WO 2007/ 0247n1 PCT/ US211116/ 1132496 LABELED CONTAI NERS, METHODS AND

DEVI CES FOR MAKI NG SAME BACKGROUND OF THE INVENTION 5 1. Field of the

i nvent i orwOhleoesent i nvention relates to a di sposabl e PEBAIS200GHB24961et hods
of making the disposable container and nmachi nes and devices that can be
used in the nethod and/or to nmnake the disposable container. Mre
particularly, the present invention relates to a contai ner nmade of
expandabl e thernopl astic resin beads with a el sheet di spesed about 10
the outer Wﬂ%§°@‘ﬂ&ﬁ@@vd%ﬁ@§f%@@6w%ﬁ NS 8 Fher can be
used for holding hot or cold liquids, such as beverages, or foods such as
i nstant noodl es, soups, fried chicken, and the |Iike. 2. Background Art 15
The manufacture of nolded articles, such as contai ners, for exanple cups,
bow s, and the |ike frBACKGROIND ORETHEDINGENEIQNrticles is well known.
The nost comonly used thernoplastic particles are expandabl e pol ystyrene
particles known as EPS. Typically, polystyrene beads are inpregnated with

a bl owi ng 798 Bt the WlegiorP0i | s bel ow the softening point of the polystyrene
and causes the inpregnated beads to _expand when 20 they are heated. The
SR <

formation of Hisimesentipyengipaselatesing Wé%%%%ﬁ%t pethods
general | g g&?gc&ﬂa Bé{i%natn?alaﬁ e%: rfd%ewc%i"ﬁaﬂ %%%@&ilﬁ%&ﬁhﬂﬁ@&ﬁﬁcﬁ&eﬁobeads are

pr e- expande densi t rom about 0.5 to 12 pounds per cubic foot or
5 to 150mgkenihs dqqussablietcentam@ei\@rd partuhela@y,éhe Eﬁ?@hd@éﬂtbmafé@teéﬁ%a heated in a

closed nold.to f er e t he n fused
article W‘%‘Q E é%’? '?’ﬁ%n%q%é ne%e(%g‘gﬁlgg%%%l gh%f %ﬁ%ﬁ]@ogtartl cles
usedid o iBleGtet aambmﬂtm lesveal Bofeh@enetindr) yThep:bﬁqaareechnti;e 1mad ﬁ:qlheldm
suspensi on pol ynerjzation process, i,ch esults eads t can be

scr eenedhqter el digride sycthsheveragese AL08fs, WS asl'%‘ia Taquos‘} SSHEERP gi heters are

wi thin the.kangeyofid rom about 0.008 to about 0. 02 inch (about 0.2 to
about 0.§ﬁ?ﬂ$§l Cbcasllfonal ly, 30 cups are nmade from particles having bead

di aneters as high as 0.03 inches. WD 2007/ 024751 PCTI US2006/ 032496 It is
desi r abl éo! %r ov!' gﬁ containers with thin walls that provide adequate

i nsul ati 9 ural properties and that contain high quality printed
grapis cs on t g maniifsdtate of tolded @stichds, tuck ag cnttainererfor example cups, bowls,

and the like from expanded thermoplastic particles is well known. The most commonly

used thermoplastic particles are expandable polystyrene particles known as EPS.

Typically, polystyrene beads are impregnated with a blowing agent, which boils below

the softening point of the polystyrene and causes the impregnated beads to expand when
20  they are heated.

The formation of molded articles from impregnated polystyrene beads is generally
done in two steps. First, the impregnated polystyrene beads are pre-expanded to a density
of from about 0.5 to 12 pounds per cubic foot or 5 to 150 grams per liter. Second, the pre-
expanded beads are heated in a closed mold to further expand the pre-expanded beads to

25  form a fused article having the shape of the mold.

The expandable polystyrene particles used to make foam containers are generally
prepared by an aqueous suspension polymerization process, which results in beads that
can be screened to relatively precise bead sizes. Typically, bead diameters are within the
range of from about 0.008 to about 0.02 inch (about 0.2 to about 0.5 mm). Occasionally,

30 cups are made from particles having bead diameters as high as 0.03 inches.



One net hod of obtaining printed graphics on the outside surfaces of a
container is 5 by nolding the container and then printing on the outside
surface ovotbe/2¢rstai ner. However, this approach typi cRCIUSE@S0B2496 i n

| ower print quality and does not convey the desired conmercial image.

Anot her net hod that has been enployed is to pre-print |abels that are
applied to the outside surfaces of a container after nolding. As an
exanple, U S. Patent Application 10 Publication No. 2006/ 005917 Al

di scl oses a nethod and apparatus for producing | abeled, plastic foam

cont ai ners, slidhdesgablgpepredidepentainers withathin %%Gh?ﬁﬁ’“ﬂ@‘ilweﬁu% ated secondary

mold to iﬂéﬁfaﬂgégﬁda%%@ﬁléﬂ p%cgﬁleﬁles b fhaPlARiA ﬁi&ﬁt&ﬁalitﬁpﬁﬂ@ﬁ%&ﬁicﬁgggk@l Ity

graphi cs can ) contai ners usin ese net i ng
consi st enutgide durfaces of the comtaiper. nechani cal steps involved is a problem Also,

the seam fornpd where the ends of fhe 15 | abel et aften.l eayes a gap
between t ho. ofi Haficeel iafflte uftied SSopies PR o BBE bufick r A VR R 0 be
seen, 5t hby hldihg thrrohRineOaid tHerdprigh@dn\ls butsidd burfaow of thappithiged. he cont ai ner
rimor base, and/or the |abel ends overlap fornin rai sed seamthat can
be aest h&OPE4eT (s appERach Hipiqaly resplimin lawer fript Akt e dage NELRINEEERI ng, as
vell as eyl dbRehercidiilGgeihere | abels can be peeled fromthe container
surface. 20 Attenpts to Solve the above descri bed probl ens have been

att enpt ed t hr dagther methad that hastheen egplogedhinite resprinhdabgls that aresippliedt® 01/ 85420
di scl ose for .10l d I .16 cont ai ner
navi ng S Baalathe« IBRALE b hRaRE, £ RRe PR RS R Bp o

duri hg t Rebliation Ng. 2006V09591NA1 kisslosatahaethodaddedpphbratus freprodidingdeibléd) a

nol ded contaiper is transferr v pl unger. havi ng.a vacuum pi gk-up head
05 {rom BeskGRRm st rihar Sl s SebineR i i e s Rpout
the dummp@k&thernthlB Bontitaibel & e{TﬂHﬂicQﬂp.OAltﬁo@g?lrﬁi%lﬂ%ﬁty\@iafﬁlcé &nfRCi procal
bet ween the | abel pick-up station and a vertically oriéented nol ding

stati on ReRlieddo aonieiners nging thebe methogs labeling eoupisivaexy dupiodbe manyat erial . Wen
the du eﬁf?ingca? gtggs{] igwr)logd {sgggébqerﬂp lﬁ\gsoggﬁse%% H?wleé%lerectﬁé Eﬁ(ﬁgf g%l?r ¢ t he core

is transferre retalin ont e female no
Par t 1§ ul dabeBfegodibh trasesnd gap bictwesn mhet dudsl of the labebshieets whetie sheeerintdimie |

DL 2CEenL 2 b L0 SONSAELSBE hoe o it TR PRSRRAEL nSL RS 0o
PCTI US206i&{ 83248 @nd/enthelldeBénds bhasp BwiRL aiEisddebihithdt Badbd as@RtigmBuNnt  of
waste, i.e., containers that are nolded and/or |abeled inproperly and
cannot bangigadive, can lead to inefficient cup stacking, as well as providing a site where labels
can be peeled from the container surface.
20 Attempts to solve the above described problems have been attempted through in-
mold labeling techniques. As an example, WO 01/85420 discloses a method and
apparatus for molding an expanded plastic container having a label material affixed to an
external wall of the container during the molding cycle. In this method, a label to be
affixed to a molded container is transferred by a plunger having a vacuum pick-up head
25  from a stack of flat labels to a dummy male core and is wrapped about the dummy core.
The latter is mounted on a carriage, which is reciprocal between the label pick-up station
and a vertically oriented molding station having a molding tool for molding expanded
plastic material. When the dummy core enters the female mold part, the label carried by
the core is transferred to and retained on the wall of the female mold part. Particular
30  problems with this method include inconsistent label placement and molding consistency

as the many mechanical steps and vertical orientation cause shifting of the machine parts



Additionally, in sone instances, inproper |abel placenent can result in
containers that leak. 5 There is an unnet need in the art for nethods and
equi pmrentwoaopyadisee snooth surfaced consistently | abelP€l/USeibMBI¥06 s t hat
can be manufactured with | ow waste at conmercial scale and overcone the
above-descri bed probl ens. SUMVARY OF THE | NVENTI ON 10 The present invention
is directed to a device for producing | abel ed expanded resin containers.
The device includes at |east one nold cavity rail; at |east one mandrel

rail oriented perpendicular to.the nold cavit rail: 15 a.f l e nold
cavity capd Qgépt@ﬁsqﬂo%%reé}‘gﬁb? %fng?%%‘ggsﬁ%llﬁ” C%lé@??r_gt}}agl bet ween a
removed pOgddd ABior BbbleaMapRbedPaid dafiflot bBRged Mol ding position and
including at | east one fenale portion of a twy-part nold _oriented parall el

to the nol d cédditionally, in senerastances) ippeoper lebelplacemantfian gespll IRALIAFS ng at
| east O”%uﬁ?%ﬁ 20 cavity rail between an extended position, a releasing
position a8 nol di ng position and including at | east one nale portion of
the t®o-part Thededs aminendineed inghd wﬁirmqﬂmdsia@%equimnﬁﬁlt@m@éﬁ@q HPotbrm a nol d
cavity when the fe and male nold cayit I re.d LI..r espective
nol di ng SPE&e i°8‘?§§s,tgrgi¥§a dacoﬁtmese*gtccﬁp‘ég 58@%8@% ‘ﬁé&/@“}a %Slrtlegatat | east one
mandr el eginmerdifitsd8 Bndloveiasiyd the apeside@ibed ptbbdums. nsertion position and
including at |east one mandrel adapted to seat within the femal e portion
when the mandrel car is in the insertion position and the female car is in
the transfer position, thgy €lof e NVENITIONONE Or nore cup renovers
adapted to 30 pull a vacuum an e oriented directly opposed to a nale
portil®n whenThéapresit WReRHOTH AX4qed topciviss Fousrdmneolabelegeidpadeddsiini s in the
insertion positi nd. t he | e cavity car is in the releasing position.
atctseritiegRvist 45

The pr eséRte Fovi des a mandrel that can be used in the
above- at least one mold cavity rail;

at least one mandrel rail oriented perpendicular to the mold cavity
rail;

15 a female mold cavity car adapted to move along at least one mold
cavity rail between a removed position, a transfer position, and a molding
position and including at least one female portion of a two-part mold
oriented parallel to the mold cavity rail;

a male mold cavity car adapted to move along at least one mold

20 cavity rail between an extended position, a releasing position and a
molding position and including at least one male portion of the two-part
mold, wherein the female portion and male portion form a mold cavity
when the female and male mold cavity cars are in their respective molding
positions; and

25 a mandrel car adapted to move along at least one mandrel rail
between a readying position and an insertion position and including at
Jeast one mandrel adapted to seat within the female portion when the
mandrel car is in the insertion position and the female car is in the transfer
position, the mandrel car including one or more cup removers adapted to

30 pull a vacuum and be oriented directly opposed to a male portion when the



descri bed device and includes: 5 a first base having a dinension D1; a
second base having a dinension D2, where D2 is greater than Dl; a mandrel
surface cwvpeoefeszmti ally and | ongi tudinally di sposed alBoutUSRIe/03¥496 st base
and the second base; a plurality of charging pins positioned in depressions
along the mandrel 10 surface fromthe first base to the second base; a
plurality of suction holes positioned along the mandrel surface; where at

| east the surface of the mandrel conprises a non-conducting material that

is not deformable o e, @gp' i t19QNS.. r.esent
i nvention further p{ng{l]/%/rgltrac%?gsqﬁgfeh%% 0 ﬁr?%m P?\agggl 3 8?%‘3%%%{)%5%25 15 resin
cont ai ner usi ng t herchdasing pdgtar.i bed devi ce that includes: applying a | abel

sheet to an inper wall.of each of one or re. femal e partions of the
two-part nold @56 PE0E Ry %WeprBY‘gﬁsoar@a‘%ﬁl&P@I%gg‘?H lﬁg}e&%ﬁvq'abel sheet
usi Nng vacJdeseribpddved ahdiuglst he suction holes, in one or nore 20 fenale
portions; and rel easing the | abel sheet in the female portion by stopping
the vatuum and appl ?ﬁfﬁgb%@?hé}’@%ﬁrd%%‘étqn@bharge to the | abel sheet via the

chargi ng pins in thgs&aﬂ&iﬁglehaaﬁgghhﬂéﬂsﬁqwﬂ%vhgfen]g@;sg%gg%ﬁh&%i-i ons of the

two-part nmold in 25 contact wth the correspon e porti'ons to form
one or nore nmold cawmabdrebsurfadeltingndsmestivdlyzing loneitudinbidadispased ghoat thepanded

resin beads to I}SI{IE m)clig]cavi t es.. applying a sufficient anount of heat for
a sufficient |SnyPReEPIefEcomdda% the mold cavities to effect expansion of

t he expandabl e resi aphedigpofdhardiepiaxpesititedd ireddphesbioasisloh©thk diamdterbel ed
contaipers; 4 WD_20Q7/024751 PCTI US2006/ 032496 cooling the | abel ed

cont ailfers: antirfasadomge fird basgie fhegeeapdibassiers fromthe nol d cavities.

a plurality of suction holes positioned along the mandrel surface;
where at least the surface of the mandrel comprises a non-conducting
material that is not deformable or hygroscopic at ambient conditions.
The present invention further provides a method of molding a labeled expanded
15  resin container using the above-described device that includes:
applying a label sheet to an inner wall of each of one or more
female portions of the two-part mold by
positioning one or more mandrels, that hold a label sheet
using vacuum applied through the suction holes, in one or more
20 female portions; and
releasing the label sheet in the female portion by stopping
the vacuum and applying an electrostatic charge to the label sheet
via the charging pins in the mandrel;
positioning one or more male portions of the two-part mold in
25 contact with the corresponding female portions to form one or more mold
cavities;
adding expandable resin beads or pre-expanded resin beads to the
mold cavities;
applying a sufficient amount of heat for a sufficient length of time
30 to the mold cavities to effect expansion of the expandable resin beads or

pre-expanded resin beads to form labeled containers;



The present invention additionally provides |abel ed expanded resin
containers that include: 5 expandable resin beads or pre-expanded resin
beads nolwoeadoIm2a7sshape having a sidewall wi th an out ePCIOISE@cA3ANE a
base; and a | abel fornmed froma | abel nmaterial capable of maintaining an
el ectrostatic charge di sposed over at |east a portion of the outer surface
of the sidewall of the container. 10 BRI EF DESCRI PTI ON OF THE DRAW NGS
FIGS. I A-1F are top plan views showi ng the relationship between fenal e and
mal e portions of a two-par} Ifl mandrel with renover, |abel sheet, and

| abel ed container in tW@Olé‘%gg‘g% %E@@F%ﬂt?ﬂ@ertsbanéi met hod in the present
invention; 15 FIG 2 is @foaxs fle I8R5 BRtatdelU54:h ¥ MBIaRaPRBAr €l wi th
renmover according to the invention, FIG 3 is a perspective view of a
mandr el accor diiggressnt ineentin edditionslly pragides libeled expandsi desinedoptedterothat/i ew of
a mandr el aCCgBH};H‘& to the invention;, FIG 5 is a bottomside elevation
view of a mandrel according to the invention; 20 FIG 6 is a |ateral

secti dn of a mandr expaciabledésirgbdads bhreierpamidtd adin Hebds mdlded ireshagé al  section

illustrating gssenble | e and femal e portions of a two-part nold
according to f}}?glqgﬁfé%“fgﬁﬁ’flﬂﬁl@m% spiface agd abase; a%‘Li al section illustrating
assenbl ed mal e and d‘l@ﬂi@'ﬁﬁnﬂ@'ﬁbhpﬁﬁib&fmatériél‘éﬁg%i%réflﬁ@ﬁtginﬁfgc&rd' ng to the

invention; 25 FIG 9 is a perspective view of a mandrel car and |abeling
arm part of &l¢Epptatic clrpge dispepsipvensideastia pertivaohtheoutes swfage ngtheo t he
invention; Fl GaodQnstaWofiReFSpective view of a rotatable |abel nmagazine
housi ng according to the invention; FIG 11 shows a perspective view of

| abell0fi ngers and a mandrel that can be used 30 in the invention; 5 WD

T T oS AL 5 P

i nvention; FIGS. 1A-1F are top plan views showing the relationship between female and

male portions of a two-part mold, mandrel with remover, label sheet, and labeled
container in the steps according to a method in the present invention;
15 FIG. 2 is an axial section illustrating a mandrel with remover according to the
invention;
FIG. 3 is a perspective view of a mandrel according to the invention;
FIG. 4 is a top side elevation view of a mandrel according to the invention;
FIG. 5 is a bottom side elevation view of a mandrel according to the invention;
20 FIG. 6 is a lateral section of a mandrel according to the invention;
FIG. 7 is an axial section illustrating assembled male and female portions of a
two-part mold according to the invention;
FIG. 8 is a partial axial section illustrating assembled male and female portions of
a two-part mold according to the invention;
25 FIG. 9 is a perspective view of a mandrel car and labeling arm, part of a device
for making labeled containers according to the invention;
FIG. 10 shows a perspective view of a rotatable label magazine housing according
to the invention;
FIG. 11 shows a perspective view of label fingers and a mandrel that can be used

30  inthe invention;



FIG 13 is a perspective view of a device for naking |abel ed containers
according to the invention; 5 FIG 14 shows a rear perspective view of a
femal e noOWO 20eMi28%51car t hat can be wused in the inventi @aT/USR@s/03B96hows a
rear perspective view of a nmale nold cavity car that can be used in the
invention; FIG 16 is a perspective view of a device for naking | abel ed
containers according 10 to the invention; FIG 17 is a perspective view of
a device for making | abel ed containers according to the invention; FIG 18
is a perspective view of a device for mnaking |abel ed containers according
to the invent FE3S. 128-FIgshopgsteryviggitop péapati¢whoilpkaking fingers srenpings# accor di ng
to the i 190, : S, § om plan view of a contai ner

accor di ng% g gﬁﬁ%?ﬁﬁ%ﬁ%%@‘%&%‘&%@i BT BT O OF THE | NVENTT ON Q1 her
than in the op&sal3ing perspenpive sieprofiahievise furmealim slabéledicardings aabtdimginber s or
20 expr egés{ Qns r{af erring to quantities of ingredients, reaction conditions,
etc. use hﬁ 1?‘ﬁeglmé’peci fication and clains are to be understood as nodified
in alb instanges. shbie alr&r Perspetioeiew oﬁ@&‘@rﬁﬁll'bmgﬂ&’caﬁt?k@ﬁﬁlai dadibeated to the
contrary, the nunerical paraneters set forth in the follow ng

speci f i c&859R th@ventioiched cl ai ns are approxi mations that can vary

dependi ng upORIG e A5k beeh BERRRIILL oRw ikl hof &Rfﬁ%%ﬁlthé&ﬁﬁ Bt L desires
to obtain. At 25 the very |east, and not as an attenpt to limt the

appl i cat iiothedfivenfien;doctri ne of equival ents to the scope of the clains,
each nunerica ter shoul d at. | east -be cons ed in.light f the
manber of - r eptiPelf SrpRePReiy Y BT M A bR et Krorfte i g

t echndquestheMoentibiist andi ng t hat the nunmerical ranges and paraneters
setting forth e proad 30, scope of the _invention are approxi malions, the
nurerical val Ei.@- lf § APGISPEPLIVA ViewerLafawior fior maﬁs&%ﬁﬂa{;@%daq P BILENIR s

preci sel Yo 83 ipRag6R! €. Any nunerical val ues, however, 6 WD 2007/024751

PCTI US2006/ 032496 inherent|ly contain certain errors necessarily resulting
fromthe stan@ifyd &isaiparspeniive ighe! a devich &rrmakdaplebelpd eondaingrp pepording

measur emgnps ‘invention;
15 FIG. 19 is an elevation view of a container according to the invention; and

FIG. 20 is a bottom plan view of a container according to the invention.

DETAILED DESCRIPTION OF THE INVENTION
Other than in the operating examples or where otherwise indicated, all numbers or
20  expressions referring to quantities of ingredients, reaction conditions, etc. used in the
specification and claims are to be understood as modified in all instances by the term
“about.” Accordingly, unless indicated to the contrary, the numerical parameters set
forth in the following specification and attached claims are approximations that can vary
depending upon the desired properties, which the present invention desires to obtain. At
25  the very least, and not as an attempt to limit the application of the doctrine of equivalents
to the scope of the claims, each numerical parameter should at least be construed in light
of the number of reported significant digits and by applying ordinary rounding
techniques.
Notwithstanding that the numerical ranges and parameters setting forth the broad
30  scope of the invention are approximations, the numerical values set forth in the specific

examples are reported as precisely as possible. Any numerical values, however,



Al so, it should be understood that any nunerical range recited herein is
intended to include all sub-ranges subsuned therein. For exanple, a range
of "1 to WO 2p&7/02415¢nded 5 to include all sub-ranges bePagarns2@am3isel udi ng
the recited mnimumvalue of 1 and the recited maxi nrum val ue of 10; that
is, having a m nimum val ue equal to or greater than 1 and a maxi num val ue
of equal to or less than 10. Because the disclosed nunerical ranges are
continuous, they include every val ue between the m ni mrum and maxi mum

val ues. UnHFsslex ressly .indicated ofherw.se, the various nunerical ranges
speci fi ed 115 LY COHHR CEHR CEQSTSRessH &aﬁﬂt%& {98} the stendard deyiefion found or m a
nor e conpligtheir virgedtse aRdhd gheSurdsintd. nvention the fol l ow ng description
shoul d be taken_in connection with the acconpanying drawi ng figures where

li ke refer ence’tRal §8eWd ke pefcrttoqdthatiapg npmetical ringe ikgifod herefds inpandpbses of
t he descr ipficRAe BigLS- utn#}% 15 1. le, ot 1 1o l-ght " 3)
“left" "verti c%l ! 1%1%2 %Sgsg}r)]st a ﬁ’tﬁcﬁglggf?f"a%ﬂpg%%r%n aené }:I&Ori g? fiEded her eof
shal | 7 el # aclude alhsub-fangesrieivorenasd irtclidingathe mottedimimimimeyatiresf Ingd g ur es.

However, (...l ersipad that .the .invention y assune vari ous

al ternati \Is%lt\kl(g?%g#%}\gﬁg%%ﬁs(? t e BT R Iy maYGiue Gqupldo o‘éﬁrﬁﬁté%é‘ﬁ?l

speci f i edatda thrinamnvalas ¥t equbl to Sr BsSMah 00.0Bedsstehs UReBsddalmdiag specific
devi ces andeaprocesses illust ra(%ed in the attached draw ngs, and descri bed

in the fof1"§fi i oBILPLE ey Caplidseyerrvalusibepyspn dicamnimp adipwaimment s of the
i nvent i oNwyallieN Qfhless RSreéslFind EhiZE BiHeRMSe, an(?itongﬁmﬁ&:ﬁ%% lcaﬂ%esc ahAGt @M1 stics
related to the enbodinment’s disclosed herein are not to Be consi dered as
limt i191g. thisanpliesiondreinproxinetionsr m " partial conical shape" refers to a

shape having ayfi r b that, i mal | t han. a secand, pl anar base
with a surfacel rg%tt? g%lgfﬁ;& rreoc?‘ﬁﬁ}%%%e u%rsi@§8wfg$%W¥?an3§€e {Oﬁo‘f" first
pl anar badecriptonshedadlbertaien in tdrdedtnwitnmedédhipanghedawits AgdeviEget hat has
a shape s a two-part nold, which can be a

fmlar to the male portion of
parti al c!}g%%gﬁre@ﬁﬁbg?CtFrﬁ1‘5/9‘??1&111]?1331“3 pughglt- pe fixed for transfer to the
femal e porti onF&fpuspos¥ofREY desBfptibn HofeithSERH tﬁl@t‘éﬁﬁﬁ’u@éﬂ% HELL ""H%ﬁ't;‘,c onducting
i

mater'ial " refers to a material that does 30 not r y trans

electticit 19ft'b§/"’%f?dl'h clqrigqntal/', \'/‘QP"Z'Z doationP'4 @Bl depETi S 2006/{6BaUBBIte tdsheis ed
ner oL SRR bSO TS BB OBA s B IS e 0075, ™
pr ocessi ngvention may assume various alternative variations and step sequences, except where
expressly specified to the contrary. It is also to be understood that the specific devices
and processes illustrated in the attached drawings, and described in the following
20  specification, are simply exemplary embodiments of the invention. Hence, specific
dimensions and other physical characteristics related to the embodiments disclosed herein
are not to be considered as limiting.
As used herein, the term “partial conical shape” refers to a shape having a first
planer base that is smaller than a second planar base with a surface that tapers from the
25 second planar base to the first planar base.
As used herein, the term “mandrel” refers to a device that has a shape similar to
the male portion of a two-part mold, which can be a partial conical shape, to which a
label can be fixed for transfer to the female portion of a two-part mold.
As used herein, the term “non-conducting material” refers to a material that does

30  not readily transmit electricity by conduction.



conditions. As used herein, the term"not hygroscopic" refers to a property
of a material in 5 that the material does not readily absorb, adsorb, or

ot herwi sewoapd7@et7ser accunul ate noi sture at anbi ent com@irttisees/0a49eander

t he operating conditions of the equi pnment described herein. As used

herein, the term"surface resistivity" refers to the resistance to the flow
of electrical current over the surface of a material as can be determ ned,
as a non-limting 10 exanple, by ASTM D257, where the resistance to an

el ectrical current_is neasured by electrodes on thgéfanp %irf ce of a

material , typﬁéé‘ﬁ?d)hef%dh? @Hnécgmdﬁ’f?ém%le mepRSABatep 8$cribes the
ratio of J?éé@sgﬁ 1%’ \Qﬂen%ésoﬂﬁﬁlé RO 1iQ thBRtoSHhdGR SUb&RLinper  unit

wi dt h. Swta e instruments for neasuring surface resistivity include, but
are not condifiensd to t he Model ST 3 Work Surface Tester available from SI MCO

Japan, Inc., > I ter

avai | abl e froﬁgé% egeslgﬁﬁ?a%“% Mg%@ ?’Ip%i rgf\isu{ &2"? @ﬁgﬁtgrnﬁt%}/ e term

"rail5 r éisetie rhaertal degs,nok addily slmok, ad)srorlntohefhemasé adlectadrapgumulte ch a wheel
col lar, sleeve, or, other device can nove al onﬁ L[ mve a car from one

posi t i on Mot 3F prabientrenditionsrgmder the AP pting oPitiops0tthe equipraent s 5 housi ng,

cabi net, gedcriBtdBdeigl ructure to which the cavity parts described bel ow are

attached to or whi ch contains Lavity parts and includes one or nore

wheel s, coI | ais used hessinghe tgrmosuréace irsiptivisy” rebertodbe eesistpaceterthe Bowebe al ong
i | t
a ral gﬂrﬁ%ﬁcugrggﬂ ‘wf%e%? L £HeQ Q%a;terﬁi’ ayéa%%e%{e% :Jg% rfoﬁdﬂﬁ%o% h acrylic

"(met h) acr acry ate are neant I nc
and i@t haxm;blia;byatS’ﬂ\ddMiNa{hemeﬂm resistatceds ab hbctrmalrcmstpmdmgsmdw esters

often ref to as acr th)acryl ates, ich the term

7ot h) aEtEgoR B g & RO oA W trahr A T ™ pol yrrer
i's meant rés@stﬁﬁ? aBRABEs thoMatib @D Voliab@lio Per uklORREA Y iR sErfackpabypRl S, graft
copol yners, nd bl ends and conbi nations thereof. 30 Unl ess ot herw se

speci i ednit éi‘l’l‘ﬂthrr&lé@lﬁ inptrypaerghior yspsHERe sPEaEAeHTH dorlide: Py 2ftot per neat i on
chromat o PRL S bess 8 WO
2007/ 024 BT CR L B S ARcE F e R LB My Ml RO ot
val ué§ i dahananeddiel 1670 SufaceR gisttvity\Metaayailable from Charles Water Co.,

Canton, MA.

As used herein the term “rail” refers to a bar, rod, track, or other surface along

which a wheel, collar, sleeve, or other device can move along to move a car from one
position to another.

20 As used herein the term “car” refers to a housing, cabinet, or other structure to
which the cavity parts described below are attached to or which contains cavity parts and
includes one or more wheels, collars, sleeves, or other devices to enable the car to move
along a rail from one position to another.

As used herein, the terms “(meth)acrylic” and “(meth)acrylate” are meant to

25  include both acrylic and methacrylic acid derivatives, such as the corresponding alkyl
esters often referred to as acrylates and (meth)acrylates, which the term “(meth)acrylate”
is meant to encompass.

