitrosopentamethylenetetramine, and other azo,

N-nitrosc, semicarbazide, sulfonyl hydrazidss, carbcnate,
20 and bicarbonate compcunds that decompose when hezted.

The preferred foaming agents include azodicarbcnamide cor

isoburane.
The fcam can e partially or extansivaly
cross-~-linked pricr to expansion, or can D2 extensively

25 rcross-linked aftexr expansion.
Additional additives in the foam composition can
dramatically effect the properties cf ths fcam. Thessz

ucli=azin

include gas exchange additives and cell

8}
§

y

agents, such as zinc stearate and talc, respectiv

(7
(@]

The praferred gas exchange additive concentraticn in th

and 2.0 percent. qu preferred zel

4]

foam is betwean .

nucleating agent concentration in the foam is bcetwesn
.05 and 2.9 percent. The foam can also inciude 3jas
exchange additives, also known as cell-structures

(s
(W2}

stabilizars, such a3, for example, fatzv acids, fact-s



configured agy@bgsysss extruded fromflat dies, with pl ank 2kctakenasses
bet ween about 1 1nch and 4.5 inches and w dt hs between about 24 inches

and 48 inches. The foam pl anks and sheets can be | am nated by direct
application of heat or adhesives to the interface between two or

nor e pl anks. In preferred enbodi nents,- i29 i-s not necessary to 30 add an
adhesive to the interface to | am nate the pl anks or sheets.

The foam | ami natsicddl carbecydctie\wed ty (dhent, zidce estermrdtof, tfectanioad e

interface, film | am nag i , j ad i T

techni ques are es&@r’fésr amh%'S w\fe%rml Iﬁh\/\%&l%%&ghgﬁ %%%Wc%‘??cgn

i ndustries . Heamides, \WBQg/t01204he gas exchange process and the aging
PCT/ US97/ 11512 £ - 30 - lam nation is a
process in whi cﬁft v%/(glesheoéatmss'of f pam or ot her sheet material are brought
t oget her unde¥ pressur eOtheEndIRRELVES: | BLAVENBY ndfle FPEPADAFACH: aGBc B
foaﬂ1is - Lakegggkgmddﬂdﬁﬁcﬁoamnaqudgﬂ&ﬂdhﬁy:ﬁﬂdmuﬁihéf%ﬂ%g&ﬁéaaﬁfé 48 ]
pressar e exert edebg abictisHet PR Suqtmitth AP PAGO o the
material s neeti péosphitddesuntp «af Tdynfod |98, deajolynapipiéed to the
SOTeeS by ot CaieE S R AR I A R L 1 o
conbi nat i onsta h&legtolHéAt, cditdse vipsdldtedstabitlo gnnsh fmmmshieet s, or only
to one. The he %J;.‘e 1RSI far driqlek by:lqn@t'g&g@%@g regi ons
of nelting o%tttaﬁglig%r a(:'e.aln ‘I:'Lhe f oam sheet s pass'sil'ng t,hrlloug_h.t e S1’5

rollers nip ar ePLeMmead ST ArdFanieh &8l idtdier RGN a3dgd nate can
be made by applying an ggbhesby@ &9nopgker virthalhy §H?eb5y§ﬁhﬁﬁ to the foam
passing through the nip . rollers, or b %grusi on of a_.thin continuous

| ayer of pol FRBE IGHEG 3RS s &S dme diltit Ao (8% 90 °F
passi ng t hr aaghothe mireguildrs .or By ramudsimg: e fidad pravbileri alFodm cdhdscs
compat bl e wi th tRe SUBSHA Shorf o1 rd ATNAG Sind UIRY. o LONESL 405

i ncl ude, but ar &%Fof

I'm te oru , _epoxy, and acrylic adhesi ves.
Heat and fi | eltasiemaEbom tmét/3eds rathe Jarcefleringd: sintcevididye up te 82
inches. Parts of smaller size, depending on requiremencs

of the application, can be cut frcm the sheets. For
20 example, a board with typical dimensions of 20 inches by
30 inches may be cut from the larger snesets, and further

shaped by mclding or machining to produce a body board

!

for water sports. Altermatively, ths oams can be

configured as planks, extrudsd from flat dies, with plank

25 thicknesses between about 1 inch and 4.5 inches and
widths betwesen about 24 inches and 48 inches. The foam

planks and sheets can be laminated by direct application

of heat or adhesives to the interfacs between Iwc cr morsa
planks. In presferred embodiments, it is not necessary-tc
30 add an adhesive to the incteriace to laminate the planks

or sheets.

The fcam laminaticn can be achieved by haat

treatment of the laminate interface, film lamination, o
py using an adhaesive. Th=2s2 tecoiniguss ars generally
35 well known in the sheet fabricatzicn industries H22¢



25 nethods can avoid the use of solvents in the | am nation r ocess.
I n adhesi veWwpDM8108294i on ., the foamarticles can be coat edPGIURIHHS12

adhesi ve using any of a nunber of conventional coating techniques

i ncluding reverse roll 30 coating, knife over roll coating, or extrusion
coat i ng. Optionally, the coated substrag can be passed through an
in-line dryer to renove solvent or water, © to' chemcally,alter the
coating. ner coat e urchased from -
equi pnent su:;ip IR sééén s%c%nggo ?n%%lif nclger%tgsra %dégargl 3tk

Cl awson: Whe8/ ghieey material are brought together under pressure
PCT/US97/ 1151214 neat to join the materials. In practice, CP@XﬁrEE
Machi nery Corporatl on, | nta-Rot I ncor por at ed, Kl ockner a, and

Vol veri ne mhﬁ*s@mtéotb$p@$awraﬁox1mately 1/2 THeches | Ui elnepackr i c

exanpl es arg tgg bencResORSEENCE 860 nfé@i yid! iéﬁﬁf]tfl@t' Vehe b ROshLPLL i Ve,
of the remai nder of the discl osu A .l am nat ed

f oam st ruct ur AFRAVFRY FOIRtReh ‘ﬂ%‘?&l?f/essu?%a?ﬁ‘?’é%‘? LY %P cHrENERY a

hi gher genSI tYrc$1|<lélr@l’l enghedDasel ¥ apeiof tdetkorracan Hes et asguLed f
usi ng the ow ng - 1 ayers o
1/2 inch pol y€ H@I%ﬁ% ?§a§$MAf%l%? S'd%%%%ilg pq;ﬁe%c?oa?%?c%ﬂY%ﬁ%ﬁﬁsly
| ami nat ed fromhith aﬁesabcktu3®hgeh@¥eaﬁ¢dltm@ﬁt@drbetvmehhe&e tayebs
whi ch are t SE( et her we, ee

after | am %gtl%%&fﬂgé Sdhltéérglg HIP asée ges ] Pré&)#fa?@ }frgfmpélg?ed f oam
core (hereaftereaesedredrtd. %%mﬁa%i%}%niAGhere%%d e F2n PekpeBing 1

inch. 20 to $€R foam. sheeCS,.érI@NEY 06 SndcT 1o yeddwy | Raee £ oaRet hat
is 3/16 |nches thick is Ia%nated to one sjde of the foamcore of

Exanpl e 1A (F°o%™ Stheaqe| REFY PEKCISFIRY +AMhat & Poan? ™ m%ré?gby
feeding the 1 mmcﬂ.‘hé hsak:sbeet sThat Hodthes2&et anpaas Dng uslecbudghstiep 1. The 8

pct layer b3 fﬁ%&iggg]nip are jcined by a bond upon cooling. & similar

-}
B
2!

