WD 97/'31975

PCT/'GB97/ 00463 This invention relates to a lowdensity

pol ymeric conposition and its uses, for exanple as | ow voltage el ectrical

i nsul ation, cable jacket material, buoyancy-adjusting filli é%? abl e
or harness, WQY&PSi c material between the inner and out err CORHUCTOFS of a
coaxial electrical cable, or thermal insulation. Buoyant cabl es
described in US-A4963420 and US- A-4110554 luse hol | ow gl ass mi cro-spheres to
achi eve | ow density conblned with crush reS|stance for use in deep
underwat er operations. Thels )3 3 BRE M Mnded in ethyl ene
or propyl ene pol yners of denS|ty bet ween 0 90 and 0 94 g/ cc and
extrusion-filled into the cable structure, as in US-A-4963420; or are used

alone to fill thenjsihRhEéh fdiiesdb alibR-demsny ?oﬁﬁﬁe% mgoslﬁdim&da’misdért&
un In

difficulties which may occur when co the m xture of pol yners and

ni cr o- spher esxample a5 low-weltaee plgcteieal dpsujstion| cahle japksuatstialy bYRyRRCY-HUusting s

packi ng of m'ﬁﬁg aggg ﬁe&aﬁéﬁeﬂ& &0
pol ymer/ m crosp e’?’iejggé‘?r%(?’su 3?1‘5‘“3 | cﬁ%fe?ﬁpeas I n sorrléal?a@ets h?uctors of
sur pri si ngl yaeamaltuﬁecmmbm anthermsl ibswlationdvant ageous properties for sone

or all of the aforenentioned uses. The i nvention accordingly
provides a conposition conprising, by volune based on the volunme of the

whol e conposi ti ogyg antwbﬁe%)dﬁxbé&ﬁﬁﬁsm@h@mﬂpbsmlmwwﬁﬂﬂloﬁﬂ?ﬂsﬁ i ng

of thernoplastic polyolefin el astoner room t enper at ure densi ty ess than

0.9 g/cc andm}m&fﬁ’bﬁ‘l aghieve law W{@@h‘%ﬂd with erashresisapes forase idesp oner

?ggmterrp(e%ture engﬁ%%ﬁotﬁgbﬁﬁ naty?q Sag“tﬁycc 2t | east

80% pr ef er alpkopykene ipekysterOéfidensityrbetvmen 0 0aind 0 % gfneamt eﬁﬁﬁipﬂkﬁlledﬂmghh@ of
the m cro-bal e Siucnid, & M08 KUB6IT: 0F are hsed Sione k1 3 nterstices of the cable

structure, thus avoiding difficulties which may occur when compounding the mixture of

e

polymers and micro-spheres, but introducing other problems associated with the loose
packing of micro-spheres.

The present invention relates to polymer/microsphere compositions which, at least in
some cases, are surprisingly easy to process and may have advantageous properties for
some or all of the aforementioned uses.

The invention accordingly provides a composition comprising, by volume based on
the volume of the whole composition,

(a) at least 30% of a polymer component consisting of thermoplastic polyolefin
elastomer of room temperature density less than 0.9 g/cc and/or thermoplastic
olefin/(ester or acid) copolymer elastomer, and

(b) at least 30% of (preferably hollow) micro-balls of room-temperature density (not
bulk density) less than 0.6 g/cc, at least 80%, preferably at least 90%, more preferably at
least 95%, by weight, of the micro-balls having a maximum dimension less than 300
micrometres, preferably less than 200 micrometres.



mcrofetres,’ preferably | ess than 200 m cronetres. WO 97/ 31975
PCT/ GB97/ 00463 - 2- In
‘preferred enbodi ments the conposition conprises by volunme at |east 40%
nore preferably at | east 50% or even up to 60% of the mcro-balls. The
conposi ti onWRVAYEbl y conprises not nore than 70% of the FRTECRATHMOP s
It wll be understood that the term"m cro-balls" is used herein to avoid
any suggestion that the mcro-balls nust2be exactly spherical, since a
certain amount of asphericity may be present in comrercially avail able

suppl i es of "N EfRefRtPEabodindits fRoRPodifbPéctipttes By Wolafikiaf Rast!40% , Smore
however, usually preferable that at |east 50% preferably at |east 75 %

mor e pref er BsFyably pideash 60 %) pyeven up ta60%n of theapistarbaliss Thecomppsitiomt i al | y
spheri cal . %q%b%%%gwﬁg%ww&em&&%yse properties have