As used herein, the term “polymer” is meant to encompass, without limitation,
homopolymers, copolymers, graft copolymers, and blends and combinations thereof.

30 Unless otherwise specified, all molecular weight values are determined using gel

permeation chromatography (GPC) using appropriate polystyrene standards. Unless



nmol ecul ar weights (Md). As used herein, the term "expandabl e resin beads"
refers to a polyneric material in particulate or bead formthat is

i npr egnatwo 2007124 1bl ow ng agent such that when the 5 pamfiseeoMsr3g6 and/ or
beads are placed in a nold or expansion device and heat is applied thereto,
evaporation of the blow ng agent (as described below) effects the formation
of a cellular structure and/or an expanding cellular structure in the
particul at es and/or beads. When expanded in a nold, the outer surfaces of
the particul ates and/or beads fuse together to forma continuous mass of
pol yner i CfEViseindicatesh thermelegylar svaight valiapiadispted hereimage frsight avgaggsed her ei n,
the termpHeRiS @@vﬁ;ﬁ.si n beads" refers to an expandabl e resin beads

t hat have been expanded, "but not to their maxi mum expansi on factor and
whose outer SArysadbereinathe teror “ekpanddble Assinilerads refess to,a pofymdrermatédal pansi on

factor" r; X . iven i.ght,.of. resin b Qccupi es,

typi cal l ;ﬁé;%plr&é%%eoé%g%d fé@&‘g%? Il-'fie- éigg‘%tr?@g’vd@fsb lg‘glé]igr?ggjg%@atg%&beéﬂf‘%rt her
expanded particalanes|atd/ohbeads bieelaed &1 a Sold @egparmsiontde@icp aed hex papgrel r esi n
beads fusg together to rma.continuoys S f polynmeric materi al

conf or ni ﬁgef g, ?\ﬁlgogﬂglb@}fgp glopyéngﬁgeaig &?H?Cgﬁﬁg@ﬁ(ﬁ?ﬂpﬁ@@?@ﬁhmmﬁ&q}&@s t he
openi ng aRfulet Siichlle Hid/HHn\eRBarANE ALESstrcARe mﬁéf?aiﬁeﬁla@i atroeddONg rails
to specified positions, and the coordination and timng of 20 various

steps i n When pxppedadiig e mald.ibrientersrfaess iof the partisulaids andlor beadefiset he vari ous
steps, CQﬁ%eélﬁa!{r ?ﬁ %Elghaoéo?ﬁglmglggﬁg%@%ro i é}f&qgatgﬁeg%g“o)(m%l?% thvé”shgpeogf&lagp;’] of’)e

acconplis rogranmed M cr OpFoOCEeSsOrs an
conpuPer snoldt erfacing with appropriate sensors, actuators, relays,

f eedback | oops, notoprs neumati c devi ces,. servQs,. resolvers nd .the |ike
as are known it qu%R%fFfp? R'fgerﬁqhé’reﬁ?’@?ﬁﬁd rF'ﬂ(}Eﬁ?qsoFFfﬁF &/?’H"é‘é’a‘?%bﬁetrﬁ%nrml di ng
of an expradiaHatadsbéch ePaHdad,HRE not ttiefin SaRuRxPardsiinFatied dndrtiRdsict , for med
from expanded plastic materials. The invention also provides containers

that are qUib&wasce BSinot Bised yrsarer hricia, the savpioenpansion fesor? irgibisiio theand f ul |
O L S e S T e
t he ddnbeesivbeddabai baifurtherxpamied $n pmotilehkete bhe dute snfides dSthapee-devi ces
di scl os edexgaenrd%cii pes\llﬁ'i l;eladsrrﬁlgé to%gtﬁgr%g %ciyr% a cognti\l/l\%l)ogsonqgs/s %%g&?/%leﬁggat%%%?o 6/032496
conforming to the shape of the mold.
The present invention includes the opening and closing of valves and gates, the
movement of cars along rails to specified positions, and thé coordination and timing of
20  various steps in the inventive methods and devices. In all instances, the various steps,
controls and placements can be done manually, but will often be accomplished through
the use of preprogrammed microprocessors and/or computers interfacing with appropriate
sensors, actuators, relays, feedback loops, motors, pneumatic devices, servos, resolvers
and the like as are known in the art.
25 The present invention provides for the molding of an expanded plastic container,
which can be a thin wall product, formed from expanded plastic materials. The invention
also provides containers that are labeled consistently and have a smooth surface finish,
and full cover printing to a level and quality not possible with prior expanded plastic
containers.

30 As used herein, “labeled consistently” means that the number of labeled

containers produced by the methods and devices disclosed herein will meet commercial



requi renents. The absolute nunber will depend on particul ar conmerci al
requirenments and can be less than 5% in sone cases |less than 4% in other
cases | esworhe28% in sone instances |ess than 2% andPCH/Usee0s/031486t ances
| ess than 1% waste due to mislabeled containers, i.e., containers where
the | abel has an unintentional gap between its ends or 5 the | abel overl aps
the base or rimof the container. As noted, the present invention enables
the reproduci bl e production of a |abeled container in which a printed

| abel sheet (s adhered to the external surface of the container during the
mol di ng proeEeRents.,Theabsplytrumher wilt densad pmpaticilancommerciabteglirghes can

have a head caAMe VRtRH f%”'i bﬁﬂ@ C%S@é’ ﬁgs tﬂ E‘bel Sdt?éar c'agés ?e%g ha%t3 6WI lr'?.'g({ng{] ﬁe wal |

container and is 05|t|one dtavi I Tec
of the f eﬁﬁtaécﬁdflﬂslthﬂm Zﬂ/efanmmrtghdrhmtmesdessahamw Iwastafdub In@md,‘sd)arbteadner wher eby

t he | abel h.th ded pl stl mat er.i al and with
the exter nérpﬁﬁérf’l iy gl%%:soq%ere %’&labﬁﬁl?qsr? UPH‘ZGIWBP i8Ag WSE’%%eﬂd@W

parti chl atheriaheépvdrhpsﬂmbﬁke&drﬁﬂﬂfﬂhblﬁ&{talﬁélow ded by the invention presents a
snoot h ci rcurrfgrentla surface. By "snmooth circunferential surface" is

meant that the®spgefd %Preéer’i’tfw‘?méfﬁ’t“é‘ﬁbl\%ﬁhler@ﬁ"‘i"f?@kﬁ@éﬂ@wnﬁﬁﬂ&el@r has a
nearly i npeftsigstih Nh@hSBHmWIehE sﬁé'é?lsta\ﬂﬁergﬂﬂwsthgtnfgt%&%l é&ﬁﬁé ﬁﬂgﬁ?&é‘ﬁgt her

and/ or overlap. In prior art methods, suc I'ng, the two
ends of tAWNgthemo lﬂ%ﬁroé@ﬁréntaogeﬁhélmenboiﬁm mvantrcm, thedateb shreet dan haod fer

situation r.f eed s of .t he | abel,

but oft enﬁeart %Ttts e%ﬁté“‘g%%é‘%éé%gg‘li‘%b %§§n@% qﬁ’o‘é gm} %‘Efﬂ 1s|-;|1f§1tt9pgg Bht

i nveni® ontheveold camity dmmagmspmebwaurwaasfemam poviesnl definii thdetbraabaledges i s
enbedded h| n.t.he ont.a nd is |l ess perceptible fromthe
exterior. gont%{fl?rh?\g’ﬁﬁrﬁb% @2&?‘?} efels lrl?é‘i‘)natPﬁiWétBﬁ]ée exparded pastic pategiel cept i bl e
as an edgmdxﬁltlathleéﬁféknaii%l@bf WelcBn@RBt dirg'tRe ﬁ%ﬁ#nﬁ%@és?' ng to the

i nvention, the container wall surface across the seamline is snooth to the

touch. In an SherstsHEmotethelpkeledspatpines provided byshesiamention peestitis aany
percept i bérﬁodi’l?@ﬁ‘éhlﬂi’@l%ﬂtlé’l' ge : h%@ ‘ sﬁlggﬂhtcﬁggﬁretréﬂtgiasu%c% Olﬁ%net@gﬁg!%t%gel ed

contai ner, the seam |1 ne | east
0.5 glh, labelonKies ouerseall a&th¢ hsled Gorﬁﬁngrhas ameampempmee@mhé@aﬁ 0.1
t greater than 2 gm

gm and ip 0O nshapges. at eas and is n

In this &!v etngl rrf\s‘%rl?{s %be ORI ey OEQY?{&BH&Q Pféorsaé'afﬁ?tﬁ?‘??es‘@éﬁﬁ Aftetan be any
val ue or mardylalkmngvaﬁammm@fttieh@ael/@ftéiﬁ%n{e%gétﬁéi t& RN E ra%@d %ﬁpd[ﬁ' ng to the
i nvention,, K an, exFanded pl astic contaj ner is advantageousl d with the

mout h of Yt SEBFHoRSAlemalsase wade torperfesibmatetheledaes @rﬁloeakab@nbtgoftans to 10

raised seams or gaps between the edges result. The present invention overcomes these

20  problems as any overlap of the label edges is embedded within the wall of the container
and is less perceptible from the exterior. Thus, although a seam line may, in some
instance, be perceptible as an edge of a label sheet with containers made according to the
invention, the container wall surface across the seam line is smooth to the touch. In an
embodiment of the invention, if the seam line has any perceptible depth when viewed

25  from the outside wall of the labeled container, the seam line depth is at least 1 pm, in
some cases at least 0.5 um, in other cases at least 0.25 pm, in some instances at least 0.1
pm, and in other instances at least 0.05 um, and is not greater than 2 pm. In this
embodiment, if a seam line exists, the seam line depth can be any value or vary between
any of the values recited above.

30 According to the invention, an expanded plastic container is advantageously

molded with the mouth of the container directed in a horizontal orientation so as to
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WD 2007/ 024751 PCTI US2006/ 032496 mnim ze or elimnate the force of
gravity fromcausing the | abel sheet to shift between placenent and

nmol di ng, Wewa2#tg1i n a m sl abel ed contai ner (one form GCTRESMW060324% eam

for cooking the raw plastic material is introduced or injected into the
mal e and/or female portions of the nold cavities, which can be alternately
flushed with steamto heat the 5 nold during preheating and cooki ng and
with cooling liquid during cooling, which can be provided adjacent the

i nside and.autside . of t it Al so, n _of t. steam can be
a1 act oTHMEA ATt o PRt Rop g hh ekl i teE EBoki ng. An
enbodi menpla@émdniend MYRIMg, RRultidg WEh heddatiedBlianlr fonk 308 Stwad)aBtad resin

container, is outlined in FIGS. 1A-1F. The nethod incl udes applyi ng a | abel

sheet 10 fa coalgngfheiraimplasigmategial ia introgused op i eqteshiniesthe mae angepr fepale nol d 18.
The | abel | sheet
e |abe @‘ﬁgr@é émggéﬁ?ﬁeca%g aahar aﬁqrb%%%n g?%%s@% %&%ﬁg 'tﬁgf%%e sheet s

(not showﬁ a suct’ion p ate s | abel sheet
10 t hri)ugmoid@rmggiréheamngnnd@boMag amltﬁheolmgdtqubidurmlg&belirpgpwhiqh@as bt he

| abel sheet 1 dlrec drel 12 and. n ers.{not shown)
wr ap | aboProuied AR} e 5 e BT 4P e Pl Sy %}%&ﬁ & SehEREm ol o ng
a 15 | abetan? redlifectsd MEEHz RO HTusH th%f&@wtléls\/tﬂ&hbélr%s daging beoMind. N FI G | A, when
the nethod is operating continuously, nale portlons 20 of two-part nold 18

will have a | ap8ieagodigisat of the pveontion & meHiod of akings: lakeled axpradseIttdd t hr ough
remover 14, gd5ausidabgketh remyal ﬁerl‘hgﬁleh{oﬁ%ﬁﬁde@ apgr@fd %ﬁal?e@sl?é%gwﬁ) hel d by

its base via Vacuum In contact wt renover Mal e pOI’tI on
20 i s1@ hean inehwalhofa femdleponidons] 6 QQaWOt-parﬂra@léHS §Iheé€tbeh$.he¢ts cpold tioned in

f emal bel hel ace. b f
vacaum apB e e aReEAE sopeRie haTha o Sl Syl el Y ©

rel eased oﬂmdhﬁ@gJWhmMBﬂdsnwémﬁc&enamﬁu@pmbmgmxﬁﬁomyfﬁmamplﬁhemhﬂomacuum
and applyl

rostatic e to the | I et.10 V|a char gi ng
pins in ! et itiogs e oghghepsld ocfaﬁc ahavy aamdm?ﬁgaag Pa@ BinecByonpr essed
air from gmig)Qbdp hiel shéetad 1@ﬁm§jdnr@rﬂha1%el 1278 prVRY h el bRIMEANdr el 12 is
free floating when positioned in the female portion 16. The free floating

nat ur & of labakdP el 12 when inserted in femle portlon 16 allows for the
d d d t,
desired mandr e} ok bl SRBPI A0 5L GRIFPRED| RTondfnd hSuRIEr

nol'd al I gnnen in an undésirably |gh
nunber of operstira@htnliously, ma]retpartnms QO oYievad-part mbId 18 will have a labeled

container 24 attached thereto. Vacuum applied through remover 14 draws labeled
container 24 from male portion 20 and is held by its base via vacuum in contact with

20  remover 14 (FIG. 1B). Male portion 20 is then withdrawn and mandrel 12 with label
sheet 10 is positioned in female portion 16 (FIG. 1C). Label sheet 10 is held in place by
way of vacuum applied through one or more mandrels 12 and label sheet 10 is released
and positioned in the female portion 16 by stopping the vacuum and applying an
electrostatic charge to the label sheet 10 via charging pins in the mandrel 12 and

25  optionally applying a “puff” of compressed air from mandrels 12. In an embodiment of
the invention, the mandrel 12 is free floating when positioned in the female portion 16.
The free floating nature of mandrel 12 when inserted in female portion 16 allows for the
desired mandrel-mold alignment and overcomes problems in the prior art, where

inconsistent mandrel-mold alignment results in an undesirably high number of mislabeled

30  containers (waste).
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WO 2007/ 024751 PCTI US2006/ 032496 | n anot her enbodi nent of the invention,
the gap or space between the | abel sheet on nmandrel 12 and the inner wall
of fenal evpapaiaw’s16 when mandrel 12 is inserted in feRATAISPESHBING 16 | S
small. In this enbodi nent, the gap can be at least 0.01, in some cases at
| east 0.05 and in other cases at least 0.1 inmand can be up to 5, in sone
cases up 5to 3, in other cases up to 2, and in sone instances up to 1 nm
A smal |l er gap between nandrel 12 and the inner wall of fenale portion 16
provides for npre precise placenment of the [abel sheet in fenmale portion
16. The gap ormsaﬁag“ér erabodiment of the| inyration Hhegapmy sparsigiveden U labed shese i nner
wal | of f i r o t,wee of the
val ues reﬁ?ggdrg%{%a{eng%%ﬁﬁs S lgﬁm@@%leé?é%%l%w e@%mgpeg(#% lo?ler%g?{n wi th | abel
sheet 10 ¥sowlenasiierd]q lsemellnli this emttodimentyrthé gaproandbedt kehst DO 1( il BmelD) and

drel 18 i | f it hor i tall d f f I
por i on Tt S0P L BRER et aRand PR s o AR R atiim 1<

rel eased tor3pin stherwasss up4o ayuhdlinbeheths@asdsabRel ndd. AantadlcAWdbetddes 1E). 15
ion, female portions 16 and nal e portions 20

In an enbodi t of the invent T i i
of two- p‘a?ﬁﬂ??‘ghz&niéh%ﬁn@eféﬁei fdemalgeRrtion 46 PipedestiempreRirdsebacemens 16 ar e
in the resmueRbelRAsd:tih A oriE] %.P%é%gfcba s&é&e@&@vefaﬁﬂﬁ'lg%eﬁ)t e%{&{‘s 16 are

spaced apart and not in contact w _ ot her and su at when the
mal e por tPakelld anddhq innertyealk ofifemsle portivo Jidtcawhe oy vaduet @malegd hevedeni on, t he

mal e port)] t and not in contact with the female 20
portions Aflg%sf u ‘gatla%gg%t ?/,glp(ﬁ;gl e portion 20 of the two-part nold 18 and

femal @ porti orAdghommen FbG ol femala poniohd 6 with 1abelr siieét 109)oitioaed thirelnRE G | F) .
Expandabl e. r esi n .beads C@rl %rﬁ%ﬁﬁan ed refi n. beads are then added to the
pleigl @

mol d cavi ViPdRan fod e n¢,mapdigt 16 is withdgawisliom gpositient £ i ci ent

| engt h ofhorizbBtallPopptRed bl f&aMb birtiof 16%d § pbsiBNPARS) £ UmdiB ﬁo&% ggpandabl e
resin beads or pre-expanded resin beads to form|l dbel ed containers 24. The

heat appl3dheyacupa intelegasd fom sqneeser il 4 andjlabeledeontaine2ddrlissaweyl (Fi@at i ng
units, orygyas is often the case, applied by steam as descri bed bel ow. The
| abel ed containers are then cooled, nale portion 20 is separated from
f enallé porti orin6 embddinteat dfitbeineentanfeaiatepatids Htoraadetale pértibns ™l & por ti on

envi o1 onci BT NREdE e FREGY siPh R eE bl o odhe Froued the
above- degmsitiathemalb @ertivan2deneRiaRRekiMs1B afe Patbdpattin@hotinomagt nol d
cavities vilz'i%h each other and such that when the male portions 20 are in the releasing position or
extended position, the male portions are spaced apart and not in contact with the female
20  portions 16.
Subsequently, male portion 20 of the two-part mold 18 and female portion 16 are
brought in contact to form a mold cavity (FIG. 1F). Expandable resin beads or pre-
expanded resin beads are then added to the mold cavity and a sufficient amount of heat is
applied for a sufficient length of time to the mold cavity to effect expansion of the
25  expandable resin beads or pre-expanded resin beads to form labeled containers 24. The
heat applied can be by way of electric, gas, or other external heating units, or, as is often
the case, applied by steam as described below. The labeled containers are then cooled,
male portion 20 is separated from female portion 16 and the labeled containers 24 travel
with male portion 20 and are ready for removal by remover 14 (FIG. 1A).
30 As can readily be envisioned by those skilled in the art, devices used to carry out

the above-described method can be equipped with a plurality of two-part mold cavities 18

12



12 WD 2007/ 024751 PCTI US2006/ 032496 and a correspondi ng nunber of mandrel s
12. The horizontal alignnent of the two-part nold cavities and mandrel

al | ow f orwORP@/2#¢i se positioning of the | abel sheet 1®CITAIS2008/683406 porti on
16, resulting in |l ess waste due to m sl abel ed containers, a significant
advant age over the prior art. 5 The | abel sheet 10 is an inportant aspect
of the invention, as it nust be capable of nmaintaining an electrostatic
charge in order to effect transfer and el ectrostatic adhesion to the inner
wal | of female portign 16.. As_such, |abel sheet 10 includes an electrically
i nsul at i nﬁlq(gﬁ %‘%’SB? Rt of mapdielsddr Faghorizaptebaliameniofdhe tepceart

opt i onal | ynodd Bid@ies izl PaIRMNRE o HESROSEAAMNE orithe laBAShedt 199 L1 ON Of
the first 10 surface, and optionally a coating [or pri el ng 1 nk

di sposed d&reale Bertipp A& resnlting njless waste gue toumiskebeled conthimedsabsipnifibaet . | n an
enbodi nen ' : | t he | abel sheet can be nmade fromflexible
sheet mat tg?@%fa?@?g%r{ﬁéﬁ@ﬂ;%%” nted on its outside or inside surface with
advertfsing or The label shdds 16 areimpotthntiaspent ofthe tnvahiidi) a¢ B RfusebtaRMIE bPUr at i on
as to be foldabl e abput itself into a partial conical shape matching the

si de wal | mg‘#nq%a}%‘é’g% ﬁ{%&{rﬂ%?“c areedn %@Ffe‘ﬁ&féﬁtdtﬂns hand estrogwtieadissienst t he
cont ai ner tedniner helifofiftmdlebattion 6. WBSuchi ABeM@LL: 10findili®scont ai ner.  The | abel
sheet, substrate or material_ is capable of maintaining a surface

el ectrostatic @helpgdcallysnsiating subsiate hayinga firstsusfagadndya sefondiverfhehel sheet
substrate or 2 ! i . / in..so C S greater
u SptfBRERY & ﬁéa’c séhsHive %ﬁﬁerswte?%s?o%ﬁ%;ogrexf i%%% 3 pggon nﬁthg gis 9

than 1011 fl/sd, 1 n other cases (grea i nst ances
great & than 1013 Qusface,and in other instances greater than 1014 Q sq. The

greater the su resistivi of the | abel sheet, substrate or nmaterial,
the stronger a%&%glr%aegoaﬁlﬁga ﬁs/é’&l?r?%’?'gé’fl‘i @Spaqsﬁ‘é&etriaﬁﬁa%ét%&’? Re | abel
sheet and inner wadurfacd oftheritbel gpestt i on 16 will be. 25 In an enbodi nent of

the invention,_the ﬁ%%gstratg of |abel sheet 10 includes one or nore
material s sel eRtBEHIGINGH L e inwspidon, therlaknh shest ran hegradesrore 8kxibleose based

aper, angh nehgt b RIBEpri i ; ¥ L: be used.
gu?t able t r?gt?ﬁrmp I g’sdtmﬁlgﬂf e5|?1rgép?{%(ﬁ:%]’5§?é ﬁrul%lggé gﬂ}%g?%ﬂlh%d%%gélp%ggﬂg“or nmor e
sel ectad math Bos pbsushidimensicss andsondighratiomas to3@ faldalylk nbow diself mapp! yner s,

et hyl ene- ﬁrﬁfgfjcgnﬁéll%xgpe(rﬂgtkﬁ}lg Erl'{e:yslidaetvgalf3 ostI the co%?ggelzr%lqg Eos éxtcgl%t a%lout the

circumference of the container for the full height of the side wall of the container.

The label sheet, substrate or material is capable of maintaining a surface
electrostatic charge. As such, the surface resistivity of the label sheet, substrate or

20  material is greater than 10'° Q/ sq, in some cases greater than 10" Q/sq, in other cases
greater than 10" Q/sq, in some instances greater than 10> €)/sq, and in other instances
greater than 10'* ¢/ sq. The greater the surface resistivity of the label sheet, substrate or
material, the stronger and longer the electrostatic attraction between the label sheet and
inner wall of female portion 16 will be.

25 In an embodiment of the invention, the substrate of label sheet 10 includes one or
more materials selected from one or more thermoplastic resins, cellulose based paper, and
synthetic paper.

Any suitable thermoplastic resin can be used. Suitable thermoplastic resins
include, but are not limited to one or more selected from polyolefinic resins, ethylene-

30  acrylic acid copolymers, ethylene-C,-C alkyl (meth)acrylate ester copolymers, metal

salts of ethylene-methacrylic acid copolymers, poly(4-methyl-1-pentene), polyethylene
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salts of ethylene-nethacrylic acid copolyners, poly(4-nethyl-I|-pentene),
pol yet hyl ene 13 WO 2007/ 024751 PCTI US2006/ 032496 terephthal ate resins,
pol yvi nylwolb@vi2dizsir esi ns, pol yam de resins, ABS resinsPCaA$200008300at i ons
thereof. Any suitable polyolefinic resin can be used. Suitable polyolefinic
resins include, but are not limted to propylene resins, high-density

pol yet hyl ene, nediumdensity 5 polyethylene, linear |owdensity

pol yet hyl ene, ethyl ene-cyclic olefin copolynmers, copolyners of propyl ene
and one or re a-ol efins, and conbinations thereof. Suitable synthetic
papers t hE?ferIT’g‘H}‘?laEFereﬁ@@d’OWN inyh ghlpridestissing polyamidsdesinsiABioesins.ianit at i on,

resi n- coatRFbiRARRL theRRkyesters, mcroporous materials such as polyet hyI ene
pol ymer - cont ai ni ng materi al sol d by PPG I ndustries, Inc., Pittsburgh, Pa.
under the tradéany &@tahbrmlmefﬁiismlm(cm) be wsedoSuitabie poly@eﬁmamm imfludehi ch are

t hose dis No. 60 t.he, rel eva rtions of which
are i ncor%%%ae[erqoé hﬁlé%rgcel?%p rgyylpré‘? eyl bie %p{(lgﬁthylg%p}%qnggwg& avai | abl e
from B | . pduéthyiene] éindde tavi-densith Goletiyray,, ethiildndi iyel OlefiPEopolfdhEAL YTE ' il s
avallablefr?ml\/é)bl Q. Corp., New York, NY, other conposite filmnms |isted

in U S PEPOYT @Wl@’é’fndto%o?’@P’?\Pﬁﬁ{eﬁﬁéraﬁlﬁéﬁ@b@ﬁﬂqwt@fe@re i ncor por at ed
15 herein by refiabRRGRhcABhdre@thdrdsi 0dac@d o iRARGEN el il LY of T ent ed

support Iam nates, Such as those descri in US. 5, 853, 965;
5, 866, 282limiaigng respsioated paps, B Bstess, 8880pBLYS BaREls 683 asq;\ntjfeﬁl,y&ﬁie 714, the

rel evant he c In an
enbodi men‘l?(q gl#létoﬂjzl a?x%r\}%ﬂf[afe%ﬁﬂo?%@r <§I (ﬁm&m &5% I;%ﬁléqug)l? rﬁé‘ Yﬂf{eﬁﬁ‘ et | east
2od12mc namsaifEE g aNEsa mehrhﬁmgtehﬂﬁplﬂ:%@@hldhﬁr@ﬂlb;&fd1§cﬂ69%& ugUesa}g@tr Iﬁlbhan 135C
and i n so nces reater a 14QC. The ting point of the

subst r at eérlg@ ?&@Q’r‘? 5% B?@“’nb‘?}e aﬁewaq?w@egﬁﬁew TREPIIS RIS YERT es
during nodyeitge p&ﬂ@ﬁa&dﬂlaBl%%ﬁﬁquD&Mt aélﬁéﬁxbéﬁs%n&% Qﬁ)y wankdtnpEact or s

such as the t material, the anmount of tructura support

desi red f@%iﬁ% E| zﬁh@# a‘éﬁh]éblle ﬁoahMobﬂ@th@mhﬁ‘{waorkZNYt hthegeanpivsits to be
printed Oﬂn{shﬁte'd%@@]ls ?A{E?\fo 5h3436F Qhéﬁ?&vgﬁ{g)%%t %]g%f 0 1cgg1?e %?rlﬁ?r% h 10 Am in

sone cases at | east m and”i n ot’her case eas and can be
up tol5 1, l80@n Asyefernen nelteatesontpodtal ﬂa,pﬁﬁ@nd\hnaxﬂaﬁy otiheed appes up to 1, 000

o T O RR S ST TAG , SBST L TERBNEGS 4 8200 An
any Of t h%8883643¢5,888,681;&(883 38 Land 5,888,714, the relevant portions of which are
incorporated herein by reference.
In an embodiment of the invention, the substrate has a melting point of at least
20 120°C, in some cases greater than 130°C, in other cases greater than 135°C and in some
instances greater than 140°C. The melting point of the substrate is advantageously
greater than the processing temperatures during molding.
The thickness of the substrate can vary based on factors such as the type of label
material, the amount of structural support desired from the label sheet, and the quality of
25  the graphics to be printed on the label sheet. As such the substrate can be at least 10 pm,
in some cases at least 25 pm and in other cases at least 50 um thick and can be up to
1,500 pm, in some cases up to 1,250 pm, in other cases up to 1,000 pm, in some instances
up to 750 pm and in other instances up to 500 pm thick. The thickness of the substrate
can be any value or range between any of the values recited above.
30 Any suitable heat sensitive adhesive can be used in the invention. Suitable heat

sensitive adhesives include, but are not limited to ethylene-vinyl acetate copolymers,
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30 Any suitable heat sensitive adhesive can be used in the invention.
Suitabl e heat sensitive adhesives include, but are not limted to

et hyl ene-wprgo7/@¢mtat e copol yners, 14 WO 2007/ 024751 PETTUS200651332496
pol yol efin resins, polyester resins, polyester-am de resins, polyanm de
resins, thernoplastic elastoners, acrylic resins, cellulosic resins, print
| acquers and conbi nations thereof. In an enbodi nent of the invention, a
first end of a | abel overlaps with a second 5 end of a |l abel to create a
seam | ine as described above, In this enbodinent, a heat, sensitive

adhesi ve pPplyolshinyesiifp Polgestar 6oss: PlBesteranpds kesigh nolyamigsoiesigsn surface of only
t he ovecdlle?lplr)@%t{d e?%to?ﬁer%,ggrgiib ?e%{nse&ﬁuﬁ)gfé*}estiﬁ@tprﬁlhﬁtcﬁ\fé@é ariensi tive adhesive
ast a portion o

contacts a a top surface of the overlap portion of the
second ewrdmbibatiodsgbatofSheets used in the present invention are typically

used to provide hi .10 | i. r aphj t.0 i r,f dqof the

cont ai ner. As%ﬁ%?@g?%@e’?tg’ggfe S eélgto §= ac%rﬁée‘%ané‘?aﬂ%’ée?g‘t’%%‘gﬁvﬁg ag?}%ﬁ or printing

ink 0B a cHdlbf AEMelh cidae d ahalline bf désoeibddaddelve.i B thisientbedinmnt, adweait ed on a

surface in contact wth the jnner wall of ortion ng%?}gtt e conponents
[

f |
of  the ceRstepdBEsia P AED RGP0 2P A 2SEIALY DUVE SR Bl of

sof t eni ng, BRI Q8n Bfthe FiRRetd skl that {He AN GEREAhSNI RRécRkacts@Radt30C, i n
ot her cases dgreater than 135C and in 15 some instances greater than 140C.