minate can be made by applying an adhesivs to one or
th sheets prior to the foam passing through the nip
rcllexrs, or by extrusion cf a thin continuous layer of
lymer on:zo one surface immediately prior to the foam
20 pass *ﬂg through the nip rolls. By chceosing a I
1al which is compatible with the substrates, a
laminaz2 is formed. Adhesivas include, 2ut are noct
1

irad o, rulnber, epcxy, and acrylic adhesives. Hea:

[{3]

Helay
ne

ilm lamination methods ara preferred

(]

those

ul
Cym

o)

253 methceds can aveid t1= LSE cf gsolvents in the lamina-ion

ll
Bk
]
0
| d
<
)
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aminaticr.,, the focam articles can be

a
coated with an adhesive using any cf a number oI

convantional coating technicues including raverse roll.
30 coating, knife over roll coating, or extrusicn coating.
Optiorally, the coatad substrate can be passed thrcugh an
in-ling dryer to removs sc.vant or water, cr to
chemiczally altsr the cgating. Macliinsry for coating
thneze rajes Can g ¢ frcm eguipmeant supplisrs

3
or
17
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H
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such as Amerifizx Greup Incorperatz2d, Black €
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roll stock. Th§odkiseY tant sheets are cut as in step 1. - PCTIU 7;\1951?2
Step 2 is repeated to | am nate a second 8 pcf pol yet hyl ene foamTayeér
that is 3/16 inches thick to the 30 other side of the 1.7 sheet, resulting
inalamnated ~ foamstructure consisting of a core of four lamnated 1
T pcf pol yethylene foans with a skin of- &pcf polyethyl ene f oam on
each side of the core with a total thickness of 2.1 inches (i.e., an
8/ 1.7/ 8"l am nat e Comererafilrey Madteineaty Corpoxddiddd 01P294a-Roto,

PCT/ US97/ 11512 . : A 2 to as Exanple 1).
Exanple 1 has a & F&gIﬂ%?%ﬁ%ﬁ|§%o%§?er-§$uﬂe!§%ﬁMé%?lWﬂ%ﬁeﬁ}ne Exanpl e 2
A foam | anmi nat e Yassachusdidd pAfrmpratiom density 5 foam |l ayers in a core
and a two-| ayer higher d i i, E q o] he care can be
manuf act ured using the @H§OF¥%3§ﬁgn§;33§?gﬁga éﬂg&ﬁiggtégglﬁo Be A
four-ply | ani rfat egnssamesorss drerelyefillystraidivero amd dletpol yretthiveneof oam
sheets is produce@debyetd8 HHeRCeTS the i d1fsukre0f Exanple 1 (hereafter
referred to as Exanpl e 2A) . ' Step 2 A |l ayer of 8
pcf pol yet hyl encEE8ERLES hat is 3/16 15 inches thick is laninated to each
side of the four-ply harhmohedefofBumnoseriuaupbehafihy Ebarpresessneficy
step 2 and st%g 3 ?.f Examl_e 1;oeaff%f% n 8/ 2/8. 1 am nated foam
structure. am ley§F3p 2 ©ore an Ia%g T QSRS oIS/ hyAe i@ $ b am
that is 1/8 10i salréackehiodk thes daara matre e magadiactiuedfudihey 8/ 8

| am nat ed foam sttr : f...step 2 by the process of step 2. The
final Ianinaté8H$%§ﬁ$§€Fﬁfaﬁié has a core of four | am nated 2 pcf

pol yet hyl ene foans withS&eR . tskin of 8 pcf 25 foamand an outer skin of 6

pcf foamor each side ofpdhe 1ay€Ps€odi L2 iAchObalybbhokBRESFEEM2w2Bh a
inches (i.e., an

density of 1.7 pcf are continuously laminated from roll
15 stock using hot air injected between the layers which are
thern pressad together between nip rolls. Sheets are cuc
after lamination to make handiing easierx. The 1.7 pcf
laminated foam core (hereafter referred Lo as Example 1A)
had a total thickrness of 1 inch.
20 Step 2
A layer of 2 pcof polvethylene foam that is 3/16
inches thick is laminated to one side of the foam core of
Ixample 1a (iL.=., the 1 inch thick 1.7 pcf laminated foam
cor=z) by feeding the 1 inch thick sheets into the
25 laminator used in step 1. The 8 pcf laver is fed from
roll stock. The resultant sheets are cut as in step 1.
Steo 3
Step 2 is r=speated to laminate a second 8 pc:
pclyetnvliene foam layer that is 3/16 inches thick te the

eet, resulting in a laminated
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foam structure consisting of a core of four laminated 1.7
vcf golyethylene foams with a skin ¢f 8 pci tolyethvlens
fcam or esach sids of the core with a toral thickness of

2.1 incres {(i.e., an 8/1.7/8 laminace, hersalitsr refesrrad



6/8/2/8/6 |amnate, hereafter referred to as Exarrple 2) 'GE?F‘B 1
has a struc?@¥%i 1ar to that shown in FIG 3. en 3

Test The flexural stiffness, or flexural st rent h, of t he
| am nat ed foam structures were tested by bending a 35 inch | engt h of
the | am nated foam structures Example . B, - (the 9/1.7/8 | am nat e)

and Exanple 2 (the 6/8/2/8 /6 25 lamnate) . A 36 inch length of the

correspondi ng . SUEL g MO 98/ 03284nple 1 has a structure similar to
PCT/ US97/ 11512 e i 33 - struct ures

Exanmpl e 1A (t k&at Bh¥n ddt H1%nd Exanpl e 2A (the 2 pcf core) at the
sane thi cknesmmse tgant as a conpari son. Beam bending tests are used

in the plastics S [ < e

ASTM D790 and ASTMD2 9 é‘ ggg‘aqggf%e%é?\?gft‘g/ﬁtteoké\?e?luateo“lr the%g}?‘ezu:/al
modul us (i.®. fda{neﬂwr}aérstxmmgtd'gr@famla dewo- A yet i ksghen dems ey helgint wo
poi nt supports are Iocat ' Lk Z0 o
surface. The® ?}boﬁ o?e tcﬁf’g tj’s%%%ﬂ@#en%%hﬁ?@? %epir)n%éa&q% the
Successi ve weifgfitlovaimey agltrpE t 0 t he midpoint in increnents of 100 to
1000 grans, and the deflection is i medi ately measured. Stiffer
materials are nore “Tesistant to bending and pr oduce Iovver deflectl on.
Defl ection is neasured ERUWNER¥s 16%5‘?58& PRBMCORE P5 St PSifghtt Bedmcn
posi tion. ﬂaha:ypm]glﬁtglﬁéi@ﬁﬁerﬁélrﬁ/@nfmeets Et(@nmt@ai@e@ntdv Exaspbeod=ase
shown in FIG The bendi ng str £ 2Aand Exa Ie2
are shown |°rﬁ F'EP 5t ©F ”&a@o %eﬁ“gfl%‘/“ée gfam Tat'sd ToartalFuet ur es
have nmuch 20 hixgher resistance to bending than the conparative core

foanms. Also, the uncut. Iann nated foam structures (e.g., Exanpl e 1) do
not crease when bent at""a'ngt es up to_90 degrees However, under t he
same conditions, the A layginate Smoﬁplé’eﬁl’g’tt@rredé@"t v iREarhSo /ers | ayer
(e.g., 25 E»_f,arml@pal@)arcnealsesl&nmsttedsmf@seb side of theExanple12 is a
sui tabl e construction fog use in a._ bpdyvpoard for _,eggangl e. §ULt apl e

f oans bal ance }3fginated foam cors =X ~eC oL S==D -

and step 3 of Exampiz= 1 to afford an 8/‘f8 laminated foanm
structure.
Step 3

20 A layzr cf 6 pcf poivethylens foam that is 1/8

laminat-ed fmam structure ol step 2 ov Zhs nrocess 5f step
z The £inal laminaced foam ghtrusturs has 2 core of four
laminated 2 pcf polyethylens Icams with 2 skin of 8 pci
25 foam and an outer sxkin cf & pci foam or each side <f the
more withn a total thickness of 2.23 inches {(i.e., an
6/8/2/8/56 laminate, nereafrer rafsrred to as Example 2)
Example 1 nas a structurs similar to that shown in FIG.