not ably bee e roomtenperature density of the

pol yol efin el astonmer used according to the present invention is
significantly |l es han.the 0.9 g/cc rjni of . t he, previousl y-used .
| ow densi ty pol@&?&%ﬁ@eﬁmtﬁ%m W@%‘édiﬁ%ﬁ%ﬁ%ﬁaw #8Y density of
the said pohigéstibh thaPthdhiefEballs TmisEBSetabity , §ihé&Ca cetiafil yf not nore
than 0.88 g/cc, nore preferably within the range fromO0.86 - 0.88 g/cc. The

densi ty wi | asphesicityimay tecpressatincommepciallyavailabie supplievefiimigra-spheesy ankB®ay 1987

Vow dane) ¢y tojerated B draiick s vt uaty SHEHDRIAT b S03s Hreflil{ 800
than 0.5 gl least 76%e fmwe preferhlsly subiskamtially 411, »f te: miboe-baliscire sabtantiIRChpherical.

restriction of the maxi mum dinension of the mcro-balls to | ess than
300[err] mneans that the preferred substantially spherical mcro-balls wll

have a_di anet efdififigédid BrotRidd duli'tha Toepropaties hielbbRYbdif T et 2N

material suitable for the end purposes o he conposition in question, but

for opti nunihen the ream-femperatere siaasity ol dhe ptyglefin ¢lastomer ysed aecarding tother of er r ed
that the m geQaPRlvbsion'i€ sibRifihitydkssthashy o' 9060 Ahiftum of the previously-used
low-density polyolefins. It may therefare be advantageous if the density of the said
polyolefin elastomer is less than 0.895 g/cc, preferably not more than 0.88 g/cc, more
preferably within the range from 0.86 - 0.88 g/cc. The density will normally be measured
by the method according to ISO 1183 (1987 Method A).

In the interests of achieving compositions of desirably low density, it is preferred
that the density of the micro-balls is less than 0.5 g/cc, preferably less than 0.4 g/cc. The
aforementioned restriction of the maximum dimension of the micro-balls to less than
300pum means that the preferred substantially spherical micro-balls will have a diameter
less than 300pm. The micro-balls may be formed of any material suitable for the end
purposes of the composition in question, but for optimum crush resistance and other
properties it is generally preferred that the micro-balls are formed of glassy inorganic
material. The balls may be entirely formed of foamed material, or may preferably be
hollow with the shell formed of foamed or preferably solid material, provided that
sufficiently low density for the present purposes is achieved. Commercially available
inorganic micro-spheres marketed under the name of “fly ash”, or the glass micro-spheres
manufactured and marketed by the companies Emmerson and Cuming, 3M, or Glaverbell



materi‘al . The balls may be entirely formed of foaned material, or may
preferably be hollow with the shell formed of foaned or preferably solid
material, provided that sufficiently | ow density for the present purposes

i s achieved. Commercially available inorganic mcro-spher es 14§ gy under
the name of WPOISISHIR" or the glass micro-spheres manufactured and nar ket ed

by the conpani es Emmerson and Cum ng, 3M or d averbell WO 97/ 31975
PCT/ GB97/ 00463 -3- -3- may be
suitable in practice. It is to be understood that the term

"el ast oner" w8y be euitablerigipmactice.not to be interpreted too strictly, being
i ntended to include materials other than those which are traditionally
regarded as "rubbers". Relatively flexible polynmers, for exanple those
havi ng el ongat i on i§ © terumdérstote tiat then@rth telasimied” afhicdrhetkin Srndoadhe bef ore

conpounding with the mcro-balls, of at |east 300% preferabl t. | east
500% nore pHEATEYELRd|tp0 &f‘cﬂbéﬁ”gw&ﬂmmql’iﬂ‘gfr ‘L%%Q‘Ps%ﬂg%‘ afay be

preferable. 2 kded as ¥rubbed Y Helitl: ibﬁgp' <Q§m e '%ﬂp , can
retain at Iegglﬁg%&?%?gragbly at | east %lg%grmre préel?'etrbglgly alg%ist 70%
and especi al having elbrgation gobrealodetermined anharéinafteridesegibed)o heforecompounding i ngl y
been found anp t he l.ymeg s .us r_the,.conposi tions of th esent

