WO 03/ 039984 PCT/ EP02/ 12382 SCREW CAP COVPCSI TI ON The present invention
relates to screw caps conprising a conposition based on nultinoda

et hyl ene wologrmeoss It al so relates to a process for manuf acicavEmg1:82 d caps
and their use for the closure of bottles, in particular bottles containing
foodstuffs, and nore particularly fizzy drinks. 5 1t is known to use

pol yet hyl ene, and nore particularly binodal polyethylene, for the

manuf acture of caps. Thus patent applications US 5981664 and WD 00/ 71615
descri be caps obtained by injection of a conposition conprising two

pol yet hyl enes having different nol ecul ar weight distributions. However,
the conpositions described in said docunents do not have the optinum
properties for the manufacture of caps, 10 nore particularly for caps
intended for the closure of bottles containing fizzy drinks. W have now
found screw caps conprising a conposition based on multinodal ethylene

pol ymer whi ch do not possess the above-nenti oned drawbacks. To this end,
the present invention relates to screw caps conprising a conposition based
on a nul ti nodal ethyl ene polymer having a standard density (SD) greater
than 15 950 kg/nB and a nelt flow index M2 of less than 10 g/IOm n, said
mul ti nodal ethylene polynmer conprising from35 to 65w % based on the
total weight of the nultinodal ethylene polynmer, of a fraction of ethylene
pol ymer (A) having an SD(A) of nore than 965 kg/n8 and a nelt flow index
ML2(A) of at least 10 g/ 10 rﬁGREWnGAEG?@MBQSGBIQI‘é 35wt % based on the total

wei ght of th rrul t| et %18 ne fraction. of a copol ymer
(5 %or et hy! HE BiFamEin prsiebrafes To Rt SoheusortprisBm Lo o bamas™ o 1
carbon atlﬁﬁﬁlmo'ﬂﬁﬂetﬂﬁyﬁé&&)lﬁngie'lﬁal:fd 1RWitds6 @ prddess 8} n@ﬁufa@ﬁl&ng bl ¢4 1 WO
03/ 039984 PCT/ EP02/123 /10Omn and a content of said gha ol efin(s) of

fromo.1 angl tBelmeo,fpr mﬁtcmsnretqféoglﬁ@pe pefticuhae bpitles eonttainmednedsoHfs, ek t er m
"screw ca sre rt t SCrew . caps possessing a threaded cl osure. In nost
cases, said é?r 6¥;¥Fg provided with a tear strip.

5 Itis known to use polyethylene, and more particularly bimodal polyethylene, for
the manufacture of caps. Thus patent applications US 5981664 and WO 00/71615
describe caps obtained by injection of a composition comprising two polyethylenes
having different molecular weight distributions. However, the compositions described
in said documents do not have the optimum properties for the manufacture of caps,

10 more particularly for caps intended for the closure of bottles containing fizzy drinks.
We have now found screw caps comprising a composition based on multimodal
ethylene polymer which do not possess the above-mentioned drawbacks.
To this end, the present invention relates to screw caps comprising a composition
based on a multimodal ethylene polymer having a standard density (SD) greater than
15 950 kg/m’ and a melt flow index MI, of less than 10 g/10min, said multimodal ethylene
polymer comprising-
from 35 to 65wt%, based on the total weight of the multimodal ethylene polymer,
of a fraction of ethylene polymer (A) having an SD(A) of more than 965 kg/m® and a
melt flow index MI,(A) of at least 10 g/10 min, and
20 from 65 to 35wt%, based on the total weight of the multimodal ethylene polymer,
of a fraction of a copolymer (B) of ethylene and at least one alpha-olefin containing

from 3 to 12 carbon atoms, and having a melt flow index MI,(B) of less than 10



5 By "nul tinodal ethylene polynmer” is nmeant an ethyl ene pol ynmer conprising
at least tw fractions having different nelt flowindices (M2) so that it
possesseswea obwosmes or mnul ti nodal nol ecul ar wei ght di st ri beCir@eo2/T362
mul ti nodal ethyl ene pol yner used in the present invention has generally a
standard density (SD) which does not exceed 965 kg/n8. Wthin the scope of
the presi%mmimnafa\é%ﬁ{eh%saidm RRIEEnEEFFR D, 12ehgiopg to the standard |SO
1183-3 (1999). The SD preferabII)y does not exceed 960 kg/rn 3, nore

particul ar | y Wihingb8sdogt nBthe Praseiginyentiopsth¢ tarmpilsgremtcapg’sis megstisckay n8. The

mul ti nodal et hyl ene pol yner .used.in the present invention preferably
possesses B ?T%S#SSW&/%R{%%{(CI?W%)I“ nng)gts(i?lsée)sdsaﬁS?@Uéa%%rgrpr%‘gﬁ?ga‘ﬁl%? 2.16 kg
accor di ngeartfig. 0 the standard ASTM D 1238 (1998) of less than 4 g/ 10 mn.