35 Bending Test
The flexural stiffness, or flezxural strencth, of
trhe laminat=ad foam structures were I2st=2d Dy bending 2 35
inch length ¢f the laminated foam structures Exampls ]
i Examplse 2 {(the 5/8/2/8/6

.
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stiffness-and“gﬁ%ﬁﬁgxbproper;ies for particular appl i.cati ong, -l gsgpﬁgy

board product e as light 30 as possible, affording the greate

flotation for its size (i.e., have the lower total density). The
surfaces shoul d resist abrasion (e.g., fromsand) and resist

absorption of water (i.e., it should be a cl gsed cell foam). The board
should be stiff enough to resist the 35 nmechanical forces inparted to
the boafd duri ngsHgBctures ExamplW0188/(@1e94 .7 pcf core) and Example 2A
PCT/ US97/ 11512 it should resist

creasing). Buckl thBeuRdBFLoFGFRAr $Eusle same ﬁﬁ&&?PFgﬁﬁé wgs) benthias a
results in pernagenpadigege Beahi benddmaotebesr epel eed in Brmylastids

A col | bl K t tt I t ed
Foam struct ure: THUEOPY Foafh - SEAE: BRed ELrBur | aRenaed XETBIE | nked

pol yethyl ene 5 AsaM-Dager sndanishy-a2eli ekecusedf ektbd8ivedlyescardaduate
density of 1.7 PEfet L ol stoc 0 g I ted
using 1060[err]F otﬂgg%ufr g”hBéﬁ%uE (ﬁeES|oElF§$ a} ﬁk%g%E%Pwe N é% l%?
application of theagptics. ailp purt Retsgef ages p@l@é B&@pﬁéﬁ§danﬂMiQQﬁﬂﬂd

sheets were f 9E cedchagetbar-rand aaQ@@qatBbgggan%aqoghr&glker iR,
bondi ng the two surfaces together. This afforde ply 15 Jlam nate that

was appr oxi nat el §1AROLRENCENFER, Su?ﬁertEdléﬁPﬁ§P|éﬁ SF6€€H&P§Cwas repeat ed

twice to affard gutewssivdenst nt@oaeohamuag aodensgi &adgbl@@pmm mately 2
pcf and a total thickness

h | ted t
one surface of thBCEGFE™HSi f§ Eﬂg g n&afén%53§éedﬁpé Fg m%85&°htggénﬁse °

| ami nat ed foam simmetiineely. @easured. 6/St2f2°kamanateﬁ7éoarasmov& a

col | apsi bl e paCKFQ%QQra?tS¥§tgghd%IBe gglgrggacg §LQSS- bgmﬁggffgquethylene

f oam havi ng ensi thickness of a
25 The cla¢ﬁés§r:bpé lﬁa@l%aﬁilﬁad igyipehPRadigréacae f£rem <hethe
| ami nat ed foam sitfugiyhe Bauingcsac2oncl, TRel BehdtihgCkereskapipated sepre
and a 6 pcf, 1/8_ |nch thick skin on Qne rsuraggg 1:I;heI&uIe maspl 5
e = o . Lne

i nches wi de and Bagmale 1A and Exampl
bending stress curves cof Example 2A and Example 2 are

1

shown in FIG. 5.
Generally, the laminated foam structures have much
20 higher resistance to bending than the comparative core
fecams. Also, the uncut laminatesd foam struczures (e.g.,
Example 1) do not crezse when bent at anglss up to $2
degrzes. Howevar, und: z
1amlqa:e without a higher denéity-fca: outer lar=r {(=.3.,
25 Example 1A), creasns Oﬁ:fhé surfaca. '
Example 2 is a suitakle construction for use in a
body board, for example. Suitable foams balance the

sciffness and density preperties for carticular

applications. The body toard prcduct should be as light
30 as possible, aifording the greates: flotaticn for its
size (i.e., have the lcwer tctal density) The surfaces
should resist &brasion {(e.3., from sarnd) and resistc
abscrption of water (i.e., it should e a closed cell
foam) . The board shcould be stifi encugh to resist :the
35 mechanical forces imparted to the socard during uss {(i.e.,



serrated, center bevel profile. A 5/8 inch rule board 30 exposed 7/8
i nches of VRSSPW9 for cutting. The press capacity wasPCO@SPBHSI2Z The

die was configured to cut the | ami nated foamarticle in the form shown
in FIGS. 7- 15, whi ch serves as a col |l apsi bl e packagi ng system

O her enbodinents are within the clains. 35 What is clainmed is:
WD 98/ 01294 - 34 - PCT/ US97/ 11512

3 ° ° A | am nated foam

. c ai
structure conpri sThRPLdsresist cﬁ???&P%{Tfangﬂﬁ{‘éﬂnﬁo“‘&d#r§FdéBPFé{céSSf a
second foam isnindésirabbspi aihbe thistrastlekeihsparhbhshel aamuge
article havin ver a f that is at |east 1.5 tines
greater than t hlcave %rélgg o%% d%ﬁ%?%éaof t he second foamarticle and a
vol une that | Exmplasy 1.5 times smaller than the vol ume of the second
foam arti cl phRe d-2 I
wher ei n thegfl rst foam arotlllcpsll S a Sakl r?ré?‘\%d sfd @@Vaéclgﬁrega q{eocgn%%!de@na ty
of between aboiitZingde 1Bapbumeed pbeam serireureot dhd aorhi Ekawss | ess

than 5/16 i nchy,oahds ngxfoam &dt &£b8sl r W aver age
density of rbbOet mee%%b%ﬁtJ??&ﬁndaG gounds %gscﬁﬁﬁ}égg &m? %g?g@%

t hi ckness of H&dfkelrYeEHravisgcheshiickness of 0.530 lmrhesmﬁﬁnat ed foam

structure of deidn®dy of mr@m tdeesii f8dmfpasearblt! e-boRl udegeat | east
atedfoamartl Iamntedfoam

structurem% ARGHS, VST aer?é??%e%a%ﬁlngf' 10?610%03 arti2i'8s®has an
aver age foam com$yomfr¢lebsrtMBm-3 Polhdsiperappbicationfobt taadhdhbe

core thiCkQ§§§ éé $E%V§ﬁ¥féc@§dt§ Egcfgéinated, twc foam sheets were

forced together and padded through a cool roller nip,

bonding the two suriaces together. This aZfforded a 2 ply

[}

15 laminate that was approximatelw 1 inch thick. The

lamination procedure was repeaced twice to affeord low
density core having a density of apprcximately 2 pcf and
a total thickness of about 2 inches. A skin was
laminatad to one surface of the core using the same

20 procedure to produce the laminatsd foam structure (i.e.,

a 5/2/2/2 laminate) for use in & ccllapsible packaging
svastem. Thne skin was 2 cross-linkad polvethylzne foam
naving a density of 6 pci and a tnickness of about 1/8
incn

25 The collzcsibla packaging svstam was die cu: from
the laminated fcam structure having a 2 pcf, 2 inch thick
lamirat=d core and 2 5 pcf, 1/8 inch thick skin on cne
surface The ruls was 1.3 irches wide and had a
serrated, centexr bevel profile. A 5/38 inca rule koard.

