.- 1'MAR 2006 WO 03/039984 PCT/ EP02/12382 111 WNNNI ~ *166166* 19Y|194‘MNYW6
*C, 00002 * SCREW CAP COWPCSI TI ON The present invention relates to scre

caps coWor@3gssmg+a conposition based on nultinodal ethyl ecemrob/yises. |t
also relates to a process for manufacturing said caps and their use for
the closure of bottles, in particular bottles containing foodstuffs, and
nore particularly fizzy drinks. 51t is known to use pol yethyl ene, and-nore

particul arly ﬂ“ myet hyl ene, for the manufacture of caps. Thus

pat ent appl i (Hmm @“m 981664 and WD 00/ 71615 descri be caps obtai ned by
injection of a cofpé’siti on conprising two pol yethyl enes having different
nol ecul ar wei ght distributions. However, the conpositions described in
sai d docunments do not have the optinmum properties for the nmanufacture 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 bammmmmmu m nodal et hyl ene pol ynmer which do not possess the
above- ment i one M ’m To this end, the present invention relates to
SCrew caps conpri Skig,a conposition based on a nultinodal ethyl ene pol yner
having a standard density (SD) greater than 15 950 kg/nB8 and a nelt flow
index M2 of less than 10 g/10m n, said nultinodal ethylene polyner
conprising from35 to 65wm % based on the total wei ght of the multinodal

et hyl ene polyner, of a fractl on of et ne polyner (A) having an SD(A) of
nore than 965 kg/ nB and a SGREW EW@P&&}SIMQNA) of at least 10 g/ 10 mn,

d 20 f he tot al ht of th | ti nodal
PR LR T B R S S i P AR
| east oﬁeltxaidalhbctﬁj'leﬁdgolmei ai ﬂsmmatémrﬂﬁoéé@s%’nﬁﬁ{ml&ﬁ £H§dc d having a

melt flow index M2(B) of less than 10 I MAR 2006 WO 03/039
'PCT/ EPG¥'d tbeaguse for the closure of bottles, in pamcular bottles containing foodstuffs, and

more particularly fizzy drinks.

5 It is 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 ihe optimum properties for the manufacture of caps,

10 more particularly for caps intended for the closure of boftles_ containing fizzy drinks.
" We have now found screw caps comprising a composition baséd on multimodal
ethylene polymer which do not possess the above-mentioned drawbacks.
To this end, the present invenfion 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’ ahd a
melt flow index ML (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 ohe alpha-oléfin containing

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



g/10Omn and a content of said al pha-olefin(s) of fromO0.1 to 5 ol 96 MARY 2096 n
t he scope vob o3/tB@9gwr esent i nvention, the term"screw caps" igcHE®RAL2:RET €W
caps possessing a threaded closure. In nost cases, said screw caps are
provided with a tear strip. 5 By "multinodal ethylene polyner"” is neant an

et hyl ene IS t ' ing different nelt
flow indi g@?%%@g@ﬁtﬁﬂa@%m@ aé%ﬂsagggfé%(é)’\gfgérg?df Rﬂ?"ﬁ’%t I modal nol ecul ar
wei ght di st ri Btliinthe stbpe ofifht iprasetl inentiph,ghe tqrol 'sorew copetisimednhcrgy esent

i nvention has 0gener al I%r a soaanda d densi%,y (,SD) whi ch does not exceed 965
kg/ 8. W FHRSPOFTFEsIg g sareaded hSUrT LR BIOS! cages, sHE SHEMOTAPS pHPrended Wit as ur ed
accor di ngtéaPst‘iiB? standard |1 SO 1183-3 (1999). The SD preferably does not
exceed 960 kg/ nB, nore particularly not 958 kg/nB8. The SDis preferably at

| east 951 kg/ Bg."nmemodaitethydetsl pobirhst!’ aneepat annathylesepolymet bempnisiiseatt

I nventi on, preferabl. osse S g flaw i M 7). neasured at_ 190C
under a lbegﬁterb@ f‘%‘.ci%mf( .V'%%@i.é’éﬁ"ﬁa’%ﬁf@“f B'%f%é?@?gﬁézgm ‘%@Fﬁﬁsﬁfsfgﬁga‘t 1998)
of | ess tBamuftirddsd miblfbuldveiptrlditesdion! €ss than 2 g/ 10 nin are

particularly preferred. The nelt flowindex M2 is, in general, at |east

0.5 g/10 m nThantltmyds ettylinepolyrter@sed inGherpresentahvangioothaspercedista 1. 2 g/ 10

i n bei i,cul. ded. Me I i adi f 1.4 1.8 g/10
R T i e R e KR R T TR T A e
(A 110 t hervehlidr, IRISD i SHRYIRAEROINAED théstaid£8 e3@NN1B3BL(168PHSTHAOH nore
particularly at | east 45% bP/%\%/eHng%g conpared with the tat al” wei ght of the
2 I

nul t i modaPregarablyalees pefi ex arare partienlagympt 86&kglo’y rhe SDAY
pr ef er abl e ® wt %, nore particularly it does not exceed
55 wt 9% %ﬁ%gggg?\i/ﬁafﬁﬁ%@dt al weight of the multinpdal ethylene polyner.

