; vwe3e R=FE. RCC, hu GRADED CRYSTALLIZATI ON OF CONTAI NER FI NI S m\“‘m““\
17829F ﬁ%@fmﬂﬂ invention is directed to containers of nol ded pgmwm\m“
constr ) 15 and nore particularly to crystallization at the 1591507
cont ai ner 1ewk* kni sh. Background and Sunmary of the Inyention Containers of
crystallizahl e polynmer construction - e.g., PET construction - ar

conventi %&%’ﬁ“f abricated in an injection blow nolding operation, ?7%29\}5{'“ ch
a preformis fabticated by injection nolding, and the preformis then

subj ected to a bl ow nol ding operation to formthe contai ner. The contai ner
finish is formed to final geonmetry or substantially final geonetry in the

i njection nolding %gg@ CRYSTALBEPSTRONYOF EONTANVER FANISRERY NET _
construction, The body of the container is subjecte o stretching during

the bl ow nol di ng Op?ﬁ%éﬂe?é}lt $Rehfidi istdﬂgct?cptg o%n%ingf's o?gﬂo?&td%gll yz%égrgs'irﬁction

construction. It has en proposed to strengthen and T1gi ni sh
portion of the container by crystallizing all or selected portions of the
neck fi nimm%&ﬂvwﬂ&@ﬁaﬁl ltionat by ¢ ¥1§ef4{c®1&§{1‘§11-5, 4,928, 835 and
6,217,818. The uncrystallized portions of the container body and finish are
typi cal | yBhe bpdantd Sunmbey 6fithe dnveitioh| | zed portions) of the fetish
contain spherulite that has a m | ky opaque appearance. The term

"crystal lizable pol mﬁ%i'nemft dﬂfiﬁ%ﬁ%gﬁ&#k%ﬁ%‘ﬁ%{gﬁ rég.,epﬁrfcenmmmpl Hger

20 that is capable of being crysta mefs 1 nclude not only

pol yesters such a T, ich.i.s the cr al lizabl e pglynmer St Lypically
foet Lo nsed eaiEDy et R &R B Y Pr s Sl S e R et R

pol ypr opy| enes,, pol ycar bonat es and pol yan des such as nyl ons.  Thus,

al t hough’ Bpadsqtion mAieisg aned thepraformisibehsubiecicd tp ablawdnaldmng speration e deFmibet i on
W th polyesters - i.e.. PET - the invention is by no neans |imted

speci f i cabdmainer. tThiesopeingntiyistois férarid tyfind gemepryer substantillykimal gomewémthe
referring in the present application to preforns or containers that are at

| east par {djactidh rﬁdlﬁﬁx?%béﬂaﬁ@xﬁ lagd Féﬂe)‘d]ﬁr’is SURRIPHIUS bOPmePlonktPudios PREBod of
containers of crystallizable polymer "construction, “such | anguage reférs not

onl yat 0 cgnt ai .1 hat ar nti,.rely of crystalli.zabl e pol r .
condPr vt 8BS i QFerBa T iRy R PioldiRE Gt Sl oy i of
outside |layers are of crystallizable polyner constructjon. O her. .

i nt er medi SUENtPdpRlymepTo *@an{tixpﬁ'&en sroppsedfiastrengiten anlnididy tha fipish portion

mat eri al s a&ai nst mgration of gases through the container walls, |ayers of
process r etk pontaingy rerystaikizisg slhat selented partioysad theaeoisfimist, Seeforexaibiplsy.S.
internediate | ayers nmay be included only in the body of the container, such

that the Parhsidn@rs,f15n4,98,835 £id 6)217818r €He PRIrysERIIZedPRR 0NN 6F the BontSber Body
extend into the finish of the container. See, 10 for exanple, U S. Patents
b

4, S50, 043 : : : : 1.t has en;.
or oposed T avenafpieely ket whuoBRe ARkl Qi col 3R R
di Si on%ﬁﬁt abilLity of the container finish. However, such conplete
crystal | i BH PRSP PRYE @PRFFHSRage of the finish as a result of
crystallization, which is unacceptable in the threaded section of the
finish to which a cdhetrméerystabizablepalymbr’in the prsant spphicatacefemdo angpolymesel v,
a conpletely

that is capable of being crystallized, These polymers include not only polyesters such as PET,

which is the crystallizable polymer most typically used to make containers, but also polyolefins
such as polyethylenes and polypropylenes, polycarbonates and polyamides such as nylons. Thus,
20 although specific embodiments of the invention are disclosed in conjunction with polyesters - i.c..