3% eaxposad 7/8 inchas of the rule for cutting The press
capacizy was 100 tcons The die was configured tc cit the
laminaced foam article in the form snewn in FIGS. 7-15
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5. The |-am m structure of claim 4, wherein the f oam
has an averag%%xzor#&ensity 25 greater between 10 and 12 poundmggmﬁl%
6.
a

i nch and a  thickness of between 1/16 and 1/8 inch.

The | am nated foam structure of claimb5, wherrein the foam conpri ses

pol yol ef i n. WO 98/ 01294 - 35 - '

PCT/ US97/ 11512 : - 36 - 7. The
| am nat &@d foam structure of claim 6, whergimst he pol yol efin includes a

pol yet hyl ene or pol ypropyl_ene. . 8. The | am nated foam
structure of claim7, 5laher & FAHEFEINTARAR REFUTHIG SARF S5 Hed @ sfiest

initiated pol yolgftfcI@€Sifminated to a fifst sdheatanvrakhedebsam $baHct Ure
of claimS8, wherein at | east a ion of the,foamis._.cross-linked.

or
10. The | am nat tF $tans st YRETGIR b ec%éfﬁ?Q‘f‘r'ibc\]l\ﬁeFﬁi i th&SFahPAZt ed foam
structure i s bBeairttuis#aheding an average fidamT@entanynahed feaarstedgture

of claim 1, further ¢ | Si i f i | gninated.to

second surface o % ﬁ:emé%cgg%jég%%% giri%lpcﬁg? ?ﬁ%gﬁ%rggggaﬁfnﬂayt Ptgl §gﬁavi ng
an average foamsierwid yfosmtarsiate|apdtalsolusetthet gseateleahanlt fe
average foam densiqys opdiifer c%E00KePOMAL OE! EnaNdadong! BEEN! AL ichs At

| east 1.5 times small er than the volume of the second foamarticle,
wherein the | am nated foam structure has a

2. The laminated foam structure of claim 1,

10 wherein the first foam article is a skin having ar
average foam density of between about 2 and 18 pounds per
cubic foot and a thickness less than 3/16 inch, and thne
second foam article is a core having an averzge density
of betwesen about 1 and 6 pounds per cubic fcot and a

15 thickness of between 1 and 14 inches.

3. The laminated foam structurs of claim 2,
wherein the first foam article includes at least two

laminated foam articles.

4. The laminated foam structzurs <SI c¢laim 3,
20 wherein =sach £ the foam articles rnas an avsrzge Ioam

nsity of less than 3 pounds t2r culic fect and the cors

dea
thickness is between 1 and > inches
S. The laminaced fecam shructurs of claim 4,

wherein the second foam has an averags foam density

25 gresater b=tween 10 and 12 pcunds per cuzZic iach an

1
[+

wnerein the fzam comprises a polyoleiin.
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flexural stiffness that is between 2 and 20 tines greater 20 than said
second foamway esiokes al one. 12. The | am nat ed f CaOTVEIT/AUBSILI €
of claim 11, wherein the second foamarticle is a | am nated foam
article including at |east two foans each having an average foam density
of less than 4 pounds per cubic 25 foot. 13. The | am nat ed
foam structure of claim 12, wherein thre ¥ rst foamarticle and the third
foamarticle each have an average foam_density of between_about 4 and

15 pounds per cubic fodt. Ihe \wardgagedgjoam structure of claim 6,

PCT/ US97/ 11512 yherein the polyolefin includes a -pdiethylene or  14. The

| am nat ed foam structure of claim 13, wherein the second foamarticle
has an aver age P& TOPY, Sty of between 1 and 3 pounds per cubic foot,
t he first foamarticle has an average foam density of between 5 about 4

and 12 pounds per cubig foof, a : ir 0 article has _an average
foam density of bet vveeﬁ'abofgpe4rigmg'gl§5te?2f%%&n%?rﬁg uEﬁbP(fi Fost™ E}’
15. The | am hatwdekfedamtdte utam ef wfteni gon3;ises whesisigl e +twel second f oam

article further, jnclydes a fnamdl, | ayein having an average foam density
greater than al%'éft}{lf p%our?@ per cub%: foot. 16. The '
| am nated foam structure of claim13, wherein the first foamarticle and

the third foamarticleg, eagb asmihatieaatedmf eamuactirel 8§ kngliwdisng two

foams esch 15 hoving sn/sverage Teamdensidy of, 95gof, Uhan 4 poynds

10. The laminated foam structure of claim 9,

10 wherein the laminated foam structure is heat laminated.

11. The laminated foam structurs cf <claim 1,
further comprising a third foam article laminated to a
second surface cf the secend fcam article, the third foam
article having an average foam density that is at least
15 1.5 times greater than the average foam density of the
second foam article and a volume that is at least 1.5

~imes smaller than the volume of the second foam article,

a]

wherein the lamina:ted f£oam structure has a

3

flaxural stiffnass that is bectween 2 and 20 cimas grsaatar

20 =han said zz22ond foam article alone.

12. The laminated feoam structure of claim 11,
wherein the geccnd foam article is a laminated Zoam
arcicle including a:t least two foams each having an

average foam density of less than 4 pcunds per cubic

3V
s
i
O
0
or

13, re laminaced foam stcructure of claim 12,
wherain the first foam article and the third fcam article
sach have an avarage Ioam dansitcy of ba:wean about 4 and
15 pounds pexr cubdblc foot

AR O 00 o



17. The | am m structure of claim11, wherein the Qﬁgﬁ
conprises a B@%@@P I'n. 18. The | am nated foanlsF%uc u?é“&?

claim17, 20 wherein the polyolefin is a polyethylene or pol ypr opyl ene.
19. The lanminated foam structure of claim 18, wherein the foam further
conprises a single-site initiated pol yoLeghn. resin. 25 20.

The -l am nated foam structure of claim11, wherein at |east a portion of
the foamis cross-linkedis, Thd\QL8{ 284 foam structure of claim 13,
PCT/ US97/ 11512 1. The

. - . -.38 - 21.
| ani nat ed foam sth§EedFethe Segrrdifoam agfdcdie, Néfe A%t AYEEGES HR2™ t ot al
t hi ckness bet weedeabetly of Be4waett 12andcBepounds per cubic2Zodkhe the

aninated {oam syucle . Skl ad LN L Skelay ot gl and,

the third foam a ave at ness “bet ween "about

i nches. 5 about23. afike 1Raponadsd pegagudticudoote endcltdiemtidird foam
wherein the two foans,ea haye L.ck s Qe ko lgng

i nches. 10 ar%lc%%.%gfh%%lg%?%&?%d%%%anl§%%3§?h?é %%t&%§¥;% , E
wherein the foanahdyéR peungs Resr s§&ifodecdensity bet ween 4 and 15
pounds per cubic foot and a thickness bet ween about 1/16 and 1/2 inches.

15. The laminated foam structure of claim 13,
wherein the second feoam article further includes a foam
-4

10 layer having an average foam density greater than about 4

pounds per cubic foot.

16. The laminated foam structure of claim 13,

wherein the first foam article and the third foam article

[

each are laminated foam articles including two foams =ach
15 having an average foam density of greater than 4 pounds

per cubic foot.

17. The laminated foam structure of claim 1:,

h

wherein the foam ccmprises & polvslelIin.

19. The laminated foam structure of claim 185,
wherain the fcoam furthar ccmprisses a singls-sitce
initiated gpclvolz2fin rssin

25 20. The laminatsd fcam structura2 cf claim 11,

wnara2in at least = porcion of the fcam is cross-linked.

