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LOW LOSS FOAM COVPOSI TI ON AND CABLE HAVI NG LOW LGSS
FOAM LAYER FI ELD OF THE | NVENTI ON The present
invention relates generally to a foam conposition and
a foam 5 containing cable. Mre particularly, the
present invention relates to a | ow | oss foam
conposition and a cable containing the foamfor

t el econmruni cati ons applicati ons. BACKGROUND OF THE
I NVENTI ON Coaxi al tel econmuni cation cables are

usual l'y ore conductor around which a

rel ati verggfvﬁt&% B CPMAQKITHON AND CABLE HAVING
extruded. This foam gmtmshﬂ)gmquggﬁr is shielded
by a thin nmetal conductor, which is then sheathed by

arﬁbtﬁéﬁmﬁﬁvvﬁﬁﬁ@f protecting the whole cable

fromextern aggressi ons. The si gnal transport
capabi Tietpr&ent & [ r ano
ot her, f aecdtror sf veﬁ"& ryl%? %@E‘la@% g’ragrg%@r 'St ?Sic"e? f ‘pfqt?ém
c §¥Mtainingpablg. Maye EHHF‘HE'b’eW@tQS@E inyEntioheelateoa law ®ss foam
Stc@Hipdsition Bhd ¥/caBlelcBmthiatle e hilf i &de g&Huhga(P ns pGprl%g)gs

of the foam extruded on the core 15 con
PPAGKGROUNG of BN, 12 27 e of i ne

20, VM AR AR SR L Sl BRE5H pptr on
t whigk  rehuNEly shislolayer ab¢lesefbeclf foamanoeruial. tThis foaPEONRd

f Qalcrgd Sfdidel by QE}QP%E&I &%duc’%rv\@%ch 15 tfﬁ%éeéﬂlﬁtg? EX/a in skin of

dielectric properties is to reduce’t
t RPAY™RES AFAtSRHNE e Whele sabiefom lietemipigpg giessmepag at | on
vel OCiThY sighal irfRper?
BﬁeVI ns:@{tah er p P9 h%ag?hgt?eg gtklg' gﬂﬁ}’ ca%'%gﬁécli r%‘ate% among Hg\er factors,
agsf %W‘eﬂsgcsaétbsﬁtbd@ ebhgdoss bbm:mmtsmfglercetﬂelhxts in
ts@lﬂcﬁﬁm&iffe&tﬂ ByHa tieRberit Bfopé\'u@sath'ltﬁe f0hch I@xtt'd_fiﬁc?gn the core

cha acte stlc [ gdance and fixed size
“8‘8f oThempd CPHn% BelEs@oyanigs s giclestic pogpertisy of therfoam are

nmmuremm polyradislused atdBE @Jn@ﬁ}eoffthé(c%ﬂular-r c %Eﬁ;‘?ﬁér}&aﬁl
of th bIe has%o beth same. as that o

equi p%ﬁ STV HR MRV R "'f feomgunicafingcable gerfasmpricgiistp z e
angrovupoam glcmcgm@koptﬁﬁlef e*:. Iwag to llﬁ'llﬁ&)ve Waﬁﬂh@@éinc pr{)pemets I}]s to
[ SySt e ca use GQUIDWEH W a

AL BAG SrTnh SR RSt iz rage R Tlop b
cable\Jn gqu)uxnglynglemhlaweg ths htghésy prZ&to@h\fEE)m ty 6Bddr8Fpréfagation

[ Z havi ng | ower
%}é?{éir?ﬁag Lcﬁ:(s) H%cah gL t'hglt@slu '% m?l?e’slovzve é gt?egh fop ﬁ(g 3 Ca‘?/té §’l"h fixed
shafasterigtici imnedancezang ifivetsizsi Toe Flmratvstittingednse iDS6aRSet by

%Qﬁﬁb{t@x@h@nts ahd RitHGbre! fiked ’f‘h% 1 m%?%fnrzge oggg %qq? Eqs to.bathe

cases ower attenuation can
gagne as that of the equipment items to which it is connected to minimize disrupting signal

reflections. Wireless infrastructure systems typically use equipment with a 50 ohms
characteristic impedance, while CATV (cable television) systems are usually 75 ohms.
Cables are available in various sizes, larger sizes having lower attenuation than smaller

sizes, and the lowest attenuation in a given size is advantageous because undesirable
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be used than woul d ot herw se be possible, which is
econom cally beneficial. Conventional foans are
severely limted in density range, and particularly
in the mninmmdensity achi evabl e using the polyners
and the bl ow ng agents suitable for the 5
application. It is also inportant that the cellular
structure of the foamis primarily a closed cel
structure. O herwise, there is a risk that open cells
woul d trap water or noisture that would
significantly degrade the cable performance. This
sigayl losg isiminimizhdt [msemeccasds the lpwérattemvation daowkiow a smaller cable to
BEGdeatah @Joufd%ﬁleﬁt@@ﬁeepog%lblg RACIE tlonb BT Sf{)e?[;gﬁi_? res as

conpar ed to cl osed oam structure

densi €gpvemiopatfepmsanesey eiEipitimifed lmslbﬁramstemmma;lmhaﬂy in the
SRR dehg aaﬁcvable ARG He ﬁggjmegeﬁlm %Mt?g %g{ns %Q%ble for the

lication of tel econmu t1on ca
iﬂ!’? ﬁ%’é’é “dﬁa'ﬁ"dﬁ\r’m glah'ﬁf eqllular stfustwieefithe fogmiepramaridya ¢losed

EMNAARS! DheROke, BHehtik 8 RSk {th@ céll§ w@“dqgl? WAt 60mbiStuf that

HDPE matri x, at sone cost to di el ect

Weyid signifirandy degradethacablei mg’omaerrfd Thisqisk isdp ad«tstion to the

IRErERIY 160 InfechdhicANreSXhAdd @ 5pcAREl Roalll s Gs A4S
‘E?ﬂ ed and di ssollved 15 undepr the hi g;h presssurglpmje&mc'ose‘]

o™ F'BY Senerated in the extruder. The hompbgeneous
m xt lH'x@ ddaﬁnyn@lmemrenandDM)qy\be&ﬁ%tyntehﬁeéﬂo&?ﬁg% defte

er. and og)cg| lFosed to the atnospheric
‘:S?C BLAE OIS fops! Al e &%F’g‘uaﬁﬁ“q‘&aWFﬁgF?féhe purpose

offimprioging mateﬁﬂmﬁhbbhﬁulﬁglo&g R densityGlol@ehyleat Qgﬁfl?)‘iseéhen
chl or of | uor ocar bons

a
aL&Xe t8 8%{1%%1 'P?tﬂﬁr Eoé?%cé’ﬁt to (I}%cmcdﬁgomﬁ u'i;lixebresultmg blend
ig pn&p@emldsa maken §tREG) an asruihed ahd ablo@mgagént &l adlidd 88 dEssived

