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Spercentm95pemenlby weight of the to-
tal composition of at least one first polymer
which is an ethylene/a-olefin interpolymer
having: (i) a density from 0.865 g/cm3 to
0.95 g/em?, (ii) a molecular weight dis-
tribution (Mw/My) from 1.8 to 3.5, (iii) a
melt index (I2) from 0.001 g/10 min. to
10 g/10 min., and (iv) a CBDI greater than
50 percent, (B) from 5 percent to 95 per-
cent by weight of the total composition-
of at least one second polymer which is
a heterogeneously branched ethylene poly-
mer or homogeneously branched ethylene
homopolymer having a density from 0.9
glem? 1o 0.965 g/icm3. The cable of the
present invention has superior mechani-
cal properties and processability relative to
conventional cable using current polymers
such as low density polyethylene (LDPE),
linear low density polyethylene (LLDPE),
and polyvinylchloride (PVC).
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necessary flexibility; that is. to'increase abuse resistance in a |linear

pol yethyl.ene, one nerely has to increase the density of the
polyethylene however raising the density reduces the flexibility.
Reduced flexibility hanpers installation of the cable, especially where the
cable - wi@784,4$8424 PCT/US97/05297
PCT/ US97/ 05297 must be routed through nunerous bends and

tw sts/turns. Jacket or sheath damage resulting frompoor flexibility
usually results in cable failure. In view of the above
deficiencies, a resin c@EHYSENEBOLYW] ISEITON FORITABLEARPLICATIONS ar i ous
mechani cal properties, processablllty and envi ronnent al adaptability has
been long 5 awai t ed. One aspect of the present invention

is a cable conprising &rhepseent infentionpelatssad tnple@ppications, such esqroaing o afiber optical
characterized in ttag% oGt Q%%J&&Q&h&%.&ﬁ?ﬂagﬂné Eé?ﬁ]m?ﬁ fa@sﬁgspec.ﬁc

(A) from5 percent ofy t conposi't percent (by
wei ght of 5t h@yeﬂulew CO!!’OW@B | Mprg specifpallysthy IE’Q/S'L"Y‘G'FFGO‘F’PQSB‘P“ wied ipkercabihi ch
'( |S) ag 3}32}5/: te;e]/c I[’ g;ngﬂothegléég ﬁg%#ﬂéf{&ﬁh%ggﬁax&cqu tg{i@af 'em?lene fa-olefin interpolymer.

(i1) a nol ecul ar wespepially @ hmqgmutslsr@mcm@ ethyigne/gfolefin friterpabimer, apdimosgpreferably a

especially from 1. d bﬁ.a“ hyl It index
(ITerr]) fromo.00 omo/gfneousfﬁ%maclﬁ substirially hnear et )iene/a-oleﬁn interpblithor; sfi’td?E 5

CDBI of greater t hhﬂergggnqggqlmlchedaﬁﬂenem-oleﬁn interpolymer (gribipear ethylenS horogpolymer).( by

wei ght of the tgt a&h@&ﬂpgﬁhéd&m mﬁr&xtn@lbﬂb&lha%gog@m%ca( B’Xpemes such ¥&b@f4n Of
the total conposition) of at |east one second which is .a

het er ogeneous|y  resisanse anddisaibility, and FW@F‘{‘%‘F‘}"}“% F’@PPY?"' M3y &% letsieTviropmepally

h/omr)T[gene]ousl y ]gzt hygiﬂﬁﬂnfl Gﬁ)&ﬁgﬂ%%mpdy&mymmﬁde (PVC) basélieafitsh Whenld@pesed. 9 '
C errj, rerera om
gI\J/bst pr ef ergbl Y, theyc % 8% |ée"§nlp§‘sﬁ'4§yéffnﬂqfavgbeﬁ'gﬁls§ﬂ°ﬁw1 ?{‘8‘%&%&‘['\5, on

characterized in t hpplicaitre. Etplegéwpylmecmmms tiased 1on etbylpreihamepolyimpritia High
T o e eyl e YT e 5073 Qv
' (PVC) have been used conventionally.

Various mechanical properties are desired for the cable jacketing application, for
example, mechanical properties such as abrasion resistance, flexibility and reduced notch
sensitivity are highly required. Moreover, good processability is also required for production

20 efficiency and good appearance or quality of produced cable. '

However, the above resins ( that is LDPE, PVC) have several deficiencies. For
example, LDPE may be acceptably flexible ( that is low stiffness) but very often has low
abuse resistance; moreover, since PVC contains chlorine, PVC-based cables release
environmentally harmful gas such as hydrochloride gas when combusted. Furthermore,

25  considering environmental adaptability, polymers such as PVC, especially those containing
lead stabilizers, tend to release environmental harmful materials (for example, lead leached

into ground water) when combusted or landfilled and should be avoided for this application.
In addition, when the plasticizers leach out of a PVC formulation, the cable becomes brittle
which leads to premature failure.

30 Linear polyethylene has also been used as a Jayer in a cable application, but these
linear polyethylene polymers do not have adequate abuse resistance in combination with the
necessary flexibility; that is. to increase abuse resistance in a linear polyethylene, one merely
has to increase the density of the polyethylene, however raising the density reduces the

flexibility. Reduced flexibility hampers installation of the cable, especially where the cable
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(1) a density from0.91 to 0.92 g/cn8B, (i) a

nol eeul ar wei ght distribution (Merr]/Merr]) of about 2, 25

(iii) anmelt index (I[err]) of about 0.1 g/10 min., and

(iv) a CBDI greater than 50 percent; and about 60 percent (by weight
of the total ce@R9sskion) of the at | east one second pol yner permseresiby Ch

I s characterized as havi ng heterogeneously branched ethylene/[err]|-olefin

i nt er pol yner: (i) a density of about 0.96

g{‘] grr[ err], 30 must be routed.ﬂ.lr.ou | Inlllier@us ber é‘} dgggémﬁr;s as%t or‘gpéélé\%iarﬁagg/risgmg T
Anot her aspect offromproopflexibiit vspaily sssplisimeabls failoegb| e | acket conprising the
pol yet hyl ene C RS bittheBowefdefidicitd) ¥ RSH b&ﬁboﬂ“n%wh@é‘nsﬂés He@Bt 10
percent, preferably at |east 20 percent, flexibility than a

cabl e made using V&B‘H’&éﬁ'fWFPéP’°PFé‘L“’é'rP6‘§E§‘i§Uﬁ%a"FFh‘é‘&%‘m“@Eﬂh‘iﬁP@ﬂ’é“%kﬁF fong

-2- \40 3%%424

PCT/ US97/ 05297 ntive

pol yet hyl ene conposi ti ﬁ“pe o B pher '“"”\?8’3 'séﬁ‘g’ﬁ]ﬁfgi”x‘ﬂ’ﬁééﬁye’@ﬁ? ‘qyiff%nt i on
i s a cabl e conpr icempgsitian thaecwerigst abat the palipétiey lgnacdagpbsition comprisasvi Nng a t hi ckness

from80 to 90 mls (2.0 &lﬁx]%pe?’c \Aﬁ‘ﬁy J/é?gh?gﬂﬁealgt%l c‘éﬁ;{,@iﬁ&)g?ésg%rc%l? vl weighl {fat' ng

a .hotch in sald erern a sanple of sal t aken
in a circunfer entthabtafcomp@htmemf Rideast one fistpotymdawideh iwntdhyl&@'wbﬁﬁrﬁiaﬁgpolymsr | ess
than 55 percepy Iggiﬁ of elongation than an un-notched cabl e jacket
sanpl e fromsaid ca fe. Still another aspect of the invention
is a cable conprising a theyadepdigébin®.865 Pymene.95 gem3, pol yner cabl e jacket

conposition, wherein a pl aﬁ#?m'&ﬁ%léﬂf r%lrfdéégﬁgﬁﬁng%{ble&tﬁapéglﬁ-ﬁb"eﬁwf&m’*{s

70 to 80 mls (1.8 to 2.0 conposition
| east 100 percentto2.80 preferably at |east 200 percent, nore preferably at

| east 300 percent, especi afia e k@) rRAM001 g/10miA% EPlomind MOS!
especially at |east 500 percent, ultifrate tensile el ongation, wherein the

notch has a dEpth of at Ieas)tamlnftr@tt(r@laﬂg)mt.mdradl us from0.275 nmto
0.55 mm pr.ef er ap ¢, S&rm(LﬁQ%ﬁgﬁhé%l c@ﬂﬂosfﬁﬁﬁ‘%&ib%'ﬁ piréeﬂﬁb? 38 mm

to 0.51 nm and wherein said | ene po nposition has a
density of at | ed¥ighbofghesotg)compastion) ofiarjeast one second Pﬂv@qrwmch dbeteracnenypict |

the invention is wanckdletylemaRblefi in@rpslymb@R s honfgShebudly @lhylede hdmopolymer having a
density from 0.9 g/cm3, preferably from 0.93 g/lem? to 0.965 g/cm3.

20 Most preferably, the cable comprises a layer of a polyethylene composition
characterized in that the polyethylene composition comprises about 40 percent (by weight of
the total composition) of the at least one first polymer which'is characterized as having:

(i) a density from 0.91 to 0.92 g/cm3.
(ii) a molecular weight distribution (M,/M,) of about 2,

25 (iii) a melt index (1) of about 0.1 g/10 min., and

(iv) a CBDI greater than 50 percent; and
about 60 percent (by weight of the total composition) of the at least one second polymer

which is characterized as having heterogeneously branched ethylene/o-olefin interpolymer:

(i) adensity of about 0.96 g/cm3,
30 (ii) a melt index (I,) of about 6 g/10 min., and
(iii) a CDBI less than 50 percent.
Another aspect of the present invention is a cable jacket comprising the polyethylene
composition of the invention which has at least 10 percent, preferably at least 20 percent,
more flexibility than a cable made nsing conventional heterogeneous linear ethylene poiymer
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t her nopl astic polynmer, especially a polyethylene polynmer conposition of the
I nventi on, ' wherein the thernoplastic polyner has a strain hardening
nodul us, Gp, greater than 1.6 Mra, preferably greater than 1.7 MPa,
especially greater than 1.8 MPa, and can be as high as 2 MPa, wherein
Gp i s cal cul at egloawssazai ng to the foll owi ng equations: 20 PCT/US97/05297

(n [err] (rn) [err] 25

(rrry fJerr] The strain hardening nodulus (&) is calculated from -
thgbconventional hﬂmﬁiabﬁn61&Eaﬂﬁﬂersh}ra‘aithanBBntwemlyeﬂgleusdomgosﬁthe. t heory of
rubber elasticity. Mor ecific e trus, I . at ed
from the engineering Sf?tégoéhen[sgercfﬁf tl}émvarn msac rgom% fn&%lﬁéﬂéépl?hgﬁéﬂa%wt
Equation (1). For haaizlaghifiaes &bm 80 to 90 nnlp@sﬂtng3 nﬁ!}ura@meﬂ with 2 metakshieldceagtings

cal cul ate the strapp .Qg&&'&me(‘%émﬂy Hipte of R orchddlidcker 2Réh ih & Eirdumferential
represent the natura Fatlo ang engl neering draw stress, respectively.
The natural dr &w direction, inaggordgnagauith ééer?rf’i’ﬁe’HS less than 23 perrentfoss Rbelensarpg han on of

a grid.pattern whiy g, Med)éablgﬁaa@!ﬁﬂlpf%h@m%ﬁdcabteenm | e dogbones. As shown in

Equatl on (I1l1), the strain hardening nodulus is i nversel}/ )
WO 97/ 383tithanother aspect of the invention is a cable comprising a thermoplastic ethylene

PCT / US97/ 05297 polymer chié ﬁ&l@ld:oﬂ'lﬁbsklhﬁ: WIKEYEiD @ iplagiie h‘dﬂhgﬁﬁngh&bm @thickness from -

ent angl ement s, t h cul a
ti e-mol ecul es bet \%Bé#od‘?'s& éﬁ"l 10 el n'%saérfap\ﬁg °9mp‘15%3"'3f§a' Jeast l%f’mfeﬁt
resin. 10 prefermmrewmophmt.mommfeablshm 360 pescent. damléanatrlngstﬂﬁmm us

as ‘a function of %@&?ﬂk JR% Jisp&ﬁlly at least%%l‘:@ﬂ%lﬁﬂit&’t@% d ﬁﬁ}gﬂﬁﬁi&ﬂe&ﬁh the

Forexanpl es E, En trai eni n

rel ationship can etchjnsedsatnefedersty) mils 0. 35mphirdiss féﬂﬂ&ﬂ%ﬁ"“’oss mm,

preferably 0.3 mm to 0.525 mm, and especially from 0.38 mm to 0.51 mm, and wherein said
ethylene polymer composition has a density of at least 0.945 glem’.

15 In still another aspect, the invention is a cable comprising at least one layer of a
thermoplastic polymer, especially a polyethylene polymer composition of the invention,
wherein the thermoplastic polymer has a strain hardening modulus, Gp, greater than 1.6 MPa,
preferably greater than 1.7 MPa, especially greater than 1.8 MPa, and can be as high as 2
MPa, wherein Gp is calculated according to the following equations:

20 0  0,=0gA
[n) G', adrzh odr
- &
25
my ¢, =2’

The strain hardening modulus (Gp) is calcuiated from the conventional tensile stress-strain
30 carve using the theory of rubber elasticity. More specifically, the true stress, o, is calculated
from the engineering stress, Oeng, and draw ratio, A, as shown in Equation (I). For cable jacket
resins. Equation (1I) was used to calculate the strain hardening modulus, where A, and Oy
represent the natural draw ratio and engineering draw stress, respectively. The natural draw
ratio was determined by measuring the elongation of a grid pattern which was printed on the
35 tensile dogbones. As shown in Equation (II), the strain hardening modulus is inversely
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(Iv) G = -98.57 + (208.89)(p) - (108.73)(p)[err] where p = density
of the ethylene polyner conposition (including carbon black in the density
calculation if appropriate) and Gp is the strain hardeni ng nodul us. Note

t hat polynmers B and Bn fall above the line, which is believed to be
attributed to wo@hedsd evel s of long chain 10  branching ( tRlpaistyeshée
I[err]/I[err] melt flowratio is higher for the hombgeneous conponent for
resin Bn than for the honbgeneous conponent of resins En and/or An.

For conparative pelay¢d®R e molechlar Weightbbokaen bitgRinbdd, M. @it SlOME ﬁgleﬂﬁf WLiEIﬁ of
follows a different rel ationship described by equatlon (

(V) Gp = 438. 03 -+hemolesyles pepween eogiallinedipropipy and pjs thexdsnsity pigbesesimat the | ne

for the comparative peEghfRl, for bampl Ghow s h&&mghlaanusfapx fuhdiien DQe: Bfthe
conposi tions of the inv f er abl

ntio t he poly | ene
conposi tion used §H! ‘f‘ﬁ@’?ﬂ%F‘E“R?f'“‘E“he%b?"ég‘B‘ﬁ’tE Eiiy a0 A tie grain hardemmwgr Msd by
a process CON i Srelagbnitiecad beGproainiated by the following equaidn) ' eacti ng by contacting

et hyl ene and at | east one [err]-o L. _u r l.ution pol ymeri zation
conditions in at |east one react oh%l&“ﬁr‘%&’ﬁc’*ﬁ@'@&?’dﬂoﬁn&@ the at |east
one first PotleyepEE ddﬁ&liy(bhthé sthylerld polPGETEeMpUSitivn (Mchiding Cdbon black in the densnty
ethylene/[err]- oIe I.n |n fera bst ant.i al | near
ethyl ene/[err]-ol% Plﬂt“ﬁnr\ 'E %egg?d G fhe sm"q'a%emng mqdpfus. S’y"é"ah t?ﬂ{ﬁm‘fﬁ/g and
contacti ng et hyl eBrefalhst@vethe liveawhichois belipwerd td beattrituted mmglerleenloﬂtonpctham

pol ymeri zati o cqui | kN rea Jroduc

sol ution of t[ube. at %}éé{]ﬁ%ﬁféthgéd’ ﬁ%‘g@%‘ﬁ%ﬁo 8?‘?%'“’3&1%%‘ cﬁmP%'F'§6°éneousl y
branched et hyl eneregimBrythesn for the homogeneous compongni ofj iysing Envvidfor Ag- t he sol uti on

prepared in steps (i) F@Mﬂfpﬁtht}vep@lmersl D, IandG the strain I"iid!t)lngm&ﬂﬁo&sr}e
solvent fromthe pol yner solution o ste iii) and recovering the

pol yet hyl ene co GTént grjprionship desc“bedbyeq““gﬂ{g) ‘cabl es of the present
i nvention have good flexibility, (wGhanimas +RINP6KHL-eB34)H)30 good

processabilit furtherngre envi.ronment al I I ess ha ul. when di sposed
relative to s H°‘%'§ﬂl“§§‘“&fﬂﬁ§\‘°§?%&"w&ﬁfsl' Lf‘n} POIYRE aspect
of the present i nwmpbsitivhs ofshelifventioRCt ' t hat cabl es Wnere the outer

cabl e jacket conprise ' e ntlon
have i nproved fl exi bi ISP'{fQEb Mgﬁétwl&%o%ggg ven*é‘gt‘ﬁbn °?§Rﬁ8‘“°“' '?1‘}&1' Cket

is pr oduc eptepared hy tm*:ﬁemommg!maemfgeneous | i near | ow densi ty

poI yet hyl enes (LLDPE).