Good resul ts WhE gulBmoddatyishe wolyina ubedintthe pregéntahvintionpratedayier (A) of 48
to 52 wt % conpared with the total weight of the nultinodal ethylene

pol yner . Fosessesie medflay inder (M ancasiyed phE30°Caindena lasd ofdi 16 kergadrdinghy | ene

pol YT | Bk 1886 BRI PR He Rt bl S0P RS 0D
The fract gl mih ae¢ parkienlarly ppdéryede Tha theltH)ovp irrlee M liy, inl gaferalpit 1esc@sd 60 wt

% i cul t 55 wt % dwith the total weight of th
Ul 1 o b BER Sbma by Arlesst AT B ‘iscsohyt LS 16oBPMBLAER) of 48 to

52 wt % cpimahay WdothhdiRel Qleh 185 ifhiceOdf £5% 148 &1 ORGSR hre &by pdtfiGularly

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 ;ioeé not exceed 55 wt %
compared with the total weight of the multimodal ethy]ehe; polymer. Good results weré

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 inultimodal ethylene



2 1.MAR 2006 WO 03/039984 PCT/ EP02/ 12382 pol yner have gi ven good } M461 2085.
The conposition used in the present invention generally contains at | east
05% prEO/AIIE at | east 98 % by wei ght of the whol e of PCEPPBigsEr (A)
and the copolyner (B). Most particularly preferred is a conposition
consisting mainly of the polymer (A) 5 and the copolyner (B). Preferably,

t he pol paBimer AHave given gbliydsene honopol yner. For the purposes of the
present invention, there is taken to nean by ethyl ene honopol yner (A) an
et hyl ene pdhy feMpPegHen yter g theepresent IBYEWH(E#@W&UY\ rergains atdetsy PoYe and

substanyayay da?veq,gpbgvé ba/wagﬂpaftms gﬂﬂe}ﬁ% mggtﬁ'ﬁ{acr?a%gh 10 By

et hyl en copo yrrer w t nore al pha-o tari 3to 12
at ons of(B):Mdm;»m:@ntaﬂglpyefemec( B)a)conrposmkreuoﬁs(stlﬁg&hﬁmﬂymﬂiﬂ poXEhHerq@npri si ng
rmnoge élg{ er i v%g fromethyl ene and nmonomer units derived from at

| east oABIHESARONMEF () containing from3 to 12 atoms of carbon. The

al pha- ol of | prefaiih e alohard ) LUR AR ho ol phéEbotny Bagblsarel monorer s

such as butene-1, pentene exene-1, octe
part i culpsasest lp‘r@tlenrtédre lméercm@\ﬁtbmﬁﬂh)dtlmmmbmﬂymen (A)tahethydmol ymer (B) is

to 0. 3 VEPHRGeB RknGPosb el s Rl o by s °T

preferabrkcmoﬁiermﬁd&makrohpotﬂemém{s % nore precisely at nost equal to 3
molar % Particularly good results are obtained wth al pha-olefin contents

in the copoBymEhylems)copplymes with ope gpmere alphpolefine camripingtfrem e yaer (A)
SD( A / larly at |east 970
kor e ORI UG Rs (corBlyle B8 i BRer Gshin LB LrBR o bBHRE mpndinst o of

I\/[L2(A) omtaﬂeriveaﬂona@thgreheamﬂ mpnclifbéramﬁlaﬁélh@dd @éh¥t Bastlosaaiphadiginl 0 ni na

Pr ef er abl t he. val ue does, not exceed 500 g/ 10 nmin, val ues of
| ess t h&?ga@wg o il am%@f‘%ﬂ?"f‘r Ehg %{Phifobﬁéf”é%l@cﬁe]%dtfrm 8wongadi ces

M 2(A) gfefmcahgaﬁéat@,@teelrﬁ&mrs &eh Q@Fﬁtkﬁéﬂ venéqéh&e%gq @itk i n, have

gi ven res Preferably, copo aractérised by a val ue
of MlZ( Byteo¢-1as partaslarlp paferregl The mmc;ntnﬁal@hp@idf ncinltbe dopobfment(B) Bast 0. 06

010, ™ D 5o ) AP BE b B Eho 1
g/ 10 ni The ¢altetofaiphatolémsin the gipb%ﬁa_rwa prefeRdly hiGHbARehYal S £heji4red.

%, more precisely at most equal to 3 molar %. Particularly good results are obtained

with alpha-olefin cc_mténts 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 givén good fesults.

Preferably, copolymer (B) is characterised by a value of MIy(B) of at least 0.03
8/10 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 ML, (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/ ld 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.