O



25. A lamnated foam structure conprising a first 15 skin lamnated to a
first surf¥@98P1284core, wherein the core includes a firsPCHEEHAEN ng
an average foam density of between about 1 and 6 pounds per cubic foot,
the first skin includes a second foam havi ng an average foam density
of between about 3 and 18 pounds per cubic éoot 20 and a thickness |ess
than 1/2 inches, and the | am nated foan?8tfucture has a total thickness
of l'ess than about 2 inghes._ . 6 e |lamnate am
ﬁrmhneofchﬂmZ&é”;ﬁﬁ @mﬁﬁﬁqé%?éigﬁép%éﬁ%%ﬁﬁigdtoa
second 25 surfaiereint brecsceucuheeehast hetotedntithskknesacbatwsea aboulti rd

f oam havi ng an, Xerggelgoggkﬂgggity of between about 3 and 18 pounds per

cubi ¢ foot and t Bii*Cknés ess than 1/2 inches, and said | am nated foam
structure has a _flexural stiffness that is between 2 and 20 tines :
greater 30 than said coye ap€aminatdP BHWILHicture of claim 11,

PCT/ US97/ 11512 39 27.

The | ami nat & vearespr theufarst épamnpygicle a%ﬁe%é?ntEHEdf¢P§W:ﬁ6é#Fle

i ncludes at | eagthtwavkani patielness beaweant kBb@s. 1/16 and 5/16 i2Bheslhe
| am nated foam structure of claim?206, 5 wherein the second foam i ncl udes
at least two | am nat ed foam arti cl es. 29. The | am nat ed

f oam st ructure of cl aian 26_,The 1lannatied tfman Brxchdmare ioft|laldetmatl ) east
two |am nat ed wheréggnkﬁgtkgke%bams each have a thickness between about

1/4 and 1 inches.

10 24. The laminated foam structure of claim 15,
wherein the foam layer has an average foam density
between 4 and 15 pounds per cubic foct and & thickness
between about 1/16 and 1/2 inches.

25. A laminatesd foam structure comprising a first
15 skin laminated to a first surface of a core, wherein the
core includes a first foam having an average foam density
of between about 1 and 6 pounds per cubic foo:t, tine firstc
skin includes a second foam having an average fcam

density of between about 3 and 18 pounds per Cubic OO

ci

20 and a thickness less than 1/2 inches, and the laminated
foam structure ras a total thickness of less than about

12 inches.

26. The laminated foam structure of claim 25,
furt-ner ccmprising a second skin laminatad to a second
25 surface of the core, whersin the second skin inciudes a
third foam having an average foam density o betwean
about 3 and 18 pounds per cubic foot and a thickness less
than 1/2 ianches, and said laminated foam structure has a
flaxural stiffnsgs that is betwszn 2 and 20 times greater

30 than said cors alone.
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10 30wo 98hagzdsam nat ed foam structure of claim 27, %?hg#ﬁ@u%?fh

of the foamarticles has an average foam density of between

pounds per cubic foot and a t hi ckness of between 1/4 and 1 inches.

31. The lam nated foam structure of claim 27, 15 wherein the first foam
further includes a foam | ayer havi ng an -awer age foam density greater

t han about 4 pounds per cubic foot and a thickness |less than 1/2 inch.
32. The | ami nated foam s27uctThe bamthated26oam swhaeceubet BE EQARWCORPIi Ses

a pol yolef in. wﬁg ein the %irstTQ%ak@qH%Tﬂﬁég(érnfggégnégéafgmfgggg232’

wherein the polyo in is a polyethylene or pol ypropyle

34. The | ani nat efopBamrésicdesure of clai m 33, wherein the foam further
conprises a single-site 25 initiated polyolefin resin. 35. The
| am nat ed foam structure of claim 26, wherein at |least a portion of the

foamis cross-linked. <28.wFhg/ bapipated foam structure of claim 26,
PCT/ US97/ 115123 wherein the second foam includes a40 least two LamigGed

met hod of increafing the.f&exural stiffness of a core foam structure
conprising the st8p® gfrticies. laminating a first skin to a first
surface of the structure, the first skin including a first foam having

5 an average density th i's I i 5. tines greater h t he average

density of the core fpaan%QS'truﬁeurlga%glr{lothEd é?%’?c%ﬁ%%mﬁ%to'%sgg?lme%ét 1.5

times smal |l er thakeréen thehtbkndsfoam theludee ftadestrutiur @amdm@dteq
foam articles.

10 30. The laminated foam structure of claim 27,
wherein each of the foam articles has an average foam
density of between 1 and 4 pourds per cubic foot and a

thickness of between 1/4 and 1 inches.

31. The laminated foam structure of claim 27,
15 wherein the first foam further includes a foam layer
having an average foam density greater than about 2

pounds per cubic foot and a thickness less than 1/2 inch.

32. The laminated foam structure of claim 25,

wherein thz foam comprises a pclyolefin.

20 33. The laminated foam structure of claim 32,
wherein the polyolefin is a polyethvlsne or

polypropylene

34. The lamirated foam structure of claim 233,

wherein the foam further comprises a single-site

8]
n

initiated polycliefin resin.
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| am nating a second skin to a second surface of 10 the core foam structure,
the second 398801284 udi ng a second foam havi ng an aver age RfeHY9P7{11%13at

is at |east 1.5 times greater than the average density of the core

foam structure and a thickness that is at least 1.5 tines smal | er than
the thickness of the core foam structure, 1% wherein the flexura
stiffness is increased by betmeen 2 and 28 fines. 37. The

met hod of claim 36, wh in am . struct f oam
article including at |edst %@1 cg ?T€ ?’Fa‘\ﬁ%gtl}é% fa]\sle@fhéréae %}f‘g’é‘?%?ty
of less 20 thano# pouods ﬁeamcabructume.compr1s1ng the38tep§hefnethod of
claim 36, wherein the f ﬁﬂ?:tgﬁ

aver age foam denmtyé"ﬁi)ettvve% beou e‘%‘g%gour?s per ﬁgé/ 1;iool%e
39. The net hodsvfuctaikm 36hewiéretnskha épcevldam as5fsrsticform hayiag

aver age foamsdegﬁlg«x %thgggatgf eaqt?»ls aRoyBdscPer SCHQ’“ngsf e,%atfef;}e first

skin has an average ensity of between about 4 and pounds per
cubi c foot, éhﬂntﬁéeséEGﬁéG§kﬁﬁpﬁ&§YaﬁfaV€FaﬁérFo§ﬁFBeﬁ§FPﬁtHFe and a

bet ween about 4en@BfnddspeHBds iperccubiaetf @ok. tlmes Eﬁh@@églzﬁén the :
PCT/ US97/ 11512 40. The

met hod of cl ai nFBESKPERENEF EBRpFPERNGC2™ Fﬁ5u§F8 ofapﬁcludlng a foam
| ayer havi ng an average Imnaur@rm&gcm@aﬁ}ern tthana abouind! potfese pef
cubi c foot

cl ai m 36, mhgiépﬁetﬁ8ggf F%a EfﬁﬁgﬁéeFﬁg §§€8ﬁ8 S&%ﬁ4é38%uare |§2?ﬂaf2d
foam articles secaptufipay havineags exelamavisgsahvavBphgesf samigessity
1.5 times greatexr than the average density of the core
foam structure and a thickness that is at least 1.5 times
smaller than the thickness of the core foam structure,
15 wherein the flexural stiffness is increased by

between 2 and 20 times.

37. The method of claim 36, wherein the core foam
structure is a laminated foam article including at least
two foams each having an average foam density of less

20 than 4 pounds p=2r cubic foot.