When t he poetidn ofg temelirbice obthe evirkg podianofhe serend @dnponent s of the coating
e s

nol di ng, stic container to e Inner he femal e
portijon qahtykeapvaite e.outdidersutthe dfaledonsdieet Aissugr, thetlebbl sheetssaned on a

side that is not in contact with the 0 i pne [l...of .feml ortion 16,
any sui t dprladgnr ?Wlflﬁﬁn&?ﬁd’rﬁﬁtmﬁﬁfgﬂr‘rﬁs% eﬁgtrﬂﬁiaé’\é\f IftFVd?b(? fslpfl,% e{%ihoé substrate
I's clear 2adbHe shfthddlihd6ntidt wiMiahé REleCREll SEfefRRIpotidrOLE theldomposertsoff at €. 1'n
an enbodi nent of the invention, when printing or coat% ngs ar,etogl aced on a

si de t hatth¢ soating or prietingink advantepequeky Hawe a meliEg angfor liRAINE RSO 8h 16, the
printing .or It .S ' ' gesthhe 34088 ih S Vi ewed
t hr ough It ?%%g’ ﬂlg%)é%etcageﬁ r&‘{?ée?@?“ﬁg’ggf’zg Oﬁ:ﬂgﬁ%agigﬂgr? . In an enbodi1 ment of

t he i1¥vendonprinstitves prebiet thsih &40°Carthartie imekingadties seftening poitief thecoat i ng on

BRI TR RS T
Cosneti c (ﬁﬁ’fng mdlding, sticking of the labeled container to the inner wall of the female portion
can be avoided.
When the label sheet is printed or coated on a side that is not in contact with the
20  inner wall of female portion 16, any suitable printing ink or coating can be used.
Typically, the substrate is clear and the printing or coating can be seen through the
substrate. In an embodiment of the invention, when printing or coatings are placed on a
side that is not in contact with the inner wall of female portion 16, the printing or coating
is a mirror image so that the desired image is viewed through the label sheet on the
25  labeled container.
In an embodiment of the invention, the label sheet and any ink, adhesive or other
coating on the label sheet are suitable for direct and/or indirect food contact and comply
with one or more of Section 201 of the U.S. Federal Food, Drug and Cosmetic Act, U.S.
21 Code of Federal Regulations (2005), EU Plastics Directive, 2002/72/EC, CoE
30  Resolution on paper and board, Resolution AP (2002)1, or EC Superdirective on Food

Contact Materials.
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21 Code of Federal Regul ations (2005), EU Plastics Directive, 2002/ 72/ EC,
CoE 30 Resol ution on paper and board, Resolution AP (2002)1, or EC

Super di r 8¥0I20@/aw7sFood Contact Materials. 15 WO 2007/ OPCTAB2006/032496

PCTI US2006/ 032496 Mandrel 12 is used to transfer and position | abel sheet
10 in femal e portion 16. In some enbodi nents of the invention, as shown in
FIGS. 2 and 3, mandrel 12 wll have a shape and dinensions simlar to male
portion 20, which in many cases will be a partial conical shape. As such,

mandrel 12 can have a first base 50 havi n a_dj msn@l o%le; a.b ond base
52 having a diMaMsgl dalwed@m@wﬁﬁa@mw é‘é@tléli*eefh H igmgle pg surface

54 ci rcu%&%%gaﬁob@kde&sgg%é i I%Hdds@ﬁé)dvr%( IHI%%O%Hd ghaaidréihe villhste base 50

and the secon urality of char pi ns 56, p05|t|oned Wi t hin
a char gi rshapsi anddhammjnsﬁﬁ’mlarvmmelh ppglqnc?@s whis, elmlm'mz pases yihesr apartjalci r cul ar

char gi ng depr.essi o 0sitli |.on 4,fromthe
first base” i‘ Hi %’8% %Pdﬁeéga c%rﬁﬁave agqrsél%gl ?@H%{“?%E‘T‘&ffﬁgt% ﬁﬁ e suction
hol es 558 s@&ﬁﬂtbamh@ﬁ@wdlhi&ﬁsmﬁibdy‘&hersmrﬁzatsgr@ﬂerfthanrﬁI hendndre sufwse 50 to
t he second base 52; a pluralijt ti.al |on hol es ,59

f nt
posi t i oned cacBmrentislly gad lﬂngnucﬁ{yﬁ fspos a}bﬁ‘rﬂptg%gf%ﬁ? §nd 15 5688 nd pase
52. Typi C‘[%Eé ¥a. ag)tl%ljgtﬁ%%tf chd}Sing PARGEEDoskIgnb@GRh ‘e HardilepiiRAghinel 5742 1 ncl udes

a non-conducti’n [ rial hat is not deformable at anbi ent conditi ons.
Asi de f r omhishuistpositiones! withia @erarellysrealen chaiging gepressians Sil GRS 2ANEdi ng

char gi ng pins nd LB€e suction

hol es 58 | eég“iap‘grﬁ Vngg%éfgoglnéé ﬂI%F%a%é 5@?@}1]9%@52{% E%gsé% h?ﬂg&lﬁ‘zﬁgrel surface
54. Q0 cush@hwist kwdtion holek 681 pbsitie@sd abngddisd madalrgl shdheb iai} frarh the fobidmse i n a
desired pgsition and ori tion aqn, mangdrel. urfac oper

posi ti oni Hpowpgetecond ase ?i ﬁ%‘ﬁélfﬂﬁﬂ Fenfia ﬁum&?n OI?’S r‘#a‘? Ogﬁlﬁ%‘?c{ Elo&é and

ul ti mat el e nRHh@RESurfBOHSA m%r@!e"ﬁﬁ@% t}@rsea&ldtﬁaee 5@@;@@119@1@5“3@ s provided
according to the inventjon. Thus the present nethod and evice are able to

mini mze msir@l sefaesl 4 afghe m@mﬁrp,h 12 ingdudes @ noBrieBdyrEing mafssiabihgbls "8hhodi nent s
of the i ny %}EﬂaBP: at g@b?eﬁ?%ditﬂ)ng : ﬁda%om%u@ﬁtﬂl KolesBRNHKIS ahd thehas a shape and

di nrensi ons sim ortio I'n many cases will be a
partiH cdnpresabns:hmmendlﬁgc]sanglhgpnmrjd;mandlel suefa\cerﬁdv@n@efsmpgﬂl base 50 having

o LTENL 00 25 8o SR LSRR b B o 1 07 1
| ongi t udi pghdry sdifaRose Ciddhaiferehtia sfidtiofholesse d5ﬁraal}dqcﬂdlelabslexhe¢tdn base 52; a
plural it yde%frecf S(?srlt%nna%d%rlre]rslta’gc?n or\lNI mgrrl]cirgl s%rfgpea5r4g %mﬁé Ir;ro%t:]f’j1 Ig]or;ﬁlomsrzg wl'\n/\e@l ch
inserted onto the inner wall of a female portion and ultimately, proper label placement on
20 the labeled containers provided according to the invention. Thus the present method and
device are able to minimize waste resulting from mislabeled containers.
In other embodiments of the invention, as shown in FIGS. 4, 5_and 6, mandrel 12
has a shape and dimensions similar to male portion 20, which in many cases will be a
partial conical shape. As such, mandrel 12 can have a first base 50 having a dimension
25  DI; a second base 52 having a dimension D2, wherein D2 is greater than D1; a mandrel
surface 54 circumferentially and longitudinally disposed about the first base 50 and the
second base 52; a plurality of charging pins 56, within a charging pin channel 57, which
is positioned within generally rectangular charging depressions 53 positioned along
mandrel surface 54 from the first base 50 to the second base 52; a plurality of label
30  adhering suction holes 70 positioned lengthwise along mandrel surface 54 from the first

base 50 to the second base 52; a plurality of label wrapping suction holes 72 positioned
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is positioned within generally rectangul ar chargi ng depressions 53
positioned along mandrel surface 54 fromthe first base 50 to the second
base 52; wopbuwehisty of | abel 30 adhering suction hol esPZU/seotodaned

| engt hwi se al ong mandrel surface 54 fromthe first base 50 to the second
base 52; a plurality of |abel wapping suction holes 72 positioned 16 WO
2007/ 024751 PCT/ US2006/ 032496 | engt hwi se al ong mandrel surface 54 fromthe
first base 50 to the second base 52 spaced apart from | abel adhering

suction holes 70 and first row 74 and secqond row 76 eac coptai ning a
pluralit }en&%mw@%ﬁnm@isaﬁa%%fwgﬂ@éﬁﬁ%@é ?%@ﬁé%cheé] s oL FRcEhod

| engt hW gt idHeahg SWttibAR6le940 hAPst Ry 74 il seB3RIGonF6tedct he second
base 52 5 approximately oppositely opposed from | abel adhering suction

hol es 70 contgipinga plyralifytof overtaptsuptigidiadds TSuanfl 0 aespactbelyrrpsidioaed 12 i ncl udes a
non- cond ' ' i r}% }E@ab i ndi tions.

Asi de fr%%%?%é\%%@gg&gg%ﬁdf§,4 éngﬁgcr an%ﬁ?ttoﬁée e%c?g%g ?gns 53

sur r ofindiapgroginetaly ogpopitely opfiosedrirodriebel adirekiagsuGibndates76. Typiotlly, al_abel
adhering. suction hol.es 70 .desir cure and hold a |ahel sheet against
10 mandr &Gt Sousee o rrpotel 4 eSSt BBEengHe e MRS 25 el o appi ng
suction lefogBiabld at Ahesiédt aBhaitiRR! Askiel fddebuctior @blek M0,7209S hidegh Adghd i on and
orientation on mandrel surface 54 as the |label is wapped around mandrel

12. Fi r stdeprgssions 53 serraad mgshprgineatnsoio, sipadrchpirfase 64 canbewneoth- 78 and 80
respectively . i & a0 i J d. Suction
ol b5 70, 75, IR FRERAIOR DG DRI\ PLARRAE 1l SRR RHE

or i endat incmduehsurace 64 when iisefitseplacadton mantindl d 2ahdbd! vaapyfieg sustomheles t he | nner

wal | of fem rtion,and ul,ti.natel. roper . |l.abel pl acenent t he
el oo 23RENRREREh Iy b gtitan BAESRuARR Eh AR EE ke S8, Loon:
met hod amnglthdaiet B vatspedak@indandiidrd] 12 Z Birstwew 7@ ahé Sétohd fgv 76 orowerlsp abel ed
containers. In manggenbodi ments of the inventjon, D and, D2 represent

di anet er §ugioniioles /5 gad B0 mpeghiely SBBRRPIASPOSBIOPBEFACRWBIRINE fhi ch can 20
be circul glefbd.s REBFon Holes?0, 218 ALEROhoRfa 11 il AYE&MEH PBsitidd ¥nadi mensi on DI
can be at least 1, in sone cases at least 1.5 and in other cases at |east
2 cmland oviamtatien while ip istinserted indo Amoddisnskiransferrgd onto, thenmger wialbefleefemelgses up to
8 cm Th i mensi pn 1 will nd_ o h i Sl f_ t.he inner surface
of T eral SORSPARR W btk LPPEARR AR AR PRI B Rl 1O 07 26
can be anycordihge e invamie. buaeepreseyt méthdbd end/iddvitesird gid¢ toadiniahiave. | n
anot her enbodi nent of the invention, } he di mans(f'. on D2 ean be. at | east 1.5,
in waste resulting from mislabeled containers. In many embodiments of the invention, D1
and D2 represent diameters of first base 50 and second base 52 respectively, which can
20  be circular in shape.
In an embodiment of the invention, the dimension D1 can be at least 1, in some
cases at least 1.5 and in other cases at least 2 cm and can be up to 12, in some cases up to
10, and in other cases up to 8 cm. The dimension D1 will depend on the dimensions of
the inner surface of female portion and the desired labeled container. The dimension D1
25  can be any value or range between any of the values recited above.
In another embodiment of the invention, the dimension D2 can be at least 1.5, in
some cases at least 2 and in other cases at least 2.5 cm and can be up to 20, in some cases
up to 15, and in other cases up to 10 cm. The dimension D2 will depend on the
dimensions of the inner surface of female portion, the desired labeled container and will
30  be larger than the dimension D2. The dimension D2 can be any value or range between

any of the values recited above.
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sone cases at least 2 and in other cases at least 2.5 cmand can be up to
20, in sonme cases up to 15, and in other cases up to 10 cm The di nension
D2 will owpend/ewsthe di nensions of the inner surface ofPClraisad0s/0pIesi on,
the desired | abel ed container and will 30 be larger than the di nensi on D2.
The di nension D2 can be any val ue or range between any of the val ues
recited above. 17 WD 2007/024751 PCTI US2006/ 032496 Any suitable

non- conducting material can be used for rrandrel surface 54, so long as it
is able to eletrlcallylnsulate and p rt-cir ui in of charglng
pins 56. Sui t 2BY guifpkicdioncradycHpg H’&E‘ma ‘ﬂ%ﬂ' ﬂ’i"’f r?@ I mor e

mat eri al Sassleis%ie% etercaﬂshu;f in@lqa@raaa 161%%1% sh&@iaﬁaﬁhﬂgreﬂ'&aagwg %ﬁp% yners of
fl uor onononers, honopol if‘glers and copol ymers of ol efins, ‘honmopol yners and

copol yner §u1tﬁolwma¢ynalam e ot mmﬁhmﬁed toRyieys 08¢ Batepiglspaleptad Fom

ol yest er g
Bol gcar bong(%p@&?po{lyox %eo%lm%r%%@& S%pro @6@{}%t “J1 gﬂlglgﬁag[:nysufl?ones
ceramgs, cm@dnergbﬁdsﬁnsehmmmﬂﬁmrs amdbtopotymsers cbnbylraadmamsmd)ﬂmees;f and
nmetals coated, wt n nore of ,the ma rlalsllsted abqv
e oo O Rl 0l B SR B2 e
copol yner ghiefidd, bu@&&a&moﬁymﬁieu@%nemp M?@[ yenetiderzOpell suMBR&s, cont ai ni ng

| ugr

one or nore rmnoners sel ected fromchlorotri oet hyl ene
t et r af | uoEBRDIFy woRs, glass; PlestometiePolymerseconhinatioss Hisrae) pachmetals coated

hexaf | uor %P%BXL)F&%& c)éf'él’f@’ﬂqattﬂlléd?hktgf J0Rd CL-Cl2 al kyl (neth)acrylates

cont ai ni ng sone cases 1 to 15, and in other cases from1
15 tol@0 fl uorNnn—hatmmgexadxpheMsm@b&ﬂummmﬂeanmom@omraam in the

al kyl chai n. of Sy t abl e qu r s include
ool Y P OSLEeR ph AR oSS Bl noinoRelybitafy LosstiREs otihihe'dAE of
pol y( chl opRtd mbhaipE® eéllstyédeﬁiﬁh chnaﬁitmﬂﬁc&bétaﬂbn@ mmﬂhyﬂoembene

pol y(t r| fI uor oet h;{l ene), the LUM FLON(r) polymners ai | abl fromlﬁahl

d ass hstiene, dlﬂaﬁryethy%fpélﬁxaﬂwmm)‘enavﬁwl ogide nfera

Chem Cal S(mé{tﬂgacglla?c& & lﬂ’cakrﬁﬁ’é#r&ﬂ'l@o ZBAin sb%ls'%%eﬁ)l t@‘fﬁ'ah&lﬂ{ 8thbf @EasAkLHh TONE, an
affiliate o he Mont edli son group, I an, aly, 'the NAFI ON(r), TEFZEL',

and TEFLON( lr() ﬂmrmelaamm dépeodingon the rmrh@nof @ebqneamm i thaal kgovhpian yNon-
OO AT bR B LRI R M GOy TS,
25 Mandre bol?(iﬁlfl}&(ﬂi‘loﬁde)h@ﬂy(&lﬂoﬂ;ﬂﬁﬂucﬁbﬁtﬁylenegmoljz(tetmﬂpcpmemylané)abeI during the
| abel poly(trifluoroethylene), the LUMIFLON® polymers available from Asahi Glass
Company, Ltd., Tokyo, Japan. KYNAR?® available from Atofina Chemicals, Inc.,
20  Philadelphia, PA, HYLAR® available from Ausimont, an affiliate of the Montedison
group, Milan, Italy, the NAFION®, TEFZEL®, and TEFLON® available from E.I.
DuPont de Nemours and Company, Wilmington, DE, POM-PTFE™ available from Kern
GmbH, Grossmaischeid, Germany, and ARNITE® available from DSM IP Assets B.V,
the Netherlands.
25 Mandrel surface 54 has an area sufficient to support a label during the label
insertion process described herein. Mandrel surface 54 supports a label near first base 50,
second base 52 and the space between the various suction holes and charging depressions
as described above.
Charging pins 56 comprise a metal capable of conducting electricity and can

30  contain, without limitation, copper, iron, silver, aluminum, tungsten, manganese, nickel,
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insertion process described herein. Mandrel surface 54 supports a | abel

near first base 50, second base 52 and the space between the various
sucti on hDesgo7And7sehar gi ng depressions as descri bed ab®C#/USAW&/08i40¢ pi NS
56 conprise a netal capable of conducting electricity and can 30 contain,

wi thout Iimtation, copper, iron, silver, alum num tungsten, mnanganese,

ni ckel, 18 WD 2007/024751 PCTI US2006/ 032496 chrom um manganin
constantan, nichronme, and combinations thereof. Electricity is conveyed to
charging pins 56, by way of power line 60. In an embodi nent of the

i nvent i orFEHBHAY mﬁmgffn@, canst@nﬁ% dichepres, andepralinationa thereost Elegisicity is88 f or ned

by coni calonddydgso %@H%pﬁ‘gba %},%@r Weii xﬁQ ging angle 94. The 5 ampunt of

charge transferred t con ed in part by varying charging
angl e 94. Thudnag hmbgdlngna@fghelr@mtmrshbwnmF]Cédschazging pm Hdemmit#ses at

| east 25 r _cas rees and ca to 120, in
sone cas qﬁé"‘?" g’ ﬁoﬁlcgfsﬁ%ﬁﬁt% @2% % aﬁ Fg%%ﬂ?i 5%gt ces up to 60
and i 15 otdmesunt mfs&argeeraugfeﬁedmld&g c&eBe con@aaécginrwrtewglaeylﬁglchas ifiet er m ned

based on th nt ar d deswed to_be transferred 10 to a | abel.
Char gi ng %ﬁ%l gaar*i’%ev%c&% B At leash gl iBspme esseamhiesst 23 #nd ipal ues

recited @m\essesm;a@eoqegfé&rﬁa%ﬁséué% RN BHR AR u g%ﬁ@@h@otﬁaape but

wi Il usually have a shape that allows equate charge’transfer from
char gi ng 9931056 80.0n gome fnstancesgipgo €A and uimhgllmgamteppé@é(i deesB3 can have a

| , t |,
hexagonal CtEhs e bPIS ERmuBAUALS on R ANR bPliseded delik I RhnrB PR 90
ot herlOsuitb alitel. sGapging @hgle gn oen blepiyeahica? sarfzd between dnﬁoﬂﬁatzﬂuematdaandr el

surface 54 that allows for adequate charge transfer from chargi ng pins 56
to a Iabeﬁ Ve@s such, charging depressions 53 can have a depth of at |east

about 0. 04 lncmﬁsglﬁgldépré&msmé@r@v@&%%l@melsﬁ@p%t b\ﬁ%ﬂhs&lﬂr ngPe 4nches (2.5

nm and in other cases at |east about 25 inches .4 mmand can be up to
about 2 ishenedhat@blowsigr, adpwwber&@é@ésfeu%om@hmmtpms 5t5oiadatebsAg aurhs nm) and

4P, L0, 0t ok RREES 3 100 L B BLALL R fgBORES! o0 31
of chiar gitrignguianspehBigoiichedeginil, béptagrinal, gitagprel prapasidal saaﬁﬁelegmnbﬁk@ny val ue
or range OQ%%hvgregur{tagpeyshof t he val ues recited 25 above.
Charging depressions 53 extend a depth into mandrel surface 54 that allows for
adequate charge transfer from charging pins 56 to a label. As such, charging depressions
53 can have a depth of at least about 0.04 inches (1 mm), in some cases at least about 0.1
20  inches (2.5 mm) and in other cases at least about 0.25 inches (6.4 mm)and can be up to
about 2 inches (51 mm), in some cases up to about 1.75 inches (44.5 mm)and up to about
1.5 inches (38 mm). The depth of charging depressions 53 is determined based on the
amount of charge desired and the characteristics of charging pins 56. The depth of
charging depressions 53 can be any value or range between any of the values recited
25 above.
The shape of charging depressions 53 formed in mandrel surface 54 can have an
area of at least about 0.01 in® (6.5 mmz), in some cases at least about 0.05 in® (32 mmz),
and in other cases at least about 0.1 in® (65 mm?) and can be up to about 4 in” (2,581
mm?), in some cases up to about 2 in? (1290 mm?) and in other cases up to about 1 in®

30 (645 mm?). The area of charging depressions 53 is determined based on the amount of
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The shape of chargi ng depressions 53 fornmed in mandrel surface 54 can have
an area of at least about 0.01 in2 (6.5 mMm®), in sone cases at |east about
0. 05 i n2 WB200mR2¥751 and in other cases at |east about OPCTIUS2006063240%2) and
can be up to about 4 in2 (2,581 mm2), in some cases up to about 2 in2
(1290 m®2) and in other cases up to about 1 in2 30 (645 nm. The area of
chargi ng depressions 53 is determ ned based on the amount of 19 WO

2007/ 024751 PCTI US2006/ 032496 charge desired and the characteristics of
charging pins 56. The area of charging depressions 53 can be any val ue or
range betoheiga dasised gnd th@@heraptg@sﬂos@gphaéginabméﬁ. Ro¢ eten pAichargingl G 2, vacuum

|5, 30PL1 ol Rl ol 2ubler U BloARUINL) 0083 HER. ARgL Ui se vacuum

val ve 64 1S open, vacuum-s pulle gthwi'se suction 5 holes 58
vi a | engt hwi s&Refadogto kiGadnelcuds is ptind o mandréidReytwal ofwacuumnlivadédie 68 is

open, va mijs pulled throygh circunferentjal suction.holes 59 via

ci rcunf eﬁ&ﬁ?r} fﬁPgtR‘O'gE Hﬁ?ﬂueh%ﬁi%e?fléﬂ’e‘ﬁé’f‘%‘r“m sgull '%f%ﬂ lepgthaviseiugtie v acuum
to | asel tReBivitdlestthiivise FadiRhPehahifkli6s. WieR\Cird@dfoydntial PREIMIHRBIGERAY vacuum

channel 90, which is |located simlarly to | en% hwi se 10 suction holes 58

vi a | engtIpgn-cacuiae ismllehBreneh cogumicresfiiglyiction fmles SYvia viseunyigeantiph t o wr appi ng
suction 8l rovi ded via wrappi ng vacuum channel 92 simlarly to

ci rcunf epﬂeahlﬁlﬁgl%gh?t@bn hol es 59 and circunferential vacuum channel 67 as
shown in Fl GRefrringtouliiSt 6, Hwed bamcswo to bhelrdhemgiBct@onchdé 70sis pr ovi ded by

overl ap vacu .C nels.94 and 96 respectively. Typically -the vacuum
supply td r?/‘ﬁ@?rﬁfﬁ? Qaﬁ%ﬁﬁg?rén%‘?wﬂ% cggmgﬁfgff Q‘%l%‘rlé%ﬁf‘%é is%g‘rlﬁyrt% Fﬁ“gﬁl(‘é" ¥anme
sour d® andctistiolesls8eth khghivive vaauiin dahn@$6@k st FIGEZh@Ré edtuaRdot he
vacuum to | ahel adheri ng_vacuum channel 90 is supplied and,_ controlled

separ at el'WFePRIAS SR holeht 3 Isgrovified Yig varpingvacye shannel Fresipilainty sucti on
hol es 58 #REmRIerftidlsuchln RSlePsethd GreRm@¥idR] Faculiidhantd 6F 2 BORRIEd air to

effect transfer of a label from 20 nmandrel 12 to the inner wail of female
portion 18G. 3 Natuan ip ovedapusnetiembelaeT SamgiB0 i9 provisied byeeds wmaeumsuct i on hol es
70, 72, T

1 1 c

00 or?", PRt ASpR%8 BESNAR PR 508 B o SRREFREC 2L 10
portilén X@.ani96are povidet fremtthofanidwduica uedtomilled eimkesanidvabas obethat t ached
t 8 ggg?;el{}%ééﬂﬁ%\gp a"r%gﬁ‘gi}g? toZI%BeI Iaghérljgllgsvaceum? g‘iaﬁﬁ&b’() ig/ ?u%%ﬂgg a!u{dne 62 1's used
controlled separately.
In embodiments of the invention, vacuum line 62 and suction holes 58 and 59 can
be adapted to provide a “puff” of compressed air to effect transfer of a label from
20  mandrel 12 to the inner wall of female portion 16. Similarly, vacuum channels 90, 92, 94
and 96 and suction holes 70, 72, 78 and 80 can be adapted to provide a “puff” of
compressed air to effect transfer of a label from mandrel 12 to the inner wall of female
portion 16.
In an embodiment of the invention, remover 14 can be attached to mandrel 12
25  (see FIG. 2). In this embodiment, vacuum line 62 is used to apply vacuum via remover
channel 72. The vacuum applied via remover channel 72 can be controlled by a
regulating valve (not shown).
The vacuum can be applied, as a non-limiting example, by using a vacuum pump
or a venturi attached to a compressed air line as is known in the art.
30 Mandrels have been used for in-mold labeling in injection molding operations as

disclosed in U.S. Patent No. 6,007,759. The disclosed injection molding mandrels
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channel 72. The vacuum applied via renover channel 72 can be controlled by

a regqulating valve (not shown). The vacuum can be applied, as a

non- | i m twogoexawpiie, by using a vacuum punp or a vent RCI/RRM0a0BIY6t 0 a

conpressed air line as is known in the art. 30 Mandrels have been used for

in-nmold labeling in injection nolding operations as disclosed in U S

Pat ent No. 6,007, 759. The disclosed injection nolding mandrels 20 WO

2007/ 024751 PCT/ US2006/ 032496 include an electrically conducting | ayer

consisting of a flexible foammaterial as an outer surfac such an
el foe &

out or _suiclits aarslechisally candhelneiAYRF EPISIIG 948 B ROl
| nconsi st.epl .ang r%%%l} APORL: sﬁtfg&etffptﬁ RBerdt BRnbRD %run\ﬂ@élﬂabféfas itheadk &gl e
e oam nmateri a

portion becaus Anot be machined to exact measurements
to provi deohsistesti aytitpomdhlmi phlceaerﬁ on et ioheravalhefdhe femaleporprebesapseildr el

can. Additiona t ethlc I e wth
use due to? m Pé} AnPhhy a5 ng a?‘h%’taﬂ ng%sﬁg %bﬁwﬂ)& fofééhgg(gt@n%ﬁ?é%
i ndi cat e@n@b@&ﬁncdﬁ&@dfeqiresé& mﬁqduaedntmddltlannﬂlfyethedndqmsssoﬂth@foam I abel sheet

10 to the inner wall of female p ortl?n 16. e | abel tf t110|s
posi ti oné@Pterff’éﬁ%ﬂ decirane Wish useglue 10 Wear [eading to, HRCOSIsE part nold 18
can be utpl g to neke | abeled container 24. Thus, two-part nold tool 18

for nDIdlng the expanded pl astic contai ner incl udes a mal e ortion 20 and
a femal e por t iAsvindiBatedhabsive.ananduel darinnsed to tagsérr #nd Powlien %@b?ltsge%éf’itw ng the

cont ai ner,_havi n SYEol (o) el GRY G fd uid in
at | east BHED ?ﬁ‘gal ?lttfe é’oghocri‘/ or%"% bepsrh8rt| 01‘?]@951 ] agce)%}tn the nold cavity
and gyt engd igalaphraceno oﬂtvol-mtsﬁolﬂﬂ&chmbe pahzedaxb makelabeled contefeéri2di ng t he

e el e R SRR Ak BRI B SRR L, e
iz 21' ect edl ﬂéﬁ]ﬁ(ﬁl Zd”lﬁld%ﬁaféﬁ%fdo‘ﬂ 16/ Wit gre PEREMDINA tb ored Mok calvﬁjz)ééthdngont a| ner
is no

in a horizontal orientation wth its n&pg{; anfj base
pl ane andhecavaindrdaviseokilesst W&QYlikfoﬁhtaémgéPd/P%C‘?qlt‘Pé nat lesy opgg t at t he
base end NentGPMagy ner. The
t wo- part tpmnﬁ]&iatéég{o“{egﬂ% ém&hﬁead(@ge%gttﬂg gﬁﬁ%&tt on 20 th adi] ncrlludes a core
sectiisn ahﬁtpaftofdwtﬂmtysﬂtﬁirimg‘uhesﬂdmﬂésb of the contamese@mduairm@m& to provide a

h / | f th
s ﬁglt : " ?mf%?l‘gpllty}rtl’% S?%&%‘éﬁm?ﬂ?é} ﬁ%oémgtca‘fl e A f?‘nP aasswrfgwa na %ﬁtje&%e at Cﬁlg;) c oz)l |en g

cavity cafleALisIMBSERRD Ak mblCefRyensi ve with the shell. The male
In the present invention, labeled container 24 is molded in a horizontal orientation

with its mouth and base in a plane and steam for cooking plastic material is injected at

20  least at the base end (male portion) of the mold adjacent the base of the container. The
two-part mold tool 18 can include a male portion 20 that includes a core section and an
outer shell fitted over the core section so as to provide a heating/cooling cavity within the
outer shell. The outer surface of the shell molds the internal surface of the container and
the heating/cooling cavity can be substantially coextensive with the shell. The male

25  portion 20 cooperates with a female portion 16, with label sheet 10 positioned along an
inner wall, assembled over the male portion to define the mold cavity. The female portion
16 can include an inner female shell which molds the external wall of the container to the
label sheet and a mold member fitted over the outside of the female shell so as to provide
a heating/cooling cavity substantially coextensive with the female shell and about the

30  outside of the mold cavity. Suitable conduits are arranged to supply flushing steam or

cooling liquid to the heating/cooling cavities. One of the conduits is connectable, under
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25 portion 20 cooperates with a female portion 16, with | abel sheet 10
positioned along an inner wall, assenbled over the nale portion to define
t he nol d wawoey247he femal e portion 16 can include an POMAIS2006/083486 shel |
whi ch nmolds the external wall of the container to the |abel sheet and a
nol d menber fitted over the outside of the fenmale shell so as to provide a
heating/ cooling cavity substantially coextensive with the female shell and
about the 30 outside of the nmold cavity. Suitable conduits are arranged to
supply flushing steamor cooling liquid to the heating/co Iing Favities.
One of t pentbatiufirss vilse mgpiteiOtNSRECHRBaRcand EOIW‘)UQ’G@W%M’]% enco

PCTI US2 og}@{nqglg 3ty G gte%{l wtﬁ?]ée iin#%feg\{&b Y% HBRNS codkthenRAGSAHGWANS Means

communi cati hg w cavity to pernt steamto_be
i nj ected i nt oAhkmbodingent of thealold ¢eyitprubed indherpresent myentionds gepedn FEAt of t he

nold cavity,used in t ent inventi i | . The two-part
ol d ¢ ool XbropersiePh B0 apliah & Blelsd sSatl dboyfikiep o | C1C
i nvensi omvaRlistemblas teQdhrimRe vithiits Badethd haseh dingbtedthotibordaltye dhe tbol
hori zontally. The toogl _includes nmale 3_?rti on 112 an | e portion 114
[

whi ch ar énchiles mglepriion }igranddempele gortiog il ¢ yhichgre 6%“‘{1@85 g"o f‘Biaﬁg?lat o be

ol ded. TReylsGoPE bhRfindri8 83Tl SREmERGIokRSh dhas B0GteaEilolIer shel | 120

fitted over e core section so as to | eave a heating/cooling cavity 121
bet ween théamotter sheHdR fittedioven thecroresesen o, to Tagxe aheating/sPolilg @YEL of the

outer s hqé# Bé‘t(\)x(ﬁglf Jfhg‘so er glﬁelélda{na% Sed &%ﬁgl{lig[[htetﬁg{% 1 Elfrfa@? b BUlLRESRIOT the

base and cont ar ner eating/cooling cavity 121 is
substjant ifgdms)k B eRIdeashaefoniti intetnel duataees oditit teselendwdd wallsfoftthee nol d cavity.