30 There is preferred nost particularly an M2(B) val ue of at rm§t1l\ﬁ%;?.®glo- :
mn, nore preferably no nore than 0.5g/1 Omn. Melt flow indices I:% of
0.08 to 0.8 g/I0 min have given good results. 3 - 1 MAR '2006 WO 03/ 039984
PCT/ EPO2WPX3®39%%he nul ti nodal et hyl ene pol ynmer used in t RCHYERRHRAIS2

I nvention may be obtained by any suitable technique. It is possible, for
exanple, to performthe nmixing of the polyner (A and the copol yner (B) by
any known pr'lihcemétimmdbl etbylefieopolpremskd in thh eresemtl inesntish xhaygbeadbtiihel t wo

r ef or ned IS refe are rocess S in.the cour se of
\%. ch {Tﬁb 2E‘E“I éﬁ%lje 5 ;“'QH‘&‘ ﬁé’(’&%@%f‘rﬂa P@r B‘F’eg‘ﬁr‘ﬁ’d"’%"fag‘cl east two
successi poeyml ()ADTBﬁdi &ﬂatdc@alymeagsﬁby dny laewp%beesﬁ kichtasOfor %Hm%l@eﬁpr eparation

of the pol performed ‘and then the preparation o e copol yrrer

(B) in tH rfeé‘é’rﬂc‘ef tb¢ tWo Brofrmeehpelyimsys. é’mfaﬂfﬁédwwemm ateepro¢essets in the

Pﬁhé%‘éﬁ'ﬁ‘* SHIA%Be RO R LB PeartRie T B R o

di | uent mbcesmvgp@lgﬂm&sﬂhmm@é\ngmeeﬁsﬁtso&ﬂr)l fhe pPepAkationasttthd
pol yrrermtl on_stages in suspension in a hydrocarbon diluent is pref erred.

The EPBERMER ALGHEn{G HEREPIAN of (b eRRa AR A Pretenseitthe |
hydr OcarMer%QZBﬂiaméa%orﬁ HRRirst B q’}g‘ljt 1§%§%Q§9tﬂg§)olﬁﬂﬂs§ﬁ&mt¥%rt he di | uent

is chosen fro nong propane, 1 sobutane ane es. 15 In
addi ti orma)oeatchee watriedront ahdepeidentiyre! pd anokier, inlsespeasipos i mertused in the
pre ven QUPF% contain cqnventional addit] ves such as anti oxi dants,

ant iﬁl dshy U\?a LML BasGORNSPNAFT. vy progess sAmpLsmeakleaddWos and | ubri cati ng

agents. d)Ul‘ﬁnér%Eﬁtlm ﬂggésﬂﬂfsué&:ns:&dmatﬂyﬂ?&:a%qlﬁieh%s‘g%&&mﬁgxceed SWt %
conpared with the to |3ht of the conposition used in the present

i nvent i dwdrqDP@Deﬂdbtly if gengly dhosendrare enongaliphatehydrvearbonpositsinmg used f or
th ca c t.he |n entipn be obt ai ned by an
e mimﬂ'caﬁ 5460 2 carggn Bfotmas %Pefgra&?,ot%)% dl]*l%ﬂl éj'ﬁ)ﬁfﬂ g— a(SxY BRATE y y

sui tabl e 'S PoSs Wwo

successiiy(ﬂ)umag@s(ané blethénrm&me@rrprl sing mxing the nulti rmdal et hyl ene
pol ﬁger and_ where applicahle the additives at anbient tenperature, the.
d on & g

sec st agdn 8¢l np HpdalieHyleng ohimgrneicamppaitipp bsashin gheat e i n an
ext r uderyethEnt ‘ﬁrx?ﬁ)}’&ﬁ]té?ﬁ cbRnS &P Ditived sﬁEﬁgseal'itﬁ)xﬂl%Hﬁr ﬂt!ac)fdsr RRM 100 to

300C, |n particular tfrom 120 to 250 nor e
stabilisers; dyes, fillers, antistatic agents and ]ubncatmg agents. The tota] content of

additives generally does not exceed Swt% compared with the total weight of the
composition used in the present invention. Preferabl)’l 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 compnsmg
continuing the mixing in the molten state in an extruder. The temperature of the second
25  stageis generally from 100 to 300°C, in particular from 120 to 250°C, more particularly
from about 130 to 210°C. An alternative methodicompn'ses 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 bateh being
rich in additives and optienally in other compounds. The master batch is then mixed

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



‘from about 130 to 210C. An alternative nethod conprises introducimngpmaRe006
additives and where applicable the other conpounds into the already nolten
mul ti rod¥C BORYBene polymer. It is also possible to prepR@iEPRN2BR initial
stage, a master batch conprising a first 30 fraction of the nultinodal

et hyl ene pol ynmer plus any additives, said master batch being rich in

addi t i vewarmiertenstof gramiule of theotolmgositionpounds. The master batch is then mi xed

with the remaining fraction. of the nul.ti nodal ethylene pal yner, for exanple
during the Anfﬁ’-e Sfre%kﬁpféﬁ%)rg%tﬁg’ﬁdgw 9" pey EﬁgﬂﬁmaWacture of

gr anul estectiniguReof RPemuticlite of bigje&S AR R oA i%?ﬂicﬁﬁrl&%ﬂ}!sﬂﬁ?&“ ion may

be obtai ned by any known technique for the manufacture of objects.