PET - the invention is by no means limited specifically to this polymer or family of polymers.



1 S anorphous finish is subject to softening and novenent as the contai ner
is hot-filled and capped because the tenperature of the container may rise
above the glass transition tenperature of the plastic. It is therefore an
«obj ect of the present invention to provide a technique for selectively
crystallizing portions of the container finish that substantially reduces
or elimnates shFikenigsewben nefrering inithetpresentapplicatipn togireformyssirabthipens itha

provi des desired stability in the finish sealing and thread 20 area where

t he comeaitriedst PactBube cistallizable i pohaied! Yolausemyiopdo padfen@l of taifi@dleges
consunption of energy as conpared with crystallization of the entire finish

or o1 or R/ 2EPG BREfrSAREA A R TEladneeifel BHER ARV ©

cont ai ner, and met hod for fgrm ng a holl owl astic, container, in which the
cont ai PossALZaRe ipgiywréemwmm aa t0 maliaves cqmipersoR vhOIREde 300 These
and ot her objects are achieved in accordance with the present invention by
skl ect oweldy layeys bl 0f arystgllizhisde pelyimet iconstuctdn. t Behep istbmiadiang layerstfither in
such a way as to achieve substantial crystallization in at |least a first

POr ti Ofbr@diné6r hiebdrima§URGhdN brfbd MafRflals ¢ Siha tigf@{onUT daleilP@pANHe pOrti on
of the finish, and graded crystallization between the first and second

portio e, fLni M s ; ization" r 0 a

o acuaroaf bRl Base S Eath o8 OO AL Bt po sk AT TR 1 Ty o
crystallizatjon, as distingquished froma_ sharp or ,distinpct non graded

pat t er Wtsmedsta layes “E?é’tsliﬁééau@rdﬁghm ins bedsaefdhe FRINYAITaFUCH 3 tSFORIAEE of t he
neck finish. The gradation of crystallization is continuous, and may be

ei t her fihishéscof untayared pblynea constrbtiati, et maycextenihinto phiecfinasit ofithevemtaimen. &edhodi es a
nunber of aspects, that nmay be inplenented 10 separately fromor in

¢onbi nedrieRBmplel . L Paknet4130,04304.808,9161a1v8¢ 9wk L4, F01 258 5350294, of the
present invention, a finish on a hollow plastic container or preform has

I
[ | body, ' ' i . f . . f h
body. & Second ehiEnrerappoRl oRRbl PR b B A PR BB B B o

the enqg, porfions. . The first end. and the md portions form continuous inner
and ougléraenéwi}e%’élmﬁ@ef?wgﬁdfwhe Iglomfgtsafhqoz!aﬂetafrygsﬁwwmaaﬁ WF the
end, inner and outer surfaces, and crystallization in the finishin a

di r ect shoinkege pfidheifinish aya result dferystallizetior, whishisungecedtabilefin thatlreaded adctionat i on

at the one surface to an essential absence of crystallization at a position

W t hi nof the finishits ivisdher @shtdin@ st vl RtEhdtélf 86 secifdd. WALy, asbpletéll t he
present invention provides a nethod of making a hollow plastic contai ner,

‘Fi)"g: ch %Bg%}ﬁgﬁ?ﬁﬁ?ﬂ g s6ic8 tgé&%ﬁ%g!%a?fi%rrlc??%gxgt%tgg{hteicg*t%erq% h&[ﬁ'lfetd%%lh igg;%g}ifow

ymne construction an he preformto form

plastigc container, Eith rior,. to or, subsequent to hl.ow noldin e
Dt 6 or Re<aHBF FTISTRTAS G AYGaninG SV i SHR O Bty TRRSNOMEmPEAtNe PHES | st
end portion of the finish is Crystallized, and crystallization in the
fi ni shpliastiyrlaércdierefasean ohisetof the preseshinventiondo pravide atachnimetfprose]ectively
crystallizing portions of the container finish that substantially reduces or eliminates shrinkage of
the finish as a result of crystallization, provides desired stability in the finish sealing and thread
20 area where the container closure will ultimately be secured, and/or that reduces consumption of
energy as compared with crystallization of the entire finish area. Other and more specific abjects
of the invention are to provide a preform for blow molding a hollow plastic container, a hollow

plastic container, and a method for forming a hollow plastic container in which the container finish

is selectively crystallized as described above,



In accordance with. a further aspect of the invention, a finish on a hollow
_*plastic container or preformis at least partially of crystallizable