WO 97/ 3
PCT/ US97/ 052920  polymerization conditions in at least one reactor to produce a solution of the at least one first

3%&1:1@ by contacting ethylene and at least one o-olefin under solution

polymer which is a homogeneously branched ethylene/o-olefin interpolymer, preferably a
substantially linear ethylene/a-olefin interpolymer,
(i1) reacting by contacting ethylene and at least one ¢-olefin under solution
polymerization conditions in at least one other reactor to produce a solution of the at least one
25  second polymer which is a beterogeneously branched ethyiene polymer,
(iii) combining the solution prepared in steps (i) and (ii), and
(iv) removing the solvent from the polymer solution of step (iii) and recovering the
polyethylene composition.
The cables of the present invention have good flexibility, mechanical properties and
30  good processability, furthermore, are environmentally less harmful when disposed relative to
cables comprising conventional PVC. An important aspect of the present invention is the fact
that cables, where the outer cable jacket comprises the compositions disclosed in this
invention, have improved flexibility relative to comparative cables where the jacket is

produced from conventional heterogeneous linear low density polyethylenes (LLDPE). Cable
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flexibility is an inportant performance criteria, since nore flexible
cables are easier to install and bend around corners. Cable
flexibility was nmeasured by clanping a piece of cable horizontally in
an Instron tensile machine and nmeasuring the force required to deflect the
.cabl e in the upxotsgieds ecti on. Lower defl ection forces denonstRCIUSITNSRYOved
flexibility, as 5 shown in Figure 1. Cable jackets produced fromthe
copolymers of this invention are preferably 10 percent nore flexible,

and nore prefer abl%xt@ﬂtyﬂ?iﬁﬁﬂ&ﬂaﬂ@éﬂoﬁnﬁﬁ% lchites@a, §ilva fhore flexible GMEB&EG&SIBV% i@l es

made using conventi gpal heteroge u ear | ow dens et h

pol ymers havi ng aiBdpend ﬁ'@“'édafﬂ’é‘gr&gﬁg]f’ ?‘?’“‘(‘ s T%asurr?iﬁ;é fd’é‘ﬁ'&ﬂ‘@&(ﬁf’ Pcé'glsh

pol ymer i s w thin hb@zontally in aﬁﬁi’smnénsﬁhf mdchige okl Imeashring 1k force required to deffeabe and
ot her enbodi nment s re fully.descr]j I

with the Figures, mg}ngl?e upwarLti dlré{:non ngergqgrt%?i ﬂ%ygs de%l:qst a{l rﬁ@’?u gﬁ?;{lﬁlﬁ)t as
force (kg) versus shadnl 1eFrgefelledtabbrackmodheﬂftemirlnsb!@lymers Ofthls "Blndlocmrpar at ive
exanpl e G | 23 midfe prdrdbfPoGert&fmbre f ,&r:@rngatlon
(percent) versus r?r?ferﬁbl% n'%gmr?m eg’b’tge@t “{%5 psa fwo?or exanp e B and for
conparati ve exanplemgrative cables made using cqnyegtion! fremeqswm'wr low HHW@E“*PY#“F he
relative tensile eﬂo%ﬂé%ﬂﬂk %@Jtﬁié%alﬂeﬁim& @Ihhtrx@thfz @énsity of each PofAHeR isQvidkina0d
conparati ve exanple G is a plot of strain hardening
nmodul us (MPa) ver SREEH6f Yrgherhngd corrposr t i on density for exanple

pol ymers A, Anjo B, Bn, msemtﬁnmmaﬁeﬁcamﬁﬁﬁpﬂlyaedcﬁmwamahmca,,una;onl 20
and J; h EIPG i a surface roughness scan of a cable jacket
made from exanpl e PR W TIBUES, WhEEBI: 15 6 s a surface roughness scan of a
cabl e jacket nade from%ripax plotiof deflection frices (kg) versus @blealpfiection (mm) for example AF| G

7 is a schematic r rﬁ?pﬁﬁh@etéxgﬂpl &N perspective and party broken away,
show ng 25 one cab resent invention.

"substantially |inear" F@R %PIE‘ME'F‘Y“}WGP%'FFH“&“WP%PQ/W%“%@P@W?W“Q%
pr esent yveggﬁ,b@rfb,afﬂpmmdIfd,@aatrmnmxmg in the traditional sense

of the term as used tq_describe ensj t eth ne -
(Zi egl er polynerized | ﬁ‘éaﬁ"s?E}%°&&‘ﬁ§$°ﬂ’§/‘hﬁfﬁ?‘§9§°ttw1\{v%ﬁi@gat‘°“ Verh “ﬁfﬁﬁﬂﬁﬁ{ for "nor
are they highly brmﬂedaﬁo&mﬁ&aﬂpe&ﬁmuﬂd to describe | ow density 30

pol yethyl ene (LDPE). T ﬁm

i nterpolyners have | on rﬁG sapg%%"aﬁibhraﬁlﬁ*' %l“s YJre?sq #@E&F%%ﬁ%&slﬂm
substituted with Odedsityl fgrg}amﬂapqivmsah(ﬂﬂegl*}@@@nd En, and ferapmqu eFamplesdh . 1
chai n brancheshd00Q4Gar bons, nore preferably from0.01 long chain
branches/ 1000 carbons to 1 Iong chai n branches/ 1000 carbons, and especially
from 0.05 | ong c HEAG S ipp iFfatsdeushuss ot B eahle acket madefrom expmple:B:
branches/|1 000 carbons. PFiG!6s & kunacelrbifhiesd W@anCdf @ table Jdoket madedftiompaitive Bainplehe
sanme as the short 8ha| n branches resulting fromincorporation of the
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FIG. 7 is a schematic representation, in perspective and party broken away, showing
25  one cable of the present invention.

The "substantially linear” ethylene/c-olefin interpolymers useful in the present
invention are not "linear" polymers in the traditional sense of the term, as used to describe
lincar low density polyethylene (Ziegler polymerized linear low density polyethylene
(LLDPE)), nor are they highly branched polymers, as used to describe low density

30  polyethylene (LDPE). The "substantially lincar” ethylene/a-olefin interpolymers have long
chain branching, wherein the backbone is substituted with 0.01 long chain branches/1000
carbons to 3 long chain branches/1000 carbons, more preferably from 0.01 long chain
branches/1000 carbons to 1 long chain branches/1000 carbons, and especially from 0.05 long
chain branches/1000 carbons to 1 long chain branches/1000 carbons. Note that the long chain

35  branches are not the same as the short chain branches resuiting from incorporation of the

-5-
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PCT/ US97/ 05297 conononer. Thus, for an ethylene/l-octene copol yner,
the short chain branches are six carbons in length, while the | ong
chain branches for such a substantially |inear ethylene/l- oct ene

copolyner are @woohasss seven carbons in length, but usually pe¢ahishniaer
t han seven carbons. 5 The substantially |inear

ethylene/[err]-olefin interpolyners of the present invention are

herein defined a%oﬂn&ho“exsl‘hug 3be2h Ethyﬁen%lzax:l%gtﬁ:oﬁdiﬁher Glhe sﬁt!m dhaifl Bgncl:hegazgsng 72 (Lai

et al.). Long chain branching is defined herein as a chain length of
at | east 7 car borsarbongygensthyphilertherlong chaimbranches for such aé%ﬁﬁta“bbﬂea' edhylepilii shed

usi ng 13C nucl earecgRQBRdynfer &8 AMARRSEN (LBIR) in TRAR,IBLOREMP YouchlIBifzer than seveh ONG
chain branch can be as long as the length of the polymer backbone. 10

For ethyl ene honSF8Mners and ethyl ene/ Clerr]-Clerr] al pha-ol efin
copol yners, |@ng chai mhe substantidy & iene/asdlelis inttfioB/nttsve the wsebﬁﬁ\re],@wﬁ

spectroscopy and ,can b uan ified dal | . (Rev.
Macronol . Chem ‘§d° @f"ﬂ 9&333%"13%386 %‘f}*‘”ﬂfﬁ%ﬁg@r@f" lgealpf’“ chain'  rp
0659773 A, used b&n&ﬁ\‘%ﬂs Mpﬂrhen@iiﬂas adhainlamgb bf @leagt 7tﬁb<q|u.ah6\newnch tiagngthai n

branchi ng. Exxon used "viscoys energy of activation"” to quantify |ong
chai n branchi ng icAnnpxcbe distingpished pipg, ~(imuolenr maggaticyesgnagee (NMR) spectroscopy. Thot 1y  he

_hormgenleous | i nea?n ?ﬁuihsmﬁhwlnshsamﬁlaaihh)enhhaawpomﬂay&aemﬁc[ err]-olefin
i nterpol yners, usefu e comp esent i nvention
are those in hich em?’%%eru"g’gn%"ﬁr rsa" j?dlEG% éﬁ’l(ﬁm wLXW'\gﬁ’I‘W a

gi ven interpol yntbrandmlge:w!:esieamned/lhnf’@m sPectroscsmtmﬂaamtheqﬁdnyfalnbmmet he

i nt er pol yner O4RIHo% A thin
t hat interpol yrreﬁgemoggd’{mé@l(ﬁ I N El%@%gﬁ: £ 5‘: EF ? 28 29§)TH3 %%B'dee'\ri\“el ty
of the i nt ERNGF7ABAL uped atlwpew @9‘“&@5@%4‘ b@cﬂuwfnlms chgmpspnching oFXXOCh | n

Branchi ng Di stri Qudd “Qidcous energy b iefvation®fo &Dﬁky 1042 VRRR Biahdnfip i PCHt FubltdlidnORO
Branch/ Breadth Index%ﬁoand i s defined as the wei ght percent of the

pol ymer nol ecll e ng a conononer content within 50 percent of t he

medi an total nolar comammmamsgmmmr’ﬁhmaamwﬂiuyammbzyymre/oduaefrneadi |y
cal cul ated 25 fromdata o om techn art

If% ed f i ?ﬁ 2 tﬁose in Whlélu ch
as, for exanple, PERPEPLS e fof lomipet he compot f°“"[ T Wﬂ’ {"V%'ﬁ
(abbrevi at ed her ehexoamndmeRisFindensly dissbatediyatiin afgiven insemofyimer m¢lwuwhdjwmenal

Journal of Polyneg, I;'bé%ba%?égbﬁt ;\égolﬁ;l%(r?o]eggw habécﬁwe sal%Q ethﬁen% }cdmbaster ratib N us.

patent 4,798, 081 S. patent 5,089, 321 (Chum
et al.). The &Bmﬁtlmrthmmd)@?er-tah@smbe in UﬁB&é@%ﬂ?&éﬁlﬁO@t Ripihemegepeity of the[ of | n

i nterpol ymer usedipiefoliyfibrs Rtypi@i debchibaby |tlQrSCBBI Gh&EERIn BrirBing Dis#Butionper cent ,

nore. preferably greater_than about 70, ent géj glfsi‘? Ci al+ ar e%ter t han

about 90 prafexdefC DB?F@“??BW%@E‘ th ’?a'tﬁ 1 qefined as the

i nt er pol yners us esleight péréefit qmﬂesaycherlmleanésl heﬂng a comonomesmmmlwﬁhin)ﬁo percdot o

| i near pol ynmer fr cLi on by

the TREF techni qu e‘ﬁ‘ﬁ’é? E] 5°r'rn6’ gglﬁzgugﬁ% el%‘??ﬁnﬂéfggm? ﬁa’% ’lf’ HI&F gl efin

i nt er pol yner s2%lo fnqm data obtamed from lechmques known in the an, such as, for example, temperature rising
elution fractionation (abbreviated herein as "TREF") as described, for example, in Wild et al,
Tournal of Polymer Science, Poly. Phys. Ed., Vol. 20, p 41 (1982), in U.S. patent 4,798,081
(Hagzlitt et al.), or in U.S. patent 5,089,321 (Chum et al.). The SCBDI or CDBI for the

homogeneous ethylene/a-olefin interpolymer used in the present invention is greater than 50
30  percent, more preferably greater than about 70 percent, and especially greater than about 90
percent. The homogeneous ethylene/o-olefin interpolymers used in the present invention
essentially Jack a linear polymer fraction which is measurable as "high density" fraction by
the TREF technique ( that is homogeneously branched ethylene/a-olefin interpolymers do not

contain a polymer fraction with a degree of branching less than or equal to 1 methyl/1000
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contain a polyner fraction with a degree of branching |l ess than or equal to

1 nethyl /1000 - 6-
WD 97/ 38424

PCT/ US97/ 05297 carbons). For honbgeneous |inear or substantially

| i near et hyl engyd &#3ghzq0! ef i n i nter pol yners, especi al | y PCT/US97/05297

et hyl ene/l -oct ene copol yners, having a density fromabout 0.88 g/cnferr]
and hi gher. these interpolyners also do not contain any highly short

chai n- branched fr aghén@)) For Kof@dgenedus lifkeer or substanthmmgﬁ Iamyielﬂcyoléﬂnamdpﬁykners,

ethylene/[err]-olefin pol not cont r t h
degree of branchi r‘?ﬂ’e‘éﬂ& f’x{leel%?cgeﬂ%?"yl?'ﬂ"ﬁ enggy Net ﬁbo}“ a'WhEﬁl)‘c
The honogeneous | itiessintemolysiers sitexotniotriohtyin Ianyrlwiy Sbormhhlehem{hedfrqmm (aliaf is the

i nterpol yner for ys t.h C :
i nt er pol ymers of E‘Pﬂgﬁeﬁ%ﬂ’é\?{ﬂ’cmtd eﬁ’& e?églgﬁe" £ \4'% @é‘?ﬁu £Rymbe ﬂéﬁ%’%‘?‘ﬁ‘ .
zci:Fd/ o]r 8[[ er r} [G[ erdlegree(hfbtamW equak te pement thgn abn!téﬁ p@ﬂ\xl#ﬁ}og caghon®)t hyl ene and

err err err]-ol I ene
and a C[ err]-derr] [ e‘rﬁ"j l%?qogfneous lmemfm 'é\ﬁme# il aE)n?Q e@éylgnoe%g ginn‘éé‘{af)olg&er?%ﬁw
et hyl ene and 1- octxmmepreﬁhentemqmtymlbfmhsemhrmﬁrs owaunm-d atleastione Corfipest e a
copol yner, or a terp

he 1.k That t th
conononer i s pol erEﬁPZW'W SQ‘PWY @ﬁ‘%" ﬁ? “I“"‘%"'ym"'ﬁg‘fgétlhi"ﬁ‘@ ‘?1#%'&8 ol ? o

Et hyl ene pol ymeri 2 t
make t he hormgeneo'ﬁg‘féﬁ% kwﬁ%’g&g‘%f‘gntla y %‘gg'?ﬁ‘??%?'g%”?'ne%”@g?m °
in this . 10NV &f ethyléne aft B&m:é €The ceapmimepatyner is ngd idtein tdiadid@ieacogoly@iee or 4
o111 Ol ef 15, CoReeh Al Yor BB M iy et O KRG iSRS wis RS1E0R

4- nethyl-l-pentene nonene decene,

nmore preferably 1- mm@wmm@ulemprﬂpmrm camepomers ANl be

The hompbgeneously lPéCﬂgﬁlgfeqhé Ho%@ébeﬁﬁ?bﬁﬁgﬂﬁﬁ&hhﬁlly ¥inela# iR8Ablymers useful in this
ethylene/[err]-ole I nterpol ymers used in the present invention
have a single nel tlhwg"%em@feﬂa‘kcw ipcdugle th Cay20 o-olefinsy¢speciRlEpreReat: scanni ng
calor) s (DR 48 utigre 1 %W hh68!+ AOR3. Sé.aagw e 16850l 1 RS QhePE-T ]
het er ogeneousl y brd;mhemprezprefgmév 1-butene, 'hw')ﬁrmq‘hﬁwmﬂh%déﬁéﬂ"err] olefin

copol ymers having tWO G HiMidgendbsly/bhiicief fireds and Subé&hifily TinE Ethylene/-olefin

interpolymers used in the present invention have a single melting peak, as determined using

r

differential scanning calorimetry (DSC) using a second heat and a scanning range from -30°C
20 to 140°C at 10°C/minute, as opposed to traditional heterogeneously branched Ziegler
polymerized ethylene/o-olefin copolymers having two or more melting peaks, as determined
using DSC.
The density of the homogeneously branched linear or substantially linear ethylene/o:-

olefin interpolymers (as measured in accordance with ASTM D-792) for use in the present
25  invention is generally from 0.865 glcm3 to 0.95 g/cm3, preferably from 0.89 g/c:m3 to 0.94
g/cm3, and more preferably from 0.9 g/cm? to 0.935 g/cm?,

The amount of the homogeneously branched linear or substantially linear ethylene/a-
olefin interpolymer incorporated into the composition used in the cable of the present
invention varies depending upon the heterogeneously branched ethylene polymer to which it

30  is combined. However, preferably from S to 95 percent, more preferably from 20 to 80
percent, most preferably from 25 to 45 percent (by weight of the total composition ) of the
homogeneous linear or substantially linear ethylene/a-olefin polymer may be incorporated in

the polyethylene composition for use in the cable of the present invention.
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usi ng DSC. The density of the honbgeneously branched |inear
or substantially linear ethylene/[err]- olefin interpolyners (as
measured in accordance with ASTM D-792) for use in the present 25
invention is generally fromO0.865 g/cnferr] to 0.95 g/cnferr], preferably
from 0. 89 g/ cnivgyerhsdz® 0. 94 g/cnferr], and nore pref egapigsrpsem 0. 9
g/cnferr] to 0.935 g/cnferr]. The anpunt of the
honogeneously branched |inear or substantially linear ethylene/[err]-

ol efin interpolyner i miompleduit Rélgic bt e RdnRgeiRN biahdhedlindHEr subRadid®) 12! € of
t he present | nvention varies 1glnetgendl ng upon_ the heterogeneously

branched et hyl enc®!BPS/Fralelip ppIXmeF foR uye in theypresetanvenfion iscapyenipptiydndicated wings er abl y
fro][n 5 L ?) 9? per Qgéltindeggéﬁur&hﬁ\i %&gihytofiﬂ_fm‘ﬁl ﬁﬂ?ssochoﬁmuon 19?°c12.1%€krg%ﬂﬁu1y Wg)stf
preferably from to er cent wel gnt. of the total conpositlon 0]
Phe nomditabts *FRaT €D, b ke Bif o M ieh B iRy BResrpaoeng b1 o i n
pol ymer may be i nfsMcmar vdightlofithe polymer; althddgh, BierdifiofnipGiifot fRRBPaaL ti on for use

in the cable of the present invention. . ]
-7- WO drpmageneonsly branched linear or substantially linear ethylene/a-olefin interpolymers useful