I nj ecti on noliedFify §aps gagarding|ta teypresent ingantion dave gowed ergrmolegiaps accor di ng
erties i ch render .
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to be used on es containin

they possld@mnathgppadsseessi gdcairesisthretd Slowcdradking) The EBRwSGIpE e ARRe A& COr di Ny
to " the tBresent N nvent'hon have arl)éaccept abl e ogeni ng torque. They possess
i n addi tTOREHIOH VRN AR ARYEATACCERIIRLS apfaEg torrmey Theyepaskess éf additiqregaoidcul ar | y

wel | suidigendichaP &d1&ldndts e eTo) Wal f. ri nks. The
I nventi or; cr(‘)nsélquent?y al séélrbrr?al a{'egér% Sﬁ@ﬁfgﬁz&a&g u'%ﬁ@&%“%ﬁ%@ %ccor di ng to
t he i nvemttiesgoptainingfizay dyinks eTefinhatibh esnsequenaliyrilsogrefatds theffss of fHer €

ar t,hcul for the, closure pof bottles containing .fizzy drinks. A further

gs pégt OC?B{ %Cgordi'%{éﬁp? i ePé?%@’ééhetciosg?r@J\bo Lﬁﬁé’%@ﬂﬂ?g qu)ﬁ{igmgs,dwrsosi tion

based orpaaidmsntyimpdﬁlclosetéwﬁaﬁs@@;htmﬁfgm?dbﬁ\%&.%ﬁﬁ{heﬁgﬁﬁéﬁ);t%eater than
a

800 hours, a notched Charpy inpact resistance greater n /2, and an
i nj ect aldNY&niign Fplatas by scravapAPs COMpriping A epmbbsititbbased onareulticadsl of t hi s

aspect Qip e 4 ti I I thaon ks, having a standard density
G oat or A LD nd e ZERR FERIBTRRRL 1% 8B bR Bopél Rt 10
g/ 10mi n.impact ressstarice greatarftbar 2K/ aind h eyjedtsitsliBagesteOhak QIR0 Pielrd
acc?%di 2& to the first aspe(g(t of the resent invention. The Exanples which
ar e 'Yes i 56T GAISKNuE psRsct of the Inyentioscomprise comppditionis Maning azGndewni ngs of
the symihgsefled thal 95PRy/AA MR R S mdl U 15 B ang, the
units of t htg;gi quan?i ti egg/ar’e expl Q%Q@O%&%gv%{zﬁ“&ﬁa&ﬁ%w%p gE hyl ene
pol yner if fyo prefaresdsbat they awe Yoscdwp apmgosiiions dcberdimy talthevAtsghipect of the
_ present invention. o
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.

M1, : melt flow index of the multimodal ethylene polymer, expressed in g/10 min,

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

(1998). |

'MIZ(A): melt flow index of the ethylene polymer (A), expressé'd 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 polynmer. [B] : fraction of ethylene quflh&&ﬁefnﬁ
(B) expressed in wt% conpared with the total 25 weight of the mul im)daP
et hyl ene polyner. M2 : nelt flow index.of the multinodal ethylene polyner,
‘expresseW0 03/087980 nmin, neasured at 190C under a | oad of PXTIBMg128820r di ng
to the standard ASTM D 1238 (1998). ML2(A): nelt flow index of the

et hyl ene polynmer (A), expressed in g/10 mn, neasured 30 at 190C under a

| oad of (A)k&kekdronctherfitstngadtor.t he standard ASTM D 1238 (1998); in cases

where the mnul tinodal . et hyl ene Eﬁlymar S nuf act ur ed g{)j a process of two
successi M&(Bymeheiqw idey of shegfadenecopalypgr (B), expretssd wn 8 0dnina sanpl e of t he
POl YMBr Reasured MO CANAEr 2 1040 #3/1 &Fﬁgléﬁ%%ﬁ% fromthe
first reaﬁ?sb‘%. I\/%Z(%OCB:): n{a?to f Ioow f@ﬁ%%g 5 : ktle et ty eﬁgAgg%%P??g? (B,

expr essed993); gychbesnvimgre thremuliinedabathyl@@@alyrder is andnofecttuoéd By 4 frdecgssaccor di ng -

to t tandard ASTM 1238 .. (1998) ;. .i t lt] t hyl
R S AR o R e B3R LA PG b R, e
st ages, 5daim]2§/@j¢h¢uéss cal cul ated on the basis of the M2 and ML2(A)

val ues. I\/[L5§E nelt-flow i ndex of the ethyl ene copolyner (B), expressed in
g/ 10 nmi MMIs(Bsanplt e sndexad thastideneropelymest Bl ckpressed on 8(19gming t he st andar d

ASTM D 1 1 o A ' t h | | et hyl
pol yrer ,'@%BF’@&?Z@ Fn“”idgf ?r%?d Sotfﬁg(gg{(jgoergﬁlg?&})%cf%néj aEdgAsj#é& ?’E@ggarg I éoene
1183-3 ((1999). SD(A): standard density of the ethylene polyner (A),

expressed i n kg/ n8, neasured .according to the standard | SO,1183-3 (1999);
in d sess%é‘ta@gaﬂinée’?ﬁ'}b’tqfﬂfd@}‘"@iW‘ ghdenspalymer exeressedan kBt ed by a

process ' 5 pieirC es, this 15 value is neasured
on a sarrlgIrme&ﬁ(l)gfa a?ﬁ?g’%ﬁ%@%g@?@ﬁ”ﬁ%@?ﬂg first reactor. C4(B): content

of but en$D(A)ofstantizrdelehsiteofithe oihyleperpolyBy (A eppressd ih kg/mipmassuted Sai d
cont ent J . Gl QUL Al §h ASE RS 855 01985, 5f e Wrlfk £94RN 041Gl Bhe 100 X O4
polymer is manufactured by a process of two successive polymerilsation stagés, 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) T

in which | .
20  Catotal represents the content of butene-1 of the multimodal ethylene polymer used,
determined by nuclear magnetic resonance in 1’C, and is expressed in molar %.
ESCR : resistance to slow cracking, Iheasured 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: resistahce to slow cracking, expressed in hours,‘ measured according to the