" polynmer construction and is coupled to a body integral with the finish, The
, finish has an end portion renote fromthe body, a capping flange adj scent
to the body, and a md portiori between the end portion and the cappi ng
flange. 5 At | ea%heseapdothensbjedts dragchiavdd posct ordance twlith the gegear inveantiondy bot h
the end portion and the md portion is crystallized, and the capping fl ange

| S essidbly¥rfstRBziAk ik neek ﬁhish%ﬁﬂe%foﬁ% or cf,ong?xﬁ? i Rich 9'@@2 Lstd ik awi ng

The invention, togethér wth additional object eatures and advant ages

thereof, wll Dbe st. under st .o Bar.n t f=0l | ow descriptian,.the
ppenceliehtis sl MOy Rng  fhe Sk bl B e Blesonl§ |
cross sectional view of a preformfar blow nolding a container in

accor darreendpention s thesfirish, and graded gryesliimtiandhesyrendhe first apd speand partipast i al | y
sectioned view of a container blow nolded fromthe preforro, illustrated in

MG  lofibéfifsk TRe tefm dpraded aygallzdtibatreint Rragradal treisition bétereddubtastiseck
finish in the preformof FIG 1; and FIGS, 4-11 are fragnmentary secti onal

Vi ews i _ ' .' o : di 1 Lanal
embodi SEnLZAsS Pl el b cififdon. Ko e d SORE Shar & BBLARE™ e
20 FIGS, ;1. and 3 illustrate a preforrn ZO in accordance Wt n ect of
Che prBdiPRRTAlCPBHHE N GRorRB G e sRUBSS Birios G peckdTth 1hen 22
and body 24 are integrally fornmed in an inj ection nnolding operation) for
exanpl Eadatinh efrory sallirasiong$ continubusy and roay badither hyear ornpmslineacwith distagce.

previ ously described. Patents noted above illustrate various autonmated

techni ques for fahe 'gfeaeﬂmﬂveaﬁsﬂ enbEd &% num b Shasﬁgqtﬂfthd@hﬁf'(béﬁrﬁglaﬁxehﬂad| udes a
first end portion 26 4 remote frombody 24, a md portion 28, and a

3 condséggﬁ%w?ghggrdigggzj%ﬁ& Wi@%g&p&h k. i ncludes a capping ring or flange

, ad] rst portion 26 defines an end surface 32.
First end portion 26 and md poytion 2B_al so def,i ne .a copt,i.nuous external
surface 34 that PhefegHEacsyth @1t aSpest ok e PHRsEni RYSSHAR {RIZH OF AEPLo™
securenent of a container closure, and an internal surface 36 that wll
f or m t plestimenntaingr or pesfommhasiandntegral lmdy 2 first endtportioasvith anend stufese sparedbl ow
nol ded from preform 20, Contai ner 20a includes finish 22 and a body 24a
t hat i &ofil thevbody,destcbidendpafion adjbetyto2e bddyeandatifal poryiord betvaén the endGS, 1- 3
(as well as the finishes of FIGS. 4-9) al so have an external thread for

| at ; te - of . L i ith
at er S&Edhe MRArtfen afid A8 Hﬁ@%orflﬁxgs 18mh gjﬁhﬂbd%gn:%g%gju&rr ErPRPE AL FRgHW

tanper-indicating structure o re ring 1n particular to

Mivent 16 b B ATERTOGRotbe Cub e HoR T st oRes w7y BERIBRIEF TRithh 22)

'S in a direction perpendicular to the one surface is graded from crystallization at the one surface to
an essential absence of crystallization at a position within the finish spaced from the one surface.
Yetanother aspect ofthe present invention provides a method of making a hollow

plastic container, which includes molding a preform at least partially of crystallizable polymer

20 construction and blow molding the preform to form the hollow plastic container, Either priot to

or subsequent to blow molding the preform, the finish is crystallized in such a way that at Jeast
the first end portion of the finish is crystallized, and crystallization in the finish is graded from

crystallization in the first end portion.



selectively crystallized for enhanced dinensional stability of the thread

» and sealing surface areas of the finish. Crystallization in FIG 3 (and in
FIGS. 4-11) is illustrated by shading or stippling, with the density of the
shading or stippling indicating the degree of crystallization, and with the