M 2 val ues of |ess than 2 q/ 10 min are particularly preferred, The nelt
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pr ef er r ecbr nAftithb@alfmaledulanveghtelismybeion. pol yner (A) in the nul ti nodal

ethylene polynmer is preferably at |east 40% nore particularly at |east
45% by wei ghth@de‘&F@éa]\/ﬁﬂMe”ceﬁ@lmgtuéPds Rehg REesest “@‘F?étl%}ﬂﬁgfé‘a ly@t hyl ene
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obtained with fraction o t hyl ene pol yne A) 48 0. 52 % conpar ed
with the pr?ftﬁfagiiy dess gt e’iff’e‘h@ lf%‘F’t’i HQPX@PW&@HE%%W/%TTI’%% racti on of
et hyl ene&ggg%wrle&@ﬂ lgg/;nh.e mul ti modal ethyl ene polyner is preferably at
| east 40% no particularly at |least 45 w % by wei ght conpared with the
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total weight of the nultinodal ene 2 03/ 039984 PCT/ EP02/ 12382
/10 min are particularly preferred. The melt flow index MI; is, in general, at least 0.5

g/10 min, and may be at least 0.8 g/10 min; values of at least 1.2 g/10 min being
particularly recommended. Melt flow indices of 1.4 to 1.8 g/10 min are very particularly
preferred.

20 The fraction of ethylene polymer (A) in the multimodal ethylene polymer is
preferably at least 40%, more particularly at least 45% by weight compared with the
total weight of the multimodal ethylene polymer. The fraction of ethylene polymer (A)
preferably does not exceed 60 wt % , more particularly it does not exceed 55 wt %
compared with the total weight of the multimodal ethylene polymer. Good results were

25  obtained with a fraction of ethylene polymer (A) of 48 to 52 wt % compared with the
total weight of the multimodal ethylene polymer.

The fraction of ethylene copolymer (B) in the multimodal ethylene polymer is
preferably at least 40%, more particularly at least 45 wt % by weight compared with the
total weight of the multimodal ethylene polymer. The fraction of ethylene copolymer

30  (B) preferably does not exceed 60 wt %, more particulary not 55 wt % compared with
the total weight of the multimodal ethylene polymer. Fractions of ethylene copolymer
(B) of 48 to 52 wt % compared with the total weight of the multimodal ethylene



pol yner have given good results. The conposition used in the present
i nvention generally contains at |east 95% preferably at | east 98 % by
wei ght ofwolwa/osteed e of the polyner (A) and the copol yner PCB)EPONDSE2
particularly preferred is a conposition consisting nmainly of the pol yner
(A) 5 and the copolyner (B). Preferably, the polynmer (A) is an ethyl ene

honopol y [ymégqqavg%egtgoggggs@tgf the present invention, there is taken to
mean by etHhyl ene honopol ynmer (A) an et hylene polyner consisting mainly of

mononer uni t Shefcomphsitiemasedna thoutseseaninivention ggaenally coftaingrenleast O5Uni t s
derived fr her o]lefins. 10, By. ethylene.copol yoer,.wi th one pr nore
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taken t o (BRaVof paRRalaYIy§irefe@ePisiatolPHobiion dBisistiBihfingfithksbljhenagt hyl ene
and nononer units derived fromat |east one al pha-olefin containing froms3

to 125at @ng thefcopalyms (B¥he al pha-ol efin may be sel ected from anong

olefinically e 'S, S - - exene- 1,
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al pha- ol gfrésent ifvéri@ncpeel iy tiken (Bhedrsby sthylenahivaspagacelA)aadiylegual to 0.2
nolar % in particular at_ least equal to 0.3 nolar % The content of

al pha- ol @PhNGrKopHEMEIpYNlyRSmqnemer ynitt efrethdenaangisupgantially dsyoid9f 4 nol ar
% nore ﬁfcinﬁe . nolar % Particularly good results are
obt ai nedl%vmt ?g?{%ﬂg? olg foﬁgg%hrtéelgft‘ngs'i n the copolyner (B) of 0.5 to 2 nolar
% 200The SDRB)fethyienqpadppiyater (Wi)h dnSof A)ore alphpiotdfms abhtyinatg freaStto988 kg/ nB,

nore particularly at |east kg/n8, Wth advantage, the polyner (A) is
char act erait‘g’éﬁoﬁs?ﬂ%’ns&%ﬂpﬁg'nﬂﬁ‘%%/gﬁ %‘G‘Eﬁo [ean %&@10? r Pmnﬁ’inﬁ,m‘ﬁ%?wr
particul gplty d@llive'/dE}ﬁﬁﬁ _eélgfle% Iltgd H?oﬂ?mlexp ﬁrﬁfs?frc]aﬁbéd’ll %8&@3/1%(_134&1% a@ﬂglam@ﬁrﬁ) does

not exceed 500 g/ 10 mn, values o ess than m n ‘bei ng
parti cul aohtpimmgfremriw. 12Mtdrhs Hf avbdnndhe elphdokfi)mayf beaseldceeaisfrolB@mphg Omi n, 25

articularly .80 to 200 10 min, have.qgive ood results., Preferably,
Popol yedigtigicaty endnmudponsiitiy s o5 biiehe §r PFSiery Phrerkit. PREREI0 03" o/ 10
M n, 150" &uRaklll i BhichMr9fpreferré® ThE cOntft dFaffhalblétin ilNBE EopobyiérgBis ed nost
particularly a val ue of &&B) of at least 0.08 g/10 mn. Preferably, the