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



in which 20 C4 total represents the content of butene-1 of the multi grelahs
et hyl ene pol yner used, determ ned by nucl ear magnetic resonance in 13C,
and i s e¥r@493¥8+in nolar % ESCR : resistance to slow creaUkinegzaseasur ed
by the followi ng nethod: 10 caps are screwed onto stainless steel
preforns, the assenmbly is then imersed in a water bath at 60C. A

hydr ost a25% opﬁcﬁﬁﬁ-lpbh&dlfetlﬁ)x@ﬂ-@dng)rmmnIrﬁ(ﬁhldhﬁg ohsanpsles dcBididd® ASTMI ce life,
25 expressed in hours, is recorded as soon as a break appears. ESCRA :

resi st ane@%8e sl ow cracki ng, expressed in hours, neasured according to the
st andar S i o) us

sol uti o(rzlbqﬁ S (gj 1%%%9%; %n%’/ pheﬁ&éﬁ%ﬁfomeﬁl EP%%\%S‘% g’?ﬁggol at 50C
of a pl actlglasobd;tslembydnteynscm’rmhdkmlml@heaﬂhﬁacﬁmﬂm&acthlmanmdasmclbhse present

[ nvegt [ OB accor, qbi?vg 30 thg. S a‘gfg:{jﬁ Aﬁ.ﬁM D 1928 (1980). ESCR-B

resi St an'Ce iR ¥t C&F‘ﬁ&@ltﬂfﬁue 5’("6 a M TRE YPSCrewiRgORaue 1SAPeasPeang t o t he
st andar driga IRk B rialorARTMIRLGBRiRATEH hi &sh Bps Hhd 18 ik ur e = 23C
and 6 - MAR 2006 WO 03/039984 PCT/ EP02/ 12382 ZgA)o

nonyl - phT‘éWoI -ethoxyl . Conpression noul ding of sanples according to ASTM

scr eved it SRR MR s ERE R Rlshlife el Bt 0Bt RGP ooshly *°

| abor at otrayedmchhplenapdlyﬁm bgranule feraeare fudpbRdeddn 1ivtd of waterfophberst or que
fixe Nm The unscrew ng torque is neasured. The OT value is the

mear of M@ G/él" hgasd @%éﬁnﬁeaerﬁ@rs ttaﬁétlteéhat%fa?f§h%1ﬁt$wl§"§kw’éf§blé@091¢d toNm 01:
or ganol eﬂﬁs,&stwmg Hﬁ@fﬂﬁﬁgnp aszeh@héféa'cﬂ rﬂgr&m&n 1339 19f the
on et uI e

conmposi tion bas ene yner orm are su pended in |
litre ofcomgagsorf with4 Me:rrssmplsﬂhatthasﬁlﬁ?dcr'g"mhe Saraé fréament inalestatmes t aste

th t h d. t nbi t t t d
bval uat St GCpE RRSE | SR aBe S B SR e BTBYe o RER b w ¢ h a
vat er sadmleep&naﬁto zhﬁffd M&@mmnbte uawd% (m? TERE niedn bPfheabagose  of

granul es, the mark | correspondingto aste of said water sanple. A
hi gH5rrarth66©pem®$$;onds to a bad taste. The organol epticity index (01) is the

mean of (_t)&e organo?ep?cny mdex a?ter exp RS ‘io 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 1s 0. The final Taste value is the average of all |
scores (panel of 6 assessors at least).

30 Odour: 400 ml of polymer peilets 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



OS: organolepticity index after exposure to the sun, neasured by th PR
followng nethod: 33 cl glass bottles are filled with water and Fik&é& 2006
with caps injected-noulded | week before. Said bottles are exposed for 48
hours at WMOOG3/E¥9800 WnR to the solar spectrumin a sun PerEP@pPRagAt US.
Then, the taste of the water is tested by the sanme 20 net hod as that

descri bed above for the determ nation of the 01l. Taste: 25g of pol yner

pel | ets iaveb&XWL Tok cobled Ipallet\s\lateeﬁne@tl’t?/ At a¥sedsBER dinpaPiSod Mlth 4k hours,
bef ore cooling to 23C for. 24 hours. The solution is then filtered and four

50% di | SPPeHd Scaresicar by gtven drogi ¢ o odpur wdtiveito andardhnigi ngtrenmedo8ol ut i on 1,
e <( MoiRkrenifls W0 The fingl é@&ﬁ%ﬁ\% ,ﬁeﬁ%é%g%g%%%%,g 9‘}1{“@50 ution is

tasted by the assessor, starting on and
fi ni shi ngssaksots at keastdot her sol ution. When any taste is detected, the sanple:

i s acgcor a,sgore . .corr ondi ng.to the numqer of. that_solution (5, 4, 3)
2, 1)C§ cgﬁg"é’a@ﬁ?w I{nﬁgaﬁ%}‘f&mf h@‘ssﬁﬁr'g‘fasl’r%g Wg‘é‘gttﬁisfts)é@te. If no taste
i's. det edijedabiktye Thidlis 1NGsodeit el 10804 Uindavo ¢ heits§95A dis. 0. The final Taste -
value is the average of all scores (panel of 6 assessors at |east). 30