J?M% tﬁ)ecl'?% b;?rgssu & ar% mona igeneragcgsg Qﬁtﬁ téutgﬁ' :ﬁ%dé&%g?r%gusa&ur(mre
af P@WR‘@"QQ@M% agaittrtiosyEiis the exyagesand osaeeRp@sd ®ahdamospheric
PR, Bfase BLERAN o TARMNE RRNEL BicRle@PC] || 0. They are

nexpensi ve, non-toxic,
non- 69’?11‘"93 b\?@lwemamcmﬂahnmmeed Mcgroaarbomse:qm ance,

c%m%@z{rb&\s Whycﬁ%%rcﬁﬁm&@&ﬁ&ﬁ (gg? é%gﬁd pe@ﬁt? ro comém}{nds

used for oamvg olynmers 1nt
(PE{usstye)l. as ppsgvptiles sieh hydraspidons (HE).sind aqmopmpe gaseemich as

aRf niGéyeh Rt GidX idftRideMAGRAg %%Gésfﬂl&bll)\bmgtaée tQBdoSiSheric gases,
f pam ng process. \Wen conpared to man er c ?

syrbag ° l?ﬁgd%aféfﬂ"éma%%wk RIPRSRiegie T sﬂf%femlbrlﬂwbpbr

iRk SEEIVE, aoxatoxitswco%go@&fdl 3g- da&mskahea%énseaﬂﬁcé t
al sg has | ati vel IowsouH|t¥ f ast
%

algoppsaY ges, ioh apeAryamsliaxidesiye prdchsered diaming plymersin the

csml)etaﬁidmiehnydubchﬁt sem -crystalline materials, such as
are rel tlvely difficult to foamin

| yet h
Ito ﬁey‘ﬁ v% ﬂ?‘wfef‘bﬂaéwa REopgrtipsaf cpgbon digxide Hprose snegjfielimits

on the/foaming process. When compared to many other commonly used blowing agents,
carbon dioxide has a high vapor pressure at ﬁsual processing temperatures, and it also has
a relatively low solubility and fast diffusivity in polymers.

In addition, it is noteworthy that semi-crystalline materials, such as polyethylene,

are relatively difficult to foam in the low density range. As a result, manufacturing of low
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-2 density cl osed-cell polyethyl ene foam bl own from
carbon di oxi de has not previously been considered
possi bl e or practical, although it would be highly
desirable for the application of teleconmunication
cabl es. The coaxial cables comonly used for signa
transm ssion include a core 5 containing an inner
conductor such as a signal carrying conductor (or

wire), a nmetallic sheath surrounding the core and
and in sone instances

S@e%/l#yo Oset?-CQQPO?Ygg\k’&{! %ﬂﬁtﬁ{ﬁ% cben digxadehas a¢t|p|rqynously been

S‘N’Gad@md ﬁypble ai' practicainalvs pghitlweu1d QéiﬂiFhISI a6k Fdr(fhe application
%Mﬂg%g& %nw I ca e conductor and electrical
i nsu es It nwﬁhe surrounding netallic sheath
il ﬂ’ge leabmkceedmhmﬂ}eﬁseﬂ ms‘ﬁﬂ@aﬂéﬁﬁﬂ%%&&de%@& t he
t h. .Coaxi al cabl es

%Uﬁt'éﬂ“]@gh ﬂlg‘ﬁs u?’ug‘ttclor suc1h &5 ﬁ1sn|g1é§ é?rryérfgecoa@.gtqr (95 exdre), i3 mgtadlic

havi n

[sbqagmurrogldﬁgzhe?cb& a(nﬂemmt; aghn JutdrSSniREloSaRY iﬁqprﬁé m%l’araces a

i c i S 034 el
g Sy o el o
die, m@wmqnﬁsgthf: maen og@d'qg@s ard mmcaﬂyz)rnfiﬂdes(]f frén the surroundmg
cl$fead eSpac i rct Y. d_h
afetihicnal 'tlplfill %lll Qg@ dens) ggr}l/tgg hndr é)g%qcre?ge tg%ﬂgx;otxg,m@g metallic

density polye ne an poOSs
shsgtht 0.22 g/cc (220 kg/nB). In u s pat ent

appl l&ﬁkiambleg%ngQQ%ggﬁri%n&gg er are esgq%eénﬁlgs é?qg‘%)

descri b

FAEL G Fon Slehiirost Septraer r paperwg (&8 dent ch@m OGOt al )
d€188 Maychaaode. aedié @%@gnentp thch c%!)lgﬂnzd {ng %% BWOF%IHHS

%oan1 enS|t|es and net hods or materr a
ol g sprabipation of PWé’féS“é(rP@‘Yﬁkbvleﬁ%QMgh dzﬁ)sn@@amtayxene and

pz)aielss@ig d’tﬂ:ﬁtlfj’g)fabd(lﬁﬂ) eEEAC @ho kg%@f Sn 'Ursckzﬂgﬂt 4 lCat&Ciﬂl bed,

are

e nded foam dielectri
%&@%"gﬂa“b’ %% il 25 2002 Chogsa er@l. tgseribs@ar Moesites of 0.17

or ex

gAdc i) caasplientiles. Gmbsalpek td 4tat ZlQa@Qx RAdedd
iy i g ltgoa(?gétaégrl 910‘} oam

lyc July 9,

S%gﬂ'&%ﬂéﬁrﬁ?%%go ﬂE%S ‘ﬁ"ﬁ flse%r migtesialgda;aqcpmpplishilewdgdGisities
tmﬁﬁeﬁnmkb@hﬂ 468 435 (Shinba et al.) issued August

28 S. Paten 94,488 (Cupta et 25

. é‘?“gg"béﬁﬁg 3‘#&%“ vafigly o ?b%s *%@F@g P&ewsatigpal axpanded foam

d’c?l‘?ﬁ‘ﬁléstetqemécm fwexm irdgScPatbretoi 6)134,088 (Mad &, ) issued
0BioB42 t ) . sued June 12

relati; ﬁﬁﬁ? (%Mtjﬁg _%%@t g’% 6%1? o c()BQ' S, dk)bﬁm’e'l‘”yo% 2608 on

ni t riady Tepsn qagmasitiens|feratsoinsablesale dbsGibePat €18t Pherd 83, 596

AU AP s Nk BT 80 p
al 'SSY§ H@"“&Q’eWE 1990. More recently, foam compositions have been described in
U.S. Patent 6,245,823 (McIntyre et al.), issued June 12, 2001 relating to the use of
fluororesin powder or boron nitride as foam nucleators, and U.S. Patent 6,492,596
(Higashikubo er al.), issued December 10, 2002 teaching a mixture of ethane and -
isobutane as a blowing agent.