15 absence of Shigdoiidafilc Wi PRIBGshAAbERE Midnddh, 2BERAGH 2 BblioUpRERAL | al
crystallisation, Reference to an abSence of crystallization, or to the fact

that a portion qof the finish i,s gssentiall NCrys ' . hous,
roans pRe R g aniean Rl of Tl o A IS BRRIE Ly
crystallization is an unintended and insubstantial mnor result of
var i aa badysintegral ivgthithe finisbt dhe figish hascancend perongerpiaross t%é P9§>fx&ICFWP2&$i on will
depend upon application. In other words, the darkest 20 areas of the
dr awi Mg eMRYacPR6 SRsHIA9 Yardraaidglottichitistvasen titesidgasiongnt thesappingfitnge. | y zero
through the graded area. In FIG 3, there is substantial crystallization
tthe i I e L hi$) ed
ryot AT PR PBoRHR g et o Rlont e rRPhirioR By Bn e pd Pt & U BUIBORC,
radial]ly inwardly and axially downwardl y with r ct to finish 22.
(Di r elstersa 12%?%3@&81’@8%“‘){5%‘%55?“ 1a§x§ree Pﬁwgﬁf‘%ﬁm enpl oyed by way of
description and not limtation with respect to the central axis of the
cont aBnief Dies eviigtion §f the Driawimgs wor ds such as "upper" and "downward" are
enpl oyed by way of description and not limtation with respect to the
upri ght ori ent atfihenvesfiod, Regefiee#il adtitiantioljens, &anmesand hivantages theredhi t he
drawings.) In md portion 28 of finish 22 in FIG 3, 5 there is sone
crystaldi,zatiqQn ' f ; eraigtakl i zation
al ongwélg lfeetéogg P%!ecg{ego\/\cglrﬁog%ﬁﬁ? y‘%@?n@?ﬁ‘e&g&’r ?&c%ﬁggggingnd end portion
30, including the capping f]lange, is essentially free of crystallization in
10hi s emanﬁws.drwsvmﬁhf% enbodi nent of FIG 3, there is heavy
crystallization along outer surface 34 in first finish end portion 26 and
the upper part d&HGni ds poross eestioml vipraebaiprsfors far biovamplsing &eRHURSF Pnwar dl y
to surface 36, where there is partial 10 crystallization in first end

Porti @Eco2@arkd dvit GheWBp&k oPBk ipré3éntimv@npion;t i on 28, and axially graded
crystallization along surface 34 in the mddle and | ower sections of md

finish portion t ' S | ed e SRy dreffm28,
crystallizati on%ﬁg'%ggjéﬁ@ggﬁéﬁP?\?ﬁ&gﬁ@ to gg@ﬁ?@tﬁhe cent eg of the
fini Sg{lthi Cﬁmeﬁ \ind no crystallization at inner surface 36. (It will be
under $4&F3CHA @rﬁstal | i zation around the circunference of finish 22 is
the same as illustrated in the crass 15 section of FIGﬁ 3 (as well as the
& oss sections dfIGF} 58n enleged flagmemtamiaertioad vie ofghansrleRinisk in thepretimons . )
FIG 4 illustrates a finish 22a, in which crystallization is simlar to

t hat iofFFGGG; aad The unctystallized inner area of md portion 28 extends
upwardly into first end portion 26, while the partially crystallized | ower

end of md port !ﬁGsZ&-PWa@ﬂ%gzhanﬁ?&@&wapmc&%i afAet 1 thad FEFIG. SNYu20 30.
Again, the capping flange is essentially free of crystallization. FIG 5

illustrates. a_finis ey i i | crystallization al ong
outer ! ‘ﬂﬁ%i’% I?Re‘ft’rvgrﬁ%aﬁlrog%l cgh\lg&d%%rn H%gﬁﬁ?ﬁﬁ#éwh md portion 28, with
second end portion 30 being essentially free of crystallization.