Odour : 488 BmindPmapdeshestivels mean gnigirauip|and swximum dateter, cgjbwalstsd bhask, whi ch

i | i nut The flask is then all owed t
cool o st RE Sl bl d i SBT3 B ar i rosi e whi ch s
taken t 0chawhs6QNedpRBkvedpRi¢hn, nininurVAR RARBNMOIRR39 9Bk BMERARL 12382

| evel of 0.5. The cooled pellets are snelt by each assessor 1 n conparison
wi t 1% hecaps calpelated on seomeasugaipente gi ven-from O (no odour relative to

st andar dgxtaqpLES$Yyrong odour) in increments of 0.5. The final Cdour val ue
WFMe I

is the av scores (panel of 6 assessors at least). 5 Notched

Char py | npacin diesiratenarre whdlinixeddst 190eCnddraatatdh 86mpesitieO 179.
Injectability : This is 1/viscosity at 1000s"' and 190C, with a 15/1 die.
Om Onmi n®°1§ Rgofiespecti vel y mean, m ni mum and maxi mum di anet er, cal cul ated

I s o R Y
of tle @@t disglosedan chel patentl application BR663036pent s. EXAMPLES 1, 2 In an
ext ruder 0'2tpgretrb§, wmé?gsht%iféaegiu agtealrz?t%;c) and granul ated a conposition
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 characteristic;s of the caps obtéined are also contained.in Table 1 below.
"EXAMPLES 3R - 5R_(comparative)
The operations of Examples 1 and 2 were re'peated,-but using ethylene pblymers
25 not conforming to the invention and whose characteristics are given in Table 1 below.
A comparison of Examples 1and2 with 'Ekample 3R shows that the screw caps
accdrding 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.



‘consisting of: 99.7 parts by weight of nultinodal ethylene pol YRl yar 2006
manuf actured by a process such as 15 that disclosed in the patent

appl i catwWorERPIB03935A; 0.2 part by weight of cal ci um st earatre2/1£38d part by
wei ght of [tris(2,4-di-t-butyl-phenyl)phosphite]. The characteristics of
the ethyl ene polyners used in the exanples are given.in Table I below 20
Screw caPXAMRIESGRURaGEameaatbye) i nj ecti on nmoul ding on a Netstal machine
fitted with an 18-cavity nould. The characteristics of the caps obtai ned
are al so corpdxawales §Rmand R, 1etdenspolymsipobthesnaemodsktype svepavsedi ve) The
operations o : " ol yners
25 not conf o/{r‘ %%g@gﬁ?ﬁgx?’ﬁglg%'g;ygeriiQ%@%&)’?ﬂe%—%‘a??ﬁ%??Sgtg%tt(})sél}g{hgwgi ven in
Tabl e | thef tbewscre' capsracorsion tofthebxaentioe possessal réistaride t&xmpdreckddy shows t hat

the screw caps _according.to the invention v far. superior resistance
to crackl '§ﬁ§)srféfﬂeréc_’r3%§’aﬁgfCapéE?ﬁsfegroﬁiar{ﬁorf%“?(jrq?ge‘gﬁg%PP]é(H’.e?' conpari son of
Exanpl escolpafsbnlo Ve tathphx & MtheSx Rl sHHW s i 2RE1E0h VIRt YhSRAWS cap30 that the
screw caps according to the invention have a far better resistance to slow

cr acki ngccgrdingto (eRnygdien bars orsptdemBorepsTriesHOd /and $98) mdulipicason, 7R
(conpar ag.j yI > vhrers of t.he, nononodal
type vve?ttg'ex@)ggﬁﬂl\@éo _ o??égﬁoﬁk@?%ﬁéé%lﬁgﬁﬁ TR TERE] ngse R and 6R
r espect i ated mosdmodal pblyathylehe, with ewivadgns opesiagdorage volukde i nvention possess

a :Tﬁﬁl m sl ow cracking 5 which is superior. to that of caps based on
a o] m—%ﬁ% polymer. A conparison of Exanple | with Exanple 7R
shows in addid iRBe ERahplel6f HE ¥ | | L§n have

or ganol eptic prop%rti eg (01 arlld 1&]%r??hgntgﬁjﬁﬁgéﬁg’?%%%a&i@?g}a@a\ﬁgg%gg at | east

as good, therf flakstblérsled €Fheirt prapertitsore slutvirainBebld 2,aogaharoviioiosd ¢fh based on a
mnomdaﬁx%%é’?%y?&'%]?@ﬁmw t h]ﬁ?%h&’f‘hﬁ”t openi ng .t orque val ues. 10 EXAMPLES