Although low density polyethylene foams can be manufactured using

hydrocarbons (HCs) or chlorofluorocarbons (CFCs), these chemicals are either flammable

-3.
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manuf act ured using hydrocarbons (HCs) or

chl or of  uorocar bons (CFCs), these chemicals are

either flammable -3 or banned by international
environmental treaties. It is desirable to reduce

and/or elimnate the anount of such chem cals used

in foam bl ow ng processes. It is, therefore,

desirable to provide a | ow | oss foam conposition for

use in cables that can achieve |ow density in a

p8F Yasned byinfemnativnad emuiroamérital wiemigs.ag W desipdBit 18 rdl Dar@fy, O
akhmaakehd Y ,OF THE,_ | NTION It 1s an

obj ect g'?é ﬂ‘%ﬂ%}fé&ﬂnt eICElE Hf"ld%hf‘@'\'\é P& Pracesses.

mi ti galt & terefasadesinble to pibsidely RNt lag o caHhgR¢HiBH For WOATcables
Chap&f iatHi [ s. According to the

i nvent i an?U%tfl %‘té ggnsfag ﬁ’pair'g’l |°?F? d ?%la"f 58 ahlewing agant containing an
cUMOSERS 84S forned 10 by a process conprising the

steps of heating an olefinic polynmer to a nolten
SSUMMARYQIOTHE INVENTYONEXE ruding the nolten state
conposi tion under pressure through a die with a

bl owi s amehiect ot picsintigvértioR T TS AR infiti @Sy 319 2o
cdps-ag,[,ﬁwg?gf&gﬁm fodcurther.. the invention provides-a

pr oce?\z qﬁ%r pr 00uIThEPPOF AP fakuse fngehies.conposi t i on
conpr h&fangng teehsinepsionftheré R)prdveRl b Mdv R8s BLATLAL S
FBS"aXHFcEssthmﬁr_i%P%‘[%?'}eSstogﬁ,e 15 conpasi tion, and'g}f‘%f on formed
extruding said T ten AP Be AbplpiYs PolRerindmolten state
ﬁ?'@%@!ﬂo.@ A pmgahdmel'?mm&bompbﬁm J}ﬂexg;?@s@l,;re through atdie with
@ BI5MingSdgbtt ¢ PsRheLd as a a co-bl owi ng agen

sel egégzdg frg%pﬁ%%g; gfoésﬁg%r%ﬁﬁ i4fg-Higwing agent.

hydr JfUriese B dFvsatinn provides p proeysd farprddatiag b war RE&A6LRANS

{dnitgosisip frlo ¢ s (PECs)., and
conbi nat icoc')ﬁ‘g1r Stn% e]%gresgefp 99@5‘“‘% Eaelrn 5 g‘f ﬁ‘gﬁ'%'ﬁeémwrdﬁ a Grodion gats
gﬂnpgz\?ézfgzgd @é?t@itwwﬁ ifnpiltp.rgstae edrgmtai_tioﬁ aﬁde?ir)rg&H%Qlﬁrgugh adie
A\ ,agéht osl t.1 on. sur.roundi

b oS! ?onalagcar%? rfgéz‘gﬁduc%}o%g?rggnaadgﬁo’bg’l‘ﬁ"&agem selected from
conguet oY% dysraflngocerben GlECsk bpdrbciim MorRedbAS BITFCs),
PrHfBiof ccampoaid (IS, addcontifhibil ferfQ YTEr bl own froma

nol tepystate under%rpr_essure with a bl owi ng agent

coqr;prl si-ng 2RV R DRBKEes ado dass eablt compaisibg owigng cageRy -
cAndurcioc edev foss fohmrcBinp@kitebn! sOMoY ccor di to
ol VER R0, ST S5 L pe 2SS0 A e
ol efinic pol yneretl ' st foam cempesitiane Fhe Giatni comprigsdn

olsfipie pellymgr blpren fromlatresites §tafe @nded BEQS?A‘J \MM]T H’g‘g?‘% )z/xgehné

cﬁ;ﬁgﬁr}gt&g ?vas@ﬁgig g%ﬁ a%:c){ﬂg ﬁg-%g)gvg{gagex%h? glngwi ng agent

co rrp?‘ Progess for fermingsplowéss c@ASactotling Sthe invention comprises the
steps of heating an olefinic polymer to a molten state composition; and extruding the
molten state composition under pressure through a die and onto a signal carrying
conductor with a blowing agent. The blowing agent comprises an atmospheric gas such as
carbon dioxide, and a co-blowing agent such as a hydrofluorocarbon, a

hydrochlorofluorocarbon or a perfluoro compound. This process forms a low loss foam
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carbon di oxi de, and a co-bl owi ng agent such as a
hydr of | uor ocarbon, a hydrochl orof | uorocarbon or a
perfluoro conmpound. This process forns a | ow | oss
foam -4 encased signal carrying conductor. Further,
the |l ow | oss foam encased signal carrying conductor
is sheathed in an outer conductive material to forma
| ow | oss cable. Other aspects and features of the
present invention will becone apparent to those
ordinarily skilled in the art upon review of the
femcasedvignp! cheryingi cpndustor. oFurthpre thee flave loSs foarh Qdctaﬁ&l’kighaﬂfarrymg
t The
OB Tt in i bidu g Vsl o Sl T cabie
manuf &thenpspags afd fedtgrks ofpiesr fresemtameatidnol it becomeippatrit @ those
t: ene. fo
ext rﬁg gagér"dﬁ&{ﬁqm“g"’lc%%ﬂ ?tp ?’%g&ﬂfz’gﬂ d%%n\éb?n AdPereican
s#mbodiptents ofthginyentisnch as carbon 10 d|0X|de ni trogen
or air, with a co-blow ng agent such as
rmdrgﬁJBmDESQMdN-IFC) , hydrochl or of | uorocar bons
(HCFCs), or perfluoro conmpounds (PFCs), such as