The female portion 114 includes an |nner f le shell . 12 i nol ds t he

ext er nal cepipingcayl the h?ﬁﬁ'ég/gaéélgafﬁ?ﬂl%#ﬁels tfssaén%?)ﬁy ‘L’(ﬁ’éleg%lﬁ? %’l%ﬂ\g?e 1%1%% a top

ol d ma."%ﬁ& i Jvali bEfhe infold bdvit9 dTIRVRMmaleRriddi Bliddgcldestahénrfee farlate selll | so as
e 15 a heating/cooling cavity 124 between tﬁh‘g femal e shell and the

to provi )
top nol d 128mhéeh m3ids the exterral suréages pighe baseiand sida walls oy 1&e QAP AN | y

coextensive wifh the . | b b¥to drbvid®
embodi nertP gﬂ({lﬁ%m?er{v@g&% 6%1%{%%&8%%%@@%? ?%ggfég?iléfjgﬁgl e sr?equ. 1 122 is
smootl. Hiratayeoddiag tivity Brdetneer theshimble sbéll atkthertdpeneld mangher. 1HYs can be

secured together 20.at an end of the nold toal..b L.Re: 116 and
the i nnerougeé restmelneline gy & %ftﬁltlaﬂ@ﬁﬁwergfvet‘wgl grra%ghgglrd ? i%%‘ﬁg\?ﬁ4 can be
secur ed tpgRbREGvY. TREREMBoERERWT tHelifverion] the grotdiag surfad8of femaleeshelil sposed
bet ween the conponents of the nold parts, at appropriate positions, to

seal the I@8npeneaiths t oget her.
The core section and outer shell of the male portion 112 can be secured together

20  atan end of the mold tool by machine screws 116 and the inner female shell and a mold
member of the female portion 114 can be secured together by machine screws 117. O-
ring seals 138 can be disposed between the components of the mold parts, at appropriate
positions, to seal the components together.

Extending centrally through the male portion 119 to a position adjacent the left

25  end thereof is a central conduit 125 through which flushing steam for heating the mold
during preheating or cooking or cooling liquid for cooling the mold is alternatively
supplied to the inner cavity 121. Flushing steam or cooling liquid is delivered to the
conduit 125 by a pipe 115 that can be coupled to the male portion by machine screws 113
and sealed to the conduit by an O-ring seal 111. Steam or liquid exits the cavity 121

30  through an annular outlet 126 adjacent the right end of the mold tool. At its left end, the

conduit 125 is connected, through a valve port 127 to diametrically disposed
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Extending centrally through the male portion 119 to a position adjacent the
left 25 end thereof is a central conduit 125 through which flushing steam
for heatiwg200m0243lid duri ng preheating or cooking or c®6lriusgoveiospsde f or
cooling the nold is alternatively supplied to the inner cavity 121.

Fl ushing steamor cooling liquid is delivered to the conduit 125 by a pipe
115 that can be coupled to the male portion by machi ne screws 113 and
sealed to the conduit by an Oring seal 111. Steamor liquid exits the

cavity 121 30 throt%P an annul ar .@uhl et d126. a?Lsac.ent thug ri ght end of the
mol d t ool PASKECHEYs |45 qomppupicaling with Shemold cpyiy { L8 Wa AR 8 %lf,gr‘?%"reéﬁ h a val ve
port 127 tipwe) aik bhebirface oS e vkt VIR0 20N Aptstll 7CChh bS28&183 2496

passageways 128 conmunicating with the nold cavity 118 via an annul ar

groove (nbY a seiwiAgded yatvgancafes 1 3G dispasedatghe laffend of Bie copdtit 12629d The val ve
port 127 I Leposed at
A R R e e R

pr oj ecd i ngctudiinguggeharism cOrediaive roemizer 430 hasrneaxinh passagaway 3 33 conngtied o

mechani s he val ve.ne 30 has an axial. ssa 1 nnegted to
The hol toWeXfeN Bt ds) R grleRpraii i BB b GORRE BT
through t helvé edmbeied thépaseageraiper28dd thf%oma&sﬁgﬁy@sms a?s?ﬁ in éjﬁaintghafadrml d
cavity so as, to assisf in ejectin nmol ded container fromthe nold cavity
118 at t _héloiqﬁ‘é CBIFtat“ﬁ‘éftf%lﬂéﬁ maldﬁx%éflﬁﬁta@ﬁrﬁ@%&eéa (RRFYEGol ing |iquid are
al ternatively pipRh 6darhand B&olﬁ'gtugﬁidlaﬂée NeatdiRel Gamlieddo ARty 124 via a
port 135 in the top nold nenber 123, which porf i's connected to a suitable

suppl Y0 cohentiing/coelbte wamitnh34 vitheogtldain tadon meldingeraber 23, rliich past iscavi ty vi a
an annul ar | . i adi . I end of
the nol dc%ngl\%t{: @?o %%gtgngg%@ﬁﬁé\@%%?&%@biﬁ%%ﬁ% g%?ﬁ&ﬂ%a gﬁggﬂge sui tabl e
mol di ng medvétyivéd arf amhulat butldod 36 amt ainnkr masifeld 467 abjacknbtleaightaml dfehsuppl i ed
to the nold. cavity through a conduit (not shown) coupled to the top nold
menber 12?°@°aé(lt¥°oupl ing unit (not shown) attached to the top nmold menber

and connect ed E@yaadhtioRed/osiaRehnaAd fesihHRadsblaR@itavidfbldigrMb@rialsbel | 122
whi ch communi cates with nold cavity 118. Delivery of expandabl e and/or pre-

expanded thesontainenasdeseribed|bglogasantby summied inthganeld savdtydbropgh & pndgiippl y of
conpresse i L 314 A% A port
140. A sogm?g}%p‘%ggé%gg&laﬁ%%{éﬁqﬁgd supgﬁéejd}a{ b ({lﬁgﬂ%g@%ﬁgt \%\lﬁgﬁb? aecth?%_rral e
portion lickthamtgp maldenquaver anxdhcdib2cted ® asfispias] abapdd port 146 & the thnef feaabol| di ng
cycle in (s)lge(illeerth%icrheéo%lanu&iQa esnvgft}(ljr%gldc c%gltt}é‘ | mbe?lger%lf &x a%ﬁgﬂlg ertlnd]/'(;i"zpre-

expanded resin beads to mold cavity 118 can be assisted by the supply of compressed air

20  through an air nozzle (not shown) also coupled to port 140. Also, compressed air can be
supplied to the nozzle when the female portion 114 and male portion 112 are separated at
the end of a molding cycle in order to retain the molded container on male portion 112
preparatory to removal from the tool by remover 14.

In order to mold a container, the female portion 114 is assembled to the male

25  portion 112, as shown in FIG. 7, and expandable and/or pre-expanded resin beads are
injected into the mold cavity 118 via the funnel shaped port 140 in the female shell 122.
When the mold cavity is full, steam can be injected through the conduit 125 and the port
135 in order to flush the inner and outer cavities 121 and 124 with steam and thereby
heating the mold. At the appropriate time in the molding cycle, the pneumatically

30  operated valve rod 131 is actuated in order to withdraw the valve member 130 and permit

steam to enter the mold cavity 118 via port 127, the passageways 128 and the annular
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preparatory to renoval fromthe tool by renover 14. In order to nold a
container, the female portion 114 is assenbled to the male 25 portion 112,
as shown W@ 2p7®24751 and expandabl e and/ or pre-expanded PETIUS2eHBIIAr €
injected into the nold cavity 118 via the funnel shaped port 140 in the
femal e shell 122. Wen the nold cavity is full, steam can be injected

t hrough the conduit 125 and the port 135 in order to flush the inner and
outer cavities 121 and 124 with steam and t hereby heati ng the nold. At the

oa 151 1 gkt T nbedet o it B and ke SRS b br R0 B e e

steamto emtigt the nold cavity 118 via port 127, the passageways 128 and
t he annul ar 2007/024751 PCTI US2006/ 032496 . groove 129 in_order to
cook the expanéévge@n%ﬁaﬁlslco Pl ercle Hrenabe Rt 1B inrloser ardheookpp dquiddyi ty. At

the end ofyuddneq, G/@é)ﬂﬁe Gé{rﬁiuﬁ 12t5 R&d Eéll’[ 85,18 fﬂ%Qfeat;r?gkdoﬁn% l:éﬁt‘?ég 19'11 ‘Qn& 984 ing

liquid is “Supplied, via the conduit and port
heat i ng/ ceousler wgpoehﬁhb m@ttoptan@hdlmmdwnntamebW\drereaftcr tb@maletnwthmlld t ool and

the ol deg & R:H‘{a?e OEQ)?{IO «? gg tsaga dtar}l cBH%FesPe‘a TirI 1OSL%HQiied ﬁtﬁgl%grflﬁﬁra prtion

114 are separa d T s I ie rou w val ve
rod 131 analvarﬁidvléslmﬁdbelm ﬂa{éﬁlbteﬂmmte tma@emwlzxaﬁorder rislew atrdnﬂaltlmalv air

into the ed cu andfaC|l|t ectiqgn of the c fromthe nale
portion 11¥ mﬂegtﬂ’ll’ ﬁ%cff 8%@?1%%’50 6‘?6 “t‘{f?eﬁ%F D&%W/P?‘i‘r‘oﬁlsf in the present
invention are shewembOdihRnfs |o@the§noll'3§v1§y‘"d%écﬂ)ﬁ‘f the Bﬁlsgmttirﬁ‘%htlﬁﬁefsﬁﬁwrpr oduci ng

a | abel ed cont ai ner accordin the invention nolds the container with
its bd@e HNWHGrSuilhe tive-pert B9l @pl Fihfoupiogucinma labelsdl contpippiageerdinglte thsor ti on

152 and f ﬁ{@hﬁom&% 91% cgn?té %ﬁﬂﬁtﬁ%&se%ﬁ& %Hgbf&h&%fg@hg&ﬁalgp lIﬂe to%‘?\“ ty 158

for the container to ion cor e section
159, whi oelwlanmble p@ﬂiqndlS@rand fierhalel porioh IIMmhmhta'ramsemldadjtoamrmahmldshel | 160
fitted over .t 5.secti S eave, a ng/ cool.in avity 161
bt noan ¢ EEIB ISR FaiRd h RE il ThSmpR B ioh s B Aftreriondade” b ¥ o
out er shekhidhaise @olmuirdﬁdl@deslw%ﬁz%rtﬁcﬁfs dnld&mnionted G 160&%&@@@%@%@6 base
and side walls of the container and the heating/cooling cavi gﬁ/ 161 is

subst &ht | 83N sQesde derye g degiingrrophes ey 1§hae%\ieaethmme§ | anddhergsrel cavity.
The fenal ?ectl R r’fHe%Q}eﬁéﬁsﬂrga%la YERS oRfdr Eﬁ'énl ﬁﬂ)ﬁlnﬁ%#acelﬁ)% bl ds the

external sur aces 0 base and 5| e contal ner and atop
mol d rrenbelltrf@%ofwn bdse aad $ide wells oftbe cdzrhmnercantls;hed@abmg/cdvélngeamtyelédheI | so as

to provi de bstan ﬁ}y cogét%r?s(fxlzé with fi& \@ascy an%Gs?debvsle\%? rﬁletmhgld cavity. The female
portion 154 includes an inner female shell 162 which molds the external surfaces of the

20  base and side walls of the container and a top mold member 163 which is fitted over the
outside of the female shell so as to provide a heating/cooling cavity 164 between the
female shell and the top mold member. This outer heating/cooling cavity is substantially
coextensive With the base and side walls of the mold cavity. In an embodiment of the
invention, the molding surface of female shell 162 is smooth.

25 The core section and outer shell of the male portion 152 can be secured together
at an end of the mold tool by bolts 166 and the inner female shell and a mold member of
the female portion 154 can be secured together by bolts 167. O-ring seals 168 can be
disposed between the components of the mold parts, at appropriate positions, to seal the
components together.

30 Extending centrally through the core section 169 of male portion 152 to a position

adjacent the left end thereof is a central conduit 165 through which flushing steam for

24



femal e shell and the top nold nenber. This outer heating/cooling cavity is
substantially coextensive with the base and side walls of the nold cavity.
In an enwoOI2eER4Bf the | nvention, the nol di ng surfacePofi/useemmios24shel | 162
is snooth. 25 The core section and outer shell of the male portion 152 can
be secured together at an end of the nold tool by bolts 166 and the inner
femal e shell and a nold nenber of the fenmale portion 154 can be secured
together by bolts 167. Oring seals 168 can be disposed between the
conponent.s qf é}?e mol d_parts, at appropriate positions, to seal the
conponent¥2fipgiemald duingnrehasting gr easkingar egolinglisiuighor prolipgitee weldtis on 169 of
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PCTI US2008igged g6the gerduitrgStye pipd 15 5dbaticay bp ceipdaitto tie male porlonvy or cool i ng
liquid f j t | 4 i al.ternatively s lied to the inner cavity
161. Flus ?&nlgr%lsétc%gv%agg S%lg% | ﬁ@e ‘f".ndt‘ﬁ?éy ' b‘%‘ﬁ’%@ﬁfﬁd S???ni prligidedisdhe 65 by a
pi pe 155 dakiy 16hthrdigghanuphds: dutiet 158 dailcentpiod HigRndYf the R R1. $BH8Ws and
seal ed t I:the condui t, g%/]%an Oring seal 151. Steamor liquid exits the 5
cavity 16FEAbIRGIPARIt domisicapnastedy brouel e valijeaoris ’ thdiameliselledisresed t he ol d
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cavi ty 158ftiped postien efthgpeenshelidg0i I thisembodinenh anuulpogropeni 68fis t he out er

shel | 16 | ' , r.gropve 1 i Lt oned between
vai ve port{Bntdb BN IR s W S eyl 30 S SR e OV e B 10 167
can bé colff’rceh bedorisollad bpr ispring loadtdd alvelivambee e dispokad di thp bgeshdalf tidhe | ef t
end of the .c it, 165 gnd actuated b hol | ow val ve rod 171 projecting

t hr ough tﬁ?&d‘é‘gﬂ%n[d a_tc%‘a‘ﬁg by lﬁ‘i%l"QBWé’ agﬁé@% Rrogetingirotigh Mscsodvs in a The val ve
menber  17Qithtis paetnaitic abuRAHSACAMRYN, TROVaIFQ¥WAberdg0BEEAEskidQatdgedrR) | oW

val ve or actuating rod 171 to permt steamto be supplied throtugh’the rod,

the val veDRERBYP) earaedskiodholollawivalgronasiugting todd 7adelpernyir¢ant 50 heat to the
mol d_cavidypiicatn@uph B9 4ol Honbot Ghé el doiR i "rSh SAMANGafiRkL no 11 qui d
i y Suppli é er g ng e

are alternati ve to the ou eat 1 ng/ coo cavi 64 vi a
por t 1575 lienat toitlee meldtcaeityol 3 durimguhemplding ayalel54, which port 175 is

comerted 10, Al SRR RREY PR Phie BuSASEL T O
the nol d heatig/soolidg cityt16e veNsbrof75tih endTeft dhdef fielcdorGuesaRd palvr can be
suppl i ed 1t7? riso go%rr]lected to a suitable supply conduit (not shown). The steam and liquid exit from
the cavity via an annular manifold 177 adjacent the right end of the mold cavity.
20 At the end of the molding cycle, compressed air can be supplied through
passageway 190 in order to blow air into the molded cup and facilitate ejection of the cup
from the male portion 152.
In an embodiment of the invention, heat, which can be supplied in the form of
steam as indicated above, can be applied in a heat cycle in the female portion that is
25  independent from heat applied in a heat cycle in the male portion.
Expandable and/or pre-expanded resin beads of a suitable molding material for
the container as described below can be supplied to the mold cavity through a conduit
(not shown) coupled to the left of female portion 154 by a coupling unit (not shown)
attached to female portion 154 and connected to a funnel shaped port 180 in the inner

30 female shell 162 which communicates with mold cavity 158. Delivery of expandable

and/or pre-expanded resin beads to mold cavity 158 can be assisted by the supply of
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passageway 190 in order to blow air into the nolded cup and facilitate
ejection of the cup fromthe male portion 152. In an enbodi nent of the

i nvent i ortlvoleer024%si ch can be supplied in the formof ®C&aAPR@s/08238é cat ed
above, can be applied in a heat cycle in the fenmale portion that is 25

i ndependent from heat applied in a heat cycle in the male portion.
Expandabl e and/ or pre-expanded resin beads of a suitable nolding materi al
for the container as described bel ow can be supplied to the nold cavity

t hrough a conduit . (not shown) coupled t he left of f |l e portion 154 b
a coupl i nbOHER’TFPtSC‘% Wéghr%%/%‘)alr_ ?ISZ‘E@&E?"(‘S& OBplﬁéFOcl?%%Iqsaﬁﬁsé’nd connect ed Y
to a funnglmsBapesd: B be SBPliddtotiendzaRWhed thd BARIeHostisH 154%0d nid ch

comuni cates with nold cavi t]?;m158. Del i very of expandabl e and/or

pr e- expanpetion 53 arelseratated ¢ thotnd of avneldingsacle inorder tgsefpisttbeimplded he suppl y
of 25 WO 4 [ an air
nozzl e (n%@qgﬁ%%@%%ggﬁyég%g%g %rgéé’otr%g engm&ﬁg%g%ogggﬁ%@é‘%ggEal r can be
suppl i%®d to thk ordarzd enoldhe coritdinerf thaddmalp portion i 54 Shssentbletatioghe polet i on 152

ted af_ the end. | di le in order to retain the nol ded
ot af nor PURORI AR HGoS h s Aty “tuoresoar r R R e by

renover liieckd iftoQRSROIE AVAPLSE Pia € fuahd) Shaped P6rt 180TRI e RAAIE PtidR4 i S
assenbl ed go the male portion 152, as shown in FIG 8, and expandable

and/ or pr &% Whandbeimoldeanity sfal, sigem cantjednieeiad fhseughithecondit 16a9md e 158 vi a
t he funne I ' f (=3 | : cavity
erult g IR AR abliint hulbffnd SR oRE 14130a 1BEmBGR athted! T8 I
or der 1@ o héatisp thehmoldnAtthe aptoprirtetime av theingdding tydedhd puwiatitallyt eam and

t hereby 10 heat i t | d., At,.the,appr iate tine in t mol, di ng, cycl e,
the pneunt® ‘ir?:tﬁ‘ﬁ V@ge ngﬁ%ﬁt\‘f‘ﬁwg OFds Q@Vﬁﬁﬁﬁ@wﬁ‘? ‘(FAY%‘&“PR“Q? gpdp 8“‘\%1\} t hdr aw
t he val vestamfeéntdrife Mot OIS vialpeAMSY Ghepissigeivags 168 shdaheirtnyilat58 vi a
port 157, the passag{evvays 168 and .t he annul ar .order to cook the

groove i
expandabl &ogKemordesta ceskytha gerpnflas sndhurae-exppng eﬁ‘BI%Sa‘{;d’é@}etrﬁ}c?ldﬁ At the
end of thg,gQok cycle, the valve menber 157 is closed and cooling liquidis
supplied, via the conduit 155 and the port, to the heating/cooling cavities

161 ah®l 164 i nAtthedad of thecodk cyckre theplalvetnurshbeaddl7 istrdosad prerbepobivalianidas ,
ther €2l e T 8BRS hE R LTRMRREELRY AP0, Pt e
menber 170rdeptotdoel thasddeobssl thétholded @batainet, ovhbteafterahée mialket portidnel 52
and female portion 154 are separated and compressed air is supplied through the hollow
valve rod 171 and valve member 170 to the passageways 168 in order to blow air into the
20  molded cup and facilitate ejection of the cup from the male portion 152.

In an embodiment of the invention, heat, which can be supplied in the form of
steam as indicated above, can bg applied in a heat cycle in the female portion that is
independent from heat applied in a heat cycle in the male portion.

Additional embodiments of the invention provide coordination between the

25  positioning of male portion 20, female portion 16 and mandrel 12/remover 14 and the
molding cycle described above. When male portion 20 and female portion 16 are joined
to form mold 18, as shown in FIG. 1F, a molding cycle begins. Referring to FIG. 7
(while the same steps can be followed using the two-part mold shown in FIG. 8), the first
step in the molding cycle includes adding expandable or pre-expanded resin beads to the

30 mold cavity. Next, a dwell period can be initiated, whereby steam is applied to female

portion 16 and male portion 20 as described above. The dwell time can be at least 2, in
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20 nol ded cup and facilitate ejection of the cup fromthe nmale portion 152.
I n an enbodi nent of the invention, heat, which can be supplied in the form
of st earwax0mdisat ed above, can be applied in a heat ®g¢gEIuS2006/083306 f ermal e
portion that is independent fromheat applied in a heat cycle in the nmale
portion. Additional enbodiments of the invention provide coordination
between the 25 positioning of male portion 20, fenmale portion 16 and
mandrel 12/renover 14 and the nolding cycle described above. Wen mal e

portion 20 and fenmale portion 16 are joined to formnold 18, as shown in
FIG |F, SQURSPFsAbleasdjand %Q‘ihﬁ%casﬁeaﬁ dgapti nygeensis ppdscanybe l(mmlqoelntsh@es ame steps

can be f QabQWpdo 48 i fife ot Qs gécs 30 Gn WE & Be SlyFendth ofﬁll?xg of gk step

in the nolding cycle Inc es a expan able of pr ez expanded r&sin beads
to the BGbeﬁvwﬁeﬁan}avfthﬁlerlwwtoftmecﬂmribe@ebm@d can be |n| ti at ed, whereby steam

is applied to 1 oftio 20 a described above.

he el |t nd BRI e llg%rfo‘iga Bk P B b brtes 155858006/ 032496

sone dasemstend the eadd ca3/1@md degtribedistiove.aTRScavk ﬂeﬁ@@&arﬁbeﬁ@%h@@i& idgngean -be up
up.to 45 and in other cases up to 30 seconds and can

to 60, in sone %5
be any | SREEH AT 'aﬁé i pthengages ot fesptddesscandty and canke qpéﬁépw@ semetcaseé
descri bedyabagand fPbthQ@¥ai8 vphe 3@%\%&%&'&1@ be \;ﬁl‘éﬁé‘th B?Bfn@%r ?@g
escri bed above. The

per formed, whereby steam 5 enters ity as
cook per|Q§*€}Vq,eaﬁnbéfﬁl@1¢I@ﬂ§t0f$lme|d¢8@tb>néabm$es at least 7 and in other cases

at |east 10 S%ﬁ@@%%ﬂgc&o P Scrifgipcotoﬁnggemod caﬁgn B?r gr%fe el:teﬁcollgﬂand in

ot her cases up secon
bet weldn awmaterds flushed Itl&nm}f@mafe foirtiom tﬁ%ﬂrméieﬂombmle as E@bhl@ew dbgvé. hEheC ook

period, a cpoling perjod .can_be erforne cooling 10 water is
fl ushed tHRP %& é e adrest éﬁnfg‘“‘éﬁ%{;eﬁﬂl Easbg? i ogfesr ﬁ%seﬂé‘?slefi‘sf bed above.

The COO|sdelﬁ1d9@ﬂid6HﬂHédg t@@@hn's@ﬁ@%as’és up b IR it BEREcAs WPRH0 sbébrd 1 0
ot her cases at_least 1 seconds and can be up to 60, in sone cases up to

45 and i g eaebe aydersth pf tige gprasee betwsen anypfdhmlengthaeftimedesetibesf ti ne or
range betjyyggn any of the Iengths of time described above. 15 Cooling water
can continue to flow through fenale portion 16 and nmale portion 20 while

t he sltSeps desioohing water ﬁ@nﬂh@tbh‘row@kndglifanﬁapmﬁﬂndﬁedd mbjgpoeiddd y, the

G20l L8, MBS hON SO RALORRRS ek B SRS ST AIET 881G 10 o
easi er ( hebl}ilﬁg WaePfl®v e bédtypped after the steps shown in FIGS. 1C, 1D or 1E. Cooling

the male portion makes the removal of labeled container 24 easier (helps to prevent any

sticking to the female portion).

20 Labeled container 24 typically then contains molded expandable resin beads or
pre-expanded resin beads and has a density of at least 0.5, in some cases at least 1, in
other cases at least 1.5, and in some instances at least 2 Ib./ft.* and can be up to 12, in
some cases up to 10, and in other cases up to 8 Ib./ft.”>. The density of the molded
expandable resin beads or pre-expanded resin beads can be any value or range between

25  any of the values recited above.