val ue of WHP{dSpntagoatsleand equak @@ npoley/ %boinmapticulaglabilsestghualito Adsmolar ¥. 10 i n
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%, more precisely at most equal to 3 molar %. Particularly good results are obtained
with alpha-olefin contents in the copolymer (B) of 0.5 to 2 molar %.
20 The SD of the polymer (A) (SD(A)) is preferably at least 968 kg/m3. more
particularly at least 970 kg/m’®. With advantage, the polymer (A) is characterised by a
value of MI;(A) of at least 30 g/10 min, more particularly at least 50 g/10 min.
Preferably, the value of MI,(A) does not exceed 500 g/10 min, values of less than 400
/10 min being particularly preferred. Melt flow indices MI;(A) of at least 80 g/10min,
25  particularly 80 to 200 g/10 min, have given good results.
Preferably, copolymer (B) is characterised by a value of MI»(B) of at least 0.03
2/10 min, more particularly of at least 0.06 g/10 min. There is preferred most
particularly a value of MI,(B) of at least 0.08 g/10 min. Preferably, the value of MI;(B)
does not exceed 2 g/10 min, values of at most 1 g/10 min being particularly preferred.
30  There is preferred most particularly an MI>(B) value of at most 0.8 g/10 min, more
preferably no more than 0.5g/10min. Melt flow indices MI,(B) of 0.08 to 0.8 g/10 min

have given good results.



preferably no nore than 0.5g/1Omn. Melt flow indices ML2(B) of 0.08 to 0.8
g/10 mn have given good results. 3 WO 03/039984 PCT/ EP02/ 12382 The

mul t i nodawoahy9ssne pol yner used in the present inventionpeayEroz1382 ai ned
by any suitable technique. It is possible, for exanple, to performthe

m xing of the polymer (A) and the copolymer (B) by any known process such

as, for exanihe milfifioddRth@hdPolyhd ustd inhle bider i@V eREiBR thap D YoBRifed
Preferred, however, are processes in the 5 course of which the polynmer (A
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pol ymeri sat . o 1n LT f . th r Lon of the
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st abilDi sdrydrocdspes dilentlopiis gasaois iage iAcpragesncempnsing ableast &avo ng agents. The
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successi Ve s;ﬂ%%el?s t he tfhi rst. t%o%pri sing m xing the multinodal ethylene

pol yrer aﬁo&u eeg‘ag%%ﬁ Cabl 8 e additives at anbi ent tenperature, the
second st age If@a@itibs kdthe mﬂﬁmbauienglénla?omnﬁrmebampb@tidsmhateemn fifleate in an
extruder. The tenperature of the second 25 stage is generally from 100 to
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additives generally does not exceed 5wt% compared with the total weight of the

composition used in the present invention. Preferably it does not exceed 2wt %.

20 The composition used for the manufacture of caps according to the invention may
be obtained by any suitable known means. It is possible, for example, to employ two
successive stages, the first comprising mixing the multimodal ethylene polymer and
where applicable the additives at ambient temperature, the second stage comprising
continuing the mixing in the molten state in an extruder. The temperature of the second

25  stage is generally from 100 to 300°C, in particular from 120 to 250°C, more particularly
from about 130 to 210°C. An alternative method comprises introducing the additives
and where applicable the other compounds into the already molten multimodal ethylene
polymer. |

It is also possible to prepare, in an initial stage, a master batch comprising a first

30  fraction of the multimodal ethylene polymer plus any additives, said master batch being

rich in additives and optionally in other compounds. The master batch is then mixed

with the remaining fraction of the multimodal ethylene polymer, for example during the



and where applicable the other conmpounds into the already nolten nultinodal
ethylene polyner. It is also possible to prepare, in an initial stage, a
mast er bawoh3ossypsi sing a first 30 fraction of the multi moadalPom11392 ene

pol ynmer plus any additives, said master batch being rich in additives and
optionally in other compounds. The master batch is then mxed wth the

r emai ni Ngmidudsdaire df anﬁmgoﬂukubﬁ?dgho@thylene pol ymer, for exanple during
the 4 WD 03/ 039984 PCT/ EP02/ 123 manuf acture of granul es of the
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i nventi on hav’léhegmd/ @pgatairding tethd ppdsentéfitenesn We:gbordeﬁgﬁfoldphem suitable to
be used on bottles containing foodstuffs. In addition, thesmgpossess a good
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di mensi on t ol erances. ey are there ore particular ed to
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also rel at.es to use t he 10 caps acc d|n he i.nvention for the
cl osure ﬁlms%%l?l}aigﬁﬁfame& 'h?er}(g“? %’8@3‘?"81"?@“’“ yave lp%‘ﬂtﬁ% LuPeing yseAdp ¢ he
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invention relates to screw caps conprising a coiposition based on a
mul t ilfodadaps atchidimne the invertionafed thealdsnre ca"rboER@R@m)alrgmgﬁxoéstuffmmrBOO hour s,

a not ched_Cha i ppact resi.stance eater tha J/n2, and .an

ol ect abiri et T asui S SRS Ebufaii iy P SEreulgede (i s
aspect ofin{dn@ioh RMSRE tPRr& s'c§ﬂipﬁ91ﬂ?@%bﬂ1'p@§ltlb§b‘a”b’é&'oﬂgl rAultihRasard density
greater than 950 kg/ nB, and/or a nel |l ow i ndex M2 of less than 10

g/ | Oni n. athylefespodymer qndémélrng@a ESK&(B) bxsptenthan t&QQé@ur@na n@iﬁb@tCharnsns
d t e | es whi ch
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units of these quantities arg explained bel ow . fraction of ethylene

pol ymer (Jepsibxagraestaan P30 kig/m c%{ﬁraéae fflew index Mbt%ﬂlesaéha@hlto ¢/10min. It

1s also preferred that they are based on compositions according to the first aspect of the
present invention.
The Examples which are described below serve to illustrate the invention. The
20  meanings of the symbols used in these examples, the methods of measurement and the
units of these quantities are explained below:
[A] : fraction of ethylene polymer (A) expressed in wt% compared with the total weight
of the multimodal ethylene polymer.
[B] : fraction of ethylene copolymer (B) expressed in wt% compared with the total
25  weight of the multimodal ethylene polymer.
MI; : melt flow index of the multimodal ethylene polymer, expressed in g/10 min,

measured at 190°C under a load of 2.16kg according to the standard ASTM D 1238

(1998).