HFC- 1 B4ealpw loss foaascofrpusidort dfalie |h¢hﬁll(ﬁﬁéﬁﬁbl&$’th9frlaﬁd1ﬁ:tunng of high
beI\Nthe

{ t hyl. f
S R LR 58 T e o
aktoied érsumhe@ndmubg poreli rBylbdmdnag ana)nosphbhé gas, such as carbon
gﬁ)’xﬂg Q'htp gglg oxaanJ %tgg X b ow?ﬁsg Gagerﬁ such S‘x%clégli uorﬁoecﬁgyn Hglpény

gnal rrying cond Fscusse
hmdf@qmca«’zﬂt@r@mbemdﬂﬁfcs) 6rmerfbnmmqoh@ouaudmnms) sutdhas HFQr134a,

Rb8fuf Bk bt BESiy I RLANRpofRE Aot ADMSEN WP

enera Kx cont | nuous, coaxl a
E’cb'h'ﬂu'@t"é erashtie from aeamwhqgc gesglogn Guchwisicathon diayide alone)

Penehhihtafnig® lk}gélggm?éa%ﬁﬁf{lclupe a low | oss foam

conpaosi tion may be used as the signal carrying
condU e 5182 carmXieg ¢agdycer diseussad\hstein may, bezpy Atamptstph emiductor,

HRSRMpWY Wik, iBYs, BEmEtaEdad tibed, Phed ay‘éaml cgﬁh'uptlaPWgﬂgrally

%ﬁent include air, carbon dioxide, and ni trogen
fnuops, @g psst @y goaxiakogbles, Anyicenducior eapahle pEeamying e sighal mvmch

16l yObein elfit ffbﬁ'rﬁbeﬁfg énOdsbDinR. low s 1o lcbmBosidhMayd uSdds ine signal
which represents

C
Ca{fﬁmgﬁ%’{d %)t Faog9 ‘8?5‘}‘5?&‘ 2“f’ﬂ’é vapor pressure at 21.1 C
(or AdRdsphariczads wiih mzé'm:lé uikd8n Pblend widtba bo-Bloivinglak@include

a“‘P Ea?@on@é’xn% an%sn%gor%te?o_l %%&E?%fn%gﬁ%o&yégélﬁg)%g@% gf\rlqmgrrl;on
qw!xdqarms folnmvsagmpmhmmmtbfeai s y78.4%5 (O) d?l- L0SI2N Q°F;,9ﬂﬂ&h
rgﬁe}%s&gtg %ﬁ_h&%léon&%ﬁpé{%ﬁ%’ Ivrz]l%/oerr}])trclss%ge a 3? la'Cb(%r 176 E?lse%S MPa
(or 838 psi).

A criterion which may be used to select an appropriate co-blowing agent, such as
an HFC, HCFC or PFC, is the boiling point of the agent. Specifically, a co-blowing agent
suitable for use in the invention has a boiling point between -65°C and +50°C, while a co-
blowing agent with a boiling point of between -30°C and +45°C is preferable. For
example, HFC-134a has a boiling temperature of -26°C. Further, blending CO, with
HCFC-141b (boiling point -10°C) would result in an acceptable foam.
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bl owi ng agent with a boiling point of between -30C
and +45C is preferable. For exanple, HFC 134a has a
boiling tenperature of -26C. Further, blending CO2
with 30 HCFC-141b (boiling point -10C) would result
in an acceptable foam -5 Selection criteria, other
than boiling point criteria may be used, provided the
end result is that the conbination of an atnospheric
gas with co-blow ng agent allows formation of a | ow
density foan1conposition The physical properties of
candi dat QW ng agents can be assessed to 5

det ermin °'ﬁ‘i5'l°8 ﬁf‘?"&? othst thas Boilipg RPIR REteri? (Rl be bigd, Poryided the end

par agsat & thatalse dostibliraligh $FinAtmd3pheria PA witH B SWing agedlallR® s
assgssed nts w.th | ow vapor pressure

e
(hi 8o &OﬁdOB&F?ﬁ‘g)(“%b‘i”&Wﬂ%”hddl tional bl ow ng
power t OTMWEIWWﬁieQOI@aﬁdee @de\ﬂ@g a@shtsl n BRNSLE to

ressure owi.n ent.s | ow vapor
b G TR LT i B . e et o g ot or vapor
t hg pegsireain bd hsssssed. mlﬁldmgg mm@twnhmbaﬁol- ﬂﬁeisuféf(hnﬁﬁ boifing points)
and_an. wer e

ppPR3i ARG hens} Pbirginaitrois = e oS>t ipiprmanteed vapor
i nvprebsucn .Bldwing agatsywidf veRce vapee pkaﬁﬁm’lwﬂlﬁﬂ)t amag sighific@nt blowing

Tab es non xhaust.i ve
oS PR FAT, Ty S B RE BT G i e " mggper imit of 50
me IG were paindttQ bevapmpnpue &Su{b@wu@‘@emQ eohieomm\gnlage fHivention.
Pt et A oA Lkl bR PRSI hBLeSs B catnsive
c Oﬁbﬁprgﬁﬁs plenpostbs I‘Q'mfyh}'sicﬁl Prafprtes,| suéthassiodmlg point, vapor pressure

Pr ogard! 0 ur e
o O A RS SRR i o
CheprPriged iNdmple(1Cpr mpansongupoRs nuli nat i on (C) (F)

1{ MPa) (psi) R 23 tfluoronethane -82.1 -115.78 4.732

686 None  R-4l fluoronethane (nmethyle -78.35 -109. 03
3.71-538 None fluoride)

Table 1
Physical Properties of Hydrofluorocarbons

Vapor pressure Co-
Boiling point @ Blowing
0,
ASHRAE Chemical Name ©C) 2LAC-T0F | Agem
Denomination
(°C) (°F) | (MPa) | (psi)
R-23 trifluoromethane -82.1 -115.78 | 4732 | 686 None
R-41 fluoromethane (methyle <7835 | -109.03 | 3.71 538 None
fluoride)
R-32 difluoromethane (methylene -53.15 -63.67 | 1.702 | 247 Good
fluoride)
R-125 pentafluoroethane ‘| -4845 | -5521 | 1371 | 199 Good
R-134a 1,1,1,2-tetrafluoroethane -26.1 -1498 | 0.665 96 Excellent
R-143a 1,1, 1-trifluoroethane -47.75 -53.95 1.247 181 Good