Generally, the expandable resin beads are prepared by dispersing a monomer
mixture in an aqueous system; polymerizing the monomer mixture in the presence of a
free radical polymerization initiator to form a dispersion of resin beads; screening the
resin beads to remove beads with undesired dimensions; and impregnating the resin beads

30 with a blowing agent.
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sticking to the female portion). 20 Label ed container 24 typically then
cont ai ns nol ded expandabl e resin beads or pre-expanded resin beads and has
a densit ywof2oegmo2kast 0.5, in sone cases at |east 1, i nPCOUSRIN6HIBLE at

|l east 1.5, and in sone instances at least 2 |b./ft.3 and can be up to 12,
in sonme cases up to 10, and in other cases up to 8 Ib./ft.3. The density
of the nol ded expandable resin beads or pre-expanded resin beads can be
any val ue or range between 25 any of the values recited above. Generally,
t he expandabl e resin beads are prepared by di sper si.n% a nononer mxture in
an aqueous sySYMuitplp yreandable sesimkeadinroneexpanded iesinbaadsican pe vssdrice of a
free ff'id'tﬁ@kw&ﬁldﬁ!f%h%lﬁé éé%fh bealid indfudl gltog’e f/fth H;lﬁengiogé’ﬁ{a?élg{&z iz resin beads;
screening the resin beads to renove beads w th: undesired di mensions; and

i mpr egnatdxpendable and/ei prebexpaisded DOadsito he fedlib dwi thg-faandld a@ destibedETdiN 24751

PCTI US2006/.,0 . Any .sui t abl xpapdabl e resin,beads re- expanded

resin bea‘@{éhoglgcﬁlgg%n%gg%bsgrﬁctl'rfgetﬁf ﬁe\?g ﬁ{‘]?ngﬁl.“ ﬁﬁet“%fg? anq g§ iaﬁfeﬁgﬁ’é@nﬁ ALt ude

t hose 5wi tfhisetopehaito fent Hbldel komainbiens dexpidBaREtR. BNHAKIE cifadSrdrBRed beads
two-part nold as described herein  wthout cl og%g ng or

to be fed to th 1] ) |

obst r uct ﬂ??@gst H’éﬁﬁdé@élt YRAANENEe] 19, thage they coniginghoamapolyisiess eloviBdseaieRtiend 5 f use
t oget her i : A P&gm 8] | e
expandabllgg}&gg%c%%@ggﬁ%ifﬁ@%%gﬁﬁﬁ? ﬁzdrrgﬁ%g{m | m‘{}gﬁﬁft(&e Ot§ %%%9{ hat contain
honopol yrdivisylbenzghe gonjagadeddienes, alsyldmetiacrylates| (yethacrgbnigile) defirts, one vi nyl

aromatic W § e e 0 i vinyl benzene, .conjugat.ed, di enes,
Ry (RS i iR pB o lE, Bl ep Pt pRERRGR o iRRbes R
anhydi0i deublmod; godtéticrabbgpalayd aclabinaticas thepedfyest er s; pol yam des; natural 10
rubbers; synt %glti ¢, rubbers; .and conbi,nfilti ons thereof. Suitable vinyl
aromati ¢ nonorPftedle xivlgemage mogpmers dpclydenbytage pes limited e syrene,

i sopr opy | isépYRMeyred, Bﬂﬁaﬁ'ﬁtmh%eﬁé,%ﬁ@leaﬂﬂ&hg%r%, Mo sWh ERERort-

chlorostyrene, tert- butylstyrene.” In an enbodi ment of t'he invention, the
vinyl ar dwtlstEren nsrasresnbeodimans of the pwiepiien, ihrednyliargmasiveneomeny @ndieher
ot = ol Ao RX AR E SARE Aokt Hotl Tl RE BEGRSes G D031 o4 o enes
(non-limting exanpl es belng butadiene, isoprene, I, -mande 2, 4-
hexadiSenaliyinglbknzenerevijagatyd dicnss, (nad-kpltingcxyinales beingbutytliond, tisopteae, Bnd nmal ei ¢

hydri d t he. vi ti ' t.in at |east 50% b
i ot or-HLEC bRt A Ry B okt s g ip GRS e ot yr ent ¢

pol ymer s aah@irideehere the vinyl aromatic monomer is present in at least 50% by weight of the

copolymer. In many embodiments of the invention, styrenic polymers are used,
particularly polystyrene, however, other suitable polymers can be used, such as
20  polyolefins (e.g. polyethylene, polypropylene), polycarbonates, polyphenylene oxides,
and mixtures thereof.
In a particular embodiment of the invention, the expandable resin beads include
expandable polystyrene (EPS) particles.
In the present invention, the resin beads are formed via polymerization in a
25  suspension process, from which essentially spherical resin beads are produced. These
beads are useful as resin beads for making expanded polymer containers. However,
polymers derived from solution and bulk polymerization techniques that are extruded and
cut into particle sized resin bead sections of appropriate dimensions can also be used.
In an embodiment of the invention, expandable resin beads or pre-expanded resin
30  beads containing any of the above-mentioned polymers have an average particle size of at

least 10, in some situations at least 25, in some cases at least 50, in other cases at least 75,
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particul arly polystyrene, however, other suitable polyners can be used,
such as 20 polyolefins (e.g. polyethylene, polypropylene), polycarbonates,
pol yphenyWeorneonriwses, and m xtures thereof. In a parti edrars2edosaperent of
the invention, the expandabl e resin beads include expandable polystyrene
(EPS) particles. In the present invention, the resin beads are fornmed via
pol yneri zation in a 25 suspension process, fromwhich essentially spherical
resin beads are produced. These beads are useful as resin beads for making
expanded pol yner containers. However, polyners deriveg&%r m sol uti on and
bul k pol yifrspig istaseestab taashi 190 aad imetherdpsiancss stdepstl 2hiem- &0 MSt o particle

si zed resi i . i i i VeddbePafiRldgzasred. 1 n an
enbodineﬁ?gggﬁ?ﬁééﬁﬁb%ﬁgﬁgﬁ%eg %gﬁggﬁﬁgﬁ?gigﬁn%gﬁgiaO( p?g-expanded resin
30 beads womt6Dsinngmaimstantestipso abGnie otheninstonced up o Ok A SAaR/@sesiPdPer age

particle size of at |eas Q,.in i o) ; in sone
cases at Afgé)aglto(%%%,caﬁeﬁ HB?%%?&(%%&SO%[% %azisc%k'%"to @dﬂé@kgﬁl@%}%@ﬁrﬁl

PCTI US2006/c2:32 496 of ihe cspuiidabla sdshrtmads atpré-equindddidsiabdadsnwitlittedimiteddyances at
| east 150 m_ Also, th expandab] e esin_g%?ds P% pre-ﬁéﬁanqﬁd resin beads
can have BAdimeasiggrolihe bye-part molgtogilow for fegdipg pl the SXREgAPIe AUYARIES up t o
550, in ofhericiNshRBGAS i) Hend1Q8s ddsBrilk@MR RSB edParidable 466h bdatls ot her cases
up to 400, "and in sone situations up to 350 m The naxi rum 5 average size

of the exparsdpdnded resii headreusgd imthismmbodingran easndbe &y valus s an (e besweds ni t ed
by the dj e i ectitgc?algo -part nmold to allow for feeding of the
expandabl%“h - expanded resin beads into the nold as descri bed
herei 0 The expandaibeeaveesierpattichoisizeomd sire eistritpsiod of theespandpbladesiused i n

this enbodi nent can b ny. val ue or n _r.ange .bef ween, any of the val ues
recited aP3¢eor W@“ewﬁﬁ‘g%@rbeﬁ&e‘iﬂﬁﬁg%ﬁﬁ?’i‘@ﬁ‘?'ésuég %’3’ el légq%@ca&f:%?g’i bution of
the expanggih@ad Sidvide ab@ﬁ'?fﬁ aPdrafy RRX PRNCes-liaBing cheapls, cRibdéd Aot er ni ned
using low angle 1ight scattering, which can proyide a weight average

C ! . Vi g
val ue. AshasepRiffrpetion; Regficks Sirp Paalyzermeaidable fiom Hriba J4d Kygtpslagn ¢agbepar t i cl e
Si ze Anal Y&8" avai l able from Horiba Ltd., Kyoto, Japan can be wused 15 In
an enbodi nent of the invention, the polyners in the resin bead have a
wei ght5 aver agia anmndbodinamt vethg frtvefitidn), thefpoljtmdre tsthe 2Bin0Bod hitve aweighicases at

| east 50, 000, a%[ﬂn %ciu?aééwggigmgmg%?gt lga{st &f@&(}, in7 sSdrlg)eOcOas(%na(ii 1eta's]tesd}6%0?§}{b iRe up to

eovré?u eg fl'
or pr

1, 000, 0002VEH4$°
other cases at least 75,000 and the Mw can be up to 1,000,000, in some cases up to

750,000 and in other cases up to 500,000. The weight average molecular weight of the
polymers in the resin bead can be any value or can range between any of the values
20  recited above.

In an embodiment of the invention, after polymerization, the resin beads are
isolated and dried and then suspended in an aqueous system. As used heréin, “aqueous
system” means a solution or mixture containing at least 50 wt.% water as the solution
medium and/or continuous phase. Dispersing aids, nonionic surfactants and/or waxes can

25  also be added to the aqueous system. When the resin beads are dispersed in the aqueous
system, one or more blowing agents can be added.

The expandable thermoplastic particles or resin beads can optionally be
impregnated using any conventional method with a suitable blowing agent. As a non-
limiting example, the impregnation can be achieved by adding the blowing agent to the

30  aqueous suspension during the polymerization of the polymer, or alternatively by re-

suspending the particles or resin beads in an aqueous medium and then incorporating the
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750, 000 and in other cases up to 500,000. The wei ght average nol ecul ar

wei ght of the polyners in the resin bead can be any value or can range
bet ween aWQ 2007/2B1val ues 20 recited above. I n an enbodPGEAIS2@6/083386

i nvention, after polynerization, the resin beads are isolated and dried
and then suspended in an aqueous system As used herein, "aqueous systent
nmeans a solution or m xture containing at |east 50 w.% water as the
solution nedium and/or continuous phase. Dispersing aids, nonionic

AR R R e SRR T R

agents cahh ﬁd@»@é&uc& Bsce¥PAAMAL o bdeseaapthapldwingagdot b @Se@ionhlesi N beads
can optionally be inpregnated using any conventional nethod with a

sui tabl e BlosviRgreeaigdrnludemdiphatitdiydracaibions eRytainiapite b cerven piopsdg Mgt i on can be
achi eved hyaddl Qﬂhfagﬁ%t%ke%& %n@&%@ian%? ahﬁ'ﬁqqul(%gh'zﬁ SUSRRAS QN during

the pol yneri zation o ynmer, or alternati re- suspending the
partichesCq C srand IHCH g ddrichrboalt amxmmuwwdlmwﬂhaﬁdﬁﬁmmpmm rthnycwrnq:rg t he

29 WO 2007 PCT 2006/.0 ent, as_ t.au n US Pat.
No. 2,983° z\im}" %Sa%tggeﬁg ﬁ%ﬁfﬁgﬁ?roge}r{)?%\fflggq%gage% Cahaliy 'T ﬁfjoduce gases
on heating canAlﬁemutsmiy afatdrivan bé blehfdl waigethese atrtphmefﬁydmafbonbbl@wm’gg agents

i ncl ude al i phatic hydrocar bons containing 4 to carbon atq in the
mol ecul e, 28THTOTIERLG 5Am R use ﬁé#%%%%’sbé}o‘ﬁ@ﬁéﬁ%@ as Eatiahtﬂﬁ& aﬁa&d\g%at ed

hydr ocar bgnsy 489.%,169, (ﬁECarﬁi @M 346k F;t}%se Phibsd) v@a@érlreﬁinng% ég[%ﬂﬂ&%eﬂis'é& e bel ow

t he softening p0| nt of the polymer chosen. M xtures hese al i phatic
hydr od@r bdhe bictahi prycentpentof weten farluseadibe blvedng agsint eanrrangeiedy 1 ted@%r can be

ol ended wirh WSS, SRR 6 15YH0S300T ol BASIPHE R AR S0 D

used as the sol'e n age’ ’as’taugh 439,
6, 160, 027 by a¢fekefice24 2, 540 in these patents, water-retaini ng agents are used.

10 The wei ght erce t age of ter f.or as the bl ow ent can range
from1 to 209% Mreeribagiuerd of {jednveptien, theloWgepssnt gy chis GBC Gooin

6,242, 540 sg6&ed ﬁl&%ﬁﬁfgaﬁ %ﬂlfhﬁﬁe%'aﬂuormé (SFJ)earrg&p@arbbﬂd@md%nmdlztrent of the
|nvent| on, the bl ow ngn:ggent can i nclude oné or nore el ected from

ni troden, t%@ﬂﬂqrpeth@m( Fidas 1 132;@)tetr@ugmtha@a%ﬁﬁr1a-11)oiulde3, 34,1,1,2 15
ELeELr if g“g%&ﬁ&ﬁ\f&ﬁru@g gpdr]iggcgr#éleal &? &[P?C %félti %‘;c%délﬁ?é %%E%gﬁﬁff%a ??I) uor oet hane
(HFC 152a)3¢ntaﬂuoroethane (HFC-125), fluoroethane (HFC-161) and 1,1,1-trifluoroethane (HFC-

143a), methane, ethane, propane, n-butane, isobutane, n-pentane, isopentane,

cyclopentane, neopentane, hexane, azodicarbonamide, azodiisobutyro-nitrile,

20  benzenesulfonylhydrazide, 4,4-oxybenzene sulfonyl-semicarbazide, p-toluene sulfonyl
semi-carbazide, barium azodicarboxylate, N,N'-dimethyl-N,N'-dinitrosoterephthalamide,
trihydrazino triazine, mixtures of citric acid and sodium bicarbonate, and combinations
thereof.

In an embodiment of the invention, the blowing agent can be present in the

25  expandable resin beads or pre-expanded resin beads at a level of less than 14 wt %, in
some situations less than 6 wt %, in some cases ranging from about 2 wt % to about 5 wt
%, and in other cases ranging from about 2.5 wt % to about 3.5 wt % based on the weight
of the resin bead.

Any suitable dispersing aid can be used in the present invention. Suitable

30  dispersing aids prevent the resin beads from sticking together when dispersed in the

aqueous system. Examples of suitable dispersing aids include, but are not limited to
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pent af | uor oet hane (HFC-125), fl uoroethane (HFC 161) and
1,1,1-trifluoroethane (HFC- 143a), nethane, ethane, propane, n-butane,

i sobut anaéyonrepénswhe, i sopentane, cycl opentane, neopenPaMAIS20065032348¢
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trihydrazino triazine, mxtures of citric acid and sodi um bi carbonate, and

conbi nat i enbodij nept of the invenption, the bl ow ng agent
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at a | evebxidé, ea®gitd, hae) khGlinVmalneditin c&O6EatS 'aldi'ﬁhmﬁ'b%ldeeaﬁa AR Bt % 1N
some cases rangi ngbfrom about w % to about w % and in other cases

rangi ng f PonRighiblopelymersmetbasodyiting akohgl, a,lécﬂa@éié@ulfmactersehmo@mhyl of the
b
resin beaghi iRy, p%‘l’}‘at:ﬁj% Gc g' nBH Fée’ﬂglo@%g) fé@ﬂ]ﬁﬁ¥ry§lﬁgné Q\nalﬁl lﬁgeeéo%”r%

i nvention. Suitab I sper | ng ai PESI N beads
stickihg hwealllmbenmﬁ scﬂfsrmasswhlamsctdman dadmylbaszeey-sﬁlﬁmatelixﬁrpl es of

sui tabl e in i ncI re_not m ted to 2007/ 024751
PCTI USZOO%%‘%@%@@S g’fe?eﬁgslg 2B @Ble\ﬂg?fé © Y& Wn hgdfsﬁf)‘isﬁ’ﬁr‘i‘ll‘glngll\ﬁ‘\g%st ances such
as trical mcammhpmplwteetogamowm kétRum iaBiraniyiliRnzdnd! st foAed® IThB amBBGNES UM
car bonat egﬁ@eam num Oél de and the like as well as water-sol uble polyners

such as p ispersing amgressyy il varydependingsmag munbas péfastojebuiyyill cel | ul ose,
pol yacryl péneptlybe aﬂﬁﬁﬁﬁi)o&@ldluinos% e cgggsﬁ’legéflab ol 3| hrgno NthedBghel fe |1ke,

sodium 5 linear al kyl benzené sul fonates, suc as s
dodeclfl beleas ko Ot apdee be Bt donb.iasinneasther @about I adinesthadhsent of t he

i nvention |nc des ric hosphate to er with
a sodi um 1% {nrel%f)gﬂa '@%{e%é’ﬁ%&%gﬁ onRegs bﬂ"@é‘ﬁﬁtﬁﬁm%ﬁ&t Hgle&fn%lgtr(ghng ai d
necessar ythwdlsper\smg)mdm;!@adn}ngaloaoﬁcaﬁuaﬁgerbeﬁireeﬁaﬁy of the Rulueyietited MOHEr al |y be
at | east about .0.01, in sone cases at ast about 0.05, and in other cases

at 10 | east ab3li Ol0Mare JARHIQME Y cﬁlﬁtstcén B 8igtuded sych %Gﬁb%%lééenﬁp to about
1, and i nditvigVes @RS bitar ity Qcid RGLs, Qlclzés @Qfot G, e AR gﬂﬁl &B\gp parts by

melght of resin beads. The anpunt of di spersi ng al any val ue
or cak raﬂﬁeu%@toxﬁ@éﬁﬁtuéﬁgﬂnomft-h@ltml %@@pkeb@ngdleaibm\stﬁara@semonolmaEs non-ioni c

R T TR [T M T X

15 five uiehicor aﬁlonunsanfaueabhmgenmmlble atldédng tiexajipdisuspehsion fldesitiSn

stearat ©San % %1ment oI‘ R invention, the amount of surfactant is at least 0.01, in some cases at
least 0.05, and in other cases at least 0.1 and can be up to 2, in some cases up to 1, and in

20  other cases up to 0.75 parts by weight per 100 parts by weight of resin beads. The
amount of surfactant can be any value or can range between any of the values recited
above. Inan embodiment of the invention, the HLB of the above-mentioned
polyoxyalkylene containing surfactants is at least 8, in some cases at least 10 and in other
cases at least 12 and can be up to 22, in some cases up to 20 and in other cases at least 18.

25  The HLB of the polyoxyalkylene containing surfactants can be any value or can range
between any of the values recited above. The non-ionic surfactants can aid in the
formation of fine cell structure in the expanded resin beads.

The waxes used in the present invention, at atmospheric pressure, are typically

solid at 20°C and below, in some cases 25°C and below, and in other cases 30°C and

30  below, and are liquid at 125°C and above, in some cases 150°C and above, and in other

cases 200°C and above. The physical properties of the waxes used in the present
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and nonost earates, an ethyl ene oxi de/ propyl ene oxi de bl ock copol yner, or

ot her non- ionic or anionic surface active agent can be added to the
aqueous swepeai2ersli f desired. In an enbodi ment of thePCHSRA0608249¢ he
amount of surfactant is at |least 0.01, in sonme cases at |least 0.05, and in
ot her cases at least 0.1 and can be up to 2, in sone cases up to 1, and in
20 other cases up to 0.75 parts by wei ght per 100 parts by weight of resin
beads. The ampount of surfactant can be any val ue or can range between any
of the values.recit n.a of t he ventlo t he HLB of
Che above NeRIae oo b FERe P h P T rREan 8 i bt s,
in some chsxls. at least 10 and in other cases at |east 12 and can be up to

22, in sone cases up to 20 and . in other cases at_|east 18. 25 The HLB of
the pol yoxyal k{} @rembadinent of the iaventian thwaxes ar %@Cﬁﬁ;ﬁ%nmrab%ndé@n range

bet ween agyhdaftictii&ey @&éjﬁﬁ:hrtﬁg W \RBOMEhe F@ge ehiRH &angﬁé loh@ 6t ﬁg}es can a' d

inthe formation of fine ce structure e expanded resin beads.
waxes Hsedhataniatsiselepied Sront Cioty €t lrmmmeanstmcnm@pheﬂm lrpﬁmwms@ CiateChy pi cal |y

solid at 2 5C. a er cases 30C
and 30 bél %%v%%qgeﬁggsegwlﬁ ?&Lﬁ [d?n%'f’tr ge(g ygﬁ%g}gy glﬁ’elgi %&grg P50C and
above, angralkyl @Iﬁhlﬁfls cc:%aa:ﬁ,%@me%()sgi?a?ag&:f m%%_k}?sgiggagsepgggggagg ,eadef the
t t
Qféeiet‘z&@bﬁ‘ ?aéeg?@rtq’e eqw@arf é@ggﬁﬁ &% cel l%fﬁzlfvi alleanpl, agy, @ié%ﬁyleoq %akiﬁlgvggpéﬁged
resin  beggsoxyii a2fs RPOGHhER Borr@boddiy AMMERIORd dlf WRX&SCAb @ﬁ% ect ed

fromnatural and/or synthetic waxes. As such, the waxes used in the
preseh® i AUBHINSBACSAN2 9eCi0rin some paseeCh torihe Aichineothas|casss €4s torGelicz, t 0 C32,

in sone | ase W ot her cases
Cl6 to C3 ﬁa%?tn%ggo? c%éir%ft}l (%lgmy 1 q‘;ﬁ’l 2}1 Car@ § E}S‘a&%ﬁﬁg&% ?30 for(il”F qgs Qr yl, or

ar al kyl aﬁrnsmhoéss(:12€61(03211n sﬁﬁapasesl@m@3t,raﬂﬂmh&o@ée2(Ilg)toC&a,lmeaﬁr some cases
Cl4 to C3 ase 6.to C32 | ar,, branche r.cyclic
iyl < at Plaap oy iR gt ey RS e B For ¢ hei ¢
corres pongblrygro@mﬁ@ 'p'dmeﬁ&d 88?%@& 3Ad ESmBihatfdns mr&%?so 1o} akQh tianst ances

Cl2 t I N some cases to C32, and in other cases Cil C32 li near,
brancﬂaéd s@mbly@mqrtoféqqudlandaplk@mpera&rrw as dgfired ghove.or ar al ky! est ers: CL0 to

cases Cio to ChB°pANGERete folkropiine pBBARE af It tyle Gifhay8R ' 2 Rary
or aral ky lnolfapd}anwigbt)de) pﬁﬂrqmtahthd;wo to pladuy pOQPYM rleng pothyesicetra

pol yet her; cormbi 1na 1onnqlllrc]1%11dla% Ssoltic? %En%gra’turgso aslcf%%gec{a SDOTVQ ey neet a

In an embodiment of the invention, the amount of wax is at least 0.01, in some
20  cases at least 0.05, and in other cases at least 0.1 and can be up to 2, in some cases up to
1, and in other cases up to 0.75 parts by weight per 100 parts by weight of expandable
resin beads or pre-expanded resin beads. The amount of wax can be any value or can
range between any of the values recited above.
The resin beads used in the invention are advantageously solid particles in the
25  form of thermoplastic resin particles produced from suspension polymerization as
indicated above. The polymer is formed as a slurry of finely divided particles in the
aqueous suspension. The particles are recovered by washing and drying.
In an embodiment of the invention, the resulting resin beads can be screened to
remove any resin beads with particle sizes that are too large. In many cases, resin beads
30  having a particle size greater than 600 pm, in some cases greater than 500 pm and in

other cases greater than 400 um are removed by screening.
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15 conbination of liquid and solid tenperatures as defined above. The

pol yet hyl ene, pol ypropyl ene, pol yester, and pol yet her waxes can have a

nol ecul arwaepgi415Ay) of from about 1, 000 to about 100, GOD/USRVUCHBFIAS t hey
nmeet a conbination of liquid and solid tenperatures as defined above In an
enbodi nent of the invention, the anbunt of wax is at least 0.01, in sone

20 cases at least 0.05, and in other cases at least 0.1 and can be up to 2,
in sone cases up to 1, and in other cases up to 0.75 parts by weight per

100 parts by ght of expanda reS|n beads .or pre-e ed r.esin beads.
The amount of L V\gﬁ‘a‘ %%ﬁ‘aft?g regy b T’ Ef’é‘ igeludegp lﬂre%@nﬁ&fmﬁpi% PR he val ues
recited ahymddRd rvﬁﬁfl &‘oﬁﬁﬁg ﬁmﬁ&%@rs'aﬁd bﬁ'ﬁ’oﬂaﬂy Bibel SipapldlSsHipnemgeousl y

solid particles in formof thernoplastic resin particles produced

from suspensuhrﬁrrpmdmm Qfath¢ imyenfion, ihﬁmter@pbmeaeﬁa@olyqiﬁﬁn ped i i s f or med
as a s uécgl m81f1zed g& \qu&gloﬁ%ﬁtlls Shgér djn&e ol?ﬁqols@gék%ﬁb'ﬁibﬁg? Qeﬁh?érﬁ n. The
rying. I'n an enpo

particle rereco nent of the
inverg i ONps. BI;%9[1<89;J4 1168@53' éS&lOB 7563,8&;81)3(,‘7éﬁ apeé 6908 9éPahie ted)svantqrmtww:ﬁy resin

beads with, particl.e,sizes t reto | ar I n resin beads

30 havi n&ﬂﬁgﬁé‘a‘rlﬁr@f‘é"cﬁpﬁ’éﬁt ’Ee ‘?re’fcﬁa %Bﬁl;ng eﬁargﬁl%ré’% Ees greater than
500 m anﬂltér];ol%%rthaﬁ@ﬁrﬁ% GHeB &l Bl phdtam AR tigTRe tiEP edlable underaBai ng. 32
WO 2007/ 024751 PCTI US@OOG/ 032496 __The | npre?nat ed. resin beads can include

an i nt er padenage ARCEL patvidabdy fromavfaV AChemicalpbiey Ristspyigh KA 494 ar omati ¢
MoNOMer sp f@'@lzﬁ 'DOMI&%I?/RBB% %ﬁpﬂgﬁﬁp@ @J@Ayﬁ@{ Jag‘l“{] enmbodi nents of the

i nventi on e I nterpo a polyolefinand”in Situ pol ynerized vinyl
aron# i ¢ nonomemsbadineneofdhe inyertionf tlnehmsegwgd:resinémadwrwsﬁa tent 5 Nos.