Cryst ddetailed Description o Jusfarred Embadiments 5| crystallization at outer surface
34 to no crystallization at and near inner surface 36. Crystallization is

20 so graded in tHGSaxead 3 dluseate & prafdrm@isadestdandeivdth ane gspeet df thepressnt in 6

invention as comprising a finish 22 and a body 24. Finish 22 and body 24 are integrally formed
in an injection molding operation, for example, and are either of monolayer or multilayer
construction as previously described. Patents noted above illustrate various automated

techniques for fabricating preforms 20. Finish 22 of preform 20 includes a first end portion 26



md portion 34 to essentially no crystallization at second end 30. FIG 6
-illustrates a finish 22c that has full crystallization at inner surface 36
in both first end portion 26 and md portion 28. Crystallization is graded
,in the radial direction fromsubstantial crystallization at inner surface
36 to absence of crystallization at and adj acent to outer surface 34,

Cr yst dPmpterom hOdKZ%las@ldgaoau@cBSsaandm seprndexp aprtign pcvhiemprefaratiy mpliges bei ng
partial crystallization at inner surface 3 6 radially inwardly of the
cappi ngappiaggieg otflahged(, edjaczhy®tbably R£.aFirsvend portidre2 éadefiael anent surffce BLGS.  3- 6
(and FIGS. 7-8) can be obtained in any suitable manner, including for
exam'ﬁrs@fﬁqﬁﬁ 28 &R pRRGA 2048b beh Aeaarzenmioﬁséxl?&narsﬁ@acre@c;%tﬁemaésal i zed
whi l e coo t he opposi g area o e finish that is to remain

uncryst Illzed Fo n the enb iment o can be
' o PoSAg0F AT G e e SR o A A ot a&ﬁnfslfnaf‘%a%si de
surface of the finish, while a chill plug or the like is enployed to chil
the Ldﬁéhatpﬂilﬁwmtb@mwﬁmﬁﬂnsaon@mmm&%llluHeaics @hn@iMBZQﬁéﬁm&mﬁéﬁﬁ'Gm’ml oyed
to prevent crystallization, as illustrated for exanple in above-noted U. S,

Pat entpréfo?mR 08 Sontahihdf 00k FRIudbdfidiSiE2 2aHIAMoER M a 1Bt iFH16w nfolddifkordbrefaran be

dlrected onto the inside surface 15 of the preformfinish, while the
interig body
e suiona g BpARAhaREY A0S, eE?%%“%?%%ﬁen HESSErRS W0 Ba i & 7
illustrates e m finish 22 accordance.w t di fi ed. emhqdi nent
of theexi‘?wé‘n‘?‘?%ﬂ ffof #‘mee‘ﬁcwv&? e RQSBerane PrreERs E?ﬁegocﬂ‘?PseFPt‘i“& i

crystallized at and beneath end surface 32, while graded crystallization
ext endamipar-tdidating dtrpcsureionrth@éosuse.a position at or 20 slightly into second
end portion 30. FIG 8 illustrates a finish 22e in which first end portion
26 is crystalli zrefepingiiphAictladth F1IGNY 466 Ubicabldhrca iWiibnk preduityprafegedded

fromsurface 3? to a substantial absence of crystalli2ation in md portion

28, The, ggg}&ghm m%ntﬁ}'x(ﬁefogrgr ﬂ‘h%2 tﬁé?‘éfokeﬁh‘llnfﬁtkﬁ §U§t§ rl#l’ fidih 2

stabi | Tzrng on I-on al ner %)I nish. 7

FIG 9 IIustrate rm CQnt |ne f i ni h first end
por t i oiriessvely sBstliste Sorephanted Pmebond sabiiyncits Hited Bstefiod s AirS ccond
end portion 30 are crystallized. Crystallization is aded axi ally between
m'd povithe fnaheCauatalismone ir d (i EIGS el I silutreted oy ahicjng ShsEPRIIng, anc
axially downwardly frommd portion 28 radially inwardly of the capping

f | angewithis defisity dflthé slakdieg o stippliap irdk@uihgibedggradiofor stalizdtios ag widhatle r at her
than a external thread for securing a closure. First end portlon 26 is

‘PS yst a&ﬂsh&&%f%ﬁﬁd@ﬁg}gﬂmi&gﬁnéﬂt g en&%‘?s&ﬂ&&nﬁﬁ@@%taﬁ&%ﬁorp h&e%’” ton

is crysta 1 zed e outer ce where t osur e- at ment bead

|s dIS ed sta ation raded radi al |y inwardl nd axi
down el eIt RBARh opmthe St U AppGPE PEte Dah xaﬁafegfi%ﬁﬂacrgﬁtaﬁﬁs¥ ti on
30) including the cappl r;g flange, is 10 essentially uncrystallized, FIG ~
11 il | efs@ usnplcanse Mahtthese ipfant shsencavafnintepded arvataliizatipn. tapgdethat ankh 22h o
ften

crystallization is an unintended and insubstantial minor result of variations in the manufacturing

process. The degree of crystallization will depend upon application, In other words, the darkest

20 areas of the cirawings may possess 50% crystallization, decreasing to substantially zero through
the graded area.