-6-



10

15

20

R-32 di fl uoronet hane (nethylene -53.15 -63.67 1.702
247 Good fluoride) R-125 pentafl uoroethane -48. 45
-55.21 1.371 199 Good R-134a
1,1,1,2-tetrafl uoroet hane -26.1 -14.98 0. 665 96
Excellent R-143a I1,1,1-trifluoroethane | -47.75
-53.95 1.247 181 Good -6 R-152a 1, 1-difl uoroethane
-24.7 -12.46 0.599 87 Excellent R-227ea
1,1,1.2,3,3.3- -17 1.4 0.45 65 Excell ent
hepﬁ-ailﬁunrnnmr)nnp R-2361a
1, URA5% 3. hdhldifugrashaesr opane |- 241 B0O12# 09946 833 Excelient
ExqBi2tent 1248838 1, 1, 1, 3, 3tTpeht aBl upo@Pr{OBAENE Excellent
15.13_59_54 (fepafioropopane, o R1365nf b
1, 1IR3 3. pdi!drPherdiourrepes | 40112 [1(M.936 00284737 (Beient
R- 4820fee 1)11,!B3De@flubropropand | 515.65| 15834 (. D34 4 OO0 Good
deq&disafcope1t1ang-phikfuoloBelae | $  @0.2COMRNAET [ad daY [aVAT T aglg
1, Ir-d31Gnck et NAfiku@ueEENANE. [T kS [@ [ HYYrghi yrorochr of
(HEC) that M[échiwospesumeal t ernati ve ft o hazar dous
hal ogenated 5 fluorocarbons, as it has row toxicity
and a zero ozone-depleting potential. Exanples of

ot her own hydr of | uor.ocarbons useful with the

i nvent I8 43 mmgrsially ayailahlstl. labprtctafludreetieabl k isl)

[ ﬂt}ldtﬁiﬁoﬂ&af;bdiﬂf@@?ﬁﬁﬁffﬁrs(zﬂraltémﬁdw k@m?}rti&ﬁ%aiogskaied
peq]t}oafcll,%or oethane: 1,1,1- trifluoroel hane; .
1, YRRy Bt by toxiciy anda 2sropzanaiepteting pesersiak dixamptes of

1, dthet kdowdh, [3-drafi@draédrbdk QRN Mt @he invention (some of which do not appear
ro

1,.1 g3 | ;

1) ui ,T%?% ,lgx_nglgla% %Fr%@r{a%ﬁw Z%gr?et}yd;ni ,ﬂuq_r,ide); pentafluoroethane; 1,1,1-

1,180 @reeibon;, 19, &iflatrealiantial; OREB B3R ptaRESbAUerET, N3RS:

L SGLBEAEHIBTEL) Rafnebisiryse 1 T3 bt uorobuane

1,14, 12%,zd,ﬂétxiadécgﬂjxomiuaxreep?ﬂﬁgorﬁalﬁnﬁ perfluoroethane; ethyl fluoride

0] ! r 0 - P, = Qal ropropane

(R 399, St AmE bk s hrtufa i osRbaRifc 50,

gj_ ’og_tgf.iiogquqpax,t;e\;(lﬂgﬁpz lff; 12u20di Operoprepaee (HIRE2225)08.),1 -tﬁﬂﬁdropropane
1 0 Nncl af ure

sgﬁs‘f‘é e L T RNl R 200, R Bh i

3halegrgated ydrpeprbamprmanelatiresysrCaresperifedsi ANSHASHRAE Standard

de4-e997 0@ Afe BFCS Kinl hsil ; iILi

Hydr ochl or B%phogr o?: ar ggﬁésn éasﬁl%%&g 9gﬂ§/édal1ys° 0° BféSkf} Is'é'dhea‘gt'

co- bl dhrshIerélprecarbons HECE 9 wan eiso be ussd essdoctdavinpegents in the

himveéntianl@esiaded thely ‘ﬂmraﬁéc?ﬁtﬁgé%gxltit%h glt‘aﬂﬁé))’ brgﬁﬁesaa ngn-aeéhaustive list

nons stive list of F at can be use
c%{%%% APEAEY! aicP RloxineArBs iR an emgspberic gas. Specifically,
She HICFCe lt {djchloro-1-fluoroethane; 1-chloro-1,1 -difluoroethane;

chlorodifluoromethane; 1,1 -dichloro-2,2,2-trifluoroethane; and 1-chloro-1 ,2,2,2-

tetrafluoroethane may be used. Other HCFCs not appearing in Table 2 may also be used.



the HCFCs 1, 1-dichloro-1-fluoroethane; | -chloro- 1,
1 -difluoroethane; 20 chl orodifl uoronet hane;
1,1-dichloro-2,2,2-trifluoroethane; and
l-chloro-1,2,2,2- tetrafluoroethane may be used.

O her HCFCs not appearing in Table 2 may al so be
used. -7 Table 2 Physical Properties of

Hydr ochl or of | uor ocar bons (HCFCs) Vapor pressure Co-
ASHRAE Chem cal Name Boiling point @Bl ow ng

Denomi nation 21.1C- 70F Agent Potential (C (F)
(MPa) (psi) R 141b 1,1- Dichloro - | - fluoroethane
32 89.6 0.064 9 Good R-142b | - _Chloro- 1,1