3, 959, 189; el 756, .4, 303, /57, and 908 949 r e] evant

por t i ons gD d?kﬁ? TcR™ c?xgaxﬁieg PHor 0 bsis dbed | &h%mo}'dgl?ge Fdfprpent ﬁécr?gdﬁngé mting
exalrrplje ﬂfﬁlﬁmtionl}mtglmekesgmns&di ébaibeQﬁéleiq&nd&B(g SCHEuEk B&shyeﬂalr‘léag:: mx;anu O&o\/ .
i ncl ude t e available under the tra r), avail.a rom
Chont os D008 aach d rrioasprtonat 128 L ANE )10 SiHek s St Bski oun

Pl asti cspf Odih%/cc) TIQ!&MR@ sitlAREH: atié&stl 17 £HEe O@Q%c fin §dage i nvention, the

i mpregnated resin beads ar g partially expande "pre expanded” prior to

bei n§S us eldcunrstanies atidadi i/ fEqQi0gAersc) @%(mlmr@irﬁgnf@w% tideashy éb?fftl @rﬂ“rgTh us, the
e SpAR S BL IBR funoTob o 10 B o L1
cases at giceasWhédn fon-expanded resin beads are used higher bulk density beads can be used.
As such, the bulk density can be as high as 40 1b/fi® (0.64 g/cc). The bulk density of the
pre-expanded resin beads can be any value or range between any of the values recited
20  above.
The bulk density of the polymer particles, resin beads and/or prepuff particles is
determined by weighing a known volume of polymer particles, beads and/or prepuff
particles (aged 24 hours at ambient conditions).
The expansion step is conventionally carried out by heating the impregnated
25  beads via any conventional heating medium, such as steam, hot air, hot water, or radiant
heat. One generally accepted method for accomplishing the pre-expansion of
impregnated thermoplastic particles is taught in U.S. Pat. No. 3,023,175, the relevant
portions of which are incorporated herein by reference.
In many embodiments of the invention, the pre-expanded resin beads have an
30 average particle size of at least 10, in some situations at least 25, in some cases at least

50, in other cases at least 75, in some instances at least 100 and in other instances at least
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| b/ft3 (0.024 g/cc), in sone situations at least 1.75 I b/ft3 (0.028 g/cc),
in some 15 circunstances at least 2 Ib/ft3 (0.032 g/cc) in other

ci rcunst amoe807anr41seast 3 | b/ft3 (0.048 glee) and in paPCIraskens/032496
circunstances at least 3.25 I b/ft3 (0.052 glee) or 3.5 Ib/ft3 (0.056

gl ee). Wien non-expanded resin beads are used higher bul k density beads can
be used. As such, the bulk density can be as high as 40 Ib/ft3 (0.64
glee). The bulk density of the pre-expanded resin beads can be any val ue

or range between any of the values recited 20 above. The .bul k density of
the pol yriaP 1arAlses the prerexppnied gesisbegdsisasyhaye anaysragserticls 8¢ 91U et er i ned

by wei ghi@?, s ﬁg‘j‘fﬁkﬁéﬁ%éﬁﬂato%o AR loEE fnsﬁgéés!uﬁ?)lt@ $00,88 alae sd3ed @ torrsePf f

particles (age ours ‘at anbi ent conditions). The expansion step is
convent i olzdricgses ap to 4Q0, end intpmigsiipatiogs wpto 33%eghhe BEKIPBIbEEERLCPIZE any

conventionpal heatin di S . tq§q] d 1 radi ant
heat . meor%gléen%r?sz(? ?}ﬁgﬁeéﬂ%%d srr‘glt?lhoegish?lgerd cc%%f%ng]ﬁﬁ%%ﬂﬁ %%& %f g)?ggﬁsi on of

i pr egnatidwt foefeatink @ the @xpaidtble ked/or [reteapayided tasinlbesds iBat the Mold &, 023, 175,
the rel evant rtions of which are jngorparated herein by reference. In
many enbdgﬁmgg‘e’@fnir & PlerfrBAided fesin "f@ﬁbi’%‘ ’éfr‘?ﬂ“éﬁ‘of@?w?/tﬁ?@g% A G e an 30
aver age Ngp idrgd. er pﬁ‘@-egéanééd le§iabbadsQised 1 tRRRMbSHitént tRAMHR aay vhigast cad, 1N
sone cases at | east , In other cases at least 75, in sonme instances at

| east 100angrcbetwieantanziof thesphiee eositedt aiosast 33 WO 2007/ 024751
PCT/ US2006/ 03%%%res%§t01n?éntiéll1 ?R)'Vlc%:gg dBife ﬁ?f@emgﬂ? fidbalel RIS fRRAMH have an
of up to , to

average particle-'size I'n so I'nstances u 550, in other
i nst altc esconfiriens halsaniba usairecadmgso the abovesderibad methdbr Theawessnigevies 400,
and in sone aituati ons up to 350 m The maxi num average size of the

pre- expan‘B%lB %Sesin beads will be linited by the dimensions of the two-part

ol d to 5 al | ow fory f8ednBd: @ ofta@seEspantatdcendrrd/atbchied 8y expanded resin
beads into the nold as described herein. The pre- expande%)gégﬁi n beads can

be screened t dipidranes Hdiddeadaehedrie thesgepnddegy onafe pes et Pesi n
peads used in folifs 1TRAHHRMne R RE bPOHe YANHR R BAles dndRALHGEt@EN any of

t he val ues reci bove. e present”invention provides a device
produld ng | abéfisdegkpandednoredowthliracent ai ners t hat can be used according

(e, above descr Beg TR RS AT B Py AR S e e ol s e up
at least one mandrel rail attached to a first brace and a third brace and
oriented perpendicular to the mold cavity rail;
a female mold cavity car adapted to move along at least one mold cavity
20 rail between a removed position, a transfer position, and a molding position and
including at least one female portion of a two-part mold oriented parallel to the
mold cavity rail;
a male mold cavity car adapted to move along at least one mold cavity rail
between an extended position, a releasing position and a molding position and
25 including at least one male portion of the two-part mold oriented parallel to the
mold cavity rail, where the female portion and male portion form a mold cavity
when the female and male mobld cavity cars are in their respective molding
positions; and
a mandrel car adapted to move along at least one mandrel rail between a
30 readying position and an insertion position and including at least one mandrel

adapted to seat within the female portion when the mandrel car is in the insertion
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first braces, a third leg attached to the second | eg by one or nore second
braces, a fourth leg attached to the third leg by one or nore third braces
and attacNedoa241se¢ 15 first |eg by one or nore fourthPOTASE6/03249¢ east
one nold cavity rail attached to a second brace and a fourth brace; at

| east one mandrel rail attached to a first brace and a third brace and
oriented perpendicular to the nold cavity rail; a female nold cavity car
adapted to nove along at |east one nold cavity 20 rail between a renoved
position, a transfer p05|t|on and, a nDldlgngOSltl n an i ncl udi ng at

| east one femsostigandithmearlepartion isdn theipnefcrpqsiipehe a'fell & to the nold
cavity rail; &,00880Rs & Hoe!chy r&RdveRIRRbRE td ﬂllﬂ@V&u@ﬂnchﬁg babriktést one nold
cavity rail etvvee% an extended position, a releasing position and a

mol di ng posi tld)wctlyidpmﬁedﬁwlmdﬁmgﬁ@nw@aéhe marsdrelepeis potheilpiertioh t he t wo- part
nmol d oriented t.h gre the female portion
and nal e portllgoﬁ{t oraﬁng m)a[legavug‘%gldm%aﬁetré{leés%érpos}ﬂ%e and nmale nold cavity
car S &ein thﬁtdfeﬁﬁ&mﬁtdn\mdmmilcdpdrgon pesypicadlysnadend netalnadi@imatalr adapt ed

nove al at Ieas one man rail. petwee Oredln osition and
an i nserti“@éfgﬂ'{ﬁ%ﬁrtelgé’?ﬂ gﬁﬂn?lﬁe?‘g’@flﬂ%nﬂmla ad¥ SB%E?}WWGP 8‘?“ ar d’ﬂ%’lugﬁ %o seat
within thg CTJ(&S RfidriaRe 3R fioRe WIRHEH Bhit&eh, tdppkr) irbhSilvers flfnifim,34 WO
2007/ 024751 P S2006/ 032496 portl on and the fermale portion is in the
transfer {ogsten, orngaees, fickels bronze chropHem @pREIN B eonsianifgy Bokgmer oy er s
adapt ed t 01”196'1{1%10?15 ?”Aﬁ‘&iﬂoﬁ’a?l Oft cﬁﬂﬁ?@esugﬁlé ﬁ?ﬁkﬁﬁd@?&?@?%ﬁ& @pmel e
portlon car e Insertion position and the male
cavi t10 caencompass thdnmnerﬁizaﬁllamﬁthgfqma&n parton wih Therdfreetal @ a{HOYt Thnhadd mal e

her i cOAERAG A 57 eh ot A8 laned wagr v egnd e ityes Bhnedpfg? 1

clad | ayeqsl offbeGéthak pordich eDhﬁadgé foQhe invkd Wallitan datmd @htaﬁl{brs mﬁaero, thé r on,
silver, alum num_  tungsten, nmanganese, nickel, chrci)m um mangani n,

const ant afemalg ml@?@ufl%ﬁ@‘)ld% nesdpgrtp gadesiaklp apseh e IPP“&H‘%H €. can be
desi rabl erf o8 ?Aa ﬁtl cf@fectea‘ml%u@ ARitdore %ﬁf@?ﬁﬁl%sst f&l 'rﬂ&?ﬁdeﬂ@lln' of the

femal e portion wt metal or alloy. The h materi a prowdesa
sur f at®e thmgstcramaﬂuduml mablenh vintafiont, au@mmgblngnmaﬁ@n@@lﬂqyaél@rmf t he inner

In embodiments of the invention and in order to provide label sheets for use in the

invention, the present device includes one or more or a plurality of label sheet magazines
and an equivalent number of suction plates adapted to transfer label sheets from a
magazine to a mandrel. As such, the present device includes
20 one or more magazines, adapted to hold a plurality of label sheets,
attached to the frame and adapted to move between a loading position and a
feeding position; and
one or more suction plates attached to an arm, the arms being attached to
the frame, the arms being adapted to move between a pick up position, where the
25 suction plates are in close proximity to a top label in the magazines, and a feeding
position, where the suction plates are in close proximity to the mandrel when the
mandrel car is in the readying position.
The present device can also include positioning fingers attached to the suction
plate arm. The positioning fingers are adapted to wrap a label sheet around a mandrel.
30 The device according to the invention can include any number of corresponding

male portions and female portions of two-part molds and a corresponding number of
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wal | of the female portion. Damage to the inner wall can cause containers
to stick to the female portion during nolding | eading to undesirable
unschedul Wo 2nefgli1s¢ downti me. The hard material can bePS#&IUSeaosd32496 t hout
limtation, fromstainless steel, nolybdenum 15 tungsten, tantal um

ni obi um vanadi um and conbi nations and all oys thereof. In enbodi nents of
the invention and in order to provide | abel sheets for use in the

i nvention, the present device includes one or nore or a plurality of | abel

sheet magazi ne nd an equjval ent nunmber of suction plates adapted to
transfer %éa}?gféssﬂ@éff@oﬁr%% ec“r‘fﬁ]é’é‘igﬁgg) fPsa Cadiychers.” Dot mepsing te higipr esent

devi ce i nahaistepe Bfthe i eMionTR RSy VBYAEL B8Sce 2E - Ly of
| abel sheets attached tO(I)l tﬁgyfrgma andceada%tafer%q?E}%ﬁggéélgggf%e%ggh%oadi ng

posi ti on &ZAUYAPark BEQICAVAY pass andawe: onamdoonsome casss 24 sawityiparts pe@hding ant ached
to an ar mpyd hg; j t d fr t.he ar bei ng adapted to
move bet wed n&glr%{tg%o gb ngg ?Htei %ﬁ%&g’mﬁ%%em{ﬂaoe ’mi‘%%gﬂ‘c?ﬂ%eﬁ%ﬁﬁ?eﬁw#éapn cl ose
pr oxi nPt y heve fiomdgo Rabielsome cases fromghio 120, othdidases ieadi fOIM@sidnen, where

t he sucti e .i.n. close. proxipity to the mandrel when the rmandrel
car is i n%{aﬁa{yor%eggl?%\tﬁ 1908 9heg ﬁl.u?aﬂ‘?gs EIP’QSZEW?S’ GIé‘ﬁiné@méal?ﬁtaé‘% gomrttiofe

posi ti oni pavifyi pagier Eheo g dmbodinkeat S1ES i¥Bntidd B BludkLh nl')'i}?p09§5i tioning
fingers arge ag%gte tQ wap a |abel sheet around a nandrel. 0 The devi ce
accor di ng PSP Vithewdimitstor adevice fatmmalsng labeleth epnteifiens eccoedippdthag  mal e
portions afdnfiGmL | z . a_correspondi ng nunber
of 35 WO 203%_/ 02451531?9%%%535%{%?}6@52%@ ;@%’ reé’?‘?%%%%% Vreggon &

col | ed®i vV ey Bmandred sails@@Piarylopated shove Noindrebeai2ng. Optibrially onet he scope

of the in i i t h vi ce accordi.ng.to the I nvention can have

one cavi %65&%%??&13 b ltg l%g&%{la@i%{d;;elﬁ%ﬁ@%acﬁﬂ%g BogHonsg apgeent theptomofdpanded cavity

parts depemdilhdo duiereatdvhe dabilityest hiideel @aP2It1 . MantiREcAOY | GRiudedsign enbodi ment
evice can 5 have from1l to 24, in sone cases from1

of the inven%lfif')sr&é the(&l ) .

to 12, i n"BIWER 43SEsneipgfrom 4 st gde pimanshel cas2 ki pndisoreemovens224t o 10, in
ot her si t eabhddRs b BedondRidd of @REd] N f 4 8 Savity
parts, The foﬂi%vm' ng entr)lodilneon?r%?fe?ﬁ%%?ﬁv%@%eﬂgﬁézrﬁ?ﬁl%dse%rggﬁvgl%e turposes
descr i beshoyginggQradanted toamevsralong rdendrd eailssi09rmtt opgoratip elbetiom andvainear s

o AT NI A e o A TS b
| ocat ed atevdrelmilelZGl and20924d be Efcta@naing)an PPpriate movement means 271,
non limiting examples being pneumatic drives, mechanical drives, servo drives, electric
motors or by hand. Movement housing 270 can include one or more collars 272 that fit
20  around at least a portion of mandrel rail 209 and/or supplemental mandrel rail 208 (not
shown). Alternatively (and not shown), wheels adapted to move along mandrel rails 208
and/or 209 can be used. Mechanical stops can be placed on mandrel rails 208 or 209 to
ensure the reproducible location of mandrel car 211 at the readying position and the
insertion position. Alternatively, the stops can be achieved by setting the stroke distance
25  on a pneumatic drive or actuator or prescribing the number of turns or angles in a servo
drive. In FIG, 9, mandrel car 211 is shown in the readying position.
Also shown in FIG. 9 is labeling arm 274, which includes label magazines 276,
suction plates 278, and labeling fingers 280. Label magazines 276 are attached to
labeling arm 274 by way of pivoting arms 282. Pivoting arms 282 can move from a
30  feeding position (shown) to a loading position, where the magazines 276 rotate away

from mandrel car 211 and suction plate 278. In the loading position, label sheets can be
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or nore supplenental mandrel rails 208 can be positioned adjacent the
bottom of mandrel car 211 to increase the stability of mandrel car 211
Mandr el a0 28@7102u15¢] udes si x mandrels 212 extendi ng fr @ETASEI06HB2496 de of
mandrel car 211 and six renovers 214 extending froma second side of
mandrel car 211. Mandrel car 211 includes a novenent 15 housing 270 adapted
to nove along mandrel rails 209 and optionally a bottom novenent housing
207 adapted to nove al ong suppl emental mandrel rail 208. Movenent al ong

mandrel rails, 208 and 209 n_b ffected using an propriate novenent
means 27?2,&064?@?#%11?%1 mazgf%eséf?gwa} @ﬁ%ﬁéf%@%ﬁl@ﬁﬁﬁ?ﬁl%caar CTRBOVEdtsHgni cal

drives, sgdia pité ¥Bs, electric nmotors or by hand. Mvenent housing 270 can
i ncl ude one or nore collars 272 that fit 20 around at | east a portion of

mandrel rail Sodgioaiiate 27%usblekslingtlmgersa8a aeel attpehied o B@elingrrm XMdwn) .

Al t er nat iyvel , . S.: € drel rails
208 and;‘%? 058 cgnz% %tgn%g(gydpy%}é\ggﬁlv@éﬁqgtg %ag)gEd::tgrr] e’ %ﬁggé%ogﬁgnandr el

rai | s5208laoimga0&idngplate A38iinethe fredingpositoe bind mbélimgdingers 280 imardt el car 211 at

the readyin ition.and the i.nserti osition. ter ively, the stops
can b abhr vEERBYOa S REITEctibR Bl HR P cenbBantiel S AT et ar Ve or
act uat or s@dtioppRae2TPIshPthepeckupPeRitioffand WbBEnOfingRAASr I AwiSpMe drive. In
FIG 9, mandrel car 211 is shown in the rea él ng position. Al'so shown in

FIG 9 i Positpw|ditselngueyesmandysl. i thepick 4 BosiBesk Fucting & eangemovqct i on
pl ates 27 Mol N 79.Label magazi nes 276 are attached to
| abel i ng %rtﬁ?g%éeli %}9&'\/\%@9(? H&ggéét%faﬁggfms 282. Pivoting arns 282 can nove
froml@ 30 feedi agepbadimemof (erioveantion shavd inddGn P, potsiing wagazidedoesinge

magazi ne 76 rota away, . fr ndrel car 211 and suction te 278. In

the T oaahb iR Ae b RT IR Hoiehing 584 ot B BE birdl, Mot

:DC'tIJ' I lUSZOGiﬁigg,ﬂﬂélE@sirigldm @itludes luplh&hupm&il %83, BWer supPoit Ben lfzaz;dbﬂ%%gaos idt ion,
abel s can be_renove sin uction plate 278. Suctjon plate an

| abel i ng PRy rosgipn gt 384»5@%_%!96? Braganasiiy and $hco laggl magagingt 2Wuppor t

284 and rOtaFRBQnﬁghuéﬁﬁmeMﬂh&.Zbécﬁﬂ@@&ﬁ@h&?hﬂﬂkﬂﬁgan§27@%§@@§895|y S

placing suction plate 278 in the feeding position and |abeling fingers 280

i n albestnachivgistrewp thastrowiixed o pie-plened bpleg inslabelingrarp 244 end Wgpeaway from

mandr el h i ! 8.1 i i tion and

"abel i ng nefidhn A lokisEbyppSi Eih A P ol aBelf A8 BRGRa BB e ol

In the pilabel mpeqrives RDDHby swtioh phare 27iSaisdeRiBed Boreine WME: the hbels dpfitsabel sheet

froml| ab(faltbelS rrrllgge}zinsets 3&( ar%zlr? a feeding position and are being depleted, a new batch of

labels are loaded onto second label magazines 206. When at least one label stack on first
20  label magazines 205 is depleted, either completely or to a prescribed number of labels,
rotating means 203 rotates second label magazines 206 about rotation shaft 204 into the
feeding position and first label magazines 205 into a loading position.
In an embodiment of the invention, rotating means 203 can be, as non limiting
examples, a pneumatic drive, a mechanical drive, a servo drive, an electric motor or can
25  be done using an appropriate handle by hand. Mechanical stops can be placed on rotation
shaft 204 or in rotating means 203 to ensure the reproducible location of magazines 205
and 206 at the Joading and feeding positions. Alternatively, the stops can be achieved by
setting the stroke distance on a pneumatic drive or actuator or prescribing the number of
turns or angles in a servo drive.
30 In another embodiment of the invention, a sensor can be placed on any of

magazines 205, 206, or 276 to determine when the stack of labels is too low. The sensor
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10 In an enbodi rent of the invention shown in FIG 10, rotating nagazi ne
housing 200 can be used to provide |abels to the nmachi ne and process

descri bedwbep@in47sRot ati ng magazi ne housi ng 200 i ncl ud@STASR@S/0324pport ar m
201, | ower support arm 202, rotating means 203, rotation shaft 204, first

| abel nmagazi nes 205 and second | abel magazi nes 206. Rotati ng nmagazi ne
housi ng 200 can be attached to | abeling arm 274 byway of 15 machi ne screws
that are affixed to pre-placed holes in labeling arm 274 and upper support
arm 201, |ower support arm 202. Durin

. operation, |ahels are repoved from
first | atibergidasithedrionssasigna(as v%hglaltalgéxwgleag ﬂaﬂg{eﬁki@@ar ﬂgﬁ‘épn. Whi | e
the | abel ?lat’ng éﬂi‘nﬂfoﬂo sibPRltatRIAAEh D863 #Q8taf RadPinds 2@ DeRBsHtt | on and are
bei ng depleted, a ne atch of labels are | oaded onto second | abel

magazi nesroz®en skifeP04t | east one | abel stack on first 20 | abel nagazi nes

205 i s deplet ithe et al v. ri . bel s,
rotating neanglgifgglnlgg g{%gqgiélceggogﬁ }nggbnéﬁ[ &r%g%gl%?lﬁgog ’ %ggl@b%%&r%pgk?on shaft
204 it 0 Hidee to pexitibinnglabsl dintoi raandesi @12, [alielihg fiapers@f@inichs 1&0iabélimgo a | oadi ng

on |1 & 6 SaR G bscges il of T Poel PhechBb PR 2P alpet agi e, o' °°

drive, anygkigehiifke 183 6f leRlateRfingef 230 9.a0010R; fitileRD3ONAIBRIAN g € handl e by
hand. Mechani cal stops can be placed on rotation shaft 204 or_in rotating

nmeans 203labelingrfinger23hehichindudss iptlwality oA tighilabsl plesgasnt gaidesdst and 206 at

t he | oadi I I.f : i , be achi eved
by sett1 AEeTRENFFS 8k RERLL S8NGerdh LEL N 343, Dt BARReERtC,

presctl bi degctileel inmve detail belowy labeldmgens @B @ snd 23 3%traerse araimi viee 0@ edge anot her

205, 206, SHPSTY 213" Bt ER PR MR IOE LI T B 2p ap coret p el B Te
sensor  3d1a¥¥hedP RALHR HiaodmENEThIdSLDDOIHADB4 Okhick aie dign&lwith thedbdtines of ri gger a

signal (as non-limting exagl es a flashing |jight or audible alarn and/or
to si gnal mepdrgh?13go epwndesged labelhacsmentpiggndigd 1205 and 206 about

rotation shaft,2 %ggﬁgfﬁési%-ﬁ {:%f@r sdchon'g&teemq%pﬁe&&aQafbeltéﬁ@etiznainti on,

| abel i ng fingers re 5 use position a label onto mandrel 212
Label ig bn agendrePB312, labelingingees 280 anbpositinged fbowgamardsd 21kthe wrappoigudes a

AN ML BRI VT T eI o L
ri ght | abey adiRdl| AgRheddIotatiti MBcHaRZnABSs which lexteadls frym ddbelinglaim 2Bbel
pl acenent Bg lé\i/a(;l%sf ar21 ggpropriate motor or other mechanism, rotating arms 290 and 291 move
labeling fingers 280 in opposite directions along label sheet 210, starting above mandrel
20 212 (FIG. 12A), across the upper face of mandrel 212 (FIG. 12B), and along the outline
of mandrel 212 until they reach the lower face of mandrel 212 (FIG. 12C). Labeling
arms 290 and 291 then return labeling fingers 280 to the starting position (FIG. 12D) and
mandrel 212 has a label sheet 210 attached thereto by way of vacuum as described above.
FIG. 13 shows device 290, which includes a frame made up of first leg 293
25  (partially cut away in this view in order to more completely show device 290) and second
leg 294 attached by top first brace 291 and bottom first brace 292, a third leg (obscured in
this view) attached to second leg 294 by top and bottom second braces (obscured), fourth
leg 295 attached to third leg by top and bottom third braces (obscured) and attached to
first leg 293 by top fourth brace 296 and bottom fourth brace 297. Control panel 298 can

30  be used to monitor and program microprocessors and/or a control computer that
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attached al ong outside surface 235 of right |abel finger 233. During | abel
pl acenent, 10 described in nore detail below, |abel fingers 230 and 233
traver se Wpa0vd2#1@¢ outer edge of mandrel 212. The onl PCpaIsees/33b6 | abel
fingers 230 and 233 that contact a | abel during placenent is |apel

pl acement gui des 231 and 234, which are aligned with the features of
mandrel 212 to ensure desired | abel placenent on mandrel 212. As shown in
FI GS. 12A-12D, after suction plate 278 has placed a | abel sheet 210 15 on
a mandrel 212, labeling fingers 280 are posjtioned above nad;r;ﬁir | 212 (the
wr appi ngintgréases Wijh‘f@nsmamuaﬁgs,fdiﬂﬁg“eﬁ@l'V%@esalfVéfsafefaé’éH@%F(’{Soaf} %‘ﬁia arm 274
by way of_ rotati nms 290 and 291, attached to rotating nmechani sm 288,
whi ch exioé)ﬁggn#elrvg%zl@gbel ing arm274. By way of an appropriate notor or

ot her nechani Mandrebtails 209aramattach2 @ wpdirstidraceddé and tisson thirdbrasgard 280 in

opposite directions,along |abel.she 10.. start] 20 212
(FI G 12A3entg P%E?‘dﬂ??iarﬁ(g’ﬁ’@ﬁbcfa%%r%ggﬂé’n‘%?lg E%fghc?%l @b@%?gﬁ&ﬂgéﬁhgl ong the
outlige pekeBRNHuRh b3kdm bitick R9T.NEMbeliggan Riveisl attuehed tawe folrtintemc 296 212

(FIG 12C). Labeling arms 290 and 291 then return | abeling fingers 280 to
t he star ehdpotpusiopisece@¥G 12D) and nmandrel 212 has a | abel sheet 210
attached ther ¢}.0; g&m BSLLdnRebraRYRindth Ghe ihderidaws devi ce
290, which ingegggégg\%?afl%yﬁﬁa e u%qgf first Iég 293.m5 pealrti ally cut away
in this wahéis showninBIG.t13 withrearsloehshel ] in ﬂ%ﬂf@@&iwp%@%%’%&‘n&%c nd leg
294 attache top first e 291 iyl : athird leg
(Cobseur odb fieraep SFepots s PDIET 3 by ARYeBRl tpbe 570 g liefied dione? | 00
secong bnagfisel{ 2115 esdediibedfabovd, lare shegn 2@t labdlaativebled a3 debiribdd leayeby t op and

bottomthird braces (obscured) d attached_.to. fir.st 93 hy top fourth
brace 296 and‘pEmasmelgeaviRy ‘Eﬂrég COBEAINIRE Y f%’?al‘bg‘?{é‘l’nszg%%éwo?ﬁ%be used to

moni t or 3@&%@%@9 L RS BEABE RE RBRD (S5t 20 eal SmbOhér® howsdigrsiseidaptbdto 38 VO
2007/ 024 F US2006/ 032496 interfaces with sensors, actuators,. drives,

servos, meselaesnoldshdiysailndde Mdovarant phlemslearoldicaypscar a0Y algpgmokho.
Mandrel rails 209 are .at . fi ace dhgickiop third
brace and?Vie¥ faﬁﬁ? 8 caﬁlebreﬁtg%gt?(ggflgg el{egﬁﬁon;lcgé%’a@{eﬁ@gtrl %‘?Iﬁi‘]seg%gz Wﬁ ich are
at t aghed drives, Rervbdtivesyosigciemd. Fembleaneveaedt liamsing 30 oart innlude eeseorangare

Labeling arm 274 is_attached to top fourth brace.?2 op brace
297. Devi%Harsgg? that QH%FB’t‘réﬂatge&St %%B%O 1@ I%E:I&?Hts glgdﬁegis?‘grggtg\%?}g' n% to the
i nventi one Qfﬂﬂvﬂ)swﬁ&%‘%jé%t@dﬁlﬁovelﬁoﬂﬁ fnbldreanidy slils Ge4 cailbe usad.t he readyi ng

position. Mandrél car 2 . .
Mechanical stops can be placed on mold cavity rails 304 to ensure the reproducible

Jocation of female mold cavity car 300 at the molding position and the removed position.

20  Temporary or removable stops can be used for the transfer position. Alternatively, the
stops can be achieved by setting the stroke distance on a pneumatic drive or actuator, or
by prescribing the number of turns and/or angles on a servo drive. In FIG. 13, female
mold cavity car 300 is shown in the molding position.

In an embodiment of the invention, the transfer position and molding position of

25  the female mold cavity car can be the same location.