InFIG. 3, there is substantial crystallization at the outside edge of firstend portion

26 of finish 22, and graded crystallization from the upper outside edge of first end portion 26 both

radially inwardly and axially downwardly with respect to finish 22. (Directional words such as

5



used on beer bottles, for exanple. First finish portion _ 26, including the
finish crown, is substantially crystallized throughout its thickness. The
upper and outer surface portions of md poz~ion 28 are crystallized, while
the radially inner pant of md portion 28 is graded axially 15 . downwardly
and radially inwardly. Second end 30 is essentjally uncrystallized,

Al t hougBriaheng  ‘eadialt arg emmiexsd hyrivay afdescriptipmandnot §minbonwHbaspeft 8elssed in
conjunction with crystallizing the finish of the preform which is

pr ef er kentrd] akispsfabe ssnibiasdfinisly Pirepimabwords sweh 4s ‘apperhded Sdoadvardiatret he
crystallization operation could take place in the neck finish after the

contali Qﬁ-{&rl?)%d 32 g}ﬁfglo? geosgilu n dridmid} lirmitdtfR vﬁtHF@éyeéﬂtG%!uBH%PﬁQHEﬂa%s of the

particu situations 1 n which the fini geonetry Is

nodi fied during, the.blo | di, ng.operatian, Thus..criyestal | i zat. i
necozadielatty £ sabfeine S LhiRee bug Re e bR R 2 Rl

anor phous or oriented finishes. There has thus been described preforns,
cént ai ears ismemernsySalbieation alpageptsidesndace?ds but an phsencerf epstatlizatian Yeng 4e
objects and ains previously set forth. The invention has been di scl osed
i n conjlessethe tywetipbhiod ofiinzide surfdce B6.23e2ohd shdporion’ 0 dncledingthi orppirsy flanpel
several additional nodifications and variations have been di scussed. O her
nodi fi gatd L al1h:0ns, W i I ons of
or di nars TP e SR AioRnth s iRl oby AR e LSRRI SPRESTCT
nmodi ficgations and,variations as fall, withi.n the,spi.rit, and broad scqpe of
the 5 ap cste 8y Pligen SonfSief SrtpSesipigsst oo hﬁ?ﬁfﬁhw ISURPEREh or
22c or 22d or 22f or 229 or 22h) on a hollow plastic 2 container (20a) or
pr ef ot muidmrtiomdBngradad ¢misteldizationyadially mueerdly 1@ ayrface 38 awhereithare fhpaftidlg
afirst end portion (26) wth an end surface (32) spaced fromsaid 4 body, a
serond ceystaligdtionan fir@hd poitiantant chesupipel papchyf, mid pdrtion B8 apbastiallyrpraded)

bet ween said end 5 portions, said first end and m d portions form ng

conti ”%ﬂﬁalii?ﬂz{%&laﬁﬁg siHtaceBa ﬁﬂfé fddf aﬁéﬂywe%%hi%& o?@?d ﬁrﬁhgﬂdr&@rf’zsi. Tihbat said

finish Crys at "at least one of saild end, 1nner and 7 outer
surfaces,, and crystallizatjon.i aid finish in,a di.rection perpendicul ar
o sar disand LoerSGiiions OBl eRrion 28 G alisobdre i o b RRLTIS BB G

| east one surface to an essential absence of 9 crystallizatjon at a

posi t i AEnter ehihg fisdshghicknessrand pacastallizgton afiianes sunfacg 36. Fhwilsbe wdesstood 1 The
finish set forth in claim1 wherein one ofsaid inner and outer surfaces
(36, 34hatzrysallizathardindete tikoumfeened ofifindshi22rigthie samel ad illastedtérkin thd cress d

i nner and outer surfaces includes at least 3 a portion that is essentially
upeT y stkdio SOFTCR R aMMRT &k @h&érxs%ts@bﬁdna%ffM@s.lms)a&itﬂiﬁmuﬁaiuﬁngmeraﬁéet ion 4
of said finish is graded between said crystalli'zed surface and the
uncryst‘ga!t%ajd%gsd) portion of the other

FIG. 4 illustrates a finish 22a, in which crystallization is similar to that in FIG. 3.