-di fluoroethane -9.2 15.44 0.29 42 Excellent R-22
Chl or odi f | uor onet hane -40. Srgpfla 44 0. 91 1332 Good
R{123 |, I -0,chl qro- 2 Good

t nifluar npt[}m ﬁlgqﬁmfflzwf of(IjltYd(J;?cSIoﬂ!@mycybons?écgfés)df

0/382 55 Ex¢ellent tetrafl uoroethane Peéﬂ%@f‘és“’c Co-

C():Etﬁ!iﬁ'@@ ( PFCs Xhemigpl Rigmso  be| uBeilingpgint 0- Blowing
gelteinafion he invention, priovided they h&le 'a?gogq Jaﬁ o
5

foperties.|Table 3 pr ovi des| ge¢jon- e¥hay %ﬁh\!‘ (LJ-)
T R T T S O L T S A M A B B
TR oropfogbies T o diuamettans [ 02 p 13 80d 933y g.ﬁf | Fcellent
0

r i dihiRadiugremethangy h98_pEAL*h i OHppel? | hgGood
R-124bl e 3 ﬁérpf'ca'Pfsézée used.| PR6 PFESEBw|P-A76 | t 1] e| t Good

b potenti oreethane . o ) Qi ng anprt arelprov| ded jn

ib\zé 3 for '&gﬁ'g‘mhaéon pur pased? onl yO4 TAYPE B 55 | Excellent

et ne f _Perflluora (nrmmmr‘lc ( l:(“Q\

Vapor Er essure Co- ASHRAE @ Bl owi ng " Denoni nati on
Cheni cBerfingimCopppunds (PSS mey 2lso lle@se%rw;&gemg agents in the

P%@Bﬁdr@bmwdcd they have adequate properties. Table 3 provides a non-exhaustive list

jg-{:—':omo-cm
[

of PFCs that can be used as co-blowing agents with an atmospheric gas. Specifically, the
PFCs octafluoropropane; octafluorocyclobutane and sulfur hexafluoride may be used.
Other PFCs not appearing in Table 3 may also be used. The PFCs with little to no

potential as a co-blowing agent are provided in Table 3 for comparison purposes only.

Table 3
Physical Properties of Perfluoro Compounds (PFCs)

Vapor pressure Co-

ASHRAE : @ Blowing

Denomination Chemical Name Boiling point 21.1°C- 70°F Agent
Potential

(°0) (°F) | (MPa) | (psi)

R-14 tetrafluoromethane -128 -198.4 N/A N/A None

R-116 Hexafluoroethane -78.2 -108.76 | 2.97 431 None
R-218 octafluoropropane -36.7 -34.06 0.69 100 { Excellent
R-C318 octafluorocyclobutane -6 21.2 0.274 40 Excellent
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(O (F) (WMPa) (psi) R 14 tetrafluoronethane -128
-198.4 NV A NN A None R-116 Hexafl uoroet hane -78.2
-108.76 2.97 431 None R-218 octafl uoropropane -36.7
-34.06 0.69 100 Excellent R-C318

j octafluorocycl obutane -6 21.2 0.274 40 Excellent -8
I nitrogen trifluoride -129.1 -200.38 f NV A NV A None
sul fur hexafuoride (SF6) -63.9r -83.02" 2.16 313 Good
denot es subl i matl on tenperature Decreasing foam
delblly'_llaa t-he—H "h ate-ady of decreasing the

difel ectric [Fostmilpridsy the l3frtef 0¥ RVA rle S 1i rivpne
i fran T neredged st O EAPRB e the (5

t gl ecommuni iJﬁlﬂon ca"ijaz#glt;c t 3:?; o%o?osg"fs 3 Good
a 6mt&s&w@han&mem&1§m&¢vam age or certarn
e dinents of the invention is a reduced cost
because a | ower density foam results 1n Tess

material required for generating a given vol unme of
f oam 1%:1&‘6‘3&;1&@ﬁJklin)ﬁ;:ndc 9 has tﬁ@fnﬁrﬁédﬁtcems}géég%?flgbre%iné he dielectric

|nventt|t%g . x &?“ possi ble to increase
or SO2O5 §B'é’g'(§ © I muSiHiEnEn o iNereased pighal pearioa napatiilitysof the

c deleconwoanicatibe cableS ndathiisd6 W ®ss @&Q@H?ha{édf Rﬁonﬁ‘e iVl d S
N a aster UCIOﬁ

uld result
mac%ﬁal grrnggé le':‘t%ﬁp tgany%lpn K@deducedygst beqzwgga Iot/vnredensuy foam
| IW%WS udpssmamnablsqmtedlf«r gbidrdting ARRIVeN C8lumabf Bam. Tﬁddltnonally, for

P%\%gﬁ{: ?@ﬁ&g % g ofsdleglm e]:;r‘l gr? rﬂl&'ﬁa%' tpgss;‘bgc%g ﬁr%f;eg?e line production speed

Ej@ly asivgaimyer atnsmnfoaab I'I‘lbls byur:ﬂra&hﬂ@ecadés g la@%er axﬂaﬁéﬂbn for a given

isd t ene | ow ng

agen “OboBr i EsuE i, BYALEL P %h BRTREs Fioreamiomem maow.
fius, g@d"‘t"@“%@%m@'h@l b@él imgrozed aabletperfortiancel ang EigRlEAHE cost

Ofeda&tionat Nospheric gas, such as carbon di oxi de. Thus,

enbodi nents of the invention are environnmentally

accept H51iBventigihliows preptshtionaf d lavoloss telxdommuhitiagordabibh ghakin g

4S5 AL O L

I %‘i?%ﬁd‘"gé?) LY e BoRoARREA to bri sxpensive,idue louiemaiaringredient of an

aﬁtﬂﬁﬂﬂubﬁd’ gas, @ﬂSas cSﬂ)BH' diRRidE TR enfbo: ﬁeg@ bﬂfhg invention are
ination wth bI owi ng agent,

I—ﬁ'Eéergﬁeél ta lefﬁf?ptéglﬁ "8@' ﬂ@ﬁ’éblﬁf’"(h'i‘fy' tOH@ST}FlaUPB'mEagerlm;mxture

aalldwp sighidicap Hensigypretidiotibn white Hglthe @
‘5‘5} HCFC or PFrC) [ sn pr eskelﬁ? gt eaf)engc\%%&éf% Q'q’"%gceeg{able
b of

the m xture. Further, a specific enbodi nent
The blowing agent mixture includes an atmospheric gas, such as carbon dioxide, in

combination with a co-blowing agent, such as HFC-134a. This can be done at any

desirable ratio, and preferably so that the amount of co-blowing agent (HFC, HCFC or
PFC) is present at a level of at least 10% of the mixture. Further, a specific embodiment
of the invention allows the blowing agent to have a ratio ranging from about 3:1 to 1:3 of
atmospheric gas to co-blowing agent (such as CO; : HFC-1 34a). Other agents, such as
conventional blowing agents may be added to the mixture.

The resulting density of foam may range from 85 kg/m’ to 120 kg/m’. Of course,

lowe; densities may be achieved with particular combinations of conditions. Additionally

-9.
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of the invention allows the blow ng agent to have a
ratio ranging fromabout 3:1 to 1:3 of 25 atnospheric
gas to co-blow ng agent (such as CO2 : HFC 134a).