Referring to FIG. 14, on the non-molding side of female mold cavity car 300,
expandable resin beads or pre-expanded resin beads for use in the molding process
described herein are fed to bead hopper 330, from which the expandable resin beads or
pre-expanded resin beads are fed to the six female portions 306 of two-part molds 314 via

30 bead lines 331. Vacuum can be applied from the molds 314 to aid in drawing the beads
iﬁto two-part molds 314 and/or pressure can be applied from bead hopper 330 to assist in
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is attached to mandrel rails 209 by way of novenent housing 270 as

descri bed above. 10 Mandrels 212, as described above, are shown with | abels
at t ached Ww® 20¢792415sbed above. A fenale nold cavity car BOUD/USe@033406é ng Si X
femal e portions 306 of two-part nolds 314, as described above, which rests
on femal e novenent housi ng 305 adapted to nove along nold cavity rails
304. Movenent of female nold cavity car 300 along nold cavity rails 304
can be effected using electric notors, pneunatic drives, mechanical 15
drives, servo drives, or by hand. Fenpl e povene t, hou3| ng]SBOS ¢an i ncl ude

one or nﬁh@eﬂO‘E@frf‘émsbeB@ﬁZn@H&’P Tertmeldb il At M URitnesErnPlonbBA BT o cavity
rails 30 phea)s adapted to nove al ong

nol d caV|43t y%%%j&@%%@&cbgnﬁlgm g&péﬁl\/g%gﬁ?cal Qéto s can be placed on nold
cavity rails Xefertiog egmtuMEhé&r%@ﬁbﬁildM&ﬁ@re prorided emfearlernondans 3881 d cavity
car 300 at..the no 05|t i Q) orary or

r enovabl @fwgé’gngg’ﬂésggél QRN R (cfr‘l‘te? A ml{e??rgéé}%wag%é?ltg?%% g\lr%lé?%egﬁ%el y, the
st ops scandag @aglet &A&dldbyataeﬁltlbmst h)éheﬁﬁﬂt@heoﬂu&ttranemqome@npfm@@ﬂﬁat ic drive

or actuator, or prescri bing the nunber of r and/ or, an on a
servo dr ilpgions; 30&#@1“‘& ePFé?\‘ﬁlné)lélH%PEPceséﬁt?i}n H‘;‘% 33%3“ /gt ?\%Wget §§%

mol di ng paﬁ‘éb%én@@ancl ﬁeﬁﬂaméteﬁ%vegfm Téh@alé Y MahF0ld 33B@nd isansf er position
and nol di ng position of the female nold cawquéwcar can be the sane

| ocat i on. suResfqaentlyrdjstributed tgeag_]noftbﬁ femppde poytionfol Q6 ¢fgeipae meds HdveVabl d
cavity car an e PR gags for use
in the m)(ffé3 Iﬁgl bl}l?)t)cignsegg?g(l‘axg%{hl %e ﬂgﬁg@ﬁgg}ﬁ%ﬁ@ %g to bgg%&ﬁ%ﬂﬁ%é’{? 230 from
whi chigt heindxpalegahioa 15¢as shobedd FIGr8. fieen endandater isegnoveddengsthgre fed to

the six fema| e portigns_306 of t 331.
Vacuum cal§mg pg&wéﬁgpf%-?%mﬂﬁ?&i%way89§"Fba %ut(??l 33%’5\&11&%2%35 into
t wo- part pDldfiectasdHdnAimiBhe edhie EPdhnORr BRRIfo1Ed 77 [rofmhﬁqd)rﬂmp}:ﬁiﬂras330 to
assist in 39 WO 2007/024751 PCTI US2006/ 032496 the flo Sll n beads
into two-hern inBlGs. Bream aad/er wer travisls@long femalgordet liges &‘iorf%‘?aeBBl can be
connect ed ot Inle{ ?(ﬁh 3§§'%Fege 005kt 3%% ée%ﬂlean'd_)ogwa?b} aret8hBdd \Flg sgaiontiéto Fl G
14, st eamand wa ar’e rowg gt emal e portions 306 of two-part nolds
314 bps vva364afrvsettﬁamtletrﬂ3ét 332 and water inlet 333 and renoved via 5 steam

outl et 334 and,wate t n.steam FAAl in fenal e
portions 306 ddmMdly ﬁgcaﬁg%g%ﬁﬁoh‘iﬂn "HES %1%;6%%%%(‘)’1}@&?63612% ?%gg%@%asnd/ or
wat er inlefq %%&ha@é Ris@RANe tenadlé pStieas)ranold malewademeht lowsing 36 afapted e i nl et

mani fol d 336 and is
to move along mold cavity rails 304. Movement of male mold cavity car 310 along mold

cavity rails 304 can be effected using electric motors, pneumatic drives, mechanical
20  drives, servo drives, or by hand. Male movement housing 316 can include one or more
collars 312 that fit around at least a portion of mold cavity rails 304. Alternatively (and
not shown), wheels adapted to move along mold cavity rails 304 can be used. Permanent
mechanical stops can be placed on mold cavity rails 304 to ensure the reproducible
Jocation of Male mold cavity car 310 at the molding position and the extended position.
25  Temporary or removable stops can be used for the releasing position. Alternatively, the
stops can be achieved by setting the stroke distance on a pneumatic drive or actuator or
by prescribing the number of turns and/or angles on a servo drive. In FIG. 13, Male mold
cavity car 300 is shown in the molding position.
Referring to FIG. 15, steam and water are provided to male portions 320 of two-
30  part molds 314 by way of steam inlet 342 and water inlet 343 and removed via steam

outlet 344 and water outlet 345. When steam or water are required in male portions 320
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subsequently distributed to each of the fenmale portions 306 of two-part
nol ds 314 by way of female inlet lines 337, which as a non-limting
exanpl e &0 20¢7/2¢smected to port 175 10 in fenal e porti @ATABA006838HOWN | n
FIG 8. Steam and/or water is renoved fromthe female portions 306 of
two-part nolds 314 by way of fermale outlet |ines 338, which can be
connected as a non-limting exanple to annular manifold 177 in femal e
portion 154 as shown in FIG 8. Steam and/or water travels al ong femal e

outlet i et manif 3 out oi N9 st eam
and/ or Wa{a g‘?“g:{r & %%F’r%\?rg(ﬁhﬁg g?oc Sesagrﬁeacﬁlijl b fg‘%%%v%? r@%%ﬁ? a‘@lﬂp d'335 A
mal e nol dacdhstedry andlor B416; tro@lstta intaldigles manimllde46@ﬁd is@ﬁBse&Q&tl@fdllitM&rtwrt

nmol ds 314 i are inse in femal e tions, rest on e_novenent
housi ng BE%G%QEB’S ?80%%36221 %ﬁ\ﬂ“ﬁﬁﬂ&’%&é%}’%%ﬂ f majo inlgflipetdtt of mal e
nol d cavi twhidhads ahb8-1mhieiRg exMfle cHPE do¥indcRdd 18 1?15}4159%1111*3% ﬁ)frtflﬁf:fﬁdasus' ng

el ectrl c m)t ors, %neumatl c drives, nechani calp drives, servo drives, or

by hand RV B n Bteam ailiog wates exiting malel nméaorxs 330 dsrremoved fromithar s 312
that fit ﬁ{amlﬁ{s 3"2@%? Hﬂ?fnto dﬂt@égfb \%chﬁf%w (.rn)f ef ﬂﬁés%4§0\6h1c Fésn [hatively

(and not s apte d cavity rai 4 can be
used. Per geimerted asre obahimitilg extmpk to anmbe qntlalc]eﬁd inmahopadtieny32 46 shawhs 304 to

01 di ng. UL T B SRR TR S A0S AlsaR PTG O tS A b FoPglesHIPRAVEN ¢ s ops

can be usedd,fulierd the olipbR@Steath A Walh areteinBidiRdih ¥BAM outllS44 St QREr CaN be
achi eiéd by settl ng the stroke di stance on a pneumatic drive or actuator or

by pr chE‘iIeﬁé ?he nunber of turns and/ or angles on a servo drive. In FIG
13, Mle mold vaaithymaalei 3021 5 rERAMMO e RS MR NG nROSIEI0AYieRELCT 1 | N

to FIG 15, steamand water are prov € portions
part nol d31Ga ipthepayitiofs showarim FIF.6f3, BhﬂeQthuearelmd)lded é’s@saﬂﬁcdremved

via stea n ter I et e or

r equi redn}atr)loQ}érra gﬁ%’gﬁf‘%ngl 96 a%h %egsﬁ#\hﬁ% Eﬁ%ﬁ’dgv{g ¢© duri ng

t he pr esentolding ciycig aptivabisiockifg arbhdnidnetanItZnaild s eNvatcthat thogfart343 ar e

opene and._steam and/ o travels to nmale I nlet manlfold 346 and is
g

i
subsefuentt @5 opeY cl ‘PSGS Ehersteps cambe prafosmpd at the srinestiige grd wo- par t
mol ds 314 agptoXvenhtedy th@@&uﬁe le’ﬁ lof Itlhﬂ:e SThaé, fhe mﬁml%b}ﬁ?atﬁn NABulingld é?%\ sexanpl e

can be connected to in male ortlon shown n
St eam andpbieeding éﬁiﬂllbb@ladfi ﬁ@ghmpbi qawities, @m@em p@olmrwmmb@boflmgmanﬂpe mal e

portions 320 0fediNa IRAL To, TidiRe Abds RYelP S ilBlEr QUL §leds! [FESAE Wi Ch

can be
and can take up to 120, in some cases up to 100 and in other cases up to 90 seconds to

20  complete. The molding operation can be completed in a time frame indicated above or
can be completed in a time frame varying between any of those indicated above. The
labeling operation steps including extracting label sheets, placing the label sheets on the
mandrels, and wrapping the label sheets around the mandrels using labeling fingers as
described above, can be completed in at least 20, in some cases at least 30 and in other

25  cases at least 40 seconds and can take up to 120, in some cases up to 100 and in other
cases up to 90 seconds to complete.

FIG. 16 shows device 290 with female mold cavity car 300 in the removed
position and male mold cavity car 310 in the releasing position. As shown labeled
containers 324 are attached to male portion 320. Mandrel car 211 is in the insertion

30  position with label sheets attached to mandrels 312. While in this position, the removers

(obscured in this view), apply vacuum to draw labeled containers 324 from male portion
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connected as a non-limting exanple to annular outlet 156 in male portion
152 as shown in FIG 8. Steam and/or water travels along male outlet |ines
348 to nmeWwe 20amd2¢rsimani fold 349, where the outgoing ste@amiiseelbos249at er are
renoved via steamoutlet 344 or water 10 outlet 345. Wiile the mandrel car
211, female nold cavity car 300 and male nold cavity car 310 are in the
positions shown in FIG 13, |abeled containers are nolded as descri bed
above and | abel sheets 210 are applied to mandrels 212 as descri bed above.

During t sw cki.n ani sm can be. engaged to
ensur e tﬂ?ztOttg&ﬁoeﬁﬁg@Fe%Sl‘@beP?é ﬁ%dBﬂP?‘VEF%’é@&ar R RYsER. s pe

per f or medlabtled J:Imtaiﬁéfe cri lbmtraa;@ﬂrrbdl froﬁmaé aldPiiredns tb B rembverlienes g of time.
Thus, - the nol operation, including the steps of feedl ng resin beads to

the mol d ¥5R 118 omg,cases fopyto &w6rdsnd ihetherg@sesifipm & 4no preondonpl et ed i n
at |east 10, i FIGQ”V%hGﬁé@c?w@éﬂOe@ﬁ{ fe&%le%&d'cav%m@OG%ﬁét@%sféreaSt 15

seconds and can take up to 0, in sonme cases up t I'n other cases
up to 90 RBéwaded mulogo E@@ 31 fretherokigindeg ropidiont A@ﬁhwnlabded;onpl eted in

bt woen g Al PeCReInRRLR Sy e oodS e LB, e 8B ' ™

betmeen any o ose in
i ncl udi ngthentselamn ipogjtibmbehe sﬁrﬁa“esenspfmn I’bg placed brahale Béle ehtyadar 8 h@to

mandr el s sheets around t he mandrel s using | abeling
fingers adic nlﬁ@é@i?% 90&‘5@' lgi‘g‘f?nf?én%g‘ﬂi)h’eépéﬁn?wgaffom ¢ ptions3ldone cases
at | east ibragphovinghdi@rel 3 203388 1 inb2@SH pAtHiche oM ré’&‘fﬂﬁs %&ﬂafn?ﬁﬁ( sup to

120, in sone cases ;g to 100 and in other " cases up secon
conpl & e. nqtbesn remoxets e gasAr san %%dWIQW%@ﬁdIt@mﬁldamertape gg@ral 880 in the

renoved Sl'i it@@ eXal n}{)l@?g ﬂa&ﬂ{é aX}e 1o bqgﬁlﬁl;%)oc{) albrd QleopreFalt%r%gafa posi ti on.

As shown al ners att ac e por 20. Mandrel
car 211 i@ntrnl ddveceiof $ermhalmcGén. pinsius !posntum gchndra:bﬂie Istet eliestsakd ached to

mandrel s 312. ile i ured in.this

view), apgpl’ 10%}%1?@‘?%%’% Bg% %eﬂtagp emaaaﬁ irbgllgsebt&ﬁim on 41 WD
2007/ 024 7h4 fAGT luﬁae@ GhORBA Yheet 3&Dbd @ardshigred %ame %lanumfb thBgmEPRG el car

and rsrlg f] Eﬂ# car_are in position, the |abeled containers can be

t r ansier rddhg qwl%lﬁaﬁﬁ‘?ftqf&@a‘?% shass candhpcageemplished ol tp0l0 sseendads, i n
Sone Casﬁﬁs&h@%s%s?@m@ﬁe&cs%@ g%ﬂ&ifd &hé}tcggersﬁ%%fgo%gl 2 to 6 seconds. FIG

17 shows device 290 with fenmm cavity car he transfer 5

posi tion and rdGel$shatvsaglrvice 29¢ with Iadale moﬂmwvaxt:mmﬂ@dn thesemoosd  As shown

| abel ed position and male mold cavity car 310 in the extended position. As shown labeled

containers 324 are attached to removers (obscured in this view). Mandrel car 211 is in

20  the insertion position. In this position scenario, the label sheets have been positioned in
female portions 306 and female mold cavity car 300 has backed away from mandrels
212, which are no longer in contact with female portions 306 and are free of label sheets.

From the positions shown in FIG. 18, the cars travel back to the positions shown

in FIG. 13. Once mandrel car 211 returns to the readying position, the vacuum to the

25  removers is discontinued and compressed air can optionally be applied to allow the
labeled containers 324 to fall away or otherwise be removed from the removers to be
further processed and packaged. Subsequently, the molding cycle can take place in the
two-part molds 318 and labels can be placed on the mandrels 212 as described above.
Thus, the present device continuously produces labeled containers according to the

30 invention.
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containers 324 are attached to renovers (obscured in this view). Mndrel

car 211 is in the insertion position. One or nore sensors can be placed on
mal e nol awoavewoz4tar 310 to check that the previously ROTABA0608248¢ ner has
been renoved fromfenmale portions 314 prior to noving nmandrel car 211 into
the insertion position. If the previous container has 10 not been renoved,
the sensor can stop device 290 and trigger an appropriate signal (as
non-limting exanples a flashing |ight or audible alarm to alert an
operator and/or control device of the malfunction. In this position
scenario, the Papétitablrapneymatiedrivsosarve diive of #ptyatorien bpysediip the mBasentas

descri bed;Rboys:. Mh&he hﬂ%erreglh%s inglyl @%ﬁfhtog il RatidnN Snd1E MRl Qfﬁﬁe' on, the

| abel sheet can be tra fromt é man to the”i nner~wa 15 of the
femal e poad;tlrxgwwthTsmmgfrﬁumoanddwbleeab'ahg plteelatatlcayinbiersacswaiﬂé pghedrives 1 to 10

seconds, D sqQnme c ses fro on ot her es.from3 to 6
seconds. ﬁagca Q@?ﬁ%vast éonégg % %'f)‘éﬂﬁ'll‘gq O%?aa\ﬁ”tl%ﬁ%i?mé%u h the
r enovesl BesdhtRmotamﬂ)rpmHefﬁﬁm Hstatay, 1L yardaGE Baﬁlclmutbﬂﬁetuﬁmxﬁnded position. As
shown | abel ed contalners 324 are attached to. renovers obscured inthis

view). MafdpdottesyileMA., whichcan gejude withert lﬂmﬁﬁl%&éww&m m?fﬁrSE #PRIES t i on
scenari o, nt& pPRls, RBARLE ufly sptsaitameﬁl%niaﬁc dfﬁé@dr%e&@rclhbé}ﬂs 306 and
? y §lt)acke

femal e m)Pd cav car 300 ha$ away fromnmandrels 212, which are no
| onger i nagpatprsdhatwpn be seddn e poeniiomincRde thoselavailable fom Norgreblat., sheet s.

Fromthe h i F r h 5|t|ons
shown E&ﬁﬁgn’%@ %ﬁg\éﬂ%wnu h)?\V\'(‘%rar y}ﬁ ? FOOkg %%Jtl%gn%cﬁug %}hﬁg§%g‘gl tion,
the vag uumrhmed, IMeanclzdster difited Kingdong IBi)@ﬂnRexRiﬁld Carpd Bxttifpliens PAd Sidniens an
optionally ied to th abel ed _cont ai ner o fal] .away or
ot her wi seA@?\#‘aﬁ@» ST M@? ngv%?%awﬁs 3R 2 iep é?SAp%i«”e@ N
packaged. Subs @ﬁyeéuléevacc&ﬂaﬁlgrmnéllﬂ@nﬁuﬁ b BeAed AKSmRIE 8f mAkinBehe t WO- part
nol ds 318 and | abel s can ﬁg aced he mandrel s 212 as descri bed above.
B

Thus, thepﬁﬁggéﬁﬁkﬁéVﬁ@@w@o ﬁ@ﬁ&@ﬂ pdsduces | abel ed containers according

to the 30 1 nvention,; Oﬁgg\ga%gpsﬁéa%églgg} BTLLSPA0RL P3R40 g ¢ 2D €

pneumatic drive, ser can Re pr esent
i nveni$ on. Sui padibes pitbeitvat-part Woidvgs i ncl ude, without limtation,

o1 gl eracting, ol oot Rk Bl B G0, BRUL A
i nvention include, wduti@Wppliddthioakh @ subf@SiDIAY R dndlk thokd RMaldWIrtisle; 5
Bosch Rexroth Corp. andHof fman Estates, |L, and GE Fanuc Automation, Inc.,
releasing the label sheet in the female portion by stopping the
20 vacuum and applying an electrostatic charge to the label sheet via the
charging pins in the mandrel and optionally applying a “puff” of
compressed air from the suction holes in the mandrel;
positioning one or more male portions of the two-part mold in contact with
the corresponding female portions to form one or more mold cavities;
25 adding expandable resin beads or pre-expanded resin beads to the mold
cavities;
applying a sufficient amount of heat for a sufficient length of time to the
mold cavities to effect expansion of the expandable resin beads or pre-expanded
resin beads to form labeled containers;

30 cooling the labeled containers; and

removing the labeled containers from the mold cavities.
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Charlottesville, VA, which can include without limtation associated
notors, anplifiers, power supplies, feedback units, and brakes. Suitable
pneumat i cWOR00R4B1 servo driven actuators that can bePUGFAH2006/083306

i nvention include those available from Norgren Inc., Littleton, CO
Universal Fluid Power Pty Ltd., Moorooka, Queensland, Australia; SP Air 10
Limted, Manchester, United Kingdom Bosch RexRoth Corp., Bethlehem PA

Si enens AG Muinich, Germany, SMC Corp., Indianapolis, IN, and Festo USA,

Hauppauge, N. Y. The device according to the invention can be used in a
net hod of makuIﬁgﬂnteﬁ@oén@@éﬂﬁtmsmh%%@cﬁtﬁpaifr@éplymgaﬁébmq@b@ Jndensides:

AP Vg Bl BPSlch BPER! orRor@RrhI0BSrMY bt (L AR ALIANR bR ©

portions o e two- par positioni ng nmor e mandrel § that
hold a | abel sheet amaglgadalnﬂ]lehneaﬁpMeHdagahmwQMammlsbnitsh@ts staskedin i n one

or nore femal e r n el e t he | abel i he f |l e
portion by sto ?'}Ef‘lfﬂ%ﬁ pv%@ﬁﬁﬂfaﬁﬁ%éat%?li}? ﬁan%ﬁt%aé:ﬁ c'iortg%{r%rtnl é (igﬁarge to
the | apel sheeidapica td Retate bREE @%a@ﬂn@?oslﬁoﬁﬁlﬁimeﬁhgbom , dptlblestal |y
applying a "puff’ of conpressed air fromthe suction hol es in the mandrel;

posi ti oni ng onfeiRg exipeied #ﬁn@hﬁmaga%bwax Pl sugHonBlate afafhed it AR Bifbact wit h
the Co”espongﬁ h i &IBLRdROt (J{éefpa[ﬁ?ee{rﬂ hNaBleWREv@h aPRéCu WsHichavli khes; 25

addi ng expand resin beads or pre-expanded resin beads to the nold
cavities; appl ajpphgatmnsmltlpmlwelaﬂwlﬂu@tlmlfplﬁtéai adapied 0 eantact & pwface gt h of

time to the i?‘.b&g %gége}t%?%e%‘égsc %daS@éH%] Kt Pa%t ?Jd&%o?@th@%&algg&%rggéﬁm 4

beads or pre- eg?B orm ontai‘ners cool i ng
the | apel ed cotht appliaton ehdciandvi ng the | abel ed containers fromthe nold

cavities. 43 WO 2007/ 024751 PCTI US2Q iment..of this
met hod, the step ofMEpPpE er'?ﬂ"téf’nipéﬁﬁl‘”lg‘ﬁ%@?%ﬁa%ﬂﬁet?#ﬁg‘rt Cﬂuafpogaeﬁ of one
or nore femal etoggégﬁﬁegldﬁfpoglﬁgntm part nold can be performed by:
extracting a | abel 'sheet from a nmagazi ne containing | abel sheets stacked in
a parall el rel ati ongdsitipning thehlebelghees dirediky abayaz maadmskinibe wedvivtied to the

frame and position, wherein the mandrel in the readying position is aligned with the

15 application position of the suction plate and the mandrel in the insertion position

is aligned in a position horizontally opposed to the female portions;

transferring a label sheet, as described above. from the suction plate to the
mandrel by applying a vacuum through the mandrel and discontinuing the
vacuum applied to the suction plate;

20 moving the mandrel car and mandrels with a label sheet attached thereto
from the readying position to the insertion position, the female portions being in
the removed position;

moving the female portions from the removed position to the transfer
position and positioning the label sheets adjacent to the inner wall of the female

25 portions at a predetermined location;

discontinuing the vacuum to the mandrel;
applying an electrostatic charge to the label sheets by generating a
sufficient voltage to the electrostatic pins to provide an electrostatic attractive

force between the label sheets and the inner wall surface of the female portion,
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5 adapted to rotate between a | oading position and a feeding position, the
| abel s being extracted fromthe nagazi ne by way of a suction plate
attached wo 2007/@#18l which is attached to the frame andPadisRes/obEdeeen a
pi ck up position and an application position, wherein the suction plate is
adapted to contact a surface of a top label in the magazi ne and i s adapted
to extract and hold the top | abel through 10 the application of vacuum
noving the suction plate with | abel held thereto fromthe pick up position

to the application sition, positLianj the | abel  sheet directly above a
mandrel in the r ead&?%r?é‘aﬁ%@?llﬁ?%ﬁ,P‘%/@ﬁe‘?r}gé’i"??pf%?%ﬁérnfﬂ?r%lthq tRandgel tp agfi ng
position is al ngh@fentiof thellilRl omaRPiafdtl 8 IhPBASIWANSuPhcd ahs Bmidion pl ate
and the mandrel in the insertion position is aligned in a position

horizontal |y oppJ88®d to the fenmml e portions; transferring a | abel sheet, as

desori bed above. {1l gbraliRitnl e Wi/ RORLL, B apRa N9 2

vacuum t hrough the nman i scontinuirng the ™ vacuum-ap to the
sucti oh pl at e; pasitiomeichg t he nmandrel car and mandrels with a | abel sheet

attached thereto fromthe readyi.n ositipon ta.the jnsertion pasition, the
femal e portions bei Mg TR etrﬂ%nadf%r%)gbﬁlewgmopé’ﬁf'm%& th&“'taﬂgnggﬂgp‘én'porti ons
from the renovkch faehetdnibodimert BEtheianRaTies, thdlabdl inAstianndapatid bF oni ng the

| abel sheets adj acent to_ the inn%ra wal | of the female 25 portions at a
pr edet er nREEPINIBE asiudere clickedls Saresgs dawribedthave+ B a prsticidarasesct obippl yi ng

an el ectr 93¢ ahd &ihOR @€ strfack '?e%_islti@f?f bt BB EHEP th\ériQelF' grregtte-f 19n *’1‘0“’%%({.i ci ent

voltage to the el ectrostatic pins to provide an el €ctrostatic at racti ve
f or celhet ween Anethergnehodishens pEtha ieventien inghides wiralpbing thref labad shidet toend enal e

2L, AT LSO A R 2
t he mandr tie 14bel sheet fromn elie svalion satefiade ndndtdle female portion, noving the
female porti ONR J Iga?trirc]:utlepr%m E) 1rr§efntegf t%g %}etsén(% rr]rletclﬂ?od'f Hl% rrgaerzlg}%\ll ie'\sdfree5ﬂo%81§é tion; and
when positioned in a female portion as described above.
15 In many embodiments of the invention, the male portions are horizontally
positioned in the female portions of the two-part mold to form mold cavities by
moving the female portions from the removed position to the molding
position; and
moving the male portions from the extended position to the molding
20 position.
In the present method, the female and male portions of the two-part mold are
adapted such that when the female portions are in the removed position the male and
female portions are spaced apart and not in contact with each other and such that when
the male portions are in the releasing position or extended position, the male portions are
25  spaced apart and not in contact with the female portions.
In an embodiment of the invention, the expandable resin beads or pre-expanded
resin beads are added to the mold cavity by way of one or more feed channels in the
female portion, where a valve is positioned at an end of the feed channels adapted to
close and seal the feed channel from the mold cavities during expansion and fusion of the

30 resin beads.
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nmovi ng the mandrel fromthe insertion position to the readying position.

In a further enbodi nent of the invention, the |abel material is capabl e of
mai nt ai Niwe 280724 Tsace el ectrostati c charge as descri bedPamaise06i082496
particul ar aspect of this enbodinment, the surface resistivity of the |abel
material is greater than 1010 Q sq. 10 Anot her enbodi nent of the invention
i ncl udes wapping the | abel sheet around the mandrel using positioning
fingers attached to the suction plate armafter transferring the |abel

sheet fromthe _suction plate tqg the mandrel, In a. particul ar enbodi ment of
t he present rreph%}ff,%hef ﬁ‘@gﬂ‘ﬁﬁ‘a?teq%ﬂ?es‘n?’?@énﬂgﬁgﬁt ABP leﬁﬁ%Fh%B%latcﬁY}We‘a‘ni n a
femal e pobé indspeadetBssntrbRe ARy Rale bortlon B RMATPSdoAEThSs, e pPEighventi on,
the male portions are horizontally "positioned in the fenmal e portions of

the two- pAfat stgBican inglude pprlyipe @ heatwyele dus thsfemale ppitign il i iadeneadgnd fromons fr om
the renovgghipashhbantviR it ie ' position; and noving the nmale portions
fromthe g%gn%ed ppgi tingﬂl tngg?étﬁ%rﬂgn%l ding 20 position. In the present

met hod the fehedestabragpentd of this embodiment, themeethavbegnantludapreheating thadapt ed such
t hat when_t f e rtions are.in the renove it t he mal e and
femal e por Olh]cg%ag ﬁgf?éysf%a E%St?\%ﬁf’?v%‘?fcﬁd%?mitﬁe %‘Hﬂgﬁgﬁﬁwqoﬁcp‘éaé’@ﬁs SHdt  and
such that thetfemaletpbtioeethgeainl This s@p @an Be fdllowee b aspliitig BR&Inttb @k méldext ended
posi tion, therjgganlqﬁwporti ons are 25 spaced apart and not in contact with the

femal e pofPVity %SBW%P rehsetifge i nvention, the expandabl e resin
beads or pre- expangdedpectEstiins %ﬁ%@ﬁ@t@%&&ﬂﬁ%&%ﬁ&ﬁﬂ#&%ﬂd way  of

one or nore feed channels in the fenale portion, ere a vaive Is
posi t 1®neeavitiesdry fhishing Steameayidesadisranttbe sutsidapf thd madd cavlitissevithidtteeal t he

0, Snanlele JEAR L S0 S R SRR RIS B, e, o
t he i nventavaty,franhthetmedd pafiph bt prehebivgz. nol d cavity can be independently
comLrol e | n e LS P o 1 LA ROt o TSy, A aRply 10 e
i ndependefiold ¢91hes 8 Pluytingstdanh 8afiti&s)all Rert ihd SRsIABO BRIl QRities wifhiLertai n
aspects of this enbodi nent, the nethod can include preheating the
15 the male portions with steam and flushing steam cavities adjacent the outside of the mold
cavities within the female portions with steam. This step can be followed by applying
steam to the mold cavity from the male portion after preheating.
In embodiments of the invention, the labeled containers can be removed from the
mold cavities after cooling by
20 applying compressed air from the female portions into the mold cavities
and/or applying vacuum from the male portion sufficient to cause the labeled
container to travel with the male portion;
moving the female portion from the molding position to the removed
position;
25 moving the male portion from the molding position to the releasing
position;
moving the mandrel car from the readying position to the insertion
position;
applying a vacuum to the cup remover oriented directly opposed to a base

30 of the labeled containe;r sufficient to cause the labeled container to release from

the male portion and remain in contact with and travel with the cup remover;
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nold cavities by flushing steamcavities adjacent the outside of the nold
cavities within the female portions with steam This step can be foll owed
by appl yiwg 2807841510 the nold cavity fromthe mal e por PCHUSAIN6HB2496
preheating. In other aspects of this enbodi ment, the nethod can include
preheating the nmold 10 cavities by flushing steam cavities adjacent the
outside of the nold cavities within the nmale portions with steam This
step can be followed by applying steamto the nold cavity fromthe male

ortion after preheating. In itional aspects of this enbodiment, the
Iron=3t hod can incl ude %‘%Wgél?elIﬁﬂqad?‘%ﬁarwgﬁﬁreé‘i’aﬁp%%u%a‘? ushi ng steam caviti es
adj acent the outsi dentlvirghke vaulmaa e dupFebidn chusinkThé B BBLIEaRARIT ONS Wi th
steam and f| urswgﬁi ng steam cavities adjacent the outside of the nold cavities
Hea%ﬁé’rq

within the fe qt‘bﬂ@cﬂi’f@%’t@éam This step can be followed by
appl yi ng st eam m@Fﬁéa&tmﬂ%d%\élﬁ% é&@f@dt cdMbIEYhS L) f?érhgéplgﬁq heating.
iners’ can e

I n enbodi nents of the invention, the'labele ont ved from
the ndl dtheddhel phest tgfrempving teilahgldgyconBimep paryber@mmTtpd dsadhani 60, ]Err om : Ee
femal e pogt.d j | avitie nd/or appl yi ng vacuum fromthe

nal e porpt g%@g&gﬁ%@%&ﬁ% Est%ga(:lgﬁsgr Fies ﬁ%ﬁsotﬁf‘ré%&sec‘??)ﬁ‘fsai ner to travel with the
mal e portion; Wovdevices bad fetiadedpatibddebold movidbe [4lediclpandeg tdsinon to the
renoved 0si.ti '.2? ving the male portion fromthe nolding position to
the rel eag?“rs‘l nerggili“ﬁ‘b‘ﬁ?: novi ng the mandrel car fromthe readying position

to the inser! | obandBsi fehidBeadiol bl Aafld A0 oS UEscoR HERBVALIIOT | ent ed
directly opposed to a base 30 of the | abeled container sufficient to cause

the | Hhel Bef g bavinga sidewadl witlsan eutersurfapeandsd esgendi on and remain in

contact with r i r r_ 46 W0 2007/ 024751
PCTI US2006/ 032%%&&1 fgrr%:{?\"?‘iidn%g ntt1 Hééb%grﬁlg?g‘f‘l DIt PALEERE ?1‘8"%08??1[’ chatee and
renovi ng disposediovrrmt teastalpertonmf tlenmna@rsurfatesifilg didevatigs thoconeliase and fal |

2‘(’)"%%' fe'[ ?g]gt Pﬁe&lé Flgécgga\[ég{weag.glp% hsﬁlétpcrog%?n%}‘ herlrse e;[ lggg ’shéetc] teha"[c {sqgmirngt%g ItcE t%g for
expanded plastic material and with the external wall of the container during the molding
15 process. A key feature of the present container is that the labeled external wall presents a
smooth circumferential surface.