i nventi on. s.“??ﬂ%%%“egﬂ#yﬂé?‘s‘*’%ﬁw' g{:ﬂ%& %ﬁh@%aﬁ?ﬁ&%&& At teast

i c][ 0- bg: I's, m)lem, ixﬂte?%%}m ag mtm%%lmlx@ﬂﬁf;ﬁfféﬁbk. gf)%l/}xﬁﬁsf Mﬁ&f’/m 50% Q_olulmc
preferably at | east % and especia at ast o of their initia

el ongati on higpdingof the ’Fem){mﬁﬂfgm%‘%tﬁ?@ Bfed.
Advant ageouspﬂ?&rﬂﬂ?'&ﬂeﬁ&%m%&m&_aﬁm%ﬁ%}%f%ﬁiﬂﬁiapé@ﬁfﬁbnWQS' tions

may al so be selected fromthose wheréin the crystallinity of the said
el ast omer s dsurprisingly dedn/fornd amongithe polymeisorsed for|the compnsitioof thp pedsentabl y

W TTr et oo iyetiii Shigfady, Polyfecs Which, Aiko% oiuime dptiie HIEmicsd Bs. can
Phi :3 |2 83 P\/\ILB%iﬂQﬂmEO%,Wﬁﬁaﬂy@ﬂmrsomﬁmh réipfbfexﬁgl?lts Ie‘aktbm%.ar?ﬁhsﬁdc' clally
PWL i t it ti- tt t te. thet i

with Pures akleast 80%. o e i oS o v S e xpaniadty Poa found sl s alvo

preferred.

Advantageous polymers for the polymer component of the present compositions may also
be selected from those wherein the crystallinity of the said elastomers determined by X-
ray diffraction is less than 30%, preferably less than 20%, more preferably less than 10%.
A wide-angle X-ray diffraction spectrum of the sample may be obtained using a 40 kV, 30
mA Philips PW1830 generator with a copper long fine focus tube; a Philips PW1820
goniometer with multi-purpose attachment and separate theta drive with PW1752 curved
crystal secondary monochromator; slits of 1:0.2:1; data reduction with a Philips
PW1710 in conjunction with APD software running on a VAX3100. The spectrum is
deconvoluted using PW1869/20 profile fitting software to separate the broad amorphous
halo from the relatively sharp peaks caused by the presence of crystalline material. The
crystallinity is obtained by calculating the area under the relatively sharp peaks as a
percentage of the area under the whole spectrum.

Advantageous polymers may also be selected from those having a relatively low
modulus, preferably those wherein the modulus of the said elastomer(s) determined as



crystll secondary nonochromator; slits of 1:0.2:1; data reduction with a
Phi‘l i ps PWL710 in conjunction with APD software running on a VAX3100. The
"spectrumis deconvol uted usi ng PW869/20 profile fitting software to
separate the broad anorphous halo fromthe relatively sharp peaks caused by
t he presen®08m3¥TS/stalline material. The crystallinity |§g’B§P&'ﬁ% by
calculating the area under the relatively sharp peaks as a percentage of
the area under the whole spectrum -4 - Advant ageous pol yners may al so be
sel ected fromthose having a relatively | ow nodul us, preferably those

\Sr;/egtlelg%t h erRfifb A fes@ibell 1e1c5hEh 06 Braably s UIPS0TnRRE pferably less thalD

PCT/ GB97/ 0@3NtPa. In order to achieve desirable strength for many purposes, it will b prefeoredithanf t er
descri bed i,s Ie an. 10 r ef er abl ss than 5Q. nore ef.er abl Iess
han' 2oNPa Tt S Poi s becair B8 oG el et o Oy, Pof pipiebl decale

will be prmrlm th%ﬂﬁxh@e:ﬁﬁ'ldeiﬂb%'bﬂfer&tﬁc ek Qhid s IQFIC% ﬂﬁﬁabl y
greater than 0.5, nore Ere erab greater t han 1I\/Pa It WI| i n general be -

more pr ef ePEftab ’f/rﬂ‘!“‘? rably igteafpr dhan GMPy w8 y greater
than 4, no JW @%@ﬁe 3,,@)0 %ﬁ HhuRg iy Mer s
may be tho?Sl ose m)d usﬁﬁsgg)rdgg?grl hanréﬁ'g or those ose nodulus is
| ess t han 85 than@Pepreferably lesstham A8MP8MAalditivaially dnalteknapively patferrechat i vel y