O her agents, such as conventional blow ng agents

may be added to the m xture. The resulting density of

foam may range from85 kg/n8 to 120 kg/ nB. O course,

| oner densities may be achieved with particul ar

conbi nations of conditions. Additionally, -9 higher
densities can be achieved if desired, by adjusting'
conditions as requjred. Advantageously

r Bigheridepgitics sambeasievedjh desied. by =508 serfiias Bereatirsow,

| @\d@ArtageSusBi) thaesultin® Bpéa%ell Gonténtis obsdry/ddi 16 B¢ atQ&W evels ZGich as
dlstrlbutlgn may range from 100 to 1000 pm or
oﬁf’f“d)r(aqv tay 5 fall within the range of from 400

to 500a "@pl‘ﬂl €l dis@ibutieh inby SingOfforh P6Gto 1080Tum, or optionally may
gﬁ t ed |n{ |t0ca2 &e formed according to

c S ‘? ﬁéﬁ"gﬁg 4041902 UM e formation, with the

except A oiblé lavingtthi ldwss Yoard éncbPdratedSito 1th@1@% foﬁn&i 42¥diding to

nto t t f t f
OS50 IS B B SO AR iy S s
f fdahlomblngn ined hxadﬁﬂleglythe ylhcteh)f e epivastiohalfoarh OBExly, Quth@fcable can
t Ee form éJ °¥‘c’>rh.‘r’:s (s) t‘]g olinowmg rrfetl%ggioggs\n% | be %sgseorntefjpy%((lpéf)f the

b& JSed For-otner ypes
c vl less foam.nThet foph descrited thecondaychearsad foaethmy;bed obebles, such as

Clng%l ctagles?&%tg 1%I§ lﬁ'{ng cgk uc‘olgse asa»rvguld béb‘l clt h?cwgqchof s%ll 1n the art.

I nventi on ern primar
r Afthoughnthe lm‘@ﬂmxdﬁbn@dbbl@m }ﬂmanlyf\mamefmgncb& coaxial cable, the

' ﬂgﬁrnwrb@ﬁrﬁggfmﬂ b R er w&%% fles SRRl RR0 @ inthEark QP.W“

in the art ose ch are devel oped
heables which qmdremmw aﬁcblvavaa rmrms forg l¢voé¢mtﬂ63mhe

poly I'Tﬁfhk ﬁol%g@@%ﬂ%ﬁcn@( of%logéﬁgfl(f‘@alnl dltelgamz gl'af *) I:a[té fom

ori gll nate from ets, genera

pim¥)9ﬂﬂféf fets, scrﬁ@%ape@ylel\{@%swlxoéq@ PeHets ard @ dﬂ%mmtruder
e.a@ A€ SuctBRitahért agspony%ugtenp%mbﬂe@é mmommu&er&?

ypropylene, and conbinations or copolyners of

t%a%'émﬁfayf feseiaycbe upedy Ay Yasiely of polimes tirpss may|he sedifhgs @lone or
Uiei @6mEihdtdar High Q&RitP polyéthy &R IEDRBY, hﬁamnﬂeahty% thi/Mne

Iene HDPE ens pol eth | ene 20
(@Bﬁ‘%ﬂx REVEYIERS @b?ﬁw ‘BPE pabyeplepe (L4RPE), or
Ctﬁ%rdpgle@@hy)ebél)shdéﬂﬂle( lbdRk)n co@dbmaﬂ&i y&i@@&hﬁﬁ@ difddiment,

useaqa el r.a
eEFnFobisBisns BRFS n comprRiR Py et Pabyghyiene
((bDPE) maybeama:bmraay a@Bptatﬂe m:bhahgiug file 30:7¢ to 70:30. When used
hyliene be us |n an tabl e

"X gée Folfne Co'gl#r om %g%y £8° céﬁaa‘ﬂf’g s Bfoy H’@d that
ttllﬂadepl(ﬂdmenms ui@ebehn&_@ﬂ%)_oé slall‘eyl lmtl'e adfcoilll easily determine the
%Bﬁ)rx;?ﬁa@eoﬁrsﬁnpe@# fe 'agsirell E&anﬁg altnf\]'gtat the appropriate use of individual
polymers or mixtures.

A small amount of a nucleating agent is included with the polymer to allow

nucleation of gas bubbles during foaming. Conventional nucleating agents such as
azobisformamide, azodicarbonamide, sodium carbonate with or without citric acid, talc,

calcium carbonate, and mica, may be used in any acceptable concentration. It was found
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25 the desired properties can be achieved. One

skilled in the art could easily determ ne the

appropriate properties of the desired polyner to

arrive at the appropriate use of individual polyners

or mxtures. A small amount of a nucleating agent is
included with the polyner to allow nucleation of gas
bubbl es during foam ng. Conventional nucleating

agents such as 30 azobi sfornam de, azodi carbonam de,

sodi um carbonate with or without citric acid, talc,

cal ©ibgadvaatagenyainghe E’ﬁ%ﬁ"h'i‘t%“wmy‘swmsfemanndatmazodlcarbonamMe
ac Clﬁﬁhﬁ&kﬂtﬁer%ga&ﬁlﬂ% hgdnt Rtoulbe WASmIRE Q&L.ny b% Ond &t sk in the art
advant ageous jn the present invention

az otsrldibsused v itfethe invention; This mayrksprayided ubmallaaqyceomen through the
NUClse 8f miGerBAE PellAS oYW ders Q@ntﬂﬁh@ h men@&k a%ﬁjnley ifBbmBHGtion with

kill iin the art <could be used
3 m}gﬁ'ﬁ‘f%fﬁ""gﬂﬁe%‘ e %%Jlomfts’moa@ewsmsgﬁfapn °f the nucleating agent with

COnBepylyradri mretmmstalaa&mgene@gay?é ré@x‘%lh%&}aw pel l ets
l.en 0 a yne I n

or powders containing a
conbi n a& F‘%ﬁ"c\%af'?\g ageptipcqmpined 3tth thy Pe mixgyye yader gpecific heating
al |aﬁﬂ\lpi&§hmibgﬁﬂﬁﬁbt& for SxaipSd, &1 nidfit prddSurédiCdbe@ a0 & 6@69& and with

t he terbatch pellets may
F erepe ettt O o 25567 P o TR A forihicp it sl s
IOWI t h t h€heqalxyreis tirnyekunided fromake ﬁ@&ﬁlsfate(byh&ﬂtnhﬁlg an @ffdspheric