33. Tns metrod of claim 38, whersin the firsc

skin and the second skin =sach have an avesrage foam
P

densizy cf betwesn about 4 and 15 pourds per cubic foot.

29, The method of claim 36, wherein the core Zoam

tas an averags foam density of between 1 and 3

tJ
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peunds per cubic Zoot, tne first skin has an average foam

cubiz foort,

H
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censity of betwe=n about 4 and 12 pounds pe
o

w3
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lty’ s

and the sescond skin has an average iIcam
ol

th

§]

ozt

waen about 4 and 12 pounds per cubic
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of greater t3$§9§“§ﬁgnds per cubic foot. _ 42. Thepgﬁhgggugéh
| ; e

claim 36, wh foam 10 conprises a polyol efin.

met hod of claim42, wherein the pol yol efin i ncl udes a pol yet hyl ene or
pol ypropyl ene. - 44. The nethod of claim43, wherein the foam
further conprises a single-site initiated pokgyolefin 15 resin.

45. The nmethod of claim 36, wherein at least a portion of the foamis
cross-I'i nked. WO 98/®12%he method of claim 36, further comprlslng
PCT/ US97/ 11512 %& 46

body board conprFRENGEEPI Qfi AECEHEBENR fopgL AaYERc ditRg. an average E?am

first skin | am nagpdite gréhtetr shahaebott a8 poudhdsepeandubic foot irAthe
second skin |am nated_to_a gecogd surface of the core,

wherein the core“PhEl h98T §FPFSF*Foam having an average foam density of
bet ween about 1 and 4 pounds per cubic foot, the first skin includes a

second foam a d the 10 s&gon%%lrﬁétﬁ;@ﬁs%nd{?g pou@%gggrghﬁ%vtpgsgn

aver age foan1den5|ty bet ween per ot
and a thi ckness $kis apdntbe2spreRdssSkandepre are| dpimiacsedi Semms Bridrles

has a total th'CkH€§§d9£?h§§§ FoahgaeaéboHbvgngnQheﬁvaBQgEhQOQQﬂHeQ%aE@ has

a flexural 15 stiffness is between 2 and S greater t han sai d
core al one. of greater than 4 pounds per cubic

42. The methed of claim 36, wherein the foam

10 comprises a polyolefin.

43. The method of claim 42, wherein the

polyolefin includes a polyethylene cr polypropylen=.

44, The method of claim 43, wharein the fcam
further comprises a single-site initiated polyolefin

15 resin,.

45. The mezZzxnd of claim 38, wherein at lsast a

the fcam is cross-linked.
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47. The body board of claim 46, wherein the first foam i ncl udes at

| east two V@P8BA284 f oam articl es. 48. The boRCHUH1YL
claim47, wherein each of 20 the foamarticles has an average foam density
of between - 1 and 4 pounds per cubi c foot and a thickness of between
1/4 and 1 inches. The bo board of claim43, wherein
the first foam furt her |ncludes a foa ayer having an aver age foam 25

density greater than ut 4 0 foot a ckness | ess
than 1/ 2 inch. 60 ggbély %?aagéoﬁp/ oars o @ m%geév\%%?’ ®in the
second foam i nbbaddsintlhidasg:two | am nated foam art icles. . WO
98/ 01294 laminated cPGIASL 14512,

43 - 51.% 'I%lrStbosd( oaarn(ljln? ecl atl' m 50, wherei h T he t%l rd
f oam i ncl udes aereéeasndtwo | am nated foam articl es. 52. The
body board g claim 46 sheifi ke faMRate L WP d B PUYPt£Ed ot the
53. The body board of claimb52, wherein the polyolefin is a.
pol yet hyl ene o¥“H8I ypropyl ene. 54. The body board of claim
53, wherein the foam ywhdreiihelhe QgHd sEscBuddNH £ Std fidhk Il €Ohg an

| yol efin I esi
polyole aggrage foam density of between about 1 and 4 pounds per

cubic foot, the first skin includes a second foam and the
10 second skin includes a third foam each having an average
foam density of between about 4 and 15 pounds per cubic
foot and a thickness less than 1/2 inches, and the
laminated foam structure has a total thicxness cf less
than about 3 inches and the boedy board has a flexural
15 stiffness that is between 2 and 20 times greater than

said core alone.

47. The body board of claim 46, wherein the firs

foam includes at least two laminated foam articles.

43. The body board cf claim 47, wherein =sach c¢f

20 the foam articles has an average foam dansity of berween

1 and 4 pounds per cubic foot and a thickrness of between
1/4 and 1 inches.

49. The body board of claim 423, whersin tnes firstc
foam further includes a foam layer having an average fcam

25 density grezater than about 4 pounds per cubic foot a

13 &

3

thickness less than 1/2 inch.
50. The body board cf claim 45, wnersin the

gsecernd foam incliudes at least twe Laminated foam

ar-icles,.

R



10 - 55.  The body board of claim46, wherein at | east a portion
of the foam WO@284 | nked. 56. The | aminated f REREY(18313r e
of claiml1, wherein the first foamstructure, which is a skin, is

| am nated to a surface of the second foam structure, 15 which is a core,
the core conprising at | east two core el epents separ at ed by a bending
region that is a gap or crease in the corée] whereby the | am nated foam

structure can be fol ded al.qne Q%ngl i . 57... Th
| am nat ed foam structur gﬁdf ci ai nt%tt%% \ﬁ%rfef\cﬁlatqh%e ssol<i"r‘m1e§selann talr%/eert S
foam density of beamebncludepoat Beaat tsopbamiéisaped Eadincatvoclesd a

t hi ckness | ess than 5/16 inch. and the core has an average density of
bet ween about 1 and 6 pounds per cubic foot and a  thickness of between 1
and 14 inches. 25 - 52. §§%e bady Boatdch stfe F irdaméstr wbraned ofthd fiqam7,
wherein the firsoh®aiaéachugesyaleteast two | am nated foam articl es.

WO 98/ 01294 PCT/ US97/ 11512 ,

- 44 - 59. The | am nated foam structure of claim57, wher ei n

each of the feam articl 83 .haghen bader agadoah cladensizty Wwhess ilhahe3 pounds
per cubic foot and t ore. thickness,is between 1 and. 5 inches. 5
60. The |am nat%cglﬁf%g?}fjs?rh%t%r%og\{egﬁ)é}ﬁ?%fr pog}ﬁ%’r‘%ﬁjﬁl?%@'second f oam
has an average foam density greater between 10 and 12 pounds per cubic

inch and a thiCkneSSSQt b%%ﬂe%%d¥/%@a&@do%l%lgﬂﬁh53, wherein the foam
further comprises a single-site initiated polyolefin

resin.

10 55. The body board of claim 46, wherein at l=ast
a portion of the foam is cross-linked.

S6. The laminatsd foam structure of claim 1,
wherein the first foam structure, which is a skin, is
laminated to a surface of the second foam structure,

15 which is a core, the core comprising at lzast two cors
elements separated by a bending region that is a gap cr
crease in the ccore, whereby the laminated foam structure

can be folded along the bending region.

57. The laminated foam structure of claim 5%,

(8
(@]

wherein the skir has an average foam density of betwes
about 3 and 18 pounds per cubic foot and a thickness less
than 5/16 inch. and the core has an average density coi
between about 1 and & pounds per cubic foot and a

thickness of becwean 1 and 14 inches.

58, The laminated foam structure of c_aim 5

N
w1

wharein the first foam includes a%t l=zast t“we laminated

foam articles.