or o or bl  BPER, B s WSS TS o B S PR ab B A BN 1 g

of the m cafed@npoundiey Witk 2 S0% ASEmETsakding of ithe tnites-BAKE (Pdlfindrs Shotd1an 5
times, preferably |ess than 3 tinmes, its initial value at_a 60% vol une

| oadi ng of Modulugicinerepsed ta lesgthap & %emﬁmb}y less thap 3 JimeRssits initial value gt e

preferred g nathe ﬁ,gaqﬂg %éﬁ %QE,*SO t he polyolefin
el ast oner co%pwr;br ses poly Fh#s om)pglflb Pégr n efIn copol yrer.
Preferably, the polyolefin elastoner is a product of netall ocene-catal ysed
pol ymeri sati on ref er abl tal |l ocene-cat .alefi.n/ o%gfi n ol yner,
preferred exanft g‘? ém'ﬁr?“ang maccé’f'ﬁﬁg’n ﬂ@ﬁg havi ng
crystal | i niefaytottiet bdrfiprises polgslein homopoliadror Gléfinfisteti mpoWutehJ fl’réfbt&blyaﬂ@e from
0.865 to 0.885 9/00 nodul us within the range from7 to 9 M

polyolefin elastomer is a product of metallocene-catalysed polymensatlon preferably a

metallocene-catalysed olefin/olefin copolymer, preferred examples of which are saturated

ethylene/octene copolymers having crystallinity within the range from 4% to 6%, density

within the range from 0.865 to 0.885 g/cc, modulus within the range from 7 to 9 MPa,

and preferably a Melt Flow Index (MFI) of about 5 g/10 min. determined by ASTM D-

1238 (presumably at 190°C using a 2.16 kg weight). Another group of polyolefin

elastomers which may be useful in the compositions of the present invention are

hydrogenated polyolefin homopolymers or olefin-olefin copolymers.

A further group of useful polymers for the compositions of the present invention are
those wherein the said olefin/(ester or acid) elastomer comprises a copolymer of ethylene
with vinyl ester, preferably vinyl acetate, or with acrylic and/or methacrylic acid, or with
acrylic and/or methacrylic esters, preferably C, to C, alkyl acrylates and/or methacrylates.
Preferably, the said copolymer of ethylene contains from 25 to 75 mol % of the co-
monomer.



and pfeferabiy a Melt Flow Index (MFI) of about 5 g/10 mn. determ ned by
ASTM D- 1238 (presumably at 190[err]C using a 2.16 kg wei ght). Another
group of polyolefin elastomers which may be useful in the conpositions of

t he present invention are hydrogenated pol yol efi n honopol y ol

ol ef i n- ol ef | WQYFEIHner s. A further group of usefulqggﬁ§nepg“?0r t he
conpositions of the present invention are those wherein the said

ol efin/(ester or acid) elastomer conprises$-a copolynmer of ethylene with
vinyl ester, preferably vinyl acetate, or with acrylic and/or nmethacrylic

acid, or with ackyl manyopidpeses OFthe aahpdsitions atcording py thiscinvdntion,Gf will be t 0
Cerr] alkyl acrylates and/or nethacryl ates. Preferably, thte sai_&l copol yner
of ethyl ene ®tferEdrhatithe,saidpolymer,compopeny cansists,substantially; anky of the sai VO

gé{r?é%;? /00 4g%lyolcﬁn elastomer, or consists substantially only of the said oleﬁn/(es!:eé or acid)

or
many pur pos eslastbmeh er consiatssubstantially oolyr ofi amgixtuye ofithe skid\polyolefin eldstomer iahd be
preferred thgt the i ol yne Qpnpone consi st j.al f
the said pol 9& ‘8?% ‘%\“%’%‘?‘bf‘%ﬁ“{)&?‘s%ﬁﬁ g%”"%‘ffb gﬁ’ﬁﬁl".ﬁgﬁ‘?‘%% ‘3 %#g%y Eéa)li d
ol ef i n/ (est epresént pprodiiied that thosedpecified atwve irarhisin thedmajorityl colnbtituend by weigheof
m xture of the said polyolefin elastomer and the said olefin/ eﬁter or
p

aci d) el ast oMsrPolyprcomponet.., Lhe pywal apditives guch; as angy e ANt |

rovi ded tha gk 2asy ' )ﬂcﬁ%&t' b
\a/ei ght of thge po yﬁea?ﬂggrfr‘bfgﬁg]ﬁ?ng Ee us%g#l%%ghlvesg%uc as fgil??or%fdgnts,