MI;(A): melt flow index of the ethylene polymer (A), expressed in g/10 min, measured
30 at 190°C under a load of 2.16 kg according to the standard ASTM D 1238 (1998); in

cases where the multimodal ethylene polymer is manufactured by a process of two

successive polymerisation stages, said value is measured on a sample of the polymer



of the multinodal ethylene polymer. [B] : fraction of ethylene copol yner
(B) expressed in wt% conpared with the total 25 weight of the nultinodal
et hyl ene wologees4 M 2: nelt flow i ndex of the nultinodal ecTEPere23pDl yer,
expressed in g/10 mn, neasured at 190C under a |oad of 2.16kg according
to the standard ASTM D 1238 (1998). ML2(A): nelt flow index of the

et hyl ene @?Ité{(rggrfmmhemgtg@g@&ed in g/10 mn, nmeasured 30 at 190C under a
| oad of 2.16 kg according to the standard ASTM D 1238 (1998); in cases

where t heMMlB) imredtcfidw etdlquOéﬁ@ gilalgnescopolymen ) exnressed ithg/ 18 minpcess of two
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ML2(B): n@b9y8)f inasdsraere eHe rhﬁmnﬁ;abwdtm@ecmmhwmnaﬁ@acu@ﬁ%ye@ﬁ essn g/ 10
mn, _measured at 190C under a |oad of 2.16 kg according to the standard

ASTM B 1288wosuaessjve palymarssionkiaees, tievaiug @ucprbalaredezwp bass pltbg e i s

manuf act cess 5 of two successive polynerisation stages, this
val ue |S%§%§(Aa@§£ gn the basis of the M2 and M2(A) values. ML5(B):

mel t 1 ovMiyB)e xnedf fldviéndek fmyh&rwhﬁamcdowl@md B8), expipssed 4eg/10mig/ 10 m n,
measured at 190C under a |l o kg according to the standard ASTM D 1238
(1998) . Iheaspredat b?\(HSEr‘H‘dG’é%Eﬁafi)?f 61kgtaﬁ@r¢mg te thsstandard P BMD 488 ner
expressect %Bkg/nﬁ measured according to the standard | SO 1183-3 (1999).
SD(A): stan e?rd density of the ethylene polynmer (A), expressed in kg/nB,
neasufed Slxc standirddertsity ol hestralticsxdal dtlﬁﬂhib];ﬁﬁyrﬂer( 29969sed imkgmdes where the

mul ti nodal et hyl ene .. pol f by a process of two successive
pol yner i SBt4SBIY %§F%&5Q‘§gt? esgtafga'ifiggﬁlej”l%g Wred on a sanple of the pol ymer

(At akersﬁ(rpgmsiahearﬁldleﬁéuyr&aﬁé ah 1e£;416<ﬁ}mep@s9 @g;resgéd Bk o, mefireline
et hyl ene copol yner (B), pressed in nolar % Sali con ent is calcul ated
accor di ngacterdingdo the slt.mAiarchSéh UEBFHOL999) (Byas¢O@hare@e moitahodal ethylene
polymer is manufactured by a process of two successive polymerisation stages, this
15 value is measured on a sample of the polymer (A) taken from the first reactor.
C4(B): content of butene-1 of the ethylene copolymer (B), expressed in molar %. Said
content is calculated according to the following equation:

100 x C4 total

C4(B) _—[B]
in which .

20  Cstotal represents the content of butene-1 of the multimodal ethylene polymer used,
determined by nuclear magnetic resonance in ">C, and is expressed in molar %.
ESCR : resistance to slow cracking, measured by the following method: 10 caps are
screwed onto stainless steel preforms, the assembly is then immersed in a water bath at
60°C. A hydrostatic pressure of 8 bar is applied in the preform. The service life,

25  expressed in hours, is recorded as soon as a break appears.

ESCR-A : resistance to slow cracking, expressed in hours, measured according to the
standard ASTM D 1693 (1980), condition A, by immersion in an aqueous solution
containing 10vol% of nonylphenoxy-poly(ethyleneoxy)ethanol at 50°C of a plate
obtained by compression of the composition used in the present invention according to

30  the standard ASTM D 1928 (1980).