8-12 mples
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



For these Exanples of the invention, the two blocks were nade sepafajsl Mg -
and then flake bl ended. Their properties are shown in Table 2, together
with those of Exanple 1 and al so Exanples 13R and 14R EXAMPLES 13R, 14R
15 TheseW&®/0@Wsherci al products used for the manuf act ur PEVERIZIZIS2Exanpl e
13R is nononodal, Exanple 14R is binmodal. 20 25 ' 30 9 - 1 MAR 20116 WO
03/039984 TABLE | PCT/ EP02/ 12382 PropertyUnit123R4ARSR6R7R

ML2g/ | OnTABLENL 51. 610.]10. 121. 7 SDkg/ nB51. 6955. 5964. 9955. 7952. 7957952. 1

(NE)Zé/A)lglm F‘b"P};ééﬁ%M?%.lgclf 4--SNA]rA‘)v;“%&H'%§E{ . 0284;501?7520 O'uo[?E]?fEiO/(s(';q 350.450
(*)50. 54P03; - CA(Bymohid |30 80 (T3 1. 1T} §- - [BRhquig149434- 1858
ESCR- Aho r>%00211 704 41243 OTNnR. 54. 2. 201, 98--[2.152.137 01-1.'4. 1.7
---1.8-.|8D8 O S-{kg@’ 5- |953.62 [96HBJ. HIO. 6-955:80.%2.7 1957 9521
Om N80 S Tt omin [T T oo T a1 a7 g o2 R
SD(A) kg/m’ 970.6 |970.7 [970.9 |[971 970.7 |- |-
ML (B) |g/10min | 029 [027 |02 |2.39 2.74 |- .
[A] wt% 493  |496 |50 495 1501 |- }
[B] wt% 50.7 |504 {50 (*)' 505 |49.9 |- -
CaB) [mol% |12 (08 [0( |11 |16 |- X
ESCR hour . |214 |54 |3 |4 - 18 58
ESCR-A |hour  |>500 |217 |16.7 |0 44 12 |43
OT Nm 254 220 [198 |- - 215 | 237
o1 ; 14 (17 -[- |- 18 |- 138
oIS : 27 |25 |- - |- - 32
Tz mm 305|306 |- - |- B - 30.6
Dmin mm 304 3045 |- |- . |- - 3035
Bmax | mm 306|307 |- A 30.8
Om mm 0.4 0.4 - - - - 0.5
"Omin mm 0.18 015 |- - - - 03
omax |mm 068 |069 |- - T - 0.76

(*) ethylene homopolymer

10



arﬁ nnmoO. 1
10 -

80. 15- -

.--0.3 6maxi nnD. 680. 69----0.76 (*)
1 MAR 2006 5 10 WD 03/ 039984 TABLE 2 .

PCT/ EPO2/ 12382

Propert yUnwe ¢8&011213R14R | 2g/ 10 mi nl. 601. 680. 600. 860. 699(:532021}3352

SDkg/ rn951. 6952. 4952: 7952. 9952. 895112950. 9953. 6 M2 (A

m n117110151125245 ' 391- - SD(A) kg/ rrnd. 70. 6971. 4921. 2971. 7972. 5972: 4-

(B)g/1 0 mippg29 230. 120. 06 :0.12 -0.06-- |°

g/ 10
(B)g/ 10 m n0. 7

et hyl ene honopof WARE2006

- 0. 350. 180360.T9- - [ A] %ei ght'49. 350. 05, 055. 045. 0. - 50. 0-
[ B] %ei ght 50. 750. 055. 045. 055. 050.{0. - - [SCB conp. b/fL 000¢3. 62. 2. 2. 42. 12. V- -
CA(B) cal EToRfSHar 1. [Wni: 174). 81948 21907 77% 11009% bt chet? kJ/ NBR37. MR
-10.48.29; 8 .9.813.{05.1 Chatpy 23C .
SCR- Bour 1MI91000>10800688>100100069030B0 10.86 [0.69 [0.53 [2.1 3.7
j ect abi | i f¥53-853.45.-863. 572943332, 66 4. 55 011-4---1 3 Taste0 20
. 0. 20. 80' [#P10. 20' Br - 0. |95é6 52 18947 0198:%5 36281 ¢32 59589t 15 Hboye
Tabl es e aDA et ] [V#E@_‘E% - - ectabrtity—ang
| mpact Relsi &t a%ce g/oqé?lﬁrejr \r/i\nyt h ‘@2 e%ggl | ¢nt _orjganol e%)dtpl c properfiies -
SD(A) kg/m® 970.6 [971.4 971.2 [971.7 972.5 [972:4 |- -
MI; (B) g/10min 029 023 0.12 0.06 '[0.12 - 0.06 |- -
MI; (B) g/10 min 07° 035 [0.18 036 [0.19 |- -
(A] Y%weight [49.3 [50.0 4S50 1550 1450 {500 |- -
[B) %weight [50.7  [50.0 1550 [45.0 1[55.0 500 |- -
SCBcomp. mb/1000C 3.6 29 P2 p7 pI |7 . -
C4(B) cale. |%molar  |1.44% [1.17% [0.81% |1.21% [0.77% [1.09% |- |-
Notched - . |
'Chmpy23°c k/m? 73 74 -1104 82 9.8 . 98 130 |51
ESCR-B hour ' 1000 1000 £1000 [>1000. 1000 1000 (600  [300
Injectability - |5 3.85 [345 12.86 [3.57 P94 333 [2.56.° 1455
o A 4 |- - - F - 13 |-
Taste - 02 0 02 (08 o0 {14 |02 o
Odour v 0.1 P . 2. fo7 .t " josa o1 PS5

The results in the above Tables cmpﬁasize the cxbellcnt balance between ESCR,

Injectability and Impact Resistance, together with the excellent organoleptic propcrtles

10

of the compositions of the invention in companson thh the prior art and also

commercial resins.