pi gnents, f| aumposestofthitcovimpositionlinsquestiont h nmay be present in the usual
per cent ages desirable for the end purposes of the conposition in question.
The conpositions according to the present invention may be processed by any

conveni ent et hogths\bdripositioRs adtoiding ke picsdnt nveidonahayt Beprocgsedtnys dayes. For

many purposes, the inventiop includes such a conposition which has been

mel t pr ocess&emvepicat methed Which dpesaqt uparceptably, affect their propesties dW¥ause not
more than 204 [ e A ehtiO? incFBBEEsukR 8 QorhDositi oW Bick hit{ 1RER ekt piiesdeB! € t han
5% increase of the density of the procesSed conposition (dué to breakage
of the mi cropteiérably meligxtmudedl, wndér conditionscwirich casis¢ not more than 20%, preferably
not more than 10%, more preferably not more than 5%, increase of the density of the
processed composition (due to breakage of the micro-balls) compared with its theoretical
density calculated from the densities and proportions of the said polymer component and
micro-balls used. For example, the composition may have been melt extruded at a
pressure not greater than 27.6 MPa (4000 psi), preferably not greater than 20.7 MPa
(3000 psi), more preferably not greater than 13.8 MPa (2000 psi), or at even lower

pressures if necessary to suit the micro-balls and polymers used.

By way of illustration of the selection of potentially suitable polymers for the present
compositions, a traditional linear low-density polyethylene is excluded by virtue of its
density of 0.92 g/cc and X-ray diffraction crystallinity of 40.6%. On the other hand,
suitable metallocene-catalysed ethylene/butene copolymers are inciuded by virtue of their
density of 0.895 or 0.885 or 0.870 g/cc and crystallinity of 18 to 24% or less. More
preferred grades of these polymers may be those of density about 0.885 g/cc and
crystallinity about 17.9% or those of density about 0.880 g/cc and crystallinity about
13.0%. Much preferred, however, may be the metallocene-catalysed ethylene/octene
copolymers having a density of about 0.87 g/cc and crystallinity about 5.5%, and those



density calculated fromthe densities and proportions of the said polymer
conponent and mcro-balls used. For exanple, the conposition nmay have been
nmelt extruded at a pressure not greater than 27.6 MPa (4000 psi),
preferably not greater than 20.7 MPa (3000 psi), nore pref erabl_}/ not
greater thawWo®d®™\Pa (2000 psi), or at even | ower pressuPEYCBPMBessary
to suit the mcro-balls and pol yners used. By way of illustration of
the selection of potentially suitable pg.ynmers for the present
conpositions, a traditional linear |owdensity polyethylene is excluded by
virtue of h'iwﬁngj&ﬂﬁb"; anﬁ&? i ' jon crystallinity of
40. 6% On the other %faér?g?&s'g?st%lee ne gtﬁhg%%ﬁﬁe’%ﬂ%g%?éed et hyl ene/ but ene
copolymers are included by virtue of their density of 0.895 or 0.885 or
0.870 g/cc an fallin % ar ferr rades of .
t hese pol yner SPoﬁ%:é&b% 4#‘%@@%@‘%@%@%@&%3@%@% l%%gmgcc{revsg&aqu nity

about 17. 9980 ig/dchund erystallitteydboit SSP%\ vab cSifiphréd with otidr polymiess dsishovny about
13.0% Much preferred, however, may be the netall ocene-cata

| yvsed
et hyl ene/ obalewat 204 3ng #RTesvalures lagdines e SScptphiife”™ SbrademarkbBI3A000 micgo-
crystallin . A ﬁ,;@om : theid
CCH ooy Ol Bt 381, Hike & being preferrédfot thelr £dod batan o oN density
of about Od8By (f).3% glar)dandrgsistatice itm pregsuné ( A2D6tMPBa)2 %%he compariscapolymers A, a
nmet al | ocene-cat al ysed et hyl ene/ oct ene copol yner havi ng density about 0. 87
g/ cc and c?’?'?t'él linity about 5.5% was conpared with other polyners as
shown bel ow at 50% and 60% vol une | oadi ngs of "Scothlite" (Tradenark)

B38/ 4000 m cro- )sgggeres from3M these m cro-spheres being preferred for
their good balBoiHBer . 3 eppventional qppolymsp ofsthvlencand hutene of density abows 05841 e