ESCR-B : resistance to slow cracking, expressed in hours, measured according to the

standard Bell Telefon Test ASTM D1693 condition B, with temperature = 23°C and

6



[BL in which 20 C4 total represents the content of butene-1 of the

mul ti nodal et hyl ene pol yner used, determ ned by nucl ear nagnetic resonance
in 13C, awo o3m3wspressed in nmolar % ESCR : resistance t®@CIIEPO2/€38LKi ng,
measured by the foll ow ng nethod: 10 caps are screwed onto stainless steel
prefornms, the assenbly is then immersed in a water bath at 60C A

hydr ost atjse, pf rﬁoﬁﬁgggesn%ﬁ-.eﬁmbzgfé gﬁgggabh &ibulding bfsdp Rl a0 STICe i fe,

25 expressed | isr as soon as a break appears. ESCR-A :
resi standel228. sl ow cracki ng, expressed in hours, neasured according to the

standard TM D, 1693 (1980), condition A Dby i rsion_in_an eQus
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i nvention according to 30 the standard ASTM D 1928 (1980). ESCR-B :
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and 6 v B4 BIGUE BerrenebRETals CDafRB uh B Sonthl s ERBRAAN © = *°°

Conpr essiygim. noul di ng of sanpl es according to ASTM D1928. OT : opening
torque, neasured by the follow ng nethod: Ten caps are screwed onto 33 cl
gl ass bot®: exsganplapiigiiy index ameaspiedpysha pllewingamethad o 3 ofithe errepasHi®nand so as

to cl ose e ' .S ] t ' 1

unser oni RS EafARe B Pinnabant Re' 9E AtBendelif) Hocbt SN A0

obt ailoed 4t 60°C. Theh,ediffefemt apstatoss tetpthesedet dfihe diRper3don, vhghriotedéd i t y

I ndex, nmeasured by the follow ng nethod: 33g of the caonposition based on
et hyl ene F58NSHdsmpIatyres And %Vafh&ﬂt‘?ﬁt%ﬁaétesﬂ?ﬁeeﬁ give g markifrony I &9 4%& er for 4

hours 1 gcr??}{p\?\/ﬁ?ogijﬂ §Wat sgl.lning:emgt%s QM%Qrtﬁe LARd GedtiEnMBHRY abRdnct e

suspensi I's coole I ent nperature, and evaluate its
t ast e. Thef\grembds, e werk ofrbhickrréspondifig toothd tdste afcaplavatsosamplle. A bighataek sanpl e

RN N R RT ST S

15  the 6 operators.
OIS: organolepticity index after exposure to the sun, measured by the following
method: 33 cl glass bottles are filled with water and fitted with caps injected-moulded 1
week before. Said bottles are exposed for 48 hours at 40°C at 600 W/m? to the solar
spectrum in a sun test apparatus. Then, the taste of the water is tested by the same

20  method as that described above for the determination of the OI.
Taste: 25g of polymer pellets in 500ml of mineral water are maintained at 60°C for 48
hours, before cooling to 23°C for 24 hours. The solution is then filtered and four 50%
dilutions carried out to give five solutions, ranging from Solution 1, the «Mother
solution » to Solution 5, a 1/16 dilution. Each solution is tasted by the assessor, starting

25  with the most dilute solution and finishing with the mother solution. When any taste is
detected, the sample is accorded a score corresponding to the number of that solution (5,
4, 3,2, 1). Consequently the higher the score, the worse the taste. If no taste is detected
even in the mother solution, the score is 0. The final Taste value is the average of all
scores (panel of 6 assessors at least).

30  Odour: 400 ml of polymer pellets are placed in a 500 ml glass flask, which is sealed
and heated to 80°C for 30 minutes. The flask is then allowed to cool to 23°C.

Evaluations are compared with a standard resin, which is taken to have a constant odour



corresponds to a bad taste. The organolepticity index (01) is the nean of
the marks of 15 the 6 operators. OS: organolepticity index after exposure
to the suwp oagmawmes ed by the following method: 33 cl gl aseCv@EPhY/essar e
filled wwth water and fitted with caps injected-noulded 1 week before.
Said bottles are exposed for 48 hours at 40C at 600 WnR to the sol ar

Spect r umpy 8¢ §.Emﬁ@§0l&pﬁ@fe@tdﬂ§sméih@ﬁeachtﬁgseﬁﬁti@c&ﬁpirﬁ%n%fheﬂie' s tested by
the sane 20 nethod as that described above for the determ nation of the O.
Tast e: 25tpndardpBSéoressecangdes) gieensfrom 0500 ndousirelafi vretosstandandy to Asrongiodewr) ned at

60C for 48. h I 23C for 24 . Lution is th
Fi' 1 orea e ey T G G dlpe et of o @BudRei ons, 1"

rangi ng fa@Ryopohtutasey 1, the <<Mbther solution " to Solution 5 a 1/16
dilution. Each solution is tasted by the assessor, starting 25 with the
nost 8i | U¥etchas| Charpnlmapagt Resistangen ghigivap mepsirehageardiagtofSOd9. When any taste
is detected he. sa i o - re ing to the nunber of
that solu le8fr?b'?l§f‘f%@%ﬁvb?oﬁ.a?%eéﬂgﬁﬁ?’gﬁ@ %?ﬂgﬁgg'the score, the

wor se t hegt aslie O,.Lf réspedthelyemesn, dehiatineshd myamunndiatetentdalvaiataiditenon, t he
score is 0. The final Taste value is the avEra e of all scores (panel of 6
assessor Sngasuieggaisyor gps bayye 2 neminakfiagietss 9f yRermPel | et s are placed in a
500 m gl ass_fl ask, i Gh i . ﬂpg . t f i es. The
flask i s THem sl rene %c%@g%@né@?n%@p \(/igﬁ %%ﬁggln@ségg ncégJ(rtrlil)ézfll(r’-i ae%]o\?\nﬁ%eh a

st andar d dapsdaloulatdt éMtehsndasieemens. have a constant odour 7 WO 03/039984