PCT/ US97/ 05297  herein will generally havel d4@eld RdeR G4t fast 000 Oftim<PHo rlif\ResROTERH SRS Y
branched | i near i i

or substantially ||near et hylene/[err]-olefin polyner
for use in the prigd yﬁ'%\?ﬁf@% S’XO . gﬁﬁ/"é‘l‘?fg@ﬁ?‘\“} b%ﬂﬂ'%%é’(?’ﬂ?ﬁ‘ﬂ&‘auy linear np| ¢
i(][ldex rr:aasu_r errenteﬂ@&ﬁm-dieﬁ;ginteqx_oﬁ_{i?ﬂwiméavlNrfélt indensd hbin@ﬂtt%ﬂ@{)ﬁﬂriiﬂ )f&@bl ?
or mer no s "conditio oand al so,_known as err]). t
i ndex i syi nve}osehffsﬂw'rf)'b%(??tt'igc{ﬂg "t'ﬁ"r&tegf'gz'myée“g'ﬁ%{)‘zﬁ’ﬁ&ﬁ‘f“'vvei ght of the

pol ymer, al t hough, t hdnothéraieasoremintpsefud invharadiériaing the mbleenlar weight dficenpgeneous! y

branched |inear qr st ant | l.near et h n rrl-olefin.interpolyners
dsef u ner denBRERAD bl bl idal ARGl byccfimef 4 Bo B3
grans/ 10 m nut es ifdjgated invhek idex megsurement accprding tor ARTIM/ D238, enaditior01903/HYKEO i n.
The honpgeneous| y(fﬁagqa&daé--bamronwﬂmmn%l,?s). IEhBBRE of the I3 and Iy melt
ethylene/[err]-olefin’interpolynmer will have a nelt index of r\% mof e t han

| Og/ 10 mi n., Pr efiedeaitye ridk flowagmio andvia desigoaer as 13of2./ Gérenally; the Inyig ratis fre dieal | y

|l ess than 0.5 g/10 m n. \ Arl%térle .neasur engnt usgful I n
characteri zi ng t HETERNERUHly branched lipear ethyleqe/psolefin interpplymers is Aboyt 16- \Fophe e hed

su 3_st ant ija! |y || npabgenédasty bramshédsabstan@dtly libdar éthylae/RQlefifRitapdlyinetsusedanihent | y
| ndl cate In ne

[t | X t di : ASTM.D- 1238 diti
190 o 1] G/ 10 Ko PoVRREeSPRRHSH R Mg messl R B0 R b BRF an as
I[err]). The ratigngthaih B@nching) thit isdihe hilghe? the Ji; /1B katio, the more long chain branching in the

20  interpolymer. Generally, the I1¢/I; ratio of the homogencously branched substantially linear .

ethylene/o-olefin interpolymers is at least 6, preferably at least 7, especially at least 8 or
above, and can be as high as 20. For the homogeneously branched substantially linear

ethylene/oi~olefin interpolymers, the higher the Iy/I5 ratio, the betier the processability.

The molecular weight distribution of the substantially linear ethylene interpolymer in
25  the present invention may be analyzed by gel permeation chromatography (GPC) on a Waters

150°C high temperature chromatographic unit equipped with three mixed porosity columns

(Polymer Laboratories 103, 104, 107 and 105), operating at a system temperature of 140°C.
The solvent is 1,2,4-trichlorobenzene, from which 0.3 percent by weight solutions of the
samples are prepared for injectio{x. The flow rate is 1.0 mL/minutes and the injection size is
30 100 microliters. A differential refractometer is being used as the detector.
The molecular weight determination is deducted by using narrow molecular weight
distribution polystyrene standards (from Polymer Laboratories) in conjunction with their

elution columns. The equivalent polyethylene molecular weights are determined by using

8-



15 index is the nelt flowratio and is designated as I[err]/I[err].
Cenerally, the I[err]/I[err] ratio for the honogeneousl y branched
| i near ethylene/[err]-olefin interpolyners is about 5.6. For the
honmogeneousl y branched substantially linear ethylene/[err]-olefin

I nt er pol yner s waséhasieat he pol yet hyl ene conposition of tRET/ETO5IN

I nvention, the I[err]/I[err] ratio indicates the degree of | ong
chain branching, that is, the higher the I[err]/I[err] ratio, the nore long -
chai n branchi ng i gpptdp@ate Rark-Hduwink cqéficieiErdr poljethyiereiahd/polytsiyeend (8 deslribied By r |

ratio of the hono eousl y. br.anche b tial | i

et hyl ene/[err]-ol gﬁ'iﬂﬂ“si e }gvraf)dl‘ SR or PR ﬂoé'me bgegl?{é’r\gotlﬂ%(%lt)l Bust 7,
especi al | y at | eankorBormed herein by reftrence) to derite tha follbwingequitiogh as 20. For the
honbgeneously branched substantially |inear ethyl ene/[err]-olefin

interpol ymers, the higher the I[er¥potystyiens=MpplystyrensE” bet ter t he

processability 5 In this equation, alﬁl@l.mdﬂﬁlﬂb.fiw&gﬁi aUithge okebdlarWeighORMwofs t he
substantially [inear ethylene interpolymer in 25 tﬁ"ele present invention

may be anal yzed byalepated insthersyslimappes secosting todhedplipyingdormplagwak gl wehere wi

e o RAA P Ti fi, EOERRG by 49 el G o
and 10[err]), opefamitredPEcolimgyst em tenperature of 140[err]C. The
solvent is 1,2,4-trich Gehdusly Briidh h&Pard- al Dy el btkh
sol utions of the #&ggﬁglﬁes ars(la)f_prepégrﬁegl ,@rsgblsﬁftggf%n. ‘F‘%@é,‘?'PO\;\'/'rate
ij s f1 0 rrtL( mI nup;as ;Emplm. wﬁpwelefﬁl%welshtﬂgtnbstwfﬁ“w%beh:ﬁ%"éﬁi Rrefpeably fgom 1.8
i fferential refrgps®mRtereflablyRind 0894523 adbeshddRNFIHRRL OF .
The nol ecul ar wei ght detern nation i deq,uc ed By usi ng n Eow grpl ecul ar
wei ght distribu &W%Bﬁli?b’f%‘f?‘&s‘r&“’é‘l Hﬁé&!’ ?‘?"?%Fﬂgﬂﬁﬁ’mﬂ?e niear or
Labor alt ories) | in ﬁﬁlﬁiaﬂﬂnji lirfer exiylehe/d-blefinl interpolymer i€4 hetera¥encowsty baanehed dthylene
equi val ent pol yet byl ene ol eyl ar el O Sl (PLERIL e Yoihhitt
PCT/ US97/ 0529715  interpolyiisp bizthylead with\d fekist bite Oy-Chlg ccadefinf(foc example flipear poi dewsithy | ene
and pol ystyrene ( gﬁyﬂ&?iﬁg})by Wl lianms and Ward in Journal of
Pol ymer Sci ence, P o s, Vol. .6, (621) 1968,

: Heterogeneously branched ethylene/o-olefin interpolymers differ from the

homogeneously branched ethylene/o-olefin interpolymers primarily in their branching
distribution. For example, heterogeneously branched LLDPE polymers have a distribution of
20  branching, including a highty short chain branched portion (similar to a very low density
polyethylene), a medium short chain branched portion (similar to linear low density
polyethylene) and often a linear ( that is, non-short chain branched) portion. The amount of
each of these fractions varies deperiding upon the whole polymer properties desired. For
example, linear homopolymer polyethylene has no short chain branching. A very low density

25  heterogeneous polyethylene having a density from 0.89 glem3 t0 0.915 g/cm3 (such as

Attane™ copolymers, sold by The Dow Chemical Company and Flexomer™ sold by Union
Carbide Corporation) has a higher percentage of the highly short chain branched fraction, thus
lowering the density of the whole polymer.
Preferably, the heterogeneously branched ethylene polymer is a heterogeneously
30  branched ethylene/o--olefin interpolymer, most preferably Zicgler polymerized ethylene/a-
olefin copolymer. The o-olefin for such ethylene interpolymer may include a-olefin having 3
to 30 carbon atoms, more preferably an o-olefin having 4 to 8 carbon atoms, most preferably

1-octene.



I ncorporated herein by reference) to derive the follow ng equation:
Merr]=a*(Merr])[err] 5 In this equation, a=0.4316 and b=l.O0.
Wi ght average nol ecul ar weight, My, is calculated in the usual
manner according to the followng fornula: Mv=[err] w*M, where w

and M are thewpahadibs fraction and nol ecul ar wei ght, respect ipegipnsergihor NE
i[err] fraction eluting fromthe GPC col um. For the
honobgeneously branched |inear and substantially |inear

et hyl ene/[err]-ol ef i ydQ plefdrBHORL ' ' | bt ion
(Merr]/Merr]) is less tphan . 5, “ég?i 'écrogﬁﬁ f#egrgnmgl?%pwhgm?%@%%rgﬁore
preferably from gthgerettha C3-CGop g-alefigerdiessin the copriymper bas: The
ethyl ene polymer to be conbined with the honogeneousl y3branched | i near or
substantially |inear ethyl ene/ [i&f f5hsBfiom G 8/ de BRI i s a

het er ogeneously branched et hyl ghe melt index (0 frdrfi&liont (OF gfoafina ybod 500 g/10min.

het er ogeneouslLy branche for exanple,  Zjegler polynerized), 15
i nt er pol yner Ef et hyl @ﬁg’e oggpeayply Ilggﬁé?d é’?’i&ﬁ[’é’}eﬁf !"\é[pé’[}' '-38’%%‘1' Fepoymsts.
exanpl e, |inear kspecidetoidhaving a density[odleysahdn Y198 pemt, lekdDidlig) of course, ethylene

Het er ogeneously branche v | rl-olefin interpol rs differ from

t he hormgg‘r’{gogﬁg “g” E%Jgry%@ %@g{e (La'g ‘r"]@'% %'%Jg/a [s‘éir;]arvf ?' t(%Tafat Y?\M?qﬁ'fg F 5ﬁlmer S
primarily in thedsterpingthusiigRjfferential Scafining Calotnéty (DSEloysing the isphesscanning rate and

het er ogeneously Wﬁ%&h@?&iwp@mﬁéﬁmave a distribution of 20
branching, including a highly short chain branched portion (simlar to a
very | ow dendPty The,sempasitipgs| disglased herein gagibg famaeddiy anyqepNepiens methedhed porti on
(simlar to |inegkiuhiayéd 8Rdingthe individuaPEmpbiiell hid3Gseqabilly tieh Rikirg ok by'Rar (
that is, non-short uch%\?'?) brén%h%‘aév‘%‘%{ﬁn?n. T:ﬁe ar?:)qgnty n% 2)2‘?% of
these fractions V’ﬁ"fn&“gd%bﬁeﬁﬂ?'ﬁﬁ“ A ot HamRlf 3 é“bﬁﬁl"iﬁf'é’rag{?f'ﬁﬂ@’f‘ef'i%s desi red.
Eor o e;arrpl Bralbéndaéﬂam#lmnnp@kyMscfmeymdmy.l ene hias no short chain

ranchi ng. very | ow, . us. pol. e aving a
density fromO0.89 g/c ogél?ié%ﬁuégéT%tgﬁgﬁﬁgfss'ﬁ%% %@5«:@4&1 i ttane

copol yners, 98| dappjicatines WoR2/CIR6A pad WV O ORI PCliegplichtiono WO 2E 126D anbWO by

Uni on Car D955 hRaER! ihte blia, tStpdlyrri@tions of 6ih &@h@&g, o hfylaY |
short chai n branche racti'olnt, tlﬁ’us sty ng‘ovﬁerFtn%l t he é%i t{;&(;‘? étaﬁea whol e
pol yner. homogeneoby cafalystait Jeast biecredt et ardagerregenaiuy caklyaris dchstwhdigthee ne

| - het ) / -ol efi
poLyTer 15 @ el LAGEAROELY: ol it DR FRARRSY o111 1 o1

ol efin copol ymer. TheApesfaried dengifyj of the gelyashydane eqmppdition ased fior the sefllaafthe presgpt

i ncl ude [errlpol gfveflioR &%y fépend upon desirell iffessoRhORMsHAS ABR, HHRNE, Hpied Bnsihdsy an
[err]-olefin having 4 to 8 carlgon atons, nost preferably 1- oct ene.
-0- will preferably be from 0.91 to 0.96 g/cm3, more preferably from 0.92 to 0.96 glem3.

A preferred melt index ( that is Ip) of the polyethylene composition disclosed herein
may depend upon process conditions and desired physical properties. However, generally,
the melt index of the polyethylene composition disclosed herein may be from 0.1 to 50 g/10
25  minutes for all categories of cable, preferably not greater than 0.4 g/10 minute for category
five (5), preferably from 0.4 to 1 g/10 minutes for category four (4), preferably greater than }
o 10 g/10 minutes. for category three (3), and preferably greater than 10 to 25 g/10 minutes
for category two (2), and greater than 25 g/10 minutes for category one (1). These general
categories are found in ASTM D 1248, and are also included in the Standard Specifications
30 for Plastic, Molding and Extrusion. However, if the I of the polyethylene composition
disclosed herein is lower than about 0.1 g/10 minutes, the polyethylene composition is often
difficult to extrude and may cause melt fracture on the surface of the finished cable.
Likewise, if the I, of the polyethylene composition disclosed herein is higher than the above
ranges, the molten polymer tends to have a low melt viscosity and melt tension, thus may be
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WD 97/ 38424

PCT/ US97/ 05297 More preferably, the heterogeneously
branched et hyl ene polyner is a copol ynmer of ethylene with a
Cerr]-Cerr]-olefin, wherein the copol yner has:

(1) a density fywowyGess g/ cnjerr] to 0.965 g/cnferr]. PCTNUS97/05297
(ii1) a nmelt index (I[err]) fromabout 0.1 g/10 mn. to about 500 g/l O0m n.

5 The het erogeneously branched ethylene/[err]-olefin

i nt er pol ymer s and/d@fico @pfabricate o the desired ceisepeci al | y t hose having a density of

| ess than 0.95 g/cnfery], xel udi n f course.. ethyl ene
honmopol yners having a ﬁenl&;ng °?r!é'f Hllﬁg'ylﬁ%a“k P%sf"s(’gd'ﬁ‘g(\’/s%y}gfelq r33’3'5‘:{” \fl'\%a blﬁeffoﬂ 7ng

peaks as deti® (6T inbre PretbtdbiyGrokl oth &, aidktiprkersbBarRi 1000 FAIIOIRE 1164{)& tHeDSC) ,
using the sanme scanning rate and ‘tenperature range described earlier
herein. 10 polyethyltine pelyngs distlesedheseini iopverrhandhapbeveirange sprfapequality akthe by

any conveni ent sTelgaQgbd cable tends ko e btehoRieddnd pREARBIGDS hd Babld ity becdpid!
conmponents and subsequently melt m xing or by pre- melt mxing in a

separat e extruder WiEwPablyl%| e, a Banbury mixer, a Haake nixer, A
Brabender internal m X®he reid compbsition ofXid fi¥e ¥iventids fhy comprise any known additides0t her

techni que for making the coppositions in-situy is.disclosed.in PCT 15
appl i cati ons WO 92PYIIBE™ i W‘ééﬁ' g’i’b@"ﬂm 'ﬂ#’"ﬁﬁﬁ?% snbansRA Foffpylation RRBERSS o g
WO 94/ 01052 ditesvered tyeApplicantsr Ay addifivas norameniy employedzia polypolefincdbmpisiiprs oine
and Cerr]-Cey]- ' ysi. - fod east
one reactor and o Rt} Beikibeate ayiorgarti AP BGRAE oGl Aol (08 eflupe
reactor. The reactigasoxCai01008ade pECibk Gélgy Corp.§; phadphitey (for Exaftiplelrgafs™™ 168 also by

A preferred density O‘?ﬁtgﬁ ol vet hyl epne compasi tion used for the cabl e of

the present 20 ﬁ\’ﬁe &Y %@%éﬁ%ﬁm@ﬁwﬁﬁﬁﬁm 'élﬁa%‘?‘%‘ﬁgf?é%egts’@fm'ftﬁtg agents.

finished cabl e. Holipwgents, ptagess gids, fogreing agente plasticizers, dyes| inisceflarebus fiiers suchss clayom
0.91to 0.96 g/cn E‘k“‘mﬁ""qﬂ” 1] R0, ﬁe%f?ﬂl&: o -

A preferred nelt iaﬁéi ? t 'gt h S §2§} g?éoﬁe gbﬁjégtf%{%l%ﬁgl ‘éorrpo f‘etg{ on

di scl.osed her el invention map inchidsofonekamplorragherlleck sand anratioxidantsuchragl Irgrnay ™ 1040

physi cal propertiegqHenavgs, generally, the nmelt index of the

pol yet hyl'ene conposition disclosed herein may be fromO0.1 to 50 g/ 10 25

mnutes for all categofheeompesitionsf the priseatinypntion payies futheefabricated itaredred cepfe o

m nute for categorgfthe present ifterifonbP hsingnf kv Bdbyicatibdieibd? Théomp8Hitibh of the1Ut €S

for category four &’?x)’ ) Breferag’% reat er tklgn l . 1toaé0, /10 m nutes

for category thred ey inveption mayheliex gptonly for cable jacketing, bupalio s %‘“85"’1‘6“ et es
for category t3m (I2jer ofaiesble)Fetdxemplt, H@ordfsition disamibeédl et rayibe bated gaeitsd, one

(1). These general kneaded and extruded by a mono- or bi-axial extruder through an extrusion die suchas a

cross-head die so as to be applied onto a core substrate, and then it may be subjected to a

cooling step, or the next coating step if desired. Multiple layers of polymers may be applied

onto the core substrate if desired. The core substrate may comprise any known materials in

25  the art, for example, control cables comprising any conductive material such as copper, and
aluminum, insulating material such as low density polyethylene, polyvinyl-chloride,
polyethylene compositions including compositions described herein, conductive or
semiconductive shields such as aluminum, copper, and steel, usually in form of tape, foil,
screen. net or any combinations thereof, and any reinforcement matenial.