(>27.6 MPa nﬁggﬂ‘gg\“@p Wr{g{hsawf i 5 in.:. POlyner B, a
conventi on ’|"°§}§fo ymer o g%hy ene an u?fené’lgfmé‘e'nsi ty about 0.934 g/cc
and nodul us about 237 MPa with an MFI of 5 g/10 mn.;

Polymer C, a thermoplastic ethylene/propylene elastomer of density about 0.89 g/cc

and modulus about 17 MPa;

Polymer D, a low-density hydrogenated polyisoprene rubber with a multi-armed
structure of density about 0.858 g/cc and modutus about 0.27 MPa.

The polymers with 0% (control), 50% and 60% volume loading of the micro-
spheres were compounded in a Brabender H100 mixer as shown in the following table,
with torque measured in units of gramme metres converted to units of Newton metres by
multiplying the measured value by 0.0098,

"POLYMER - > A B C D
Rotor speed(rpm) 30 30 for 5 min then 40 40 40
Mixing time(min) 10 15 20 18
Set Temp (°C) 150 170 190 190
Torque (control) 98 19.6 14.7 9.8
Torque (50 vol %) 147 19.6 294 27.0
Torque (60 vol%) 196 745 417 31.9




Pol yner C, a ther nopl asti c et hyl ene/ propyl ene el astoner of density about

0.89 g/cc and nodul us about 17 MPa;

Pol yner

D, alowdensity

hydr ogenat ed pol yi soprene rubber with a nulti-arnmed structure of density
about 0. 858 gioysprsl nodul us about 0. 27 MPa.

(control),

The poPQHEBITOMEBH 0%

50% and 60% vol une | oadi ng of the m cro- spheres were conpounded

in a Brabender H100 m xer as shown in_the following table, with torque

measured in units of granme netres converted to units of Newton netres by

mul tiplying the neasured val ue by 0.0098. POLYMER- > A
B C D Rotor speed(rpm 30 30 for
5 min then 40Fhe ies of the resulting é8mpdsitiong wereiested a follows.10 15
20 18 Set Tenp ([err]C 150 170 190
190 Torque (control) 9.8 19.6 14.7
9. 8 Tor qj . SeiSuets
27.0 Torgu vy, o) - No. 9. g/ol% Densn§4. 5 Eb (%) ?@7 Moduiluz
31.9 V\g 97/ 31975 spheres (g/ec) [% retention] | (MPa) (MPa)
PCT/ GB97QQ463 -t L
properti ks of thefreSolti r*g cobposilti h87&er ¢ t esPBH as [foltkdns. 8¢b| ynler
0, D HE 3 Tl L0 LI ) MY
Ref. No. I YOl N I—T3gPet % | T 0ked | ©A188%1 | 351 152
13-04 60 0.675 827 {89%]) 2.9 20.1
13-11R 0 0.934 819 14.6 237
B 13-05 50 0.701 1.2 2.7 650
13-06 60 0.673 100 brittle to test
13-09 0 0.891 589 15.6 16.9
C 13-01 50 0.672 341 [58%] 2.8 50.8
13-02 0.673 314 [53%) 25 82.3
13-12 0 0.858 26.8 0.083 0.27
D 13-07 50 0.669 9.2 [34%] 0.127 1.81
13-08 60 0.681 6.1 [22%) 0.167 3.04

The modutus, Ultimate Tensile Strength (UTS) and Elongation at break (Eb) were
measured at room temperature on BS Type 2 dumbells on an Instron Series IX automated
materials testing system 1.32, using a laser non-contacting (NAMAS calibrated)

extensometer. A strain rate of 5 mm/min was used for 1 min in order to obtain the
modulus (from the slope of the initial linear stress/strain curve), and then a strain rate of
100 mm/min was used to obtain UTS and Eb values in those cases where the sample had
not already broken.