Ay



61. The lam nated foam structure of claim57, 10 wherein the foam conprises
a pol yol ef i NYO 98/61294 62. The | am nated foam structure riT/OSENI3I1G]1,
wherein the polyolefin includes a polyethylene or pol ypr opyl ene.

63. The |l am nated foam structure of claim62, 15 wherein the foam further
conprises a single-site initiated polyolefin resin. 64.

The | am_nated foam structure of clain163' 44 wherein at least a portion of
the foamis cross-|inked. The | am nated foam structure of

claim 57, 20 wherein tHe Ieﬂﬁ%&?@&“@&ﬁﬁ SaaR ShRIGRIIee AL |G it

66. A coll apSIdﬂie&:ﬁlﬂ@k@@tmgpﬁytslﬁén‘fcﬁ@rﬂparsiﬁges has an ave@a§@e§6am

i ncludi ng a ski mnajed tg a s rface,of sheet conpri sing
a first packi ng&nrie e‘?aieg‘?(’:o%ﬁae%t% %X’n%shﬁb?lﬁec?gb?oﬁo‘a? ‘?’H@ Eheefotrs a

second 25 packitiyiclemes , is Heettween bki agdsSoirdhes. cut entirely t hr ouch
in the hinged region to formthe first and second packi ng nmenbers.
W08/ 01294 . PCT/ US97/ 1151. .
- 45 - 5 67. 6Phe &bEl apaiibias esadicagi s rsydtem off cdlai_'m @@
wherein the fi rvﬁieﬁ@lcrklme BYESHG | So PRI hag! 4y &'@éféﬂ&é’ PYam ?gn

a nneﬁ regi on

extending entirely thr h the sheet, and by a gap or
of the sheet p&TRAYTHPTIHEFANS ang! bt RN ST r b Emaintle BBdond

packi ng nenber sHskieys of Mmevael at f V@ 4183 ongs anéher about the hinged
regi on,
61. The laminated foam structure of claim 57,

10 wherein the foam comprises a polyolefir.

62. The laminated focam structure of claim 61
wherein the polyolefin includes a polvethylzsne cr

polvpropylene.

63. The laminated foam structure of claim 62,
15 wherein the foam further comprises a single-site

initiated polyoclefin resin.

64. The laminated foam structurs of claim 63,

wherein ac leas:t a portion ¢f ths fcam is cross-linked.

85. The laminated foam structure of claim 57,

20 wherein the laminated foam structure is heat laminated.

66. A collapsible packaging system comprising:
a sheet including a skin laminated to a surfaca of
a core, the sheet comprising a first packing member
ccunected by a hinge region of the shest o a second
25 packing memper, the core being scored or cut en:tirslvw
through irn the hinged region to form the firs: and s=cond

packing members.

A



whereby the fi ﬁtwﬁ%i ng nmenber can be pivoted about the hi gg%ﬂgg_g%?‘

storage positi ich the first packing menber i s parall

contained within a gap in the 10 second packi ng nmenber, to a packing
position in whichthe first packing nmenber is oriented transverse to the
second packi ng nmenber. 68. _The col | apsi bl e. packagi ng
system of claim67, wherein the first packing nmenber is tapered, having

a 15 “jdé end nearest to ghe fTﬁétcbiﬂﬂﬁgibﬁgbﬁﬂckaginﬁ system 6% ciR8m 65,
col | apsi bl e packagi ng syst %rg of. claim6/ erei.n the

, sheet further
conprises a third%paERRg the fefisdr P& PR S Regridt &i%%}%%epy
3yf a sgcgnd I hi aged itegxvendie mew}iﬁjmﬁ)@mh e hHarg ,gadrtdl aby ya 20ap

efined by a slit extendi.ng entirely t e .sheet . .. an a_ gap or
a thinned region 8F Fhé(g‘%ﬁ‘g‘&% 5&9&10& io%%% f'lthéafrtar?ceer"b‘ettrvﬁégn qjﬁ%agae‘g%%d
and the third mckengeen mhebdnissds arideyr hepsecogidatbacscitng orentzanot hes  atheyt

t he second hi nged _r eqi v reby.. | e Siyt. 0 t he

first and the thi rlg1 "pac |l%§lnvgg%gr 12>\(flzree ag_‘é’?tgﬁrzfa%r"%t ot%%ngflﬁ‘%q i%gerild‘g%/j\ﬁ thin
the second packi ngheeeber thendirst peakiadaerbey fesi tomivdied iasoutanthe
the third packingy;nqaeFReHs AR R chJsxtp.@rnalilrﬁlwmfc@f HH & M8 | padiPing

contai ning a packed 'tem, WD_98/ 01294 . o .

PCT/ US97/ 11512 member is parallel to and containggl within a gap imp thee

col | apsi bl e pagkagkbensy paeRiol @letib@riIto a Waekdiny e icare iinelwieiesh ache
first foam havi ng.an gver g%e fa @rdgrésio%)é_eofte%et we%nsvabout t1 atnd 6 d
pounds per cubic frTP5oP35Rd"E MFTEkTeds SRS £ anG IF iTends HE™
the 5 skin includeskangeoemibelroam havi ng an average foam density of

bet ween about 3 and 18 pounds per cubic foot and a thickness | ess than

5/ 16 inch. _ . _
68. The collapsible packaging system of claim 67,

wherein the first packing member is tapersd, having a

15 wide end nearest to the first hinged region.

69. The collapsible packaging system of claim 67,
wherein the sheet further comprises a third packing
member attached tc the second packing member by a second
hinged region, the third packing memter being partially

20 defined by a slit extending entirely through tine sheet,
and by a gap or a thinned region of the shee:z rarmitting
clearance betwesn the second and the third packing
members as they move ralative to one ancther about the
second hinged region, whereby, in the storage position,

25 beth the first and the third packing member are parallel
to and positioned within the second packing member, ang,

in the packing position, the first and the third packing

g

members are gznerally parallel, forming a well fc

centaining a packed item.

A



71. The col |l apsi bl e packagi ng system of claim 70, wherein the first
packi ng nmerswonsHrIsapered, having a 10 wi de end nearest to tRETAUSIEISKHI nged

region and the third packi ng nmenber is tapered, having a w de end
nearest to - the second hinged region. 72. The col |l apsi bl e
packagi ng systemof claim 71, wherein the first packing nenber and the

third packing 15 nenber are oriented so th&€ the first hi nged regi on and

t he second hinged region are | oc d ogg site to each ot her or t he
sheet 7370 TheTap| FabLTBP b ba CRAGKAGL Ay SFERF BT OF| af 19252
wherei n the fiwkértdaamchas careaverdgelesoamfdent tipdmedavidl tamravae raoends
per cubic foot_.and t:h e thi i e%@ﬁf 5._1nc e

74. The co||ap§?BWed6§€§§3ié§ g%??%%%bﬁ%ﬂ%%:% ) C ﬁﬁ%§§§ ﬁe?hggégébnd

f oam has an avérageahdam ¢dviskngss ofr dgtteiedretinemd 1@ dmdhes,panddsheer
cubic_inch gndg;aS;Hu % Qe BeleRAm /M 1aRd o & Jdiglle £

75. The col aﬁgfé[éhgggCQEZingegysten1of clafﬁ$€4, mhgﬁéiﬁéghch of the
f oams conpri sedenspslyefebetween abaptody @p4 8 pounds per cubic foot

PCT/US97/ 1151213 a thickness less than 5/16 inch .47 - _ 76. The
col | apsi bl e packagi ng system of claim 75, wherein the polyolefin
I ncl udes a pol yet hyl ene or pol ypropyl ene. 77. The

col I apsi bl e packagi ng Byst enheof celbapsi6le pavkeythg epstemfof helhoanso,
Further Conpriaggrgi%i@%ggfﬁﬂg% packing member is tapered, having a
10 wide end nearest to the first hinged region and the third
cacking member is tapered, having a wide end nearest to

the second hinged region.