30 Various cables and cable designs may include, as at least one layer, the polyethylene
compositions disclosed herein. For example, USP 3,638.306 (Padowicz) shows a
communications cable which has a water proof core of conductors and a sheath including an
unsoldered steel layer. Figure 7 herein shows such a structure: the steel layer (1) is stretch-

formed to attain a tightly registered longitudinal seam which eliminates the necessity of
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categories are found in ASTM D 1248, and are also included in the Standard
Spectkfications 30 for Plastic, Ml ding and Extrusion. However, if the
I[err] of the polyethylene conposition di scl osed herein is | ower
than about 0.1 g/ 10 minutes, the polyethylene conmposition is often

difficult to exfdéwgeand may cause nelt fracture on the surf aperBéeriobdy
finished cable. Likewise, if the I[err] of the polyethyl ene

conposition disclosed herein is higher than the above ranges, the

nol t gn pol ymer t eafieridg@r Sifidf thednsloPiredhBidally jomg Helsdanand Nel t t ensbon t hus
ma e -
V\Dy 97/ 38424 A cable 101 includes a plurality of conductors or conductor pairs 4 within a

PCT/ US97/ 05297  cable core 2li 'f'lfelcﬁndhétoxt © aile adrfoufidetl By dnf iHe ifidiQitialQpdcésQkrebadabd are

The I[err]/I1[err] e e nposi tion disclosed herein may be
preferably from 7ﬁl dwntpawg ?’fg}ﬂ}érmﬁena?g

nore preferably from9 to 14, nost
preferably frdm 10 to 13. Hbomtmel[selcmjzﬂwh{pémh]chnfaybehesmtableplasucp:obmet hyl ene

POLYTRr h SC1 0 Q! Ahdhr LOYE piadel AL N LASHG oo B BEE RS L LY O

the 5 fini shed cable ten eteriorat and ocessa 20f the
cabl e may becone layer of comgyegp[aggpl?ceﬂetwut the core. A thin alununumﬂmverrlgga\mga

conposi tion of t Ngnith R tam! 1R % AR bd 56 o NEhthi lahd V€S
and/or fillers to t%?frl ext errtl‘t t hat thggligégggﬁot i nterf }eére Qmﬁ theadenhanced

formul ati on propetieiding. Longituding] scamg j4 jsapt reapired 19, be soldpred or optyerwiss angrhapioaily
commonl y enpl ay edoinét, Pakey Rie o navﬁ@mmcu OWvflapping Edgddl6 an&meaah@ a longitudinal

cross-1inking agents ti.0 r nder e henol | cs (for.
exanpl e, ok F’éF‘ '“%6' ff?%%%“’wi(“ar@&q@éi ;&P 6s)a #?OMH i t es
(for exanple, Ir aﬁmhanicﬁla‘omésochby abrasion. Thg dseof@e ngpyldézat sean) 17 fot shsaPlayee2(riE dant s,

heat stabilizer S onghcr ?inéé tpelc%leapé?fs%@fpgosof asrgeila e‘%i&gaﬁgﬁﬁlfag en slip

agents, process & %dagents i'Cl ze Paneous
fillers such as chaﬂyimgeously cag msmwtcsmwatndg@memﬂ w@e@ch qther focprdviske nrmw i on.

A preferabl e pgdifidkip shdathl BReliyRERNE strbRh-formbd Wi Eid-QBHIBAY it isWrhpekfabod:O"
exanpl e, carbon bl ack, and_an antioxi dant such as |rganox[err] 1010

and Irgafos[err] ajygpinum layer 10 and edges 16 apd 18 &5 A5l meshis taprovids @ gy segjstered

i nvention may be évumtpb.ag seﬁmbmmmedc»mmmaca@dommbimm that edge©16 dnb @8 pr esent
i nvention by usi ng | cat oS i.tion og t he

present invention tr?’&ywegéesﬁcmg‘ée Em“cs)r‘l"ll Bhfngece 'Fyfmeéc | ng,gf‘gcefa ITY8 cabl e

i nsul ati on or anyforming forces have been removed. Thus, the tightly regnstered seam 17 is maintained. Edges
20 16 and 18 will retain their positions and maintain the tightly registered seam 17 even when
cable 101 is would on a reel. The outer. or overlying edge 16 of steel layer 20 advantageously
can be trned slightly inward toward core 2 to insure that no sharp edges are presented by
steel layeI; 20.
Corrosion protection for steel layer 20 and added protection against water
25  penetration are provided by hot-meit flooding each side of steel layer 20 with respective
coatings 12 and 22 of a corrosionproof, waterproof material (such as a Primacor™ Adhesive
Polymer made by The Dow Chemical Company). This readily can be accomplished by
drawing cable 101 through a bath of appropriate material as layer 20 is being applied.
Coatings 12 and 22 advantageously might be the same material as is utilized for filler material
30 6. Protection against water penetration is obtained since coatings 12 and 22, respectively, fill
all spaces between steel layer 20 and the édjacem layers 10 and jacket 24 of the cable sheath.
Jacket 24 is desirably made using the ethylene polymer compositions disclosed herein. Seam
17 is also sealed against water ingress by coatings 12 and 22 being drawn into seam 17 by
capillary action of the tightly registered seam. Added mechanical strength is also obtained

35  from the adhesive forces of coatings 12 and 22 which tend to adhere steel layer 20 to adjacent
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20 | ayer of a cable. For exanple, the conposition described herein may be
heat ed, nelted, kneaded and extruded by a nono- or bi-axial extruder
t hrough an extrusion die such as a cross-head die so as to be applied
onto a core substrate, and then it may be subjected to a cool i ng
step, or the newowesfzéng step if desired. Multiple | ayers of priysswes2sTay
be applied onto the core substrate if desired. The core substrate may
conprise any known materials in 25 the art, for exanple, control cables
conprising any conskestio mel jaekétedi al such as copper and al um num
insulating material such asg]
pol yet hyl ene conposi tions i nc?xgﬁg&"%smrﬁo ec“%( onsyeflgﬁc'??ra&c@“ﬁm}{g]eﬁmml and”
conductive or moisEnproesidnan extevios ¢thyddng golgrorr borgsivdn jacket 2Apdvemageasly isnd
steel, usually in L3RE ik £l §C I nations
thereof and a r% regﬁ\ o?é‘g'rre%%t xr?r'g& rfacelo aégz P e il i’g&h @omsé"&%es and
cabl e desi gns réay auminwydayer H) anynsoldempdistee)dayen 28\rud a thermeplgsti¢ lpver prjiacket@4 joined
conposi.tions di sclygseshsion Eskifgs 1EQraz@mmLs%ecM§Ea13m&§8aﬁ%e(p%@' fefiioh aSf10VS

a comuni cations cabl e whi ch has a water proof core of conduct ors and |
a sheath i ncl udi ngogsubstantially kessthap the sheathsof peer apt sehiss. IngHigyre Te variospdavers may hows

such a structure: dofgrise 'tlﬁ eihylkﬁ)fﬁl’ym(:ﬂ cbmpdsitiohs dkIGsed herein, inchid fREick 24 la?éri BN a

E Ilgflt ly register edlgl chg grl agf;i or all of ¢ tm:se ayershmaGyl &%&%Eh%%chh@.% pgl%g'\rscxs:rln}: smons

PCT/ US97/ 0529710  discloseddertider i ng or ot her neans of nechani caI ly joining the
seam ' of cond ct ors
pairs 4 w tl'ﬁ.r Umfa‘d QQRL Fate]\g%rsclos(%ng% %ac&ﬁ?llr%mare ed by

or conduct or e conducrors
surrounded by and lmecomn%wstbq notysthylens sorapesitiprs layercof the preseayigvention mclufdc US ed

with a water proof rfatehtl ﬂs9@i elibigd, J@aalﬁus Patent 4,563,540 (Bohannon, JAHQP} U§§£t€mz i's
a core wrap 8 whi =aswta|e§ stic or material. A

bi nder can be pl ac3e7d7~&ilfb(§'f keber etalqyand,U P‘l“‘(?‘?\?ﬁ‘é‘?@“ﬂ"ﬂ"’bOSltlon about core

2. a |l ayss of comuigibseimenveiition il e nidkextdatly iderstbod with référéRe w%éfendavmg
al um num | ayer 10 haV| g a - | ongi tudi nal seam 14 therein

advant ageousl y cart B%peﬁsed for lightning protection and . shi el di ng.
Longi t udi nal seam@gﬂﬁﬁl required tQ be soldered or otherw se
mechani cal ly 10 jorne St eel 20 havi ng unsol dered overl appi ng
edges 16 and 18 form n@ @bleowgprpﬂ\s?%wusms polymer A aphich way an in-girtdlendimadea | y

wrapped about al urdcdbkding@per p.isncatnensmcywm@mtww@mi wR&tEin 36 we.gﬂfF&&anl cal
forces such as abr? ion. The yse of an unsol dered seam 17 for ste | ayer

20 is po¥si i e toggl ﬁ?f‘é”f'ﬂ‘@ ofa ?@EW@gfrﬁng‘melgdww gf‘%‘&'?‘”l‘%’ﬁ?é"r 20

and al um num | aye rcoﬂ@ymer having a density of 0.915 g/cm3 was made in a first reactor, and 64 weight percent

of the total composition of a heterogeneously branched linear ethylene/1-octene copolymer

having a density of 0.955 g/cm3 was made in a second reactor. Polymer A had a melt index
(I2) of 0.78 /10 minutes, I;¢/I; of 11.9, a density of 0,958 g/cm3 (note that polymer A

25  contained 2.6 weight percent carbon black and 400 ppm of a fluoroelastomer) and 0.039 long
chain branches/10,000 carbons (0.39 long chain branches/1000 carbons) as determined using
a kinetic model, and a M,/M,of 7.5. The polymer was extruded onto a cable by using a cable
manufacturing line equipped with an extruder having a diameter of 6.35 cm, length to
diameter ratio of 20 to 1 with a 5 turn metering screw having a compression ratio of 3.66 to 1,

30  with a crosshead die having a die diameter of 2.04 cm, die-tip inside diameter of 1.73 cm, a
die gap of 0.318 cm, and 0 cm Jand length. The cable was produced by forming corrugated
steel over a polyvinylchloride jacketed control cable and extruding the polymeric jacket over
the steel sheath. The extruder speed was approximately 55 rpm and the cable line speed was
held constant at 760 cm/minutes. The melt temperature was 232°C to 240°C using the
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advant ageously can be transversely corrugated and nmeshed wth each other to
provirde a nore 15 fl exi ble sheath. Steel |layer 20 is stretch-fornmed and
cold-worked as it is wapped about al um num | ayer 10 and edges 16 and
18 are closely nmeshed to provide a tightly registered over | appi ng
seam 17. The s} §dgllssf O M ng and col d-working insure that edgespddnadny 18
retain their respective positions wthout the necessity for external

hol ding forces after the form ng forces have been renoved. Thus, the .

tightly r egl ster ?o%aéﬁg%ﬁlm&é?ﬁﬁie%ﬁ%i‘%’e"cEﬂﬂe% 1‘?1Q zo&eG.'o "f‘ﬂ}gc ngnevm J\;é?é etain

their positions an Feg st ered 28am 17 even
cabl e 101 i s wouFmssdiprda219esdic, 22RE d’mswre afﬁpsov@ktpryxrwrwgeabimqbtfstrw&everq ayer

20 advant ageous| Yyalyated subjfeétively Gof daiigel tli“‘e'chlﬂé‘j&ék)éts b WRdid nmwartﬂ &@ﬁ@d rheld O
i nsure that no sharp edges are Eresente st eel

Cor r osi on pr ot ecfteagh f“?ﬂ“g gxgien séEPQF‘edeT‘amﬁj‘)aE'EFéH'fﬁstcﬁfé'Etci‘%Wa%&&?”FF§t wat er

gg pﬁ netration eﬁhﬁte@{nﬁidll)dﬁd ah;gnmtl Zmﬂieﬂldal shife ehitifg) whers the highe Qhiig beade | aye ][
with respective an Si wat er proo

material (such a?a%g'\?ﬂﬁé%‘% ?’Ielpﬁl gfhﬁdﬁ%’?la{?ea S0 'epme%#’bf%?ifé Tﬁ%@@?’ﬁ‘{/

Chem cal Conpany jubjediad ® physival gropeniestedodesaribedbsidw. shed by dr aw ng cabl e

101 through a bath of appropriate material as layer 20 is being applied.
Coatings 12 and ZablgExamgledgeously night be the same material as is utilized

for filler material 3§ cabl@waspy?&h@cgwmﬁ%g‘sﬁwm%ﬁ&%[’ﬂd'ﬁﬂ spaces

obt ai ned since coatings respectivel

bet ween st eell0] agesprding tofi(eT ff"ﬁ'é“‘ﬁ‘?!’f 1163 And §‘ydl?§’%ﬂ§¥ Fhezsing! ‘Zﬂgbbl’e"i‘h'e

cabl e sheath. of the tothPéoliPbsitidft of ShoddEdnEcbbll Yrahthesubistdntisllylidéar EthyloreAREteRRO! Y TET
conposi tions disclosed herein. Seam 17 is also seal ed agai nst water

i ngress by coat i nepolymer havidg Q@HEQIlOﬁQS’HrEé%m? vap madedieafisstirgactey, and 59 weightperrient| ar y
action of the ti ghhd dheal giﬁ&hﬁ,aeﬂa iReRAEenedtitarhnbiRE Bkl folymes Sthydaei Retkie @l SO

obt ai ned 35 fromthe adhesive forces of coatings 12 and 22 which tend to
adhere steel | ayeepolytet havinglp densityrof 0.955 g/lem> was made in a second reactor. The polymer B had
I-Dgl Us97/ 0 5291§ ametm%e:ﬁ ;}’Qé}? ?’ﬁﬂ‘"%%sdllp”a?c‘ffé %.3,élﬁnsuy of 0.957 g/cm3 (note that polymerBFor

added corrosion Qgﬁlmbiemlgﬁpe}caﬁ(eirb&(lﬂawdndfmpaddﬁﬂtﬂfbaiastmh@.lﬂlefvﬂ and
dvant ageous! y | shan braneaegl il Btror et (3 onB Sy e O e tionb oy o, 20,
Thus, the cable &hlaﬂﬂéﬂmmgmhnswmgdmndﬁolecu&wmghldmﬂbaymn thh(is MaM hefSdiider ed
steel laver 20 ang, Bufe \ADRLARN biio LBKSL o nbboa,ﬁr%_s%&mﬁeﬁ I Bfifhed cable wabY

corrosi on coatings provi des nechani cal, rodent wat er pr oof
protection at20a subjected gaghe phytiepkpraperty S5t wsv@%%beﬂ%‘amlﬁer'synmcn@e wrfagsri or art

cables. In Figurqaifg wiie el bRihE th&R Yescribed in Example 1, and are reported in Table 1.

Cable Example 3
An cable is produced by using polymer C which was an in-sitz blend ethylene/1-

octene copolymer produced by the same process described in Example 1, having a meit index
25  of 0.87 g/10minutes, I1¢/I of 10.47 and density of 0.952 g/lem3(note that polymer C
contained 2.6 weight percent carbon black and 400 ppm of a fluoroelastomer) and a Mw/M, of

5.22. The polymer was extruded onto cable as described in Example 1. Surface rating is
reported in Table 1. The finished cable was subjected to physical properties tests described
 below. '

30  Comparative Cable Example 4
A cable was produced by using polymer D, which is a currently available

polyethylene (for example UCC 8864 by Union Carbide) having melt index of 0.76
g/10minutes, 110/l of 12.3. density of 0.942 g/em®, and M,/M, of 3.7, and no long chain
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conprise the ethylene polynmer conpositions disclosed herein, including

j acket 24, layers 22, 12 and 8; further any or all of these |ayers
may conprise the ethyl ene polynmer conpositions 10 di scl osed herein.