COMMENTS on the above illustrative examples :
Polymer A: These were the easiest to process. They gave low-density compounds

with very good mechanical properties.



spheres *(gl/cc) [% retention] (MPa) (MPa) 13-10

"0 - 0.876 927 11.2 8.4 A 13-03
‘50 0. 666 824 [ 88% 3.5 15.2 13-04
60 0.675 827 [89% 2.9 20.1 13-11R
0 WP Y1975 819 14. 6 237 RCT/GBS7/00463 1 3_ 05
50 0.701 1.2 2.7 650 13- 06
60 0.673 too brittBe to test 13-09
0 ' 0. 891 589 15.6 16.9 C 13-01
28 8 6%73 B: 1%3 [vieﬁs%ﬁghﬁy more &f&uit to proceﬁ@(l&ger mixing time and ig 2%
0 hxgxeg torque). They gavg@og-densxty congpoggg but the cgngqunds wexp too brittle t0 13- 07
50 9.2 [34% 0.127 1.81 13- 08
60 be%fggg 6.1 [22% 0. 167 3.04 The nodul us,

Utimate TensPolmiriCnGhese (refeihe anet Eiffioniscformmitatidns oo pnices(sﬂn)t theyrgavereasur ed

mt;??g};qg@mure on Bfwégsﬁgpﬁgggqlls on an Iﬁg ron ﬁrles IX aut onat ed

cal i br at eciexmlé ﬂ&%ﬁﬁ&ﬁﬂus)én&bfﬁ'w@r él@étﬁn??lo@em% mhmesmm@ﬂoﬁr%d mnin

order to obtain the nodulus (fromthe slope of the initial |inear
stress/strﬁl"ﬂ“@;‘!ﬂﬁe) and ten a strain rate of 100 M m n was used to

obtain UTS an Zﬁes’e mﬁ t I r eady

br oken. iﬂ'% QY‘#; ageo(\flie M@f&gﬁ ﬁ% eg%?rp&?&%&% ol ymer A:
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time and
strength and elasticity are not critical.

The low density material may be used in any of the following ways to produce the
buoyancy required for sub-sea tether cables,

1) The pelletized material is processed into solid rods, of circular cross-section ,
under suitable conditions using conventional extrusion techniques. The diameter of these
rods is such that they fill the interstices of large component wires and/or cables to produce
a more fully packed and rounder cross-section which will result in a rounder finished
cable (when further component layers and sheathing layers are added) that is better able to
resist the possible effects of large hydrostatic pressures acting on the cable when
submerged at depth. The low density rods are assembled along with the component wires
(insulated copper conductors) and cables on a planetary cable machine in the form of 2
helical, circular layer. The length of one turn of any layer is approximately equivalent to
16 times the diameter of that layer.

2.)  Asin1 above, the pelletized low-density material is processed into solid rods, of
circular cross-section with diameters which correspond to the diameters of the component
wires in the cable e.g. 2.15 mm. These rods are then laid up as in 1 above adjacent to the
component wires in the form of a helical, circular layer, over other layers. This allows for
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It has been found advantageous in all cases to use a portion of the micro-balls filtered out
from commerciatly-available supplies of such micro-balls, which portion passes through a
45 micro-metre sieve (that is, a sieve, for example of stainless steel wire mesh, having
that nominai aperture size), preferably a 34 micro-metre sieve, a majority or substantially
all of the selected micro-balis preferably having diameters in the range from 10 to 45,
more preferably 10 to 34, micrometres. The composition containing the aforementioned
3M micro-balls as received undergoes more than 10% compression of its original volume,
indicating significant crushing of micro-balls, at pressures of 25-30 MPa, approximating
to the pressare experienced 2.5-3 km under water. The compound containing that portion
(about 50% by weight) of the micro-balls retained by a 45 micro-metre sieve is similarly
crushed at pressures of 25-30 MPa. However, the compound containing that portion of
the micro-balls passing through a 34 micro-metre sieve experiences less than 5% crushing
at 50 MPa (about 5 km under sea), and even the compound of that portion which passes
the 45 micro-metre sicve but is retained by the 34 micro-metre sieve undergoes iess than
10% crushing at 50 MPa. Surprisingly, these stronger compositions are still able to
provide acceptable degrees of buoyancy and ease of processing.
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within the range from 0.86 - 0.88 g/cc.

4, A composition according to any preceding claim, wherein the density of the micro-
balls is less than 0.5 g/cc, preferably less than 0.4 g/cc.

5. A composition according to any preceding claim, wherein at least 50%, preferably
at Jeast 75%, more preferably substantially all, of the micro-balls are substantially

spherical.

6. A composition according to any preceding claim, wherein the micro-balis are
formed of glassy inorganic material and/or are hollow.

7. A composition according to any preceding claim, wherein the crystallinity of the
said elastomer(s) determined by X-ray diffraction is less than 30%, preferably less than
20%, more preferably less than 10%.
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A conposition according to any preceding claim wherein the mcro-balls are
preferably greater than 4, more preferably greater than 6.