72. The collapsible packaging system of claim 71,
wherein the first packing member and the third packing
15 member are oriented so that the first hinged region and
the second hinged region are located opposite to each

other on the sheet.

73. The collapsible packaging system of claim 72,

wnerein the first foam has an average foam density less
=

22 than 3 pounds per cubic foct and tns core thickness 1is
becwsan 1 and 5 inches
74. The collapsible packaging system of claim 73,

wherein the second foam has an average foam density

sreater between 10 and 12 pounds per cubic inch and a

™
(93]

ickness of between 1/16 and 1/3 inch.

75. The collapsible packaging svstem of claim 74,

whnarein =2ach of the fcams comprises a golyocliefin.

A g



initiated pol esin. 78. The collapsible p ]
system of cl a%%‘ll%‘{ wherein at | east one of the foans is cr(a)lg@%%aéﬂ?
79. The col | apsi bl e packagi ng system of claim 78, 10 wherein the | am nated

foam structure is heat |am nated. 80. A nethod of making a
hi nge conprising the steps of: - providing a sheet including a
skin amnated to a surface of a core; 15 cutting through the

core and the skin of thesgheetrhe ddlﬂgygmﬁiélggakdggﬂgrgyg&gﬁng & m 75,
cutting through tw 01{1, the sh e% f %{I nlg \H;En connected to
the first packind’ the ey ale l’f‘l f“él? HPfge P@&;Voﬁhy BfeBY the
first packing nmemsymespyDeme. pi voted about the hinge froma storage
position in which the first packing nenber is parallel to and

contained with a gap in, the second packing nmenber, to a packi ng
position in which the fi 78t pdtle egliepsdiblies packadioy ey streanfercla i 1ehe

second packi nggmehe! VR 08104284 furth : s
PCT/U897/115125 rein eac ams fur _eﬁ8c9mprlses a singig ?h%e

nmet hod of clai m 8oitdrbed Peheokhkb® ¥8Sin.| aninated foam structure, the
core includes a first foam havi ng an average foam density of between

about 1 and 6 pounds cubic foot and_a thickness of between 1 and 14
5 inches, and the skin |ﬁéludg§eac§ CERF HGEMPREVEHE N8h SYStafe g€ agam 77
density of betweameahoid & anshdB @oeinds piee foamsibis &p6ssandnredhi ckness
| ess than 5/ 16 inch. 82. The nethod of claim8l, wherein the

first packi ng nmenber is tapered, having a wi de end nearest to
79. The collapsible packaging system of claim 78,

10 wherein the laminated foam structure is heat laminated.

80. A method of making a hinge comwprising the
steps of:
providing a sheet including a skin laminated to a
surface of a core;
15 cutting through the core and the skin of the sheet
to form a first packing member; and
cutting through the ccrz of the sh=et and leaving
the skin connected to the first packing member to form a
L razgicon, wherepy tha first pa
ol

tine hinge from a storage position in
le

I

wnich the first packing member is parallesl to and

gap in, the second packing member, to a

£

contained with

acking positicn in wnich the first packing member is

A

O

.

d transverse to the second packing member.

(Y

~-
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v
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10 the first hinged region. 83. The nmethod of claim 82,
further coiNy?P¥p1ads the steps of: cutting throlRfF/'¥$/180Re and
the skin of the sheet to forma third packi ng nmenber; and 15

cutting through the core of the sheet and | eaving t he skin connected to -
the third packing piece to forma secon 8hinged regi on, whereby the

thi rd packi ng nenber can be folded along the second hinged region,
wher'eby in t he storage 3 t iglgSt e thir packi ng
menber are parall el tgaland&%losﬂ %glr?ecg%vtf\nhtcﬁgq“{ho w%Q:’g:éaolnr;l‘d Sré]‘;‘cksqlr?z& ber
and, in the pabkhimapedi foan sthectureirihe apdre hindlpdeki agf beabefsaar e
generally par ol Q40 a | af QL ; coNL i pLag pggggg t

84. The nethgle @4n%| ggkgaﬁegﬁ?ﬁ t% % fst 25 a%g? h QQB °
tapered, havi rRPENGH d@er enBiachPREtang 2 tltlh@k#lwgtot%uh@@ﬂe%gioand aAd
the third . spagkiids m&ﬁ@efhbs%lgt@@@wdes havi8soRd VEdemeRsv g8 gt to the

second hlnged regl on
PCT/ US97/ 1151 2verage foam density of between aboug93 and 18 pound385e*The

met hod of cl aidnSde POEEehAdt BethitBhess packi tganespes andht he third

packi ng nmenber are oriented so that the first hinged region and the
second hi nged region are |l ocated opposite to each other on the sheet.
5 86. The net8?od &fheclmsEtinggh ofwWrdmeim &ithe whierstin theodmdws an

thi ckness i s between _ i
cl ai m 86, wherdh® Ehestelbpged region.

average foam densi{yg! rﬁgﬁgéga953f§1§%€g§, pﬁévingCé'%fd%??ﬁd%ﬁga%tgﬁgg&gf

83. The method of claim 82, further comprising
the steps of:
cutting through the cocre and the skin of the sheetc
to form a third packing membar; and
15 cutting through the core of the shest and leaving
the skin connected te the third packing piece to fcrm a
second hinged region, whersby the third packing mambexr
can be folded along the second hinged region, wherskby in
the storage position, both ths first and the thirz
20 packing member are parzllel to and positioned within the
second packing member, anc, in the packing pesition, b
first and third packing members are gensrally garallel,

forming a well for containing a pack:c item.

84. Th2 methcd of claim 23, wherein the first
25 packing member is tapered, havins a wiZe &nl neares:i to
the first hingsd region, and the third packing member iz
tapered, having a wide 2nd nearest to the second hinged

region.

A



10 foam has Fupipge foamdensity greater between 10 and er
cubi c inch aﬁﬁza t ?%kness of between 1/16 and 1/8 inch. ¥%Tﬂﬁg%ﬂénp

88. The nethod of claim 87, wherein each of the foans conprises a
pol yol ef i n. 15 89. The method of claim88, wherein the

pol yol efin i ncl udes a pol yet hyl ene or pol yprapyl-ene. - 90. The
nmet hod. of claim 89, wherein each of the foams further conprises a
single-35ite initiated 8$olynhefmatheéiof cl20m 84, whe$fdin Hhe fetrbed of

claim90, wherein_a east on t h cro .

92. . The net hod BPC%FQSWF§ e%thg?§ht %ﬁ%%% %gfi&n %ﬁgq%‘ FelRented

heat | am nated. so that the first hinged region and the second hinged
region are located opposite to each other on the sheet.

5 86. The method of claim 85, wherein the' first
foam has an average foam density less than 3 pounds per
cubic foot and the core thickness is between 1 and 5

inches.

87. The method of claim 86, wherein the second
10 foam has an average foam density greater between 10 and

12 pounds per cubic inch and a thickness of between 1/16

and 1/8 inch.

83. The method of claim 87, wherein each of the

foams comprises a polyolefin.

15 89. The method of claim 88, wh=rein the

polyolefin includes a polyethylene or polypropylene.

90. The method of claim 39, wher=2in each of :the
ams further ccmprises a single-sita initiated

fo
polyolefin resin.

20 91. The method c<f claim £0, whersin at least one

of the foams is cross-linked.

P

32. The method of claim 31, wnerein the laminaced

foam structure is heat laminated.

T