O her United States Patents disclosing useful cable structures enhanced by

use of a woYaBsagHNpri si ng the pol yet hyl ene conposi ti ons pcagsyrestert he
present invention include US Patent 4,439,632 (Aloisio, Jr. et al.),
US Patent 4,563, 540 (Bohannon, Jr. et al.), US Patent 3.717,716

(Bi skebom et al . 1brﬁﬂﬂn§J$oBﬁaEﬂ§1§ls&)mﬁﬁﬁed@1@cﬁém ée?daﬁtrc)rbon]b'fhck and about 40-5%m of a

]E) Lﬁs g\?\,it nlg nventio nig‘ Fl@séomegq!he po(iyln%grnlr%exﬁ&tgﬁﬁr’s&tég %e asV\écscrlbéd(?n E£a§n?> ei. Blt geV\a S

produced by using tmioyﬂmaxﬂcuﬁmmﬁammng\mreparedtml‘alﬂhda.nd made accordi ng
to PCT Publications WD 92/11269 and WO 94/ 01052, wherein 36 wei ght percent
20 of the total Cablgkwamoglé hn of a honpbgeneously branched substantially

l'inear ethyl eng/| - oCt eneeyple was pmmmlyme;ﬁg pm\em%@?]amﬁ ww&&%ﬁgr

g/cnerr] was nade in a first reactor, ercent ] e
total conposition %@“Qfoh‘é!we@ém%hwsam afﬁ?,%scpbqfl xagplg | having 4 melbipdeane

copol yner i S f second
reactor. Polyner sggé&"ﬁgﬁ%tlh%e&” 65 %sﬁg@o g%@%ﬁgﬁhétﬁdt gdy

I [err]/I[err] OIof ]Hal& coﬁmﬂﬁmﬂ Wejghoier&gt&ﬁﬁorg{mmrm(} plﬁﬂwramuarbadstoﬁei yKer A

25 contained 2.6 t C rbo 0

f 1 uor oel ast oner) nﬁe"‘ﬁ'gmggt 3°°e°ntt°caa e’étclnn 6'? ancl dlgi/ WB@S”&%?B‘HW&"C‘Wgsg

| ong chai n br aHthesy lepired wdable hs%ea'mlShmltceblwase!qugsd togphysical propertiks tese désgribed
nodel , and a Merrg M err] of 7.5. The polymer was extruded onto a cable by

using a cable manuf acturing |line equi pped with an extruder having a
di aneter of 6.35 cthblelEREAHINS.t O dianeter ratio of 20 to |l with a b
turn netering screw having a co sion r of 3.66 to 1, 30 wWth a
crosshead di e having aAdF"g’edYaé ‘*SF typusing 3Y"t¢ﬁfwaﬁ°'émab"ﬁ‘f§?’a@w&ﬁﬂer of
1.73 cm a Cﬁc&ng&poljlﬁer@roﬂdoﬂd b;nhe smd pﬁce@sme&ceim it Bxagiple 1, hiting £mélt inderas
produced by formn C[g corrug over a pé)l yvi_nyl chl ori de
jacketed contrd Bség’é?fﬂ“'é?th@’&‘ﬁdoﬁée'ﬁ'&%fﬂﬂfﬂ » gidadYiwMyefiabout 4.6. ¢ o

steel sheath. Them,L F Eineafie 2.6 wiight pRRaHE S 'a;dfo‘é g.gwmﬁ rokl36iorfid? DnE

| i ne speed was el d constant "at 760 cm m nutes. tenperature
was 232C to 240][ emo]y@eugqsﬁgtrqdpﬂaomo cableasdescnbed in Example 1 and subjected to physica

-13- properties tests described below. Melt tension and surface rating are reported in Table 1.

Comparative Cable Example 7

20 A cable was produced by uéing polymer G, which is a currently available
polyethylene (for example UCC 3479 by Union Carbide) having melt index of 0.12
g/10minutes, I1o/I of 29.4, density of 0.958 giem3, M./M, of 5.6, and no long chain
branching. Polymer G contained 2.6 weight percent carbon black and about 400 ppm of a
fluoroelastomer. The polymer was extruded onto cable as described in Example 1 and

25  subjected to physical properties tests described below. Melt tension and surface rating are
reported in Table 1.
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WD 97/ 38424

PCT/ US97/ 05297 follow ng tenperature profile: zone 1, 166[err]C,
zone 2. 171[err]C zone 3, 188[err]C, zone 4. 205[err]C, cross head.
219[err]C, die, 227[err]C. Pressure, anps, nelt tenperature and cable nelt
strength were 97/3845‘116" uated subjectively (for exanple, the geqRlsemésagiet s
did or did not ﬁave the required nelt . strength during extrusion as
reported in Table 1). The surfaces of the cable jackets were 5 eval uated .
visually and assigned a nuneri cal surfacei[&ﬁ; {ng, where the highest quality
surface was_qgiven a rating of 100 e results are also reported in
Table 1. The finjshed capl e was sybj ecfed to phygqiVius Spfasp gviel Ssengelst
descri bed bel ow. te Pila@hi0min) Density (gfcm’) A c Rotieg waf pradbuced
by using pol ymer [Rsinhi chiMekaCadl¢|i n-si t u bhengl made 10 |accordingfto PCT

Publ i cations VWO § fvfnéﬁ&wliﬁ‘iﬁ@;‘m 9247934054, 1 1 TE’F6T958L | gnrgoper ETTe

of the total co -t . o eOYSY; Prang S t—sHbstapt+at-y—Hpear
et hyl ene/l -octe ?érymer'? ar!“ enq_[ ncsm 193 r‘]_z:\nc" \L QJ:'] Q QQ; al ‘nLgﬁp

made in a first (FRomeds Exappleh V\Ho@ﬂt r?.lgt“l it 0952 od i nefSoral -

conposi tion of alRelymerdgiSampEsdy broéﬁched?-l?-ﬁ near 0043 yar et¥yl ene/ 1688t enle

copol ynmer havi ng |melyteirs | [Examyfle .]959.58/ crj{ie.08] wa&94sade [i n asSsecohd r&mct or .

The pol ymer B hathjylerF Eﬁﬁh&slnd@mm Umw 07 TEH0NUT S, TIETTT{TT &3] O
o{ym TG

11.3, density of] S Oty §sig & contarnep—2-16
wei ght percent c& = UYL L -SRI ML\ g

chai n branches/| 0 006 BF BEAS c&?@ﬁé’?ﬁ%f“ﬂﬁﬂ%&ﬁ#ﬂ#??%@%@ﬁ%‘% bon

atons) as Calfass Paifikghetssi Ng a ki netic nodel, and nol ecul ar wei ght

distribution ( that I

extruded onto cable a?h%g“scr H)g%'%s O}E%éag%con?ﬁgmfﬂamﬁée}g&%gﬁmmsmﬁ
subj ected to the sptiges profilomptro Meretspecificallystheiaverags sydare ruglngss oftbgses qableswasn and
cabl e surface  peasirddiukifgla W&xmsmsﬂo@um&mweﬁ;m U?%ﬁfogbﬂls' n

Exanple 1, and are reported in Tabl ng
An cabl e is prodASalyRehSPIRYETNIrions Srfaes ToRShGSS PaFmceEs Blyen p sran of the cable syrface
et hyl ene/ 1- ' wxﬁﬁtmn@medwmswaadumﬁbshyqﬁahmeaame Bttt pardkeee, (R.,be d

in Exanple 1, having a It in IOmnut err]
of 10.47 and densf "Pg"?ffg%"?ﬁgf“ﬂ?ﬁ“ﬁfs@r' f‘y'sﬁ'ﬁ ?cmm"éndémms]“&

cont ai ned 2. 6lme|@anseproﬁn&omalebmgbmmdmamnmnmm of a fluoroel astoner)
and a Merr]/Merr] of 5.22. The pol yner was exctruded onto cable as
described in Exanple 1. Surface ratiVig R,,s——z,',‘;‘lf(x)hported in Table 1. The
finished cabl e was subjected to physi cal %perties tests descri bed

bel ow. 30  Conpwliehd N ié@he@ainbes ofxtigitigell Batdipoints within the length of cable used for the

measurement and fx) is the vertical departure from the mean surface line at each data point.

The average roughness of Example 2 was 28.0+ 1.4 pin. (0.71 £ 0.036 microns),

15  while the average roughness of comparative example 7 was 60.5 £ 2.1 g in (1.54 £0.053
microns). The surface roughness of the copolymers described in this invention is less than
half the roughness of the comparative sample. Typical profilometer traces from the surface of
cable Example 2 and Example 7 are shown in Figures 5 and 6.

This surface roughness data is surprising, given the 1,¢/I, values, for example, 11.3 for

20  Example 2 and 29.4 for comparative Example 7. More specifically, it is well known that
processability improves and surface roughness (melt fracture) decreases as Lo/l increases. In
other words, the very smooth cables produced by the copolymers of this invention were

surprising, given their relatively low 1,¢/1; values.

-16-



A cabl e was produced by using polynmer D, which is a currently avail able
pol yet hyl ene (for exanple UCC 8864 by Union Carbide) having nelt index of

0.76 g/10mnutes, I[err]/I[err] of 12.3. density of 0.942 g/cnierr],
_and Merr]/Merr] of 3.7, and no Iong chain

WBORTAREH 24 PCT/US97/05297
PCT/ US97/ 05297 branchi ng. Pol yrrer D al so contai ned 2. 6 wei ght
percent carbon bl ack and about 400 ppm of a fl uoroel astonmer. The
pol yner was extrud in Exanple |. Melt
tension data and c EiRia TR dﬂﬁ%ﬁﬁlp?&ts rted in Table 1. Cabl e
Exanple 5 5 A Girgpynterepiiak tepsile shanples| wery Clu@m@eﬁmismﬂblﬁpwmwhulmgthan
in-situ blend et h%aﬁﬂ%ﬁé‘-wuh o metal %%ﬁeﬁﬁwnm%ﬁﬁéﬂgﬂCﬁglgﬂ)ﬁmtah&sgmmes
process described in Exanp havi ng .a

g/ 10mi nutes, |[er r]"?’Ff‘éP‘FT"“b‘P "‘ff"‘tﬂﬁi‘”“séﬁ'ﬂ np|PALal spam igipressians within gavpelength. Thed
Merr]/M err] 0f Stedsile Eﬂ'u&ﬂﬁiﬂed out accordiagdd RS’I‘MW@'uE]ﬁQD@ VQSWrgﬁ}aner cent
car bon bl ack and 40()g’g£r’q5 ﬁl éé&loroel astonerdp% [g éﬁq

extruded onto cabl BCHERHEL ¥ith TiveER e o B2t |2 oy miut Jh%i‘j?sflace
rating 10 are repmehgiddataarchagyirted ih Tablé2 f i ni shed cabl e was subjected to

physi cal properties test described bel ow. Cabl e Exanpl e 6.
A cabl e was produced by using pol yner F vvhlmle\?/as an in-situ blend

et hyl ene/ | - OC{ETTE TUPPH YT, ttrepsan geser+bed
in Exanple 1, having|a nelt raeex—Fs 'mﬂ%’% M@Tﬂ“’lur@ r]

of 10. 13, density-of 0.94 glcnferr andimats o prrl I\/&err] fiimate 46
Pol ymer F contai ned R. 6 wei ght Mcwnts"e-'!ir Jongtisp k  Xield 40@“???) Blongation |
f1 uor oel ast omer. The[Resi®_ pbidiem?) \ r |y ERSTEEON { GralemB) |dkezemZil b SBePeBRd| i n
Exanpl e 1 and subj ec{PeldmerA p 1ysl2éal 144  por o380t i ¢s lﬂ%sts t’scl i bsw bel ow.
Melt tension and sur [PalymerrBat | nglidre|repsst ed 1450 Tahl a2i. 186 | Cospmrati ve
Cabl e Exanple 7 Polymer C 134 201 540 137 204 565

Polymer G* 169 111 460 157 214 670

Polymer E 89 123 385 89 176 530

Polymer F 91 162 480 95 190 530

*Comparative Example

10 - Notched circumferential tensile tests
Circumferential tensile samples were cut perpendicular to the cable axis from the
finished cables prepared as described above, and the notch (due to the metal overlap) was
centered within the gauge length. The test was carried out as described in ASTM D638 using
Die V (5) (for example microtensile), with a 2.54 cm jaw separation and puling at 5.08
15 cm/minute. The results are reported in Table 3.
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20 A cabl e was produced by using polymer G which is a currently

avail abl e pol yet hyl ene (for exanple UCC 3479 by Uni on Carbi de) having
melt index of 0.12 g/l 0mnutes, I[err]/I[err] of 29.4, density of
0.958 g/cnmerr], Merr]/Merr] of 5.6, and no |l ong chain br anchi ng.

Pol ymer G cont s¢gehse46 wei ght percent carbon bl ack and about pdflgspssest a
fluoroel astonmer. The pol ynmer was extruded onto cable as described in

Exanple | and 25 subj ected to physical properties tests described bel ow.

Melt tension and surface rating are T8R3rted in Table 1.
- 15- WO 97,38424 ' -
PCT/ US97/ 05297 Notched Tensile at 23.9°C Notched Tensile at -q‘%%;’pe l
Vi sual Surface Melt| Strength Ultimate Ubed to { |[elUitniagy | Omi h.)
Density (g/cnferr]){ Rating Elonfigieh N* Yield [VbB@es€abERngation
I[err]/I[err] [Redity mer (perenDB| (ko/cm2)L [l (1@/cm2) | @ertdnf) .
51980 3 50 PoIpme AT 289 SP 21 1.5 %49?7 o
75 DT el M N S Nl IO
95 6. 57 (PolymérC 250 211 50 180
Polymer G* 40 238 90 24
Polymer E 190 199 90 95
Polymer F 61 197 98 116
*comparative Example

*a : Sample Cracked

5  Reduced Notch Sensitivity (Cables)

An important aspect of the present invention is the fact that cables, where the outer
cable jacket is composed of the compositions disclosed in this invention, have reduced notch
sensitivity relative to comparative cable jackets. It is well known that the tensile properties of
polyethylenes are sensitive to notches or surface imperfections. During the cable jacketing '

10  process, notches are generally produced at the shield overlap. In the case of poor or

" incomplete shield overlap, severe notches are produced in the jacket which can result in

failures under relatively mild impact or tensile forces. The reduced notch sensitivity of the
cable jackets of this invention is shown in Table 4. For example, due to the notch, the cable
jackets of this invention lost 26 to 54 percent of their tensile elongation, that is, the tensile

15 elongation with no notch present. In contrast, 90 percent of the tensile elongation was lost for
cable jackets produced from a comparative polyethylene (Example G). Thus, cable jackets
produced from the copolymers of this invention have reduced notch sensitivity. Reduced
notch sensitivity means the cables are easier to install, for example, the cables do not fail

(split) during the bending and/or twisting which occurs during the installation process.

20
Table 4

Percent (%)

Cable Jacket Cable Jacket Notched | Loss of
Sample Circumferential Circumferential Elongation. due

Tensile Elongation Tensile Elongation to Notch
Example A 380 280 26
Example B 450 220 51
Example C 540 250 54
Comparative 400 40 90
Example G
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Pol ymer E Exanple 5 0. 58 11. 03 0.948 65

4.5, . Polyner F Exanple 6 0. 88 10. 13 0. 940 70
4.2 Pol ynmer G Conp. Ex 7 0.12 29. 4 0. 958 80
7.1 * All of these resins contained 2.6 w percent carbon black and
400 ppm f | uor ogy@si38sm" Surface Profilonmetry PCT/Os9TISIST ace

roughness of Exanple 2 and conparative Exanple 7 was quantified using 5
surface profilometry. Mire specifically, the average surface roughness of

t heses cabl es was measured using a Surftest 402 Surface Roughness
Tester, produced by Mtutoyo. This anal yzer conputes various surface
roughness par anet @asle Blexiilitya scan of the cable surface with a di anond

paranmeter, R err] e rou
arithmetic nean oy mbdsnrde;ﬂwammegffgte ttemarei@ deﬂqgugdfmbbsApathaMgﬂength f138

aver age nean | isne %vg ’lﬁ“lé%lé&pc“ rded, and
(V) [err] SN cft g'r ‘g“ he nau r’r‘%ca cofa“ d?ach e %roég{'ltmgly 3oclmnmgm%\tllh thin the

| ength of cabl e udlagpnedyThe ﬁ’é“’ was insertedthropghdbraimp eranm#se%)blx of “leﬁ@thFnSﬂ%al

departure fromt h%a@l’ﬁ&&n&iﬂé f‘lﬁﬁ&d'ehd@ Werdlcl o @ Fr@m& &t tkt Instron tensile machme THNE
average roughness of

m crons), 15 V\hlci‘bé”gﬁ);\‘ gﬁéﬁi?dcﬂj@ﬁff'ég T‘L’M&F%ﬁ?'?/@“éﬁﬁ‘ﬁd@ deflegh s

60.5 2.1 [err] i mhe(cdblés} 10,05 &EI0 mm was mﬁem.a}epoﬂaaen "Bdblef 50 CLOwWérdoteH ihdicates Of
t he copol yners, .descr.i Sat Lnventi.on
roughness of the égﬁ!f)%éfbﬂvems 3t s descibedin d':ImS‘lpr ?“T"&W‘%ﬁ’“’f P%%’?“J ;lf’%% t he

tipped stylus. Surfac eC b?e%tm‘i\’éls fhn% ﬁ%%ﬁe Lclka%oxp%% {8 Sccs)rrugzrxﬁé étee&lwgadltetcwn ds the

surface of Ghtkdrground Spytams” by ﬁﬁcﬂ@mdﬁﬁ@hﬂ Snow, pleewed atdEBE/RIICes 5 and
6. r r vian t he
I[err]/1[err] val -Eggém‘?grﬂeg%gpr}pgg%%ﬁ%aﬂﬁ&r ﬁp Sl%'mn%ééaﬂgp gac? lgg 4 for

conparative Exanple 7. Mre specifically, me§;well known t hat
processability inpr
I[err]/1[err] incredses.
produced by the cop C?W%*%mbf

$€S as

o) words iﬂ"’ﬁé‘i&)@ Deflectionphy cahl e

Rolymer | nyentImen \jer Wmm igmmprj 2w gi ven
their relatively low lI[err]/I @Pﬁ*? val yes.
- 16- WO 97/
PCT/ US97/ 05297 Polymer A 0.958 73 1.5 14.6 172
Polymer B. 0.957 - 68 11.5 146 16.8
Polymer C 0.952 63 104 13.5 16.8
Polymer G* 0.958 8.0 12.7 164 19.7
Polymer E 0.948 52 9.4 12.5 14.8
Polymer F 0.94 6.5 10.0 12.9 15.7
*Comparative Example
15 The cables made from polymer A (density: 0.958 g/cm3), polymer B (density: 0.957

glcm3) and polymer C (density: 0.952 g/cm3) showed greater flexibility ( that is lower force
at deflection) than cable made from Polymer G (density: 0,958 g/cm"), where these samples
are of similar density. Especially, the cable made from polymer A showed superior flexibility
than the cable made from polymer G, despite the density of the both polymers being about the
20  same. The results for these two trials are also shown graphically in FIG. 1. The results shown
in Table 5 indicate the cables of the present invention have superior flexibility than the cable
made from the current polymer. For example, the data show that it takes less force to deflect
a cable of the invention for a given distance (for example, 5, 10, 15 or 20 mm as shown in the
table), than for a cable made from currently commercially available polyethylene. even at