The label includes an electrically insulating substrate, as described above, having
a first surface and a second surface; a heat sensitive adhesive, as described above,
disposed over at least a portion of the first surface, and optionally a coating and/or

20  printing ink disposed over at least a portion of a surface of the label sheet.

As shown in FIGS. 19 and 20, the containers 400 according to the invention are
circular shape in plan and include base 402 and a side wall 404 extending upwardly and
outwardly from base 402 to a mouth 406 at the top of container 400 where side wall 404
terminates in an annular rim 408, which projects radially outwardly from side wall 404

25  about mouth 406 of container 400. A multiplicity of such containers can be stacked in
nested relation and to prevent them from wedging together, when so stacked, making the
containers difficult to separate from the stack. The label 410 includes first end 412 and
second end 414, which can overlap to form a seam indicated by an edge 416 of second
end 414 where they meet along side wall 404. Of note, as indicated above, label 410

30  presents a smooth circumferential surface, particularly at seam 416.
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5 the | abel sheet to renoving the | abel ed container can be conpleted in

| ess than 60, in sone cases |less than 45 and in other cases |less than 30
seconds. Wheog@ises and net hods descri bed above provi deCa/usawsloeddexpanded
resin container that includes: expandable resin beads or pre-expanded
resin beads, as described above, nolded 10 in a shape having a sidewall
with an outer surface and a base; and a | abel fornmed froma |abel material
capabl e of maintaining an electrostatic charge di sposed over at |east a
portion of the;outer e.conta i ner... /As indicated
above, the pr e%ne% en&bo Iﬁfrﬁé’fthr?dg %P%Ybfgf;t e?ﬂéé? OY‘HEP ?egml'l ‘ﬁ@t‘léa to the
expanded pleateta seamiesiribad atiove. M thik dnfitddaxér) d1adat swakitiveoddhekioe amtyai ner

during theﬁﬂol di ntgl 15 procef A key feature of the present container is
that the PRNEALY2ELISERRATIORS ﬁbaiﬁ%éwf%cegf onlydks overlap BertiPR PESRCPRd endyr f ace.

The | abel 4ipsicHdRs faihedt RaLitilEMueYivé BSHAR ét'?&s§é‘ﬁﬁ{1&?‘éiea topSudgeIrkiRed
above, havin a first surface and a second surface; a heat sensitive

adhesi e, ougsTapeortiannddirsiisnd 412. di sposed over at |east a portion of the

first surface, and, (;d'ilg loﬂhea}n e%%nqge@ﬁg/(?a)g)eﬁd&h r%é&g@l nI c di sposed

over at least a portion Of a surface’o *Thown in FIGs.
19 and 20corthieerctfiftcan be ndldedFroac expadieicpolwtirbes hatealt i on are circul ar

shape in plan and incl ude. base 402 and, a ext endi ng upwardly
and’out viar dl y I FHIE SROU S of L3¢ Inyeitigna 8@9@%@8 grioggmasifer 400

wher e si dgominbr 404s a i Wal@t RS did oﬁﬂlgﬁﬂ&‘l’sll@rfoa&h maétﬁanaeemlc h projects
radial |y outwardly from side wall 404 about nouth 406 of container 400.

A mul 49 pl i ci t yAstsedhereindhe §rmcthin Waﬂe%ée@tsa@@@gnfmer thaishas @ sidewalli on and to
prevent t i . m%ﬂ’ i pnt ai ners
difficult hﬁénnfggesgd;}agtﬁg&fog%{%%?& E‘( ﬁ)a@eﬁ%ﬁgcasg%& l%gti ?I} s end 412
and seconzh B %14 in senieclasasap to#andapother dasmmpao 8eam Thesidevat by an edge
416 of segond end 414 t h 404. O note, as

i ndi cat edﬁﬂ‘g%\?ﬁor%gatﬁi@en i@ngﬁ 'ég’@ﬁg%‘gl?aat aé‘ag%alciﬁusqura&&‘?’rzfl‘é‘ggﬂ?lPé?VI rface,
parti cul aghificRht S@agh4d the coﬂthWD PROFIcRe4d D hB Gl W2 006HE QeR486r cahbean

enbodi nent of the invention, first end 412 overl aps second end 414 to
creat & a IRAYAIMRATARESEIHISHABY VilHes IerikedabnuRi ment, a heat sensitive

st ve, L5 Onie WALt o gl e BREI M b OLLAT SHEhARE Of ol
adhesi ve totieracdispease dndégtdriak pot; toldr othenbavermges, bbalseo stbre dralispense
food, such as soups, noodles, instant noodles, vegetables, meats, and oily food products,
fried foods, non-limiting examples including fried chicken, french fried potatoes, fried
20  seafood, and the like, pet foods and snacks, potato chips, pretzels, and the like, and other
containers or vessels for storing and dispensing food products and other materials.
Although exemplified in FIGS. 19 and 20 as being circular shape in plan, the
present containes can have any suitable shape in plan so long as the shape is adaptable to
being molded as described herein. As such, the present containers can have a circular,
25  oval, elliptical, square, rectangular, triangular, pentagonal, hexagonal, heptagonal,
octagonal, trapezoidal, or parallelogram-like shape in plan.
In other embodiments of the invention, the present containers have improved rim
strength when compared to similarly manufactured containers without an in-mold labeled
smooth circumferential label surface.

30 As used herein, “rim strength” is determined using a Chatillon model DFGHS
digital force gauge (AMETEK US Gauge Division, CHATILLON Brand Products,
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5 overlap portion of first end 412. In an enbodi nent of the invention, the
| abel ed expanded or foam plastic container 400 can be nol ded from expanded
pol yst yr emO 204154l . |1 n anot her enbodi ment of the i nveRCramomwieszdhabel ed
expanded or foamplastic container 400 is a thin walled product of high
density foam plastic material. 10 As used herein, the term"thin walled"
refers to a container that has a sidewall thickness of at least 0.5, in
sonme cases at least 0.75 and in other cases at least 1 mMmmand can be up to
5 1n so a r

t hi cknes;ﬁg fgﬁ)ﬁggbog\l%gf%%pg)ﬁ%é%ag ?glsﬁ Hﬁ%{hgr@cggha% l?Sggaccor di ngly
to provi dge sidepfa eorémer@taémgmbc oﬁprtehmchdmhwathaenn at‘l'etmnsﬂantﬂpa@isfor of the

sidewal I af.the ¢ er~can he 1 an e or_ran val ues
recited SBOVEISH g“ﬁ%@\ Té’% O%Vteg}eﬂeltsgo%taoggflﬁyﬁéegvtg nﬂ‘%%r gﬁ}?\,\ﬁfzplﬁﬁaﬂ%an be
cups, usechchalthexawpkteps iml thé pera(k fode Sy@laassefeao&décprﬂ@rrbpdﬁeh@ﬁeas@ememor ot her
bever ages, bow s tg store or pense such as soups, noodl es,

i nstant HodAvEEee g %?r%‘lwé’é’nsﬂ’é ‘f%n ﬁ‘é{?ﬂng‘i’mb’ seloeigd spainess,  fried foods_,
non-limiting %%rﬁahthﬂgb%ma the d]b@ﬂ:nﬁmpg & haveTaGiH Birdd, %ﬁl?ﬁllaﬁgta@fegﬁs fried
20 seafood, and the lik s and snacks, potato chips, pretzels, and
the |ikeS0%min Wses@bh@ﬁﬂﬁ% gnd)m atkgr seges af bﬂstgﬂ%rgrﬁﬂgerahm TdiﬁSlpenS| ng food
products h in FlGS. nd 20 as
bei ng c¢i rs@'%%tt%f%éon%e@%a?d&s %oﬁkéﬂf}efgéﬁ%fmk 'Lén gcgse containers ar alﬁly Ui t abl e
shape inuphgthessamle@qumsmt he shape is adaptable to being rml ded as

desc bed her t he rese cont ai ner. have a circular, 25
ovaI eI lipti &Bmoﬁ‘\a&a#@ PSSRt SR nhavplrg aé‘r}ﬁl?i‘o&ﬁ? la%a]gﬂ@é‘@@il?al hexagonal
hept agonalreurbfeteAt@Nabel sirADBAR ﬂﬁvaearrmp@cf@llg{}ﬁdvpalrc%mdatéa% §ﬁiﬁ&?1 inplan. In
ot her enbodi ments of the invention, the present containers have i mpr oved

rim st r&RgEiCHRsroRtsinsE B arplabelad P%?Yfmlmw sranping cloheldiprend thei t hout an

| n- nol d r her ei n,
"rim st rgﬁgt aﬁ%f %ﬁ%@rﬁ ne&%&oﬁ}lﬁﬂ&h exm%ﬁ? thé@g%&?%%@&ﬁé\/& al force

gauge (AMETEK 11118 iGaulgest 5)%4 lIBSQIlTB caé&dﬁhﬂehktcm‘%&aadldx dFhadasts st leastd SV&D

2007/ 024751, P 82006 da).. The,digital force gauge is

set &g FERf ﬁé’[} "Hémfs gﬂb@ﬁﬂ%%@’%ﬁ%f’ ginerpyhers; %?Jeebaﬁ? CPUBHT aj ner at

a di Stan@fér@édemﬁlgltﬁl&@nﬁ@qﬁiyﬁehﬂ rimat a constant speed for a set distance

of 1/4 inch. The novenent is confrol|ed by a servo notor. Wen 1/4 inch is
In other embodiments of the invention, the rim strength of the present containers

is at least 0.3, in some cases at least 0.4 and in other cases at least 0.5 KG.
The rim of the present labeled container can be adapted to accept a lid as is
20  readily known in the art. Further, the labeled container can be shrink wrapped, as is
known in the art, to prevent, among other things, the lid from unintentionally being
removed from the labeled container.
Thus, the present container can include a rim that is adapted to accept a lid and
can include a lid secured to the rim. When shrink wrapping is applied to the container
25  with lid, a secured and/or sealed storage vessel, cup, or bowl is provided.
The present invention will further be described by reference to the following
examples. The following examples are merely illustrative of the invention and are not
intended to be limiting. Unless otherwise indicated, all percentages are by weight and

Portland cement is used unless otherwise specified.
30

Example 1
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reached the servo stops and the peak force value is recorded. The reported
nmeasurenment 5 is an average of determ nations nmade on five randomy

sel ect ed WOnD@imerss. As a non-limting exanpl e, the pre®€mUSCH3IIa have a
rimstrength that is at least 50% in sonme cases at least 75% and in

ot her cases at |east 90%greater than the rim strength of a container that
does not contain a | abel, where the base containers are made using the
same equi pnent. 10 Additionally, the present containers having an in-nold

whon conpar ad P TAeFEF A ANoHRE T B BERIABRFuh SRIPX Chebidie) """

af t er - moll, rlrgttstwrghy\mpmvn@ (ﬁl dv@b@b paticRUR df ABout 300 @mMRbie pad-edgagdgiont ai ner .
As a non-limtin present cups can have a rim strength that

is at | ekt blzsl%iemsmtwé é@5d%(§tesl?a?z ifeams euppvgre Made Psingthe @raching descabed east 15%
15 great §f pidi2o.feherte chJsSfof %ﬁ%@l Werd béléci ﬁsrm%mle% W@ia@%n&%?ﬁ%&dﬁ% wher e

t he base containers are ma sing t e sane ment
enbod? nedesribéd hdreini Tiveel?t dzo foamt ms,rqr base rcapﬂgftthr sarinpﬂeh% werearselded osimg ai ner s

is at legst 0,3 r,cases at. least 0.5
@ “the Tamesite s PRl R FRER aR ey ol mn(d ARt afh R B e ept a 11 o
as is 26nﬂbel&d¢dp¥ alid affiked ﬁsmélﬁvaiytPerrﬁwehheru,e SticgAbab @ epdise@Tbay.,ner can be
shrink wap as_ is _knagwn_ in ﬁi prevent, anpng ot her t hi ngs,

the |id Pﬁ%ﬁ?r@npﬁh@mlﬁ)&séﬁwwse.T g§12 Pérﬁﬁ%&% 6f hasecypsh B}réaneksﬁt ai ner .

Thus,  t hgeRS B5RBA u§RPHRINMRAINE ABschiBEd HARGS. 61181ah8 Jlerd R BlRRUSA I G RECEPL
lid and can include a lid secured to the rim Wen shrink wapping is

appl 1@d eepsttad agwaik thickesss oPb8mnt.h 1id, a secured and/ or seal ed storage
vessel, cup, RS ?Qgﬂr%ﬁgﬁ %‘ggﬁg?llezq?s%p?g%% IEI?SY.I e%'fh%gf% further be

descri bed by refrere OW ng * exa atﬂlo’ﬁg exanpl es
are ner eh;odelIIDEGHSalhgnaEfoﬁ)ée dalnge (AMETEKODS ﬂadgaDanﬁm CHATBELON Biandbe
limting i ndi c ted al | percen s are by weight and
Port | andpﬁogﬁétﬁ’tsfﬁr [ﬁ@\éﬂ &T%%@ Heiphediee bt p ﬁl&%qg@ééhﬁ%%aégﬁ 49 WO
2007/ 02455&&’5@5&&4@8@@&&@&%&9 at Pals¥atY IR 1ﬁ<§§ie‘[bv@%‘i1ﬁn eédnlfahs ) T Beads

avail able from NOVA Chem cals Inc., Pittsburgh, PA) having an average

par t 1T esesed dorgrsepdigignceatid/hingler Bhgymevessgms ifchoatrolled by a servo motor. When

1/4 inch is reached the servo stops and the peak force value is recorded. The results are

shown below.
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to a bulk density of 6.25 I b/ft3. 12 oz. foam cups were nmade using the
machi ne described in FIGS. 9-18. The cups for sanple 1 were | abel ed using
t he i n- noWoO 2bélel1smg t echni ques 5 descri bed herein. ThePCR/US2006/0823#06 cups,
or "base cups" for sanple 2 were nolded using the machine described in
FIGS. 9-18 without in-nold | abeling and a | abel was wapped onto the cups
and affixed using Avery Permanent G ue Stic (Avery Dennison Corp.,
Pasadena, California) as adhesive. The 12 oz. foam cups, or "base cups" for
sanple 3 were nolded using the machine described in FIGS. 9-18 and were
not | abeled. Al of the 10 cups had a wall thickness of 1.8mm R m

st rengt hfof—five—cups—f m h—sanpte Sjsasut ed—using_a_fhat
nodel DFCEHS digital for(,§ ggréae ( AVETEK §%gpéajzuge Di vi si (#?m&ﬁ&{ll'l LLON| Br and
Product s| Destfiption Fl or i daJn-Mdlthkebeledyi t al | Aderd®ldjabd | S SeiNogpalsdkeh that the

force ga-}ﬁe—ggushes—agamsl—gne_&_de_Q%up—aL-a—m—smme_@L@neqmch
bel ow t heRENRgReH cons{ant 1%-Fpeed for a setd-4fi stance|of 1/927 nch. | The

novenent | i ntrolled by a servo notor. Wien 1/4 inch|is reached the
servo stops and the peak force value i$ recorded. The results are shown
bel ow. 50 WD 2007/024751 PCTI U82006/ 032496 Sarrpl e 1 Sanple 2 Sanple 3

Description In abel fter Ml.d. L t, Label e Strength
0-55 0 4a"0. 271N ettt Mol londRattion Rl or R bR e pe DTt 1 o
cont ai ner goltldBeligirdldingendchine aad ﬂleilﬁb@édcﬂﬂllﬂglb(ﬂlhd’lﬁeﬂﬁﬁlv&ﬁloﬁn dhegihods
according to the present invention. The rim 5 strength of the present
cont ai her &SR8 HiBepreEAt staRYs ey%al@équdrﬁﬁr?@%%f@atﬁ@a%?héwnﬁwr«‘éﬁom abel ed

cont ai ner uRagkIEd\&onfdifer 3hd %%‘Pst?éng{mﬁ”tﬁé A c&ﬁaﬂﬁé}b ARL ckQRed RN ed as
20% greater than that nmeasured ran er-rm d I'abeled or "wap | abel ed"

cont ai ner greFigethen élgaémeasumeﬂeﬁqr proafteramold &xbaled @s Ewidpdabelid?’ lsonteier- ence to
specific detai t t ended
that such det aleﬁ S%EGHE@R%}}& 'ﬂ &1%& bgef(fp ?&rﬁ;%? Gith rQi%%e%gé to stp%cﬁic d& 1tls 0

ations up of the
i nvent i onpasicdpt emb‘tﬁltilflaits thereaNdit ismot higeneled eat sdchalétatlhbg/regaﬂded asncl uded in

t he acco clains. 51 | V5
f'& nHmltthon% upon the scope oquepinvention except insofar as and to the extent that they

are included in the accompanying claims.
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1. A device for producing | abel ed expanded resin containers conprising: at
| east one nold cavity rail; at |east one mandrel rail oriented
perpendicular to the nold cavity rail; a fenale nold cavity car adapted to
nove along at |least one nold cavity rail between a renoved position, a
transfer position, and a nolding position and including at |east one
femal e portion of ‘a two-part nold oriented parallel to the nold cavity
rail; a male nold cavity car adapted to nove along at .l east one nold
cavity rail between an extended positggn a releasing position and a
nmol di ng position and including at | IMSe mal e portion of the two-part
nol d, wherein the fenmale portion and nmale portion forma nold cavity when
the female and male nold cavity cars are in their respective nolding
positions; and a nmandrel car adapted to nove along at |east one nmandrel

rail between a readyin osjtiop and an insertion osi ti nd _i_n¢l udi ng -
at | east one nandrer 3gégféﬂc?o oL RFOMThif ﬂ%e%gﬁanpaﬁﬂFﬁO%es gn theg

e-por
mandrel car dghiddinde ddigerisdmgposition and the female car is in the
transfer position, the mandrel car including one or nore cup renovers
adapted to puIPtaiﬁééﬁuﬁpénﬁoﬁg GAveftYed @ di‘rect |y opposed to a mal e

portion when the mRAdiebneamardsdin tha idisertian posdndiceld: the e e
cavity car is in the releasing position; wherein the two part nold
conpri ses atM@kdhstavhey €dhHuit adapted to supply preexpanded resin beads

to the nold cavicby,3Rd @hd @asti Qe LONMEEdPrt s URpry | Aosg ea 182st0 the
ol d CaVIty'one mold cavity rail between a removed position, a
transfer position, and a molding position and including
at least one female portion of a two-part mold oriented
parallel to the mold cavity rail;

a male mold cavity car adapted to move along at least
one mold cavity rail between an extended position, a
releasing position and a molding position and including
at least one male portion of the two-part mold, wherein
the female portion and male portion form a mold cavity
when the female and male mold cavity cars are in their
respective molding positions; and

a mandrel car adapted to move along at least one
mandrel rail between a readying position and an insertion
position and including at least one mandrel adapted to
seat within the female portion when the mandrel car is in
the insertion position and the female car is in the
transfer position, the mandrel car including one or more
cup removers adapted to pull a vacuum and be criented
directly opposed to a male portion when the mandrel car
is in the insertion position and the male cavity car is
in the releasing position;

wherein the two part mcld comprises at least one
conduit adapted to supply preexpanded resin beads to the

mold cavity and at least one conduit for supplying steam
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2. The device according to claim1 further conprising a frame conprising a
first leg and a second |eg attached by one or nore first braces, a third
| eg attached to the second | eg by one or nore second braces, a fourth |leg

, attached totoh%hthk&ﬁxiQQ?H¥¥P”e or nore third braces and attached to the
first leg by one or nore h braces; wherein the at |east one nold
cavity rail is attached to the second brace and fourth brace and the at

| east one ngndrel rail |sTﬁéeggﬁé?é(héég%§1ﬂ5tt@r@§§lﬁng Fhiedebrace. 3.

The device according to clai erein mandrel conprises a first

base hauomgrasdngeasf@ama coapg@@am@'@a§éﬂﬂ§nhﬁ$aﬁﬂﬂrﬁﬁﬁﬁQﬁﬂQXﬁe%Mereln D2
is grea

h n c i nf_erent)al Ohgj tudi nal
di spose@IEg%Sh?gt Hg ]bl rsn%bglse an tﬁte%géczc{?%g baggﬂf&%ﬁ%% of c%grgl ngy
pi ns poshti esedndl drg bheonmamdrabnanﬁaﬂnadrhnﬁqaﬂ)farﬁﬂui%hel¢@ t he

second b n | ur I|t $yction ol i he
nandrelagE?Fgga gﬁh%B % §¥ thé”ghrq%égﬁ% fé) g coﬁ%rlses a
non- Conduﬁhbﬂgdﬁﬁbethélfhh&m|LéguMy(hﬁ&ﬂdﬂﬂﬂ&{&ﬂfoun@ﬁ(ﬁﬂﬁﬁﬁ@,at anbi ent

condltlon 4. The d d 34, ph
mat er i al’ ES%H the & \él %I%S%gl%glren'lﬁog# aqasvl sy(rar} e reé{]t e %PQQ ggaducting

ﬁonSl Slt sBgofl Ur'é@léolé(ﬂﬂdyrmﬁﬁ:th mﬂmlmr&armt copod ty nems w&ndtelins,
ol yari HESL Bl PSEaPEataed o IS HE Caporg Her 26t vi nyt
chl ori de, pol ycarbonates, polysulfones 53
3. The device according to claim 1, wherein the
mandrel comprises
a first base having a dimension DI1;

a second base having a dimension D2, wherein D2 is
greater than D1;

a mandrel surface circumferentially and longitudinally
disposed about the first base and the second base;

a plurality of charging pins positioned along the
mandrel surface from the first base to the second base;
and

a plurality of suction holes positioned along the
mandrel surface; |

wherein at least the surface of the mandrel comprises a
non-conducting material that is not deformable or

hygroscopic at ambient conditions.

4. The device according to claim 3, wherein the
non-conducting material comprises one or more materials
selected from the group consisting of fluoropolymers,
homopolymers and copolymers of olefins, homopolymers and
copolymers of vinyl aromatic monomers, polyesters,
polyamides, polyester-amides, homopolymers and copolymers

of vinyl chloride, polycarbonates, polysulfones,

53



ceram cs, wood, glass, elastoneric polyners, conbinations thereof and
nmetals coated with one or nore of the materials listed herein. 5. The
device according to claim1, wherein the mandrel is free floating when

posi tioned iR, a,fHRMBl & RPN Idiks 6-c TR Sy £ ;?&P)Qﬁéiiélg &OmGiAbELdnEur t her
conprising one or nore magazl nes, adapted to hold a plurality of |abel
sheets, att ddsaeaio ante ratates HRPERAPIED tOove "Pet weentB2| oadi ng

posi tion; ag%g%gfgi'rgiéggatﬂ .j/@and one or nore suction plates attached
to an arm the arns being attached to the frame, the arns being adapted to

nove between a pick up position, where the suction plates are in close

proximfy toatop lagel ddvide Jagazanes c8nthaiheedl fhepasht g, wher e
the suctiion plates are in close proximty to the nmandrel when the nandrel

car is in thendadyiig os: tformtimng Theenend st heeeddingat 6s@rarm 1,

wherein eachOr J%]portion is horizontally opposed to a fenmale portion
nold of a tﬁb-paﬁ? ol d. 8. The device according to claim1l, wherein the

femal e portion conprises stainless steel and the male portion conprises

bronze._ 9. The device .gccording to claim1, A h -.expanded resin
beads %onprise one orl'Hor® fH %r?%ﬁ% %%?%e?@ggig%ﬁ1ﬁh§ugﬁgﬁg consi sting

of honopol yresmgpofsMidiyl aromatic nononmers; an 54 interpolyner of a
pol yolefin and in situ polynerized vinyl

at |east one vi A} SFoffQc "AF5TIME” wi q$§§§§fﬁé§%$g93$ﬁ%f%%%§fggﬁgggg1°f
conj ugat ed difges,sheets, attached to the frame and adapted to move
between a loading position; and
a feeding position; and one or more suction plates
attached to an arm, the arms being attached to the frame,
the arms being adapted to move between a pick up
position, where the suction plates are in close proximity
to a top label in the magazines, and a feeding position,

where the suction plates are in close proximity to the

mandrel when the mandrel car is in the readying position.

7. The device according to claim 1, wherein each
male portion is horizontally opposed to a female portion

mold of a two-part mold.

8. The device according to claim 1, wherein the
female portion comprises stainless steel and the male

portion comprises bronze.

9. The - device according to claim
1, wherein the pre-expanded resin beads
comprise one or more materials selected from the group

consisting of homopolymers of vinyl aromatic monomers; an
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al kyl (meth)acrylates, (neth)acrylonitrile, olefins, and/or maleic
anhydri de; polyol efins; polycarbonates; polyesters; polyam des; natural
rubbers; synthetic rubbers; and conbinations thereof; wherein the

pre- expanded resin_bead nsj Qf Jirqm lJﬁggﬁ &4 5-10s1 ess than
40 Ib./??g?rpfgym?ﬁeggeéi?giggggﬁgﬁhéﬁ%%l'cléin1 , mherei% t he %¥e;
expandedrogsihcheadsmhave aopoiyeersy@fags paadtclans| v vt 2FeBAE100 to
600 microns. 11. .The device_accordi Q. Gl Wh%f ' toe prenexpanded
resin b@888m86nﬁ%gge088|?%i?%%%é#ﬁﬁﬁ%ﬁﬁ?t%g?%3§h$%1 é%%?% agent ?ha? has
been sugpgpdedmienhancagiades s ystearn)eomyliei iy o o@ledies, oindi gper si ng

ai ds, nonionic surfactants and es; . rei i { Lds.are
pr esent "&t €4S 8PBY IS5 Pga¥ﬂ§§§&3fﬁiﬁﬁiﬁ%ﬁ%%éﬁ%ﬁ%éﬁgéé%ggs%%?%é by
vei ght ghbikesiisckeadatuand aubiselsctatfhamd heulgroup: condi sting of
trical cium phosphate, zinc oxide, bentonite, talc, kaolin, nmagnesium
carbonaF@WbéP@ﬁFﬁ@ﬁl&%QﬁioékﬂyvinyI al cohol , alkyl aryl sulfonates,
hydr oxyet hyl cel | ul osgnhepelivvaehyl ipteaeixghamitdytesicelbeddsehapal Fvi nyl
pyrrolidone, sodium and conbinations. thereof; 55.wherein t n-}.Qric
surfactants are p?%%%h?ya?fafF%We?to%eaﬁg ﬁogaBSUQEESpgra§ g@ a%?dﬁﬁpﬁer
100 parts by weight of resin beads; wherein the waxes are present at a
| evel of up to about 2 parts by weight per 100 parts by weight of resin
beads and are selected fromthe group consisting of CIOto C32 |inear,

branched or cyclic alkyl, alkenyl, aryl, alkaryl, or aralkyl alcohols;
10. The device according to
claim 9, wherein the pre-

expanded resin beads have a number average particle size of

from 100 to 600 microns.

11. The device according to claim 9, wherein

the pre-expanded resin beads

comprise polystyrene impregnated with a blowing agent that
has been suspended in an aqueous system comprising one oOr more

of dispersing aids, nonionic surfactants and waxes;

wherein the dispersing aids are present at a level of up to
about 2 parts by weight per 100 parts by weight of resin beads
and are selected from the group consisting of tricalcium
phosphate, zinc oxide, bentonite, talc, kaclin, magnesium
carbonate, aluminum oxide, polyvinyl alcohol, alkyl aryl
sulfonates, hydroxyethyl cellulose, polyacrylic acid, methyl
cellulose, polyvinyl pyrrolidone, sodium and combinations

thereof;
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Cl0 to C32 l|inear, branched or cyclic alkyl, alkenyl, aryl, alkaryl, or
aral kyl carboxylic acids, their corresponding amoniumor netal salts, or
C, to C32 Ilinear, branched or cyclic alkyl, alkenyl, aryl, alkaryl, or

aral kyl es&ﬁéfemeﬁﬁéﬁﬁor@lﬁoﬁ&@erkéeﬁaﬁtsbé@acﬁ@dsehtcml C 1akkil of
al kenyl, aryl, alkaryl, or aral kyl hydrocarbons; pal yethyl ene;

pol ypr opyl dme:abqydl Yeswparts DyolWediahdr Patnd Kbt i Dhv e Hheoft Bgsin

beads;

wherein the waxes are present at a level of up to about 2
parts by weight per 100 parts by weight of resin beads and are
selected from the group consisting of

Cio to Ci» linear, branched or cyclic alkyl, alkenyl,
aryl, alkaryl, or aralkyl alcohols;

Cis to Csz linear, branched cor cyclic alkyl, alkenyl,
aryl, alkaryl, or aralkyl carboxylic acids, their
corresponding ammonium or metal salts, or Ci to Cs
linear, branched or cyclic alkyl, alkenyl, aryl,
alkaryl, or aralkyl esters thereof;

Cip to Cs32 linear, branched or cyclic alkyl, alkenyl,
aryl, alkaryl, or aralkyl hydrocarbons;

polyethylene;

polypropylene;

polyester;

polyether;

and combinations thereof.
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