PCT/ EP02/ 12382 1l evel of 0.5. The cooled pellets are snelt by each assessor
in comparEXAMBLES.iZhe standard. Scores can be given from 0 (no odour
relative to standard) t t b0 - 0.5. The final
Qdour val ue. ishs’a{l%é %/eé’rtgar% Vg% éﬁ?ggagggﬁc))(a B%Ei%a:nﬂgage%ge &g@sogfsusogrs at | east).
5 Not chedoGkigtigdyoft Mpact Resi stance : this was neasured according to | SO
179. Injectability : This is 1/viscosity at 1000s"1 and 190C, with a 15/1
die. Om B partshiyekeighteafpeetimpdrletingens, ohimar RARUEAFITAARY APRCETSHER af |

cal cylal ofl ocl 800 i BRSUEH Sl AEIaRSIBRYI ng & nom nal di aneter of 50, 5
mm am mh, UnRx. Tespect 'y nmean,

m ni nfum and maxi mum di storti on of the

pl ate of @.heart by weight of calcium stearate;
0.1 part by weight of [tris(2,4-di-t-butyl-phenyl)phosphite].
The characteristics of the ethylene polymers used in the examples are given in Table 1
below.
20 Screw caps were manufactured by injection moulding on a Netstal machine fitted
with an 18-cavity mould.
The characteristics of the caps obtained are also contained_in Table 1 below.
EXAMPLES 3R - SR (comparative)

The operations of Examples 1 and 2 were repeated, but using ethylene polymers

25  not conforming to the invention and whose characteristics are given in Table 1 below.
A comparison of Examples 1 and 2 with Example 3R shows that the screw caps
according to the invention have a far superior resistance to cracking than a cap not
conforming to the invention.
A comparison of Examples 1 and 2 with Examples 5R and 4R respectively shows
30  that the screw caps according to the invention have a far better resistance to slow

cracking.



10 cap, calculated on ten neasurenents. EXAMPLES 1, 2 In an extruder, there
was m xed (at 190C) and granul ated a conposition consisting of: 99.7 parts
by wei ghtwofo3fnsd9s4 nodal et hyl ene pol ymer manuf actured by &CprEPorsS8suUch as

15 that disclosed in the patent application EP 603935A; 0.2 part by weight

of calcium stearate; 0.1 part by weight of

[tris(2, 4ERAMPIRS oR - AOGEYhpRA@Rphi te] . The characteristics of the ethylene

pol ymers used in the exanples are given in Table 1 below. 20 Screw caps
wer e manuf actlnmixdmiplesion) anst TR nethd enedpahgness of theenencarodeh bipe eerd wseded  wi t h

an 18-cavity uld. . The .char risti tain re al so
contai ned-in gg%rp@arisogéﬁfgﬁm%%i@ﬁégﬁ %‘R@{angggs(@gﬁ%%ggtr%\%%gufﬁ'e&8gér ations
of Exanpl wst the adtely 2apiceordaipeatieinvéition poisegs £réyidtaie tosloyn@acking?d not

conformng to the invention and whose characteristics are given in Table 1
bel ow3  AVBishirasupergr. te that-oh paps baset opfgmonagnedsl ethylepe solymesdows t hat t he

SCrew Capﬁ}n@%ﬁ?&%#@xa&ﬁ;lé 'i‘%/ifrhrﬁ’m 1€7R iA alidftion YR thPlrd$Rimt ance to

cracki ng nacap n confor g to the invention. conparit son of

Exanpl es dccandthgowhd invétmmiaes ofgRnalopticdiRopert ge(€liand QIS ahdimeBfiondiat t he
screw caps,.according to the invention have f.ar, better resjstance to slow
cr acki ng.toéerwwl%g%gpogcfpebwwm@éﬁose@m T§R 3 CPRPOSHRP AL ve) I n
Exanpl es &R, glaforAfial $b {hgrll:% Il BRASa1: Jai Hedalued ype vere used. A
conpari son o?l E(>)<arrp21 Z)sm{' nde’g@wi tgﬁﬁExarrplﬂé'smg%&glnd 6Rer espectively shows

t hat t0he EXAMPIFHS-1dccording to the invention possess a resistance to slow
cracking 5 Lch is_superio to that of caps .based on a nonaonodal ethyl ene
o e A " cisist ESps B Bt RS TR PTG i on | hat

the screwhe@RPgke blended. Their properties are shown in Table 2, together with those of

Example 1 and also Examples 13R and 14R.
EXAMPLES 13R, 14R

15 These are commercial products used for the manufacture of caps. Example 13R is

monomodal, Example 14R is bimodal.

20

25

30



according to the invention have organol eptic properties (01 and OS) and

di nensi onal tolerances at |east as good, if not better, than those

obt ai ned Woei03998onposi ti on based on a nononodal pol yet hplCamPo2/wi3sh

equi val ent opening torque values. 10 EXAMPLES 8-12 For these Exanpl es of
the invention, the two bl ocks were made separately and then flake bl ended.