25  similar densities.
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Crcunferential and Longitudinal Tensile Tests Crcunferential
tensile sanples were cut fromthe finished cabl es perpendicular to the
cable axis with no netal seaminpressions within gauge | ength. Longitudi nal

tensile sanples were cut parallel to the cable axis with no netal
seam i npr essi Q%éw fi n gauge length. The 5 tensile test Wgnafgshdd out
according to A 638, using Die V (5) (for exanple m crotensile),

with a 2.54 cmjaw separation and pulling at 1.27 cnimnutes. The tensile
strength data are ref’)orted in Table 2.
Table 2 Crcunferential Tensiles

Longi t udi nal TenSl | ©SSamples of jacket were removed from the finished cable prepared above, andlthet | Mt €

g![ : Iersng. te El ong atstrrwhback was measurcdﬁé%;:f:?{dance with AS’I%& B%?é As%m %[l atitoxll %nAS bel d

(kg/cnmferr])( kg/ a5d5e4 sp]ac)n@ps havingt5) 1 dnkigigtingaeadlel]td thé batyle@xif @ndi6]4)nfrp eridthewdrd cu

Eﬂ)y mer A Po If yﬁ\gl}e cgble. One of]lﬁl;]_‘s_ﬁcimens wagcﬁpfiqg%a portion :L?tle zagB lying dxre&ly%leé 5
186 525 the outer shield oerlap andd thedther three wereut at successive 90 depree increment&t the
}12(7) 15 % 04 overlap. Cable?&ﬁuld not shrink backmtﬂﬁrs pqcem. lgreferabiﬁl%t more than 2 1 éé
123. 385 percent, aftegd4 hours in an oven 3;:71@0"(: The results ag reported in Table 6pg)| ymer F
91 162 480 95 190 530

*Conpar ative Exanple 10 Not ched circunferential tensile tests
Ci rcunf erent ilzal tensil e sanples were cut élpgr gendi cular to the cable axis
)

fromthe fini shed cabl es prepared scri bed above, and the notch
(due to the netal overlap) was Resint erjed pertént n §he gauge | ength. The
test was carried out as described|in ASTM 06 3shrinkbarik Die V (5) (for

exanple microtensile), with a 2.54 ®olymew siepar dtsi on and puling at 5.08 15
cmmnute. The results are reportddpblymeeBlle 3. 0.5

Polymer C 0.5

Polymer G* 1.0

Polymet E 1.0

- PolymerF |’ 1.0
*Comparative Example-

Melt Index Drift
The melt index of the cable jacket, after extrusion, was determined according to

ASTM D 1238. The percent drift in melt index ( that is, the change in melt index as a result

15  of extrusion) (percent M drift) was determined using the following equation:
percent M1drift = (Mjcable pinitialy  pMyinitial

wherein MIinitial represents a melt index of the resin prior to extrusion. and

MICable represents a melt index after extrusion. The change in melt index as a result of

extrusion indicates the amount of crosslinking that may take place during extrusion; normally,

20  minimal change is desired. The results are reported in Table 7.



-17- WD 97/ 38424

PCT/ US97/ 05297 Table 3

Not ched Tensile at 23.9[err]C Not ched Tensile at -32.2[err]C

Utimte Utinmte Yield
Stress El onggbio9dsqzg Yi el d Stress El ongati on PCT/USTREY™
(kg/cn{err])(kg/cn?err]) (percent) (kg/cnferr]) (kg/cmerr]) (percent)
Pol yner A 145 88 280 221 75

24 Pol ymer B 125 GTfhble 7 220 *a

*a *a Pol y re+—G- 86 ——t0 250

211 80 180 [ Resin | nagfRfp wiinidal | petesnt 49

40 238 90 24 =1 [V Skl =] 73

70 190 199 Polymer §0| 0.83 058 64 IPolyner F

82 : 42 61 PolymeiB7| 094 9®.89 56 116
*conparative Exanple Polymer C 0.96 0.87 103 1{a: Sanple
Cracked 5  Reduced Notch SeTRRLEVELY (GRPT §5) 0.12 333 |An inportant
aspect of the present |nvent|c“l:3 he—fact haQ) Ubicoqgghcle t he outer
cabl e jacket is conposed of ti@bﬁwﬁﬁn‘it'nnc di-sclosdd—ia—thils invention
have reduced notch sensilt PAYTFr ] 889 e |t 0 &88npdr at 9-Ve dabl e jackets.

It is well known that the tensile prop*ampastivsExample pol yet hyl enes are
sensitive to notches or surface inperfections. During the cable jacketing
10 process, notches are generally produced at the shield overlap. In, the

case of poor or i Therepits shews iy Tablg 7 dngicate that themeliipdex deift ef thesresip wedindigy ced
in the jacket whi Cﬁes&ﬁ EhvErRiohlvhs gefrally lowef il thidt 6FcobhidRally Hlailibie\BirenitlyTbsedlresin
impact or tensile forces. The reduced notch sensitivity of the cabl e
jackets of this i n'Fention is shown in Table 4. For exanpl e, due to the
notch, the cable jackets of this invention |ost 26 to 54 percent of
their tensile elongation, that is, the tensile

Jacket Bond Test :

The jacket bond test was conducted according to ASTM D 4565 for cables with a

10  bonded steel sheath. A section of the cable jackets prepared as described above was removed
by slitting the jacket longitudinally a.long the shield overlap. The cable was ringed
circumferentantially with a knife, flexed at the cut point to break the steel shield at the ring. .
The metal sheath was opened, flattened, and the cable core was discarded. The specimen strip -
was cut in the circumferential direction. Three strips having a width of 13 mm were cut for

15  each strip. For each specimen, the jacket was separated from the shield or armor only of a
length sufficient to permit forming a tab of each sheath component. Three specimens were
tested for each cable sample at a crosshead speed of 50 mm / minute. The resuits are reported
in Table 8.



15 elongation with no notch present. In contrast, 90 percent of the
tensile elongation was | ost for cabl e jackets produced froma
conpar ati ve pol yethyl ene (Exanple G . Thus, cable jackets pr oduced
fromthe copolymers of this invention have reduced notch sensitivity.

Reduced %ﬁﬂ, ensitivity neans the cables are easier periSsiodich
the gﬂ% es:§ Pru

exanpl e, o not fail (split) during the bending and/ or
tw sting which occurs during the installation process. 20

Tabl e 4 St (X

Cabl e Jacket able Jacket Notched 1oss of Sanpl e
Circunferential O r cunf el eficumferential | ondargindinajye | Overlap

Tensil e El ongati on fensi | e ElBondjdt i on t Bonkllot ¢h Bond KExanple A
380 280| Strength | Failure Strength 2 6 Failure Strength fxanpl e B
450 Resi@20| (N/m) | Mode (N/m) 31 Mode (N'm) fxanmple C
540 250 ' B4 Conpar ati ve
0 JBolm&a R 4136 | Jacket | | 6110 el 6368 1o
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of the final

VO 97/ 380
T‘l%’sha%m 108 J Jacker ] 725 Mol L BBy

cabl e Ja
by neasuring the anou
having a | ength of 33
each end, approxi mat el
I nserted through the

B O G LTyat StgTl dE‘E'Fm'I'I‘T. red

of ce requ?%éd to? éflec&ﬁ& e jcable. A cable
3563 UL MdIC [ C%B CYT IS (U1 355 ugd, and
IIM ICI cuﬁo 1llc cabl e was

PP rlpergl’ p'asseﬁ f ?P’I Stl’Oﬂ tenS|

machi ne and t he fl att émed—ends—were—ctranped—to—the—framre—of—tire—+ nstron

tensi |l e machi ne.
and

cm m nut es,

The cabl e sanples were deflected at a rate of 12.7

! bggﬁ%;,m,keauréﬁgmmm&a@ct the cable 5, 10, 15 and
20 mMm was recorde an . Lower force indicates 10

greater flexibility. Areidbendiept vagcqnducterd pesarging fp IGES gpepification ERLAPEAS Moi st ure
Barrier Cabl esf Ohich calls od/ ASTMONS 65BOE héRpEdifiu3Bn the YestiprdreduldD Sarapded wdfeseph H.

Snow, presented at

10

15

20

hll:imted mczll c%ld room at - 30°C for 4 hours, prior to the testing. A cable sample having
length of 91.4 cm was bent in a 180° arc around 2 mandrel having a diameter of 8 times the
cable diameter, then the sample was straightened, rotated 180°, and then bent again 180°.
Upon completion of the second bend, the cable was straightened, rotated 90° and bent in a
180° arc. Upon completion of the third bend, the cable was straightened, rotated 180° and
then bent for the fourth time.

A room temperature bend test was conducted in a manner similar to ASTM 4565.
The cable samples were conditioned at 20°C for 4 hours prior to testing. A cable sample was
bent in the same manner as the cold bend test as described above, except the sample was bent
around a mandrel having a diameter of 20 times the cable diameter.

A hot bend test was conducted in a manner similar to ASTM 4565. The cable
samples were conditioned at 60°C for 4 hours prior to testing. A cable sample was bent in the
same manner as the cold bend test as described above, except the sample was bent around a
mandre] having a diameter of 10 times that of the cable diameter.

After bending each cable sample, the surface area of the samples were inspected for
cracks in the bent area using normal or corrected to normal vision. Results of the cold, room

temperature and hot bend test are reported in Table 9.

-



Conference, held Sept. 1981 in M nneapolis, M\, pp. 1-20, especially pages

8- 10. , Tabl e 5

Force (Kg) at Deflection of Cabl e Sanple Pol yner 5nm

1 OmMm 15nm 20mMm density

(g/cnjerr]) wo 97138424P0| yner A 0. 958 7.3 PCT/U§97195297

14. 6 17.2 Pol ymer B 0. 957 6.8 11.5
14. 6 16. 8 Pol ymer C 0. 952 6.3 10. 4
13.5 16.8 Pol ymer G* 0. 958e 9 8.0 12.7

16. 4 19. 7 Pu] é’snh‘:' = '300(;’.\':(’38&18 20°C bend . éﬁouc bend 9.4
12.5 14. 8 201 -1 . —5— 0.0
12. 9 15. 7 Po ymerA no visual change { no visual change ghwgsua cha 'é-_b(arrpl e

15 The cabl es radelymedin e yiseal changedbrpsiisigl chagglb po ysualphanee 1)
pol ymer B (density: 0.95% Polymer D*g/ owivisual tHangenjdnopisuglichange] felwiswl chynge ). 952
g/cnferr]) showed greatern Po%eﬂi' Il tn$ visudl Btidhge! Fnd visoRlichdn@d L fo visual charigé

defl ection) than cable ng ~Poty o A PRy
whor o these sampi g | L IRE ) FE U IR R P S

made from pol yner A showed superior fl t han t he cabl e nmade

frompolynmer G degg; %Qegt density of the both pol yners being about the 20
sanme. The results two trials are al so shown graphi callé in FIG

1. The results shown Accordingto ASEMD-4565,1he qable samples werg panditionsd at-PSC figr ddayre
i nvention have §Upzﬁ.me%dfokmmésis&aeetmnlskbaa hhsedmppedommmbmaﬁmemana

current polyner. For exanple, the data show t It takes | ess force to
defl ect a cahsight of0.9mand ‘H‘!Féﬂldl%‘ﬁ" spigcesof QP\‘/'@F sAmRiesREnIPPad WD ATl

5, 10, 15 or 20 nMMy;asmrezie@Whoimial VikiGn. The resulisaklréppredinpableftlor a cabl e made from
currently conmmercially avail abl e pol yet hyl ene, even at 25 simlar

densities. Table 10 -19-
WO 97/ 38424 ' Resin -20°C bend
PCT/ US97/ 05297 . Polymer A |no visual change

[Polymer B ino visual change
Polymer D*  Ino visual change
PolymerE  |no visual change
{Polymer G*  [no visual change
* Comparative Example

10  Cable Torsion
Cable samples having length of 152 cm were conditioned more than 24 hours at a
temperature of 18 to 27°C. One end of the straight sample was fixed in a vise and the other
end was rotated in a direction opposite to the overlap in the steel sheath without bending
during the test, by an angle ¢ defined below in Equation (IV),
15 {tvV)  ¢=540-3.5(0D)

wherein OD is an outer diameter of the cable in mm. The results are reported in Table 11.

Table 11

Resin ‘Torsion Result
Polymer A |no visual change
Polymer B Ino visual change
Polymer D* |no visual change
Polymer E  |cable zippered
Polymer G* [no visual change

=23.



Shri nkback Sanmpl es of jacket were renoved fromthe finished
cabl e prepared above, and the shri nkback was measured in accordance
with ASTM D 4565. As an exception to ASTM D 4565. 4 speci nens havi ng
5.1 cmlength parallel to the cable axis and 6.4 mMmw dth were cut 5 from
the cable. Ongygly Ig,m;%speci mens was cut froma portion of thecgaidyAeskes NO
directly over e outer shield overlap and the other three were cut

at successive 90 degree increnents to the overl ap. Cabl es shoul d not
shrink back nmore than 5 percent preferably not more than 2 per cent,
after 4 hOUfS | n -Li !“i A ; -‘%"*‘ n 'L-' parpilye v}J"L'* ,‘i = _.«;:_L B NG |g AR eTabl e 6
10 The abrasmn resistance of Polymers A, B, Claa F @wifich are the same polymers
gﬁf : Ek back per %SGe tn Examples 1, 2, 3 and 6), and Polymer H which i ing 19 i blﬁ\d produced by the
Pol ymer B ~ sdmefprocess described in Example 1 (polymer His an ethylenel l-octcne%ﬁqbnﬁlt biend),
0.5 5’ Té’

3. Exam dy
Pol ymer E aT anmanzed in Table 1 ples 8, l%re summarized in IT 12, The ‘ll?_abcr
1.0 abrasion data is detailed in Table 13, which measBeemeBts were deemdnﬁug abradmg Mel t

| ndex Drift wheel H.18 witn 1'100/24ab ahd Y960 cyRies duljforded Blafueh, aCKEL - af ter

extrusi on, was determ ned according to The percent drift
in melt index ( that is, the change in nelt index as a result 15 of
ext rusi on) (percent Nldrlft) was det er m negeusi ng the fol | owi ng equation:

percent Merr]. (M [ er —Mt{errigtM-forr] wh err|

represents a nelt I ndex| of the resin prior {to extrHS|on M [err]

represents a nelt index aft usi on. Thg!?haqg] n nel Wﬁﬁ X as a
result of ext rusi (5 é%f' &t he ano slin thhat may

take place during extrumkﬁ@hsuw Folymgr AR*0 | mosema| anangd iovaddsi red. The
results are reported inEhmmﬁ@ 7 [Polymer Bn* 0.89 11.35 0.94
Example 14  |Polymer H** 0.82 1145 0.952
10  *“n” denotes natural version of these polymers, that is, no carbon black or fluoroelastomer

* *Sample contains 2.6 wt percent carbon black and 400 ppm of fluoroelastomer

Table 13
Taber Abrasion (g

Example No. Resin* lost / 1000

revolutions)
Example 8 Polymer An 0.033
Example 9 Polymer Bn 0.031
Example 10 Polymer C 0.033
Comparative Example 11  |Polymer G 0.029
Example 12 Polymer F 0.039
Comparative Example 12 |Polymer D 0.031
Example 14 Polymer H 0.029

* “p” denotes natural version of these polymers, that is, no carbon black or fluoroelastomer
15
As the data of Table 13 indicate, the polymer compositions disclosed in the present

invention have similar abrasion resistance relative to the currently available polymers.