11



of the conpositions of the invention in conparison with the prior @W\ (a)ﬂ&
al so commercial resins. 11 CLAIMS 1. Screw cap conprising a corrpo F
based'on a mul ti nodal ethyl ene polymer having a standard density (SD)
greater than 950 kg/nm8 and a nelt flow index M2 of less, than 2 g/10m n,
said mul ti nodal ethyl ene polymer conprising from45 to 55wt% based on the
total weight of the nul.tinodal ethylene polymer, - of a 5 fraction of -
et hyl ene polynmer (A) having an SD(A) of nore than. 965 kg/nB and-a nelt fl
ow i ndex M2(A) of at least 1.0 g/10 min, and from55 to 45wt % based on the
total weight of the nultinodal ethylene -polyner, of a fraction of a

copol ymer (B) of ethylene and at |east one al pha-olefin containing from3
to 12 carbon atons, and having a nelt flow index M2(B) of |ess than 10

g/ 10m n and a 10 . content of said al pha-olefin(s) of fromO0.1.to 5 nol %

2. Screvr;/gmcordl ng .to claim11, wherein the rrultlrmdal et hyl ene pol yner
has a w i ndex M2 of 0.5to 1.8 g/10 mn. .3. Screw gap accordi ng

e s g gyl @”&rﬁma‘} O oomingno
any pr echaiinga sﬂaadafﬂ d\gh‘é?ye@pglﬁ?(“ﬁ)thf’%gé(&@mt ﬁﬁ%g e§9ﬁ§w/ dﬁ %gir‘ %\'?vglgap
cap. accorpagd tGoi g HRBL e e Bl b 5. 3 at |me25t %50 /10
M n.. 20f%m SefesvRes bagsciihe gothbweight pfitbe auiltigoeal Al ensRABPA, SD3(A) | s
e e T8 st Caa@m%%rbﬁ‘n@ R e R e P
Corany pRELCRTMH A e dOR R, (5 Compry ses mononer i (5
der ived HomﬁaHWﬂv&% bagd (bmthenetallwex ght of the multimodal ethylene polymer, o

fraction of 2 copo]ymer B)of ethylenc and at least one alpha-olefin contammg 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 multimedal ethylene polymer has a

melt flow mdex M1, of 0.5 to 1.8 g/10 min.
3. Screw cap according to claim 1 or 2, wherein the mulhmodal ethylene polymer has

an SD of no more than 960 kg/m , preferably 951-958 kg/m
15 4. Screw cép according to any preceding claim, wherein MIx(B) is less than 0.8 g,/ 10

min. . . -
5. Screw cap according to claim 4, wherein MIy(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. | | _ | 3
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, 'compris;'ng from 48 to 52wt% of

ethylene polymer (A) and 48 to 52wit% of copolymer (B).



10. ' Screw cap according to any.preceding claim wherein the multimdat
ethyl ene polyner is obtained by polynerisation in at |least two rea t ¥hRs 2008
connetted in series. 5. 11. Screw cap conprising a conposition based on a
mul ti nodal et hyl ene polymer and having an ESCR(B) greater than 800 hours,

a not ched, Char ' ifs kAR Nsecaliggtiaim, wiaein topdlyner (Bheommprises
I nj ectabiTi t?cgér%g%?&%ﬁgﬁéz. 8s. . 12. Screw cap according to claim 11,
whereiri hbmmanposideriond fram ethyeemard BigRs1di ty 10 greater !ban 950 kg/ nS.

13. Screw cap according t.0 claiml1l or - iHe hhgticoaRlashylegn has a
nelt flowGn XCWF?PBQCOF‘%ES%CEﬁ’&'nprfcﬁﬂré%f}%lrﬁn’n. églﬁt%?:rewxca acc_%rdi ng to

any. of clai : LAsdtiE i6 QNast tvoasadters asnupstéhiaderias.any of -
Al g poatnuiin sarpaste

clainms 1 screéw cap according_to y .precedi,ng _cl ai mfor
the clsosurie Qferdotchp esmpiifing aroaipesitignibasrisen? wlwogﬁqﬁ@lﬁnﬁ F?ﬁl%’%”’zﬁ‘% 30
AVENDED Shl_aEIlEnL ;LnSEé CR(B) greater than 800 hours, 2 notched Charpy impact re-sistance greater
‘than 7 kJ/m?, and in injectability greater than 2.8s. o o
12. Screw cap according to claim 11, wherein the composition has a standgrd density

_ greater than 950 kg/m’,

10 13. Screwcap according to claim 11 or 12,-wherein the comiposition has 2 melt flaw

index M1, of less than 10 g/ 10min.

14, Screw cap according to any-of claims 11to 13, wherein the composition is as

defined in any of claims 1 to 10.

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

15  containing foodstuffs or fizzy drinks. -

20
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