Their propgBiEgs are shown in Table 2, together with those of Exanple 1
and al so Fxanples 13R and 14R FEXAMPIES 13R__14R 15 These are comerci al
product s uBE!Il)eﬂdr tlﬁeit manufhctur e20f ca'i&. AR ¢ SIBR i|$R mondgiodall ,
Exanpl e 1AR-+s—bit —2) 5 WE-03HG39984PCH-HP 212382 ABLE 1
Prooperty LMI% 12 Wﬂ“ 16‘13 7FQ11‘\/|2 dr® 1omin . 5015 1% 10]1-10.1 2 1.7
SD kg/ m 95dp6 955. @@567 Yz3.57 (954999953 7 VI A) |@sH0m @5% }71121 131
137 122 -|-_SD(A) ka/m97 7.970.9 97 1 - M2 (B} g/1l0fin 0.29
0.27 0.2 PMISAR. 74 g/10miA] \Ml% 4c 12149. 6350 4935 5( .122 {-[B] W% 50j7 50.4
50 (*) 505—499 %(B 120 —++1-6 ESCR-hour{214 54
3 4 - 18 F¥O(MBscr|k :§3§621?7§€ '@65-2. 4915 4:. 978¥ Nrm 2.54-2.20[1.98 -
- 2,15 2.5, @) - Jg/fbnhn 029 L|B27 L2 U P32 | 2~ - 132

[A] W% 493 (496 |50 495 [501 |- -

[B] wt% 507 |504 |50(* [505 [499 |- -

C4(B) mol% |12 |08 |0(% |LI 16 |- -

ESCR hour 214 54 3 4 - 18 58

ESCR-A hour >500 | 217 16.7 0 44 12 43

oT Nm 2.54 2.20 1.98 - - 2.15 2.37

Ol - 1.4 1.7 - - 1.8 - 1.8

OIS - 2.7 2.5 - - - - 32

Dm mm 30.5 30.6 - - - - 30.6

Brnin mm 304 | 3045 |- - - - 3035

D max mm 30.6 30.7 - - - - 30.8

Om mm 0.4 0.4 - - - - 0.5

Omin mm 0.18 0.15 - - - - 0.3

Gmax mm 068 |069 |- : = . 0.76

(*) ethylene homopolymer

10



Qm mm 30.5 30.6 -

30.6 30.7 -

0.3

0.76

30.6 Omin mm 30.4 30.45 -
30,8 ammO0.4 0.4 -
UMaR 03103P868 0. 69 -

(*) ethyl ene honopelCymPo2/138IN0
03/ 039984 PCT/ EP02/12382 TABLE 2 Property Unit 1 8 9 10 11 12 13R 14R M2
g/10 min 1.60 1.68 0.60 0.86 0.69 0.53 2.1 3.7 SD kg/m951.6 952.4 952.7

952.9 952:%?%2%&.2 950.9 953.6 M2 (A) ¢g/10 mn 117 110 151 125 245 391 - -

30.35 Omx mm
0.5 6mn mMO.18 0.15 -

SD(A) kgl .6 971.4 971.2 971.7 972.5 972.4 - - M2 (B) g/10 min 0.29
0.23 0.12 0.06 0.1R 0.06 - |- M5[(B) ¢/10 nin 0.7- 0.35 0.18 0.36] 0. 19]-
[A] %ei pagdy3 50/t 45. 0 (55.0 $5.0 9.0 -[10 [ B]lbawei gAt 50L3R 50[14R55)0
45.0 55.0 50.0 - -|SCB cong. nb/1000C|3.6 2.9 2.2 .7 21 2.7 - - [CA(B)
calc. % T. 44%%101%%9 0.1B&80 112:8% Uh.600 % [6.889%l5.69 Olpcred [Lhar pyg 723
kJ/ m2 7.3 4 10. 4 2398981 0 5(1 FSCR-B qur >1000 >1000 >1000_*1000
1000 >1008D 600 300 kgim]j ect gHil.6 t PS2.43 [ B3.73. 952.9. §B2R 5[950.294939.933993.66 | 4. 55
01 - 1.4 1 3—Tgste 2002 B—O0-A O 20— Cdotr 6—1 0
0.2 0.7 ML @4 o P minndI syl nliihe %%ve %bl eé%npkési ze|t he
excel | entiglyalyance Ween Bt 9|7[u4ecp7qu [ 9’(7y_7arp|72|.5‘rppc;§_4l?-s| stance,
t oget her |w the éxcel | ent| or gahol eptli c _propertijes

MI; (B) g/10min  |0.29 023 0.12 0.06 [0.12 0.06 |- -

MI; (B) g/10 min 0.7 1035 0.18 1036 {0.19 |- -

[A] Y%oweight 493 |50.0 450 |55.0 450 500 |- -

[B] %weight [50.7 |50.0 |55.0 [45.0 {550 50.0 |- -

SCB comp. [nb/1000C [3.6 2.9 2.2 2.7 2.1 2.7 - -

C4(B) calc. [%molar 1.44% [1.17% (0.81% [1.21% [0.77% [1.09% |- -

Notched

Charpy 23°C |kJ/m? 7.3 7.4 104 |8.2 9.8 9.8 13.0 [5.1

ESCR-B hour >1000 ~1000 >1000 >1000 [>1000 [>1000 600  [300

Injectability s 3.85 345 286 [3.57 [294 333 256 W4.55

0] - 1.4 - - - - - 1.3 -

Taste - 0.2 0 0.2 0.8 0 1.4 0.2 0

Odour - 0.1 0 0.2 0.7 0.1 0.4 0.1 0.5

vThe results in the above Tables emphasize the excellent balance between ESCR,
Injectability and Impact Resistance, together with the excellent organoleptic properties
5  of the compositions of the invention in comparison with the prior art and also

10

commercial resins.