Examples 15, 16, 18 and 19, and Comparative Examples 17 and 20, Notch Sensitivity
Plaque samples for standard microtensile test according to ASTM D-1708, Die V (5)

20  were prepared using a special mold containing four ridges with the dimensions described in
Table 14. These ridges produced well defined notches in the final plagues. Microtensile

dogbone samples were cut from the plaque. with the notch centered within the gauge length.
-24-



- 20- WD 97/ 38424

PCT/ US97/ 05297 Table 7
Resin Merr] Merr] per cent

Merr] Pol ymer A 0. 83 0.78 6.4
Pol ymer B Wvdehssaze 0. 89 5.6 PCT/USIP0529Trer
0. 96 0. 87 10. 3 Pol yner G 0.16
0.12 33.3 Pol ymer E 0.75 0. 58
29. 3 The tensile test was coﬁﬁhﬁdm:ﬁorﬁng to ASTMIID 638 at 25.4 &n/ﬂ&utes cross-hea. 1
*Conpar ati ve Exanpl resuhts shown i F ? Q)d cate
that the melt inds 53?""0‘?’?‘1‘ 'lateb‘f""’tzf'isec"?’églsﬁ’aﬁg‘g‘cftf Ffe fepaerares, g"r’ 8’?51‘? nventi on

was general ly | owaid Zsi'mnsxigméh michaicample andabrtyp! sampled lalihgnanetch e Tl rgsultssaed
resin G. Eﬁt Bond Test The jacket bond test
was conduct ed accB"l"&“eﬁb” ASTM D 4565 for cables with a 10  bonded st eel
sheath. A sectiion of the cable jackets prepgjgd as described above was

renoved by slitting thejacket longitudinally along the shield
overl ap. The cable was ringdd orch epthr atckint | gRedjus(Repth [a kni f e,
flexed at the cut point to Break thgmm ee| sjRpdivsdmp(Ratioe ring. The
metal sheath was opened, fl gRé&eaned, | and tdmsicabl e.soslr e was2d2|scarded. The
specimen strip Notch 2 0.249 0381 153

Notch 3 0.254 0.254 1.00

Notch 4 0.257 0.127 0.50

-25-



was cut
mnm were cut for

in the circunferenti al
15

direction.
each strip. For each specinen,

separated fromthe shield or arnmor only of a
permt formng a tab of each sheath conponent.

tested for eacof@Rifssanpl e at a crosshead speed of 50 nm/ gragpMoPas9€

| ength sufficient to

Three speci nens were

Three strips having a width of 13
t he jacket was

results are reported I n Tabl e 8.
-21- WD 97/ 38424
PCT/ US97/ 05297 Table 8
Gircunferenti al Longi t udi nal Odeblt &p
Bond BOTT M polvmer / ~Bord
Strength Fai IureL Strength ., Failure Stren Resin
(N'm Mbde (N m) Density NMote El ongttm ﬂ?reak (percent)  [Syress at Break szmsr A
4,136  Jacket' [Exafipledd) [oem’) Met Mok  [20°0- 3§ 30°C_ [20°C [0°C -30°C
Example 15  [Polymer B/ [Control 546 452 2791229.8 2373 231.8
30.957 Notch | 529 180, 322126  [157.1 (2323
Notch 2 230 41 24[1387  |173.9 (2426
Notch 3 44 24 17|55.9 176.8 2208
Notch 4 34 20 131529 150.0 220.4
Example 16  |Polymer C/ |Control 627 458 150§236.0 216.3 224.2
j0.952 Notch 1 439r 392 26]195.0 191.0 203.8
Noich 2 452 53 21[203.0 1820  [2033
Notch 3 48 26 20|75.5 1835 211.1
INolch 4 38 29 17]41.3 54.1 163.6
Comparative |Polymer G/ [Control 637 304 128]173.3 197.1  j224.1
Example 17  [0.958 Notch | 53 25 16{103.9 (739 276.1
Notch 2 29 22 5211562 |1289 2116
Notch 3 20 18 52[179.4  |64.8 211.4
Notch 4 22 19} 12]1049  |55.5 394.5
Example 18 |Polymer E/  |Control 624 505 472|252.1  [2849  |299.9
0.948 Notch | 543 497 310{210.7 281.1 276.0
Notch 2 508 47 30{1906 2659  |223.5
Notch 3 218 43 23{1404 (1047 {2232
Notch 4 44 35 16{53.5 67.2 241.6
Example 19  |Polymer F/  {Control 671 573 452]261.0 215.1 270.8
0.940 Notch 1 574 524 326[2084 2812  |2534
Notch 2 542 493 33)1960 [2627  |210.7
Notch 3 273 45 221288 1273 ]216.1
Notch 4 47 35 26§57.1 64.7 79.2
Comparative |Polymer D/ |Contro} 923 739 312[2597 |2976  |230.1
Example 20  |0.942 Notch 1 759 683 4051216.1  [285.8 2254
Notch 2 736 653 4541209.5  |2773  |2424
Notch 3 689 438 28[202.8 2059  |199.0
Notch 4 7 47 19{83.2 84.1 207.1
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Jacket Pol ymer B 10, 246 Jacket/ 7,299 Met al

3,929 . Met al Polymer G 6,523 Jacket
7,721 Metal / 1.160 Jacket
Polymer E 5,963 Met al 5,825 Met al 4,224

Polymer D 6, Gidomssdnmcket / 6, 110 Met al 6, 091 PCT/US97/05297

Met al Bend Tests: Hot, Room Tenperature and Cold A cold

bend test was conducted according to | CEA specification S-84-608- 1988 5
whi ch calls out ASTM 4565 for the specifics on the test procedure Sarrpl es
wer e equilibratedlnaco rQom at, - 30[err]C for

the testing. A cable szfﬁﬁ"e Hajrg)rl'reglg‘ the polwﬁsg'fsk‘ﬁgfdleﬁblc °fé}rnpvré°" 't')wcﬁlf) (?m
180[ err] arc ar ounckamplepaiyines B, G.84nd §) wercllesmatctesensitive ghat 1hnpdymdnecurremly cabl e
di ameter, then the I o f@r'%ﬁ‘f‘e’ﬁ [ 8t o8

again 180[err] avii "ﬂhm S§3?(et i"on 1o ﬂﬂhﬂg seco(%dco&g d\gaﬂﬁ \%s
strai ghtened, rdt atoeqtmng é’P'rY]ﬂe’aﬁdmth%"eF*ﬁ higher E@nga"‘lf&@b'a?kdha"@ﬁ’dﬁef&)ﬁm etion
of the third bend, ,difirhk & nYRSheHighttcRERBCA breAlOhA FRYmEOD, afdldostall  t hen
bent for the fourt% tine. A room tenperature bend test was
conducted in a manf§@PTEWES | ar t o ASTM 4565. The cabl e sanpl es were
condi tioned at 20[ Rédude@NoRh SéhskiGitV (Comrestion MoldbEMidduely. A cabl e sanpl e was

bent in the sane manner, as the col d.ben escri bed above, exce
the sanple was bent 15 Imp'&?""(?ti’ﬂﬁg %?“ﬂ%‘&f’g’f'e ??5?)?'3‘“@’5%"87 YFRLQ, Wag plsofsmopstrated | o
cabl e di anet er 10 by the tensile prope&ieh oficolpprasiion ewidedElBpuecondesctied in ‘NowhedkTensile

simlar to ASTM 45? ?I&%ra&m Test ﬁ)@&ﬂlﬁckm{g ﬁ&ﬁﬁé&-‘ﬁﬂé%ﬂ I\%}Idg. E] C

for 4 hours prior I'e sanmpl e was

manner as the col daml!@sb’laak%amr"fj al Magezins Welhiﬁﬁeedm@h%ent
around a MBNGER broth¥d i Sorfiprétkiad é18dd pm.uel qurgl arsse%,ai %rchéaf mbldSin GéHAtaf as
di aneter. 20 After_ bendi ng each cabl e sanpl e, surface area of

the sanpl es were i FOBRiFigpre 2, fensile elongation degreased os the severisy of ‘Eﬁ‘é’&h irsreaRgd (ofr mal
or corrected t @5 noéxaaple\NoidhQrivas Reﬁuévb& tiah Notie 1,e@l).&igubeDdISo shows that BEFEP6IRnet €

?2 g ) h O.t bend test Qersgnbtraf xpu (Prnst n(:i‘\(rjenﬂon (l-'zra? ample B? is much less notch sensitive than comparative
Example G. In fact, Notch 1 had no effect on the ultimate tensile elongation of Example B
(within experimental error), while comparative Example G failed catastrophically at all four
notches.

20  Improved Low Temperature Tensiles (Compression Molded Plagues)
The copolymers useful in this invention also have improved low temperature tensile
properties. For example, as shown in Figure 3, the reduction in tensile elongation for Example
A was 18 percent at 0°C and 56 percent at -30°C. In contrast, the reduction in tensile
elongation for comparative Example G was 52 percent at 0°C and 80 pl:rcent at -30°C. Thus,
25  relative to comparative samples, the copolymers of this invention have improved tensile
properties at low temperature. As a result, the cables of this invention are easier to install at

low temperatures, for example, less susceptible to failures (splitting) at low temperatures.
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co MMy

1] C bend
PoI yrrer A no vi sual change no vaueﬂHgmamBEm vi sual change
Pol ymer B NRo\$hSd4a4 change nojvi suahﬁnhmm no {¥i sual chaaaker05297
Pol ynmer D* no vi sual change no“FsEa—cRarge—so—Vvi sual change
Pol ynmer E no visual change no visual change no visual change
Polymer G*  no vi suah &b@@aﬁpm.nea Mfes upd pom@mﬁe compbsitibeMadactsr2ed e hat the

*Conpar ati ve Exanp act test According to ASTM

D- 4565, the cabl @°‘§%¥W“§§°’W@?‘%°“c‘8ﬂ %% oned at -20[err]C for 4 hours 5 and

tested for inpact res{StimSpercénttd %%k@tugewggm offStofdl coppatlion 6itadleishénec abl e
nner. and outer surfaces of the

sanples froma eight.of 0.9 m a
cabl e sanpl es mef‘é“?‘;igb‘gﬁf’ﬁ’ﬁg‘sﬁftﬁy]ﬂﬁlﬁ?ﬁ‘f '“‘“‘“W‘HP“ Bected to nornal
vision. The regsults are re&qrd@,ggyirg}na'ggg&moogsgk@

Tabl e 10 Berr]C bend
Pol ymer A no visual ch a(,lfb%molecular weight dlstnbuuon (M..,/M.,) from 1. 8to Pol ymer B
no visual change (iii) a melt index (I5) from 0.001 gllOmmRﬁ'lUéVﬂimlﬁ)*and no vi sual
change Pol ynmer E no vi sual change

Polymer G no visual cha@@e\CBDlgfeateﬂhanSOPercem

Conpar ati ve Exanple fi }cEnt FY5PeiREht b ht of the total compdsiios S HP aving
| ength of 152 cm were@orr‘\’an%aoned rm%%e ywmi ¢ O?Jt?t; at P(Las ° L‘f&mmerature

of 18 to 27[ e¥r] 6“06119‘3@??6"”5‘?“‘9%“%'??9@% b'%“&PﬁS‘I°@Y\ﬁH§’°WF‘R'éHh‘P‘PP35“°9‘I e and
L Ot oar 1 fiendd gtpﬁgﬁ%éﬁ%oiyﬂeﬂadih%EG&&f}Qmﬁm?edg?% g%stgnﬁ‘sover' ap in

t he steel ri ng an angl e [serr]
defined bel ow i n2Equ a{l‘pqﬂthe leaxmllg;vherem the polyethylene composition compnscs from20t080 (] )

[err] wher %ﬁeﬂ;} wgiit Bf ReHoRI cofipsuitivh 8f thdt 1dati Bne¥@dl lpBlyndt oBmpddts (ARSUl t'S
are reported in Table

Table | | 3. The cable of Claim 1 wherein the polyethﬂggei cﬂmposmon comfasfcg fr?m 2‘?—'\’8 éal t

15  percent by weight of the total composition of the at least one first polymer of component (A).
4. The cable of any of the preceding claims wherein the at least one first polymer of
component (A) is a substantially linear ethylene polymer having long chain branching or a
homogeneous linear ethylene polymer having an absence of long chain branching.

5. The cable of any of the preceding claims wherein the polyethylene composition is

20 further characterized as having a melt flow ratio, I;0/1; from 7.0 to 16.0.

6. The cable of any of the preceding claims wherein the polyethylene composition is

forther characterized as having a density of 0.91 to 0.96 gicm?.
7. The cable of any of the preceding ciaims wherein at least one of the at least one first
polymer of Component (A) and the at least one second polymer of component (B) is an

25  interpolymer of ethylene with at least one C3-C3g o-olefin.

8. The cable of claim 1 wherein the polyethylene composition has a processability as
indicated by critical shear stress at onset of gross melt fracture of at least 3.5 x 10® dyne/cm’
(0.35 MPa).
9. A cable jacket comprising the polyethylene composition of any of the preceding

30 claims having at least 10 percent more flexibility than a cable made using a heterogeneous
linear ethylene polymer having the same density as the polyethylene composition.
10. The cable of any of the preceding claims characterized in that the polyethylene
composition comprises:

about 40 percent (by weight of the total composition) of the at least one first polymer

———— —— ——— -28-
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o if“é‘haf* A O O ol yrer & o Visual
ch r= -

abl e zi ppered
PoI yrrer no Vi sual change THIS SHEET HAS BEEN ‘:
- 23- W6 09734438424 REPLAGED i PCT/USS7/05297
PCT/ US97/ 05297 Exanpl e 8, 910, IZ and 14, and Conparative Exanple
11 and 13, Abrasion Resistance The abrasion resi stance of
Pol ymers A, B, C afchnipofietti{A)whiches fultier chaniterfyed smeavisg: used i n Exanpl es

1, 2, 3 and 6) and Polymer H which is an in- SIEU bl end produced by the
same process described in Esiaflspsiy frop B8] X glam’s an et hyl enel | - oct ene

copol ynmer blend), 5 are symﬁkmwb,gm'ﬁ%mbmolmwmmbeﬁﬁ 9 and 10 are
summari zed in Table 12. The _Ja F rasmn@talg detailed in Table
iy

13, whi ch measurenents mre"&éﬂ’?‘hﬂdﬁé@)ﬂgﬁ‘iﬂf(ﬂlﬂ wheel H 18 with
a 1000 g | oad and 1000 cycl 6§)a%hﬂ1%§€ﬂh&'5@9&€eﬁt and

Tabl e 12 I[err]
Density abouphQ-nepsent (hygveighief ghetotal composition) eﬁﬂxq 1 fepsh one second
I [err]/l [e”] (9/ efsbf co onent(B)havm Exanpl e 8 Pol ymer An* -
0.92 Cﬂlﬁﬁ{ mp & Exanple 9 Pol ynmer Bn*
0. 89 11. 35 (1D,ag¢s1ty of about 0.96 g/cm?, Exanpl e 14  Pol ynmer H *
0.82 11. 45 i) a SRR i I bt'ih O RinESndrat ural version of
t hese polyners, that is, no“@g?%oﬁ"%%j(z) o %o{raoe ad;t oner

10 (ii1) a CDBI less than 50 peroent

11. A cable of any of the preceding claims, characterized in that the polyethylene
composition has a strain hardening modulus, Gp, greater than 1.6 MPa wherein Gp is
calculated according to the following equation:

Ol = ‘l"dr '

"y

15  where A, and O represent the natural draw ratio and engineering draw stress, respectively.

G,=

12. The cable of any of the preceding claims, wherein the polyethylene composition is
prepared by a process comprising the steps of:

(i) reacting by contacting ethylene and at least one o-olefin under solution

20  polymerization conditions in at least one reactor to produce a solution of the at least one first -
polymer of component (A), '

(ii) reacting by contacting ethylene and an optional a-olefin under solution
polymerization conditions in at least one other reactor to produce a solution of the at least one
second polymer of Component (B),

25 (iii) combining the solutions prepared in steps (i) and (ii), and

(iv) removing the solvent from the polymer solution of step (iii) and recovering the
polyethylene composition.

13. A cable comprising a thermoplastic cable jacket having a thickness from about 80 to
about 90 mils in contact with a metal shield creating a notch in said jacket, wherein a sample

30 of said notched jacket 1aken in a circumferential direction, in accordance with ASTM D 638,
has less than 55 percent loss of elongation than an un-notched cable jacket sample from said
cable. wherein the cable jacket comprises the polyethylene composition of any of the

preceding claims.
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D

:I :(??gie)”mumnﬁ“mm’m percent carbon bl ack and 400 ppm of bl e 13

Taber Abrasi‘on' . O~ Resi n

| ost / 1000

revol utions) 07138424 Exh Pobeiiese 78207

0. 033 WO 971384 Exanple 9 Pol ymer Bn

0. 031 Exanpl e 10 Pol yner C .
gx gﬁgl e 12 14, A cabmggsﬁ\#é\fﬁn@ﬁﬁmle&yﬁﬂe polyﬁlgxl c\ﬂgl‘ggaclg\ composition, Whlgl 029
Conpar ati ve Ex anpqr@pniez the pﬁdptpy{ge cgmposition of any of the prggeding claims wherein a plaque

Exanpl e 14 having a single notEl b ¥iERhesdFrom 70 to 80 m|ls made frbin Sidjacket compsitiof has
denotes natural version of these polyners, that_ is, no carbon black or

f1 uor oel ast oner #tjeast 100 percent ultimate 'ﬁ&‘“‘t flengafion whgteinthegoich has ajdepth o 10 é‘“ls Phe
pol yner conposi t idRsa AéiGCiAS@ S inkim foldESS 6@ Mherein said ety polymbncdipésiisnl m | ar

abr asi on resistapce relat to fhe currently avail abl e pol yners.
Exanpl es 15, 16, ﬂ¥gd59my rjé)g‘iglﬁfmdf M85t ati ve Exanpl es 17 and 20, Notch
Sensitivity 15.  The cablﬂfammlmmduahe dlimatsteasileledongativn G ap leasn 200/ percéne S t
according to ASTM D- 1708, Die V (5) 20 wer e prepared using a special
nol d containing four ridges with the di mensions described in Tabl e
14. These ridges produced well defined notches in the final plaques.
M crotensile dogbone sanples were cut fromthe plaque, with the notch
centered within the gauge | ength.
- 24- WD 97/ 38424
PCT/ US97/ 05297 The tensile test was conducted according to ASTM D 638
at 25.4 cm m nutes cross-head speed (pull rate) with 2.5 cmjaw
separation at three tenperatures, for exanple -30C O[err]C and
25[err] C, using each notched sanple and control sanples having no notch.
The results are reported in Table 15. 5
Tabl e 14
-30-
T



Notch Depth Notch Radi us/ Dept h | (nm

Radi us (mm Ratio Notch 1 0. 251
0. 508 2.02 Not ch 2 0. 249
0. 381 1.53 Notch 3 0. 254
0. 254 wolo788424 Not ch 4 PQI/URY 705297
0.127 0. 50
1/1

FIG.1
Cable Flexibility
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- 25- WD 97/ 38424

PCT/ US97/ 05297 Tabl e 15
Pol'yrer / Density El ongati on at Break
(percent) Stress at Break (kg/cnferr]) Exanple No. (g/cnferr])

Not ch 20[ ekwd $71384240C  -30[err] C 20[err] C O[ err] C - 30[ er PETIUSI705297
Exanpl e 15 Pol ymer B/ Control 546 452 279 229. 8
237.3 231.8 0. 957 Notch 1 529 180
32 212. 6 .157. 1 232. 3 9 Not ch 2

230 41 24 138.7  173.9 244%. 6

Not ch 3 44 24 17 55.9 176. 8 220.8

Notch 4 34 20 13 52.9 150.0 220. 4

Exanmpl e 16 Pol ymer C/ Control 627 458 150 236.0
216.3 ° 224.2 0. 952 Notch 1 439 392
26 195.0 191.0 203.8 Not ch 2

452 53 21 203.0 182.0 203. 3

Notch 3 48 26 20 75.5 183.5 211.1

Notch 4 38 29 17 41. 3 54.1 163. 6

Conparative Polymer G/ Control 637 304 128 173. 3
197.1 224.1 Exampl e 17 0. 958 ét 02 1 53 25
16  109.9 73.9 276. 1 FI . . Notch 2 .