The uncrystallized inner area of mid portion 28 extends upwardly into first end portion 26, while

the partially crystallized lower end of mid portion 28 extends to a position adjacent to second end

20 30. Again, the capping flange is essentially free of crystallization. FIG. § illustrates a finish 22b,
in which there is full crystallization along outer surface 34 from first end portion 26 through mid

portion 28, with second end portion 30 being essentially free of crystallization. Crystallization

is graded from substantial crystallization at outer surface 34 to no crystallization at and near inner

surface 36. Crystallization is also graded in the axial direction from substantial crystallization in

6



5 surface, 3. 1 The finish set forth in claim2 wherein said outer surface

~(34) is crystallized 2 throughout its length and at |east a portion of said
i nner surface (36) is crystallized. 10 4. 1 The preformset forth in

claim2 wherein said inner surface (36) is crystallized 2 throughout its

| ength and said outer surface (34). is essentjal|l rystallized, 5. 1 The

pr ef or m”klgﬂ”‘f"m% 1P §Ssentialy no qﬁéﬂéﬁ@“&“@hﬁﬁ?ﬁg@“ﬁﬁéngg&&l ustrages &8 nd

portion 2 5’130%1; of said finish, said capping flange being essentially
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crystallized, and crystallization in said finish is graded from

cryst al lof getdappingtflapgé.d first end 3 portion, 8. 1 The finish set forth in
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crystal i zed throudngdlled & sthilizefdHn ShelRibMaBRenSA fFIGORE (AQFIQYIRE) GHr f aces
(36. 34). 9, 1 The finish set forth in claim8 wherein graded
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crystalljzation in said first end 2 portion (26) of said finish is graded
bet ween Wk aBada ke crystallizem sthile popling: the appgsing a3ea ofche ginsh thatsis 4p TeRed at
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and md portions (26, 28) of 2 said finish forma continuous outer surface
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4,928,835, Likewise, in the embodiment of FIG. 6, hot air can be directed onto the inside surface
15 of the preform finish, while the interior of the preform body and the outside surface of the
preform body are suitably shielded and/or cooled to prevent crystallization.

FIG. 7 illustrates a preform finish 22d in accordance with a modified embodiment
of the invention, in which first end portion 26 of the finish is crystallized at and beneath end
surface 32, while graded crystallization extends through mid portion 28 to a position at or

20 slightly into second end portion 30. FIG. 8 illustrates a finish 22e in which first end portion 26
is crystallized at surface 32, and crystallization is axially graded from surface 32 10 a substantial
absence of crystallization in mid portion 28, The embodiments of FIGS. 7 and 8 are particularly

useful for stabilizing only the sealing portion at the end of the container finish.



13. I A method of making a hollow plastic container (24a), which includes
the steps of: 2 (a) nolding a preform (20) at |least pa~'tially of
crystallizable polynmer 3 coxistruction including a finish (22) and a body
(24) integral with said finish, said finish having a 4 first end portion
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that fully implement all of the objects and aims previously set forth. The invention has been

8



| 10967& () - 1096T& () - S1094T& () - Ti K-"1097& ()-s"109%& () - 3109%& () -

10967& () - 10967& ()- @ 10967& () - L109AT& ()-z?Bf G "10947& (-"10907& () - YALO09& () -
+10907& ()- L"1094& ()-"1097& ()- "1090& ()-# $ % & ' z 9bC' 109, |

"10%& ()- ,"10%& ()- 10%& ()- MLO%& ()-" 10T 10T 10T6"109d& ()- 90 g

dEbC' 109, " 10%1&' () @ 10%m&. () - , Y"10%r& ()= ," 1L0%w& () -,
S%O%rr&'%cl",se‘{gg;afg‘l(“}%ém %(E%Nb%ﬂféﬁ%fg@ P5e%%m§&%5fg)%?é“{‘3m§’ and several
"10%1& () - @" 10%m& ()- F10%r& ()-"10%m& ()-j 6dELC' 1090 @52" 10%r& () -
&0- &109srddittpnadnadifigationy andivatigtens haye boph dizospet. Other modificationgagg variations
] GxmbC" 109 10% U&' ()- 10m 10m 10nm s10%r& () - @910%&' ()- @" 10%v& () -
@" 10%m8ii(l)reddil@obizpisst hebihel VY mbisots) of ofdidQ9skill in the art  The invention is intended

to embrace all such modifications and variations as fall within the spirit and broad scope of the
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1.
1 A finish (22 or 22a or 22b or 22¢ or 22d or 22f or 22g or 22h) on a hollow plastic

2 container (20a) or preform (20) having an integral body (244 or 24),

3 said finish having a first end portion (26) with an end surface (32) spaced from said
4 body, a second end portion (30) adjacent to said body, and a mid portion (28) between said end
5 portions, said first end and mid portions forming continuous inner and outer surfaces (36, 34),

6 characterized in that said finish is crystallized at at least one of said end, inner and
7 outer surfaces, and crystallization in said finish in a direction perpendicular to said at Jeast one
8 surface s graded from crystallization at said at least one surface to an essential absence of
9 crystallization at a position within said finish spaced from said at least one surface.