11



5 of the conpositions of the invention in conparison with the prior art and
also comercial resins. 10 11 WD 03/039984 PCT/ EP02/ 12382 CLAIMS 1. Screw
cap conprwsimgi®sconposi tion based on a mnul tinodal ethyl epeTmEPoymEss2 havi ng
a standard density (SD) greater than 950 kg/n8 and a nelt flow index M2 of
|l ess than 10 g/10m n, said nultinodal ethylene polynmer conprising from 35
to 65w % based on the total weight of the nmultinodal ethyl ene polyner, of
a b5 fraction of ethylene polyner (A) having an SD(A) of nore than 965
kg/nm8 and a nelt flow index M2(A) of at least 10 g/10 mn, and from®65 to
35wt % based on the total weight of the nultinodal ethylene polynmer, of a
fraction of a copolyner (B) of ethylene and at | east one al pha-olefin
containing from3 to 12 carbon atonms, and having a nelt flow i ndex ML2(B)
of less than 10 g/IOmn and a 10 content of said al pha-olefin(s) of from
0.1 to 5 ml% 2. Screw cap according to claim1l, wherein the nultinodal
ethyl ene polyner has a nelt flowindex M2 of less than 2 g/10 mn. 3.
Screw cap according to claiml1l or 2, wherein the nultinodal ethylene

pol ymer has an SD of no nore than 960 kg/ n8, preferably 948-956 kg/ n8. 15
4. Screw cap according to any preceding claim wherein M2(B) is |ess than
0.8 g/10 mn. 5. Screw cap according to claim4, wherein M2(B) is |ess
than 0.5 ¢g/10 min. 6. Screw cap according to any preceding claim wherein
ML2(A) is at least 80 g/10 mn. 20 7. Screw cap according to any preceding
claim WhEERIMSSD (A) is at least 969 kg/nmB8. 8. Screw cap according to any
preceding, clajm conprising from45 to 55m % of . 12 03/ 039984

PCT/ EP02/ 4 238stew cap comprising a composition based on a multimodal ethylene polymer
having a standard density (SD) greater than 950 kg/m® and a melt flow index MI, of less
than 10 g/10min, said multimodal ethylene polymer comprising- |
from 35 to 65wt%, based on the total weight of the multimodal ethylene polymer, of a

5  fraction of ethylene polymer (A) having an SD(A) of more than 965 kg/m’ and a melt
flow index MI,(A) of at least 10 g/10 min, and
from 65 to 35wt%, based on the total weight of the multimodal ethylene polymer, of a
fraction of a copolymer (B) of ethylene and at least one alpha-olefin containing from 3
to 12 carbon atoms, and having a melt flow index MI,(B) of less than 10 g/10min and a
10 content of said alpha-olefin(s) of from 0.1 to 5 mol%.
2. Screw cap according to claim 1, wherein the multimodal ethylene polymer has a
melt flow index MI; of less than 2 g/10 min. )
3. Screw cap according to claim 1 or 2, wherein the multimodal ethylene polymer
has an SD of no more than 960 kg/m’, preferably 948-956 kg/m”.

15 4. Screw cap according to any preceding claim, wherein MI,(B) is less than 0.8 g/10

min.

5. Screw cap according to claim 4, wherein MIx(B) is less than 0.5 g/10 min.

6.  Screw cap according to any preceding claim, wherein MI,(A) is at least 80 g/10
min.

20 7. Screw cap according to any preceding claim, wherein SD (A) is at least 969

kg/m’.

8.  Screw cap according to any preceding claim, comprising from 45 to 55wt% of

12



et hyl ene polyner (A) and 45 to 55w % of copolyner (B). 9. Screw cap

according to any preceding claim wherein copolyner (B) conprises nononer
uni ts derwoad/oBmsem et hyl ene and butene- 1. 10. Screw cap @cCT@mPd2/n3st o any
preceding claim wherein the nultinodal ethylene 5 polyner is obtained by
pol ynerisation in at |east two reactors connected in series. 11. Screw cap

conpri si 3[52%' i 0 ' et hyl ene pol ynmer and having
an ESCR( g“%‘?‘%t r %r}l(gﬁggg?ﬁ%aﬁgtﬂgp% %b@g%@iar py impact resistance
greater 9.hargcrewkchprcomding tany pieeediapclaint,ywigtraatcepolyman(B). Bmpridéd. Scr ew
cap according to ¢l gi m gh]g,,-v\,h%rgi n the conposition has a standard density
10 gr eat SRORGGS ugsRderyyeqdrom sthylspe agg Buienestcording to claim 11 or 12,

wherein tfie QQIRASIHtdcOftdiRStoanyBldcedih®Wairh eKeiltkie RlitntRAl LdigRnd 0 9/ 10 n.
cgd!rp to anyyg ? t 3

14. Screw cap according f clairms 11 to 13, wherein the composition
is as5 dgfolyree is obtaimgd bf polymiemsationtio afl [Bast 1H0 1éactdys eorpiectad ST segins.c ap

acoording {0 N e g, o Lot L O 0l PO LS pr S 2 19

having an ESCR(B) greater than 800 hours, a notched Charpy impact resistance greater
than 7 kJ/m?, and an injectability greater than 2.8s.
12.  Screw cap according to claim 11, wherein the composition has a standard density

10 greater than 950 kg/m’.

| 13.  Screw cap according to claim 11 or 12, wherein the composition has a melt flow

index MI, of less than 10 g/10min.
14.  Screw cap according to any of claims 11 to 13, wherein the composition is as
defined in any of claims 1 to 10.

15 15. Use of a screw cap according to any preceding claim for the closure of bottles

containing foodstuffs or fizzy drinks.

20

25

30
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