11. A composition according to claim 10, wherein the said modulus is greater than 8.

12. A composition according to any of claims 8 to 11, wherein the said modulus is less
than 20, preferably less than 18.

13. A composition according to any preceding claim, wherein the polyolefin elastomer
comprises polyolefin homopolymer or olefin/olefin copolymer.

14. A composition according to claim 13, wherein the polyolefin elastomer is a
product of metaliocene-catalysed polymerisation, preferably a metallocene-catalysed
olefin/olefin copolymer.

15. A composition according to claim 13 or 14, wherein the polyolefin elastomer is a
saturated ethylene-octene copolymer.

16. A composition according to any of claims 1 to 12, wherein the polyolefin
elastomer comprises a hydrogenated polyolefin homopolymer or olefin-olefin copolymer.

17. A composition according to any preceding claim, wherein the olefin/(ester or acid)
elastomer comprises a copolymer of ethylene with vinyl ester, preferably vinyl acetate, or
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A conposition according to any precediqng claim wherein the nodul us of the
said elastoner(s) is less than 100, preferably |less than 50, nore

pref er abl YWitﬁﬁ&yﬁ@@:m}é’ﬁmetbacrﬂm acid, "br@ﬁﬂm lfc'ﬁﬂl&%‘e@iﬁkﬂﬁ ektersC

wherein the said modulus is greater than O. preferably greaPer than 0.5,
nore pref a9l Al aceylate oxcnwczelkyimpshmb@g; tion according to claim
9, wherein the said nodulus is greater than 2, preferably greater than 4,
nore preferably greater than 6. 11 A conposition according to claim

10, whereil8.t he&sanﬂosmnhﬂcum'ding tgclaih 47, whareinihe said ¢épolymek of ethyizae t i on
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20, pref er’® F‘F‘sy hgs %g"f osition according to any
preceding claim wherein the pol on ef| n el astomer conprises polyolefin
hormopol ymer or ol efin/ol efin copol yme

19. A composition according to any precedmg claim, wherein the said polymer

component consists substantially only of the said polyolefin elastomer, or consists
substantially only of the said olefin/(ester or acid) elastomer, or consists substantiatly only
of a mixture of the said polyolefin elastomer and the said olefin/(ester or acid) elastomer.

20. A composition according to any preceding claim, which has been melt processed,
preferably melt extruded, under conditions which cause not more than 20%, preferably
not more than 10%, more preferably not more than 5%, increase of the density of the
processed composition compared with its theoretical density calculated from the densities
and proportions of the said polymer component and micro-balls used.

21. A composition according to any preceding claim which has been meit extruded at a
pressure not greater than 27.6 MPa, preferably not greater than 20.7 MPa, more
preferably not greater than 13.8 MPa .

22. A composition according to any preceding claim, wherein a majority or
sibstantially all of the micro-balls used have diameters in the range from 10 to 45,
preferably 10 to 34, micrometres and/or have been passed through a 45 micro-metre,
preferably 34 micro-metre, sieve.

23.  Use of a composition according to any preceding claim as low voltage electrical
insulation, preferably extruded on an electrical wire, or as a cable jacket, or as buoyancy-
adjusting filling for a cable or harness, or as diclectric material between the inner and
outer conductors of a co-axial electrical cable, or as thermal insulation.
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{54) Title: LOW-DENSITY POLYMERIC COMPOSITION /
(57) Abstract

A low-density polymer composition and use thereof in undersea fotation cables and the like, the composition comprising by volume
based on the whole compositicn, (a) at least 30 % of a polymer component consisting of (i) thermoplastic polyolefin elastomer of room
temperature density less than 0.9 g/cc and/or (i) thermoplastic olefin/(ester or acid) copolymer clastomer, and (b) at least 30 % of micro-balls
ofmommpemmmdensityhssﬂmaﬁycc.a:bmaoﬁ.mfembiyatmw% more preferably at least 95 %, by weight, of the
micro-balls having & maximum dimension less than 300 xm, preferably less than 200 gm. Preferred elastomers are metallocene-~catalysed
olefin copolymers of density 0.86-0.88 g/cc, and micro-batls of diameters 10-45, preferably 10-34, micrometers are advantageous in resisting
pressures up to 50 MPa (5 km under sea).