2.

1 The finish set forth in claim 1 wherein one of said inner and outer surfaces (36, 34)

2 is crystallized throughout its length and the other of said inner and outer surfaces includes at least
3 a portion that is essentially uncrystallized, and wherein crystallization in at least said mid portion

4 ofsaid finish is graded between said crystallized surface and the uncrystallized portion of the other

5 surface,

3.
1 The finish set forth in claim 2 wherein said outer surface (34) is crystallized
2 throughout its length and at least a portion of said inner surface (36) is crystallized.

10
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5.
The preform set forthinclaim 1 having acapping flange at said second end portion

1
ing essentially uncrystallized.

2 (30) of said finish, said capping flange being ©

6.

The finish set forth in claim 1 Wherein sgid first end and mid portions form a

1
urface (34) that is crystallized throughout its length, and a ¢0

ptinuous inner

2 continuous outer
d, and wherein crystallization

surface (36) at least a portion of which is essentially uncrystallize

mid portion (28) of said finish1s €

4 in at least sald raded between said outer and inner surfaces and

petween said mid portion and said second end portion.

7.

in at least said first end portion (26) of said

The finish set forth in claim 1 where

finishis crystallized, and crystallization in said finishis graded from¢

rystallizationat said firstend

2

3 portion.

8.

1 The finish set forth in claim 3, § or 7 wherein said first end portion (26) of said
n said inner and outer surfaces (36. 34).

finish is crystallized throughout its thickness betwee

11
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10
1 The finish set forth in claim 3, 6 or 7 wherein crystallization in said first end
2 portion (26) of said finish is graded between said outer and inner surfaces (36, 34), being
3 crystallized at said outer surface (34) and essentially uncrystallized at said inner surface (36).
11.
1 The finish set forth in ¢laim 7 wherein said first end and mid portions (26, 28) of
2 said finish form a continuous outer surface (34) and a continuous inner surface (36), one of said
3 inner and outer surfaces being crystallized throughout its length and the other of said inner and
4 outer surfaces including at least a portion that is essentially uncrystallized,
12,
1 The finish set forth in claim 11 wherein crystallization in at least said mid portion

2 (28) of said finish is graded between said surfaces,
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@ 05/02 10 }%%F?&&@fg’&&@g%@@%(%w g@@@%ﬁ%&gb z}xd finish, said finish having a

S&4 10% % rs(t end portxon %68 remote from said ody, a second end portion (30) adjacent to said body, and
5 amid portion (28) between said end portions, said first end and mid portions forming continuous
6 inner and outer surfaces,

7 (b)  blow molding said preform to form a hollow plastic container (20a), and

8 (c) either prior to or subsequent to said step (b), crystallizing said finish

9 characterized in that said step (c) is carried out in such a way that at least said first
10 end portion of said finish is crystallized, and crystallization in said finish is graded from
11 crystallization of said first end portion.

14,

1 The method set forth in claim 13 wherein said step (c) includes crystallizing said

2 finish at one of said inner and outer surfaces (36, 34) in such a way that said one surface is

3 crystallized throughout its length and the other of said inner and outer surfaces includes a portion

4 that is essentially uncrystallized, and such that crystallization in at least said mid portion (28) is

5 graded between said surfaces.
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16.
1 A finish (22 or 22a or 22b or 22¢ or 22d or 22¢ or 22g or 22h) on a hollow plastic

2 contajner (20a) or preform (20), said finish being at least partially of crystallizable polymer

3 construction and being coupled to a body (24a or 24) integral with said finish,
4 said finish having an end portion (26) remote from said body, a capping flange
5 adjacent to said body, and a mid portion (28) between said end portion and said capping flange,
6 at least a portion of said end portion (26), said mid portion (28) or both said end
7 portion and said mid portion being crystallized,
8 characterized in that said capping flange is essentially free of crystallization.

17
| The finish set forth in claim 16 wherein at least a portion of said crystallization is
2 graded.,
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