20 . 2 52 Néjeh Sengjtivityi'Pftimate Tepsile Elongation

Not ch 4 22 19 (pull rate 2504 em/mirgsraom temperaturegxanpl e
18  Pol yner E Cont r ol 624 505 47 252. 1 284.9
299.9 700 ~6-948 Neteh—t 543 457 340
210.7 281.1 276.0 } Not ch 2 504
471 30 190.6 265 223.5 ® Comparative Example G Ndt ch

3 218 43 L 2 140. 4 184. 7 .
500 [ Ef- 7 Exafple B .

9 N ]

~ b 1

® - ]

& I -

S 400 |- =

wi i i

Q | -

2 300 -

(1) . ..

- R 4

Q . ]

g 200 t— .

5 i . -

100 | \ -]

g O i

0 T T | T i

Control Notch 1 Notch2 Notch3 Notch 4
(No Notch)



Notch 4 44 35 16 53.5 67. 2 241. 6 Exanpl e

19 Pol ymer F/ Cont r ol 671 573 452 261.0 215.1
270. 8 0. 940 Notch 1 574 524 326
208. 4 281.2 253. 4 Not ch 2 542
493 33 wWOenfa2a 262.7  210.7 PCT/US97/0529%0t ch
3 . 273 45 22 128.8 127.3 216. 1

Notch 4 47 35 26 57.1 64. 7 79. 2

Conparative Polynmer D/ Control gzﬁ'l'ko 739 372 259. 7
297.6 230.1 Exanple 20 0.942 tch 1 759 683
405 216. 1 285.8 225. 4 Not ch 2

736 653 454  209.5 277. 3 242. 4

Notch 3 689 438 28 202. 8 205.9 199.0

Notch 4 71 47 19 83.2 84.1 207.1

- 26- WD 97/ 38424

PCT/ US97/ 05297 As shown in Table 15, the polyners used in
t he cable of the present i nvention (for exanpl e polynmer B, C, E and
F) were less notch sensitive than the polyners currently available in
the industry (for exanple Polynmer D and G, 5%5 g at about sane
density, 5 for exanple es ht

break than Polynmer G anﬁag?é)ﬁvéoéﬁﬁ&én HR éhg}géh%ﬂﬂaéﬁgal on

at break than Polymer D. at al mpgthaDecrea mgsrléetnfperatureReduced
Notch Sensitivity (Conpression Ml ded PIaqueé? | nproved notch

sensitivity of the co
by the tensile propertles of conpression nol ded pl aques, as descr
"Not ched Tensile Lpw Tenperature Brittl eness Test for I"e Jgcket|i ng
Pol yet hyl ene" by éJ é}ﬁhre McAda, as appeared in the.vay 1983 i e
of Wre Journal |&Pernat{onal Magazine. Well defined ng wer e
produced in conpressugg ol ded pl aques using a specisgt” "notched"/nol d. In
general , as B . n
.
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shown in Figure 2, tensile elongation decreased as the severity of the
notch i ncreased (for 15 exanpl e, Notch 2 was nore severe than Notch 1,
etc.). Figure 2 also shows that the copol yner described in this
invention (Exanple B) is nuch | ess notch sensitive than conparative

Exanpl e G | n fwodysshpt ch | had no effect on the ultimte tenpckaseros297

el ongation of Exanple B (within experinmental error), while
conparative Exanple G failed catastrophically at all four not ches.
20 | nproved Low Tenperature Tensiles (Cogpyegsion Ml ded Pl agues)

The copol yners useful in this invention also have inproved | ow tenperature
tensile properties. For exanple, as shown in Figure 3, the reduction
in tensile elongation for Exanple A was 18 percent at O[err]C and 56
percent at -30[err]C. In contrast, the reduction in tensile

el ongation for conparative Exanple G was 52 percent at O[err]C and 80
percent at -30[err]C Thus, 25 relative to conparative sanples, the

copolynmers of this invention have inproved tensile properties at | ow
tenperature. As a result, the cables of this invention are easier to
install at | ow t enperatures, for exa | egs susceptible to
failures (splitting) at |ow tenperatures. ft;_Zi
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1. A cabl e conprising a jacket |ayer conprising a polyethyl ene
conposition, characterized in that the pol yethyl ene conposition conprises:
(A) from25 to 45 percent by weight of the total conposition of at |east
one honogeneously branched ethylene/[err]-olefin interpolynmer having:

(i) a density fwomGs43® g/ cnferr] to 0.94 g/cnferr], PCT/US97/(5297) a
nol ecul ar wei ght distribution (MM M) from1.8 to 3.5,

(tii) anmelt index, I[err], from0.001 g/10 mn. to less than 0.5 g/ 10
mn., and (iv) a CDBlI greater than 50 percent, (B)
fromb55 to 75 percent by weight of the td5d17bonposition of at |east one
het er ogeneousl y branched et hyl ene interpolynmer or |linear ethylene

honopol ymer having a density fromO0.9 g/cnferr] to 0.965 g/cnjerr],
wherein the final nelt index, |, of the polyethylene conposition in the
cable jacket is in the range from1l to 50 g/10 m nutes, the polyethyl ene
conposition has a density of 0.945 g/cnferr] or nore, and the cabl e jacket
has a strain hardeni ng nodul us, Gp, greater than 1.6 MPA and a reduced
notch sensitivity as indicated when the loss of ultimate percent el ongation
of a notched cable jacket conprising the polyethylene conposition and
having a thickness from2.03 to 2.29 mm (80 to 90 mls) relative to the
ultimate percent elongation of the same cable jacket without the notch is
| ess than 55 percent when ultinmate percent elongation is neasured at 23.9 C
according to ASTM D 638 using a Die V (5) with a 2.54 cmjaw separation and

pulling at a rate of 5.08 cmper mnute. 2. (Cancel | ed) 3.
(Cancel | ed) 4, The cable of daiml wherein the at |east one
honogeneously branched ethylene/[err]-olefin i nterpolynmer of part (A) of

Caiml is a substantially linear ethylene polyner having | ong chain
branching or a linear ethylene polynmer having an CEz | ong chain
br anchi ng. Pan. 5 28
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5. The cabl e of any of the preceding clains wherein the polyethyl ene
conpositjion is further characterized by having a nelt flow rati o,
I[err]/I[err] from7.0 to 16.0. 6. (Cancel | ed) 7. The cabl e of
any of the preceding clains wherein the at | east one heterogeneously
branched et hyl ewe o784424 pol yner is at | east one interpol ynmer ofpcainiietener
with at least one CJerr]-Clerr] [err]-olefin. 8. (Cancel | ed) 9. A
cabl e jacket conprising the polyethyl ene conposition of any of the
precedi ng clains having at |east 10 percent nore flexibility than a cable
made using a heterogeneously branched li npgryl ow density ethylene

i nterpol ynmer havi ng about the sane density as the pol yethyl ene

conposition, wherein flexibility is neasured by cutting a cable to a | ength
of 33 centineters, di scarding the cable core, flattening the two ends of
the cable, clanping each flattened end of the cable into an Instron
tensil e machine, deflecting the cable at a rate of 12.7 cm m nute, and
recording the force required to deflect the cable 5, 10, 15 and 20 mm.

10. A cable conprising a | ayer of a polyethyl ene conposition
characterized in that the pol yet hyl ene conposition conpri ses:

(A) 40 percent of at |east one ethylene/[err]-olefin interpolynmer having:

(i) a density from0.91 to 0.92 g/cnferr], (i) a
nol ecul ar wei ght distribution (Mv M) of 2, (i) a nmelt
i ndex, I[err], of 0.1 g/I0 mn., and (iv) a CDBI greater
t han 50 percent. (B) 60 percent by weight of the total
conposition of at |east one heterogeneously branched
ethylene/[err]-olefin interpolynmer having: (i) a density
of 0.96 g/cnferr], (ii) anmelt index, I[err], of 6 g/l0
mn., and | FIG 6 29
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(iii) a CDBI |less than 50 percent. 11. (Cancell ed) 12. The cabl e of
Claim1l wherein the pol yethyl ene conposition is prepared by a process
conprising the steps of: (i) reacting by contacting ethylene and at
| east one [err]-olefin under solution polynerization conditions in at |east
one reactor to pwodwssnge sol ution of the at |east one honngenqq?ﬁ} 205297
branched ethylene/[err]-olefin interpolynmer of Caim1l, |f§
reacting by contacting ethylene and at | east one a-ol efin under sol ution
pol yneri zation conditions in at |east one obhgr reactor to produce a
solution of the at |east one heterogeneousl r &nched et hyl ene i nterpol yner
of daimi1l, (iii1) conbining the solution of the at |east one
honogeneously branched ethylene/[err]- olefin interpolymer prepared in the
step (i) and the solution of the at | east one heterogeneously branched

et hyl ene interpolyner prepared in the step (ii), and (iv) renoving
the solvent fromthe polyner solution of step (iii) and recovering the
pol yet hyl ene conposition. 13. (Cancell ed) ‘ The cabl e accordi ng

to any of the preceding clains, wherein theRoyAxs
t hernopl astic and a plaque, having a single ngts
1.78-2.29 mm (70 to 80 mls), nmade from;sai ¢
at |east 100 percent ultinmate tensile el gngat
depth of 0.25 mm (10 mls) or nore and a|radj

o)

conposition is

hi ckness from

\ne conposition has
n the notch has a
75“gn1to 0.55 mm

FIG.7

<
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The 4 wherein the uItlmatetensHe el ongation is at
I east 200\ \mﬁ‘\g“\ﬂ\ m‘ : ;
: SThé cabl e of any of the precedl ng cl ai e, J é}_ﬁ
poI yethyl ene conposition is further characteri zef®BR] RO )\JFIES?LJ
ratio, I[err]/I[err] from7.0 to 16.0. 6. (Cancel | ed) ) The
cabl e Q:fLAﬁ@’ of the preceding clains wherein the at | east one '
het er ogeneousl y branched ethyl ene interp is at | east one
I nt er pRl ymex csle ebiptising a\j\adkbt layericomptisinp@ p@{)@rlw}en@:[cemppsmor[_éh?ffﬁslﬂm n.

8. (Cancel | ed) A cabl e jacket conprising the polyethyl ene
conposintthathopolsetylspe ?W%i@@?msﬁq ai s havi ng at | east 10 percent

nore flexib kranched
| i near _| ow gbré%f‘y@hﬁ@%%ﬁr?&?%p%ﬁ?#e}% tﬂtaay S[&%daf&?ﬁig&starre density as
t he poﬁ*ﬁgét% 1@%-%{ btanc}féar’ga@%ﬁev@meﬁfhﬁ{eqsomyﬁémhgt ity is nmeasured by

cuttin of 3 3 centineters, di scarding the cable -
core, flattening(i reedensity ﬁnm@_ﬁgkmétm&tﬂieg/cmi ;anpi ng each flattened end of

t he cable intg an Instron.te S|Lerra the cable at a
rate of 12.7 cm A AR ?C“iﬁwelgh F&&‘B’r“ﬂf‘ﬁ@“’{ )ﬁ% £84 s,

Fee requi'red to defl ect
the cable 5, 10, 3 ARG HMM,; from 0.001 g/10 min. to Jess than 0.5 g/10 min., and

(iv) a CDBI greater than 50 percent,

(B) from 55 to 75 percent by weight of the total composition of at least one
heterogeneously branched ethylene interpolymer or linear ethylene homopolymer having a
density from 0.9 g/cm’ to 0.965 g/em’,

wherein the final melt index, 1, of the polyethylene composition in the cable jacket isin

the range from 1 to S50 g/10 minutes, the polyethylene composition has a density of 0.945 g/cm’

or more, and the cable jacket has a strain hardening modulus, Gp, greater than 1.6 MPA and a

reduced notch sensitivity as indicated when the loss of ultimate percent elongation of a notched

cable jacket comprising the polyethylene composition and having a thickness from 2.03 to 2.29

mm. (80 to 90 mils) relative to the ultimate percent elongation of the same cable jacket without

the notch is less than 55 percent when ultimate percent elongation is measured a123.9 C
according to ASTM D 638 using a Die V (5) with a 2.54 cm jaw separation and pulling at a rate

of 5.08 cm. per minute.

2. (Cancelled)

3. (Cancelled)

4, The cable of Claim 1 wherein the at least one homogeneously branched ethylene/a-olefin

interpolymer of part (A) of Claim 1 is a substantially linear ethylene polymer having long chain

branching or a linear ethylene polymer having an absence long chain branching.

REPLACEMENT SHEET

06 0CT 1997

28




A cabl e conpri si ”&a | ayer of a polyet hyI ene corﬁEéDLAQEMENT SHEET )

((:%arﬁgt Sll“lm Illlulmmllu pol yet hyl ene conposition conpri ses:

one ethylene/[err]-olefin interpolynmer having:

(i) adengity ftonf0.91 %0 0:92 g/cnerr], (ii) a

nol ecul ar wei ght distribution (Mv M) of 2 (ri1) a
melt index, I[err], of 0.1 g/l 0 mn, and (iv) a CDBI
greater than 50 percent, (B) 60 percent by weight of the total

conpospht i on Tak cable bf asy ofthe pheztding ghrms)whb:y:m the pollyethylshe domposition is further

ethylene/[err] efin interpol yner Vi (1) a
densi t ghapcigrizg Q‘ﬁ’/l?ﬁ’r‘[“éﬁfﬂ“e‘ﬂ°‘""a“° L % ol 7.0t 160-i) a melt index, I[err],
of 6 g/I0 mn., and

29

REPLACISVENT (Bhitelled) (itii) a CDBI |less than 50 percent.
11. (€ancetted)— 12 The cable of Caim1 wherein the polyethyl ene
conp05|t|on |s prepared by a process conprising the steps of: (1)

' d
Corut 1 oh pol JREFP RSN ST HRATToorS s e PR GRISH e s dbal .

sol uti Oﬁsgﬂghea*é@@;ehﬁe?g RA& xbwm&?aﬁ@m%ryolpmﬂsfaﬂylethEaﬂéﬁﬁbﬁ& eplgfin
i nterpolynmer o arm 1, reacting by contacting ethylene and
at | eastx-adefin.[ err]-ol efi n under soI ut i on polymerization conditions in at

| east one other reactor to produce a solution of the at |east one

het er ogeneously branched et hyl ene interpolynmer of daiml, (iti)

conbi ni gg th &Q_L hon of the at | east one honbgeneously branched

et hyl en'e-f-[—ev-fg——nrrt-ggf]i n interpolyner prepared in the step (i) and the

solution of the at |east one heterogeneously branched" et hyl ene i nt er pol yner

prepared in the step (tll)
9. A cable jacke compnsmg the polyethylene composition of any of the preceding claims
having at least 10 percent more flexibility than a cable made using a heterogeneously branched
linear Jow density ethylene interpolymer having about the same density as the polyethylene

composition, wherein flexibility is measured by cutting a cable 10 a fength of 33 centimeters,

discarding the cable core, flattening the two ends of the cable, clamping each flattened end of the

cable into an Instron tensile machine, deflecting the cable at a rate of 12.7 cm./mipute, and
recording the force required to deflect the cable S, 10, 15 and 20 mm,.

10. A cable comprising a layer of a polyethylene composition characterized in that the
polyethylene composition comprises:

(A) 40 percent of at least one ethylene/a-olefin interpolymer having:

(i) a density from 0.91 to 0.92 g/cm?,
- (ii) a molecular weight distribution (Mw/Mn) of 2,
(tii) a melt index, 1,, of 0.1 g/10 min., and
(iv) a CDBI greater than 50 percent,
(B) 60 percent by weight of the total composition of at least one heterogeneously

branched ethylene/a-olefin interpolymer having: e

() 2 density of 0.96 g/em’, REPLACEMENT SHEET

(i1) a melt index, 1,, of 6 g/10 min., and
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r_‘ 1
(iv) renoving the solvent fromthe pol yner solution of RSTE&/%QEM%NJ SHEET _

cant of IR BB %1 *F 5 o ecadi ng et ai me, wher ei m the pol yethyrene

conposi*ti ébn ts ther ndpl astic and a pl ague, having a single notch and a

t hi ckness from1.78-2.29 mm (70 to 80 mls), made from said pol yet hyl ene
conposition has at |east 100 percent ultimate tensile elongation, wherein
the notch has a depth of 0.25 nmm (10 mls) or nore and a radius from 0.275
mmto 0.55 nm (iii} 5 CDBHessthi 50 pércaitai m 14 wherein the ultinmate tensile

el ongation is at |east 200 percent.
30

11.  (Cancelled)

12. Thecable oﬁQ_Laiml wherein the polyethylene composition is prepared by a process
comprising the steps of:

(i) reacting by contacting ethylene and at least one a-olefin under solution
polymerization conditions in at least one reactor to produce a solution of the at least one

homogeneously branched ethylene/a-olefin interpolymer of Claim 1,

(ii) reacting by contacting ethylene and at least one a-olefin under solution
polymerization conditions in at least one other reactor to produce a solution of the at least one

heterogeneously branched ethylene interpolymer of Claim 1,

(ii1) combining the solution of the at least one homogeneously brﬁnched ethylene/a-
olefin interpolymer prepared in the step (i) and the solution of the at least one heterogencously‘

branched ethylene interpolymer prepared in the step (ii), and

(iv) removing the solvent from the polymer solution of step (iii) and recovering the
poliethylene composition.

13. (Cancelled)

14.  The cable according to any of the preceding claims, wherein the polyethylene
composition is thermoplastic and a plaque, having a single notch and a thickness from 1.78-2.29

mm. (70 to 80 mils), made from said polyethylene composition has at least 100 percent ultimate

tensile clongation, wherein the notch has a depth of 0.25 mm. (10 mils) or more and a radius
from 0.275 mm to 0.55 mm.

15.  The cable of claim 14 wherein the ultimate tensile elongation is at least 200 percent.

30