%IUC a%g%g(%ntd %E%OWH d CO- gﬁgpl'%ag?{ll Sgg’w 3&28%}!{:;' €
t enpepcattmneﬁ axim«qdohpagimme afldpré-detdrifhed @ahﬂteﬁd‘ﬂe&ﬂ&;e@er may be

|t e : The d d
Fr anPirH 52, BpBding ind QSR bk b @ptdies BT ond toar
gasurroypdsta central aighal mardi'iwa@oaiéqctm\n(stuhh @ acsignbl aam:y:ng wag)e @dd, thus the
15 Sﬁf&%ﬂgcz Agﬁdglaég% he si Elll ?nﬁdrl]%t!apﬁlcle %xte 5 n%aéx ambient
di BiSESUESrenMiEgAMSAt. any acceptable si ze, dependlng on
the desfHeq6hnt sithEinPEitiBR E)Iﬁaﬁd% to @Q&.a@’éﬁé&%@éﬂcﬂs%?éu fo3m

surrounds a central signal carfying conductor
asdiglectrig enepsipgihe gentrgl signakoarryiag eondheier. The appBopfriatzronter conductor

expayithén B phel dcbsidink Wl deded Yobls LABRVELRLxif @&?ﬁ .

20extruded into an anbrent pressure environnent
foam of the invention expands to produce a | ow | oss

closed cell foam di et&fgardtioe EaptdsN9 4 he central

cong BT BERTI i Comielpril o Hoon s

desired process to forma co-axial cable. 20

Conpar at j ve trusi on. of a HDPE/ LDPE
Foam CORBSRRIT- QTP Lh 11050 B Bt Profegies ined by exiusio
25  foaming a 60: 38 HDPE/LDPE mixture blown using carbon dioxide alone. Blends were

nucleated using azodicarbonamide added to the blend as a concentrated mixture, according
to standard practice.
Table 4 shows data for Examples 1- 4. These data illustrate that when carbon
dioxide is used alone as a blowing agent, increasing carbon dioxide content over a certain
30 thresholc_i limit (over about 1.4 wt% of Example 3) induces cell wall rupture resulting in

severe increase of open cell content leading, ultimately, to foam densification. In these
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Conpar ati ve Exanples 1-4 show the foam properties
obt ai ned by extrusion 25 foam ng a 60: 38 HDPE/ LDPE

m xture bl own using carbon di oxi de al one. Bl ends were
nucl eat ed usi ng azodi car bonam de added to the bl end
as a concentrated m xture, according to standard
practice. Table 4 shows data for Exanples 1- 4. These
data illustrate that when carbon dioxide is used

al one as a bl owi ng agent, increasing carbon dioxide
content over a certain 30 threshold limt (over
about 1.4 wt % of Exanple 4 hduces cell wall rupture

r es GKATRIES dqpsities,fr148 ‘?1%2(36!‘&@'% a5 achisksd, wisth ppenssH eontent below 10%,

| eadinig abdve 1 189BWBk YarbdrPdibadd s High bdsitg atzs@rkg/rﬁ’ris SURE9&Y, and an
-11 exanples, densities of 148"t o 223 kg/mm are

achluéﬁﬁP‘aW lerel ghensn cell onieghR%) SSBYY 10%  whi | e

above 1.8% wt % car bon di oxi de, a high density of 386
kg/nr is observed, and an unacceptable |evel of open
del | content (509% is shown. dabfed| ¢ 4 Parameters and

Resul ts for Exanpl Rsahetem aftd RESNDOPEXdnpldsaranet er s
Exanples 1 2 3 4 HDPE (phr) 60 60 60 60 =953 k /n8,

M - Com s et T 923K 7"5’E;¥E§le§)

Azodi carbonam de Masterbatch hr =232 P WY 6 Y

0.8 [IHBPE (phr) METT Tenperature C [[ZG0l20 1g® 120 eoVENT 60
pr esispegs3(kamh) MLEGP 1000 1100 110 Di g di aneter nmm

1.8 [LOPELpANL. 8 Density K Tm 223 B2 1483886 @gen| 38
cel || (pegp3a@im (M) 56) 2 10 50 10 Exanpleg 5 to |7

Ext r{usdodinarbbnamif@BastéibaebgpHry on W ta Cqdrb@n [ ox2 de 2

and [HFO- (B4R i n Approxi mat el y Egqual0.eRat|i o&8 1.4 1.8
Melt temperature (°C) 120 120 120 120
Melt pressure (psi) 1100 1000 1100 1120
Die diameter (mm) 1.8 1.8 1.8 1.8
Density (kg/m”) 223 182 148 386
Open cell content (%) 0 2 10 50
10 Examples 5 to 7

Extrusion of a Foam Composition with Carbon Dioxide

and HFC-134a in Approximately Equal Ratios

Table § illustrates data from Examples 5-7, which can be compared and contrasted
15 with Comparative Examples 1 to 5. These data demonstrate the enhancement in foam
properties manufactured from blends of carbon dioxide and HFC-134a. These specific
examples were obtained by keeping a fixed carbon dioxide content while increasing the
HFC-134a co-blowing agent concentration. Density of the extruded foam was
significantly reduced over the control experiments reported in Comparative Examples 1-4.
20  Notably, in Examples 5 to 7, the open cell content stays low, despite the large density
reduction. Significant cable performance improvement was obtained from assemblies

incorporating these enhanced foams.
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Table 5 illustrates data from Exanples 5-7, which can
be conpared and contrasted 15 with Conparative
Exanples | to 5. These data denonstrate the
enhancenent in foam properties manufactured from

bl ends of carbon di oxi de and HFC-134a. These specific
exanpl es. were obtai ned by keeping a fixed carbon

di oxi de content while increasing the HFC 134a

co- bl owi ng agent concentration. Density of the
extruded foam was significantly reduced over the
control experinents reported in Conparative Exanpl es
1-4. 20 Notably, in Exanpl espg,tso 7, the open cell
content stays |low, despite the large density
reduction. Signi fipeﬁme’eé%ﬂﬂdéeﬁ@l’f%%mmd@imﬁr ovenent
was obtained from assenblies incorporating these
enhan[g_g,d_f_g,am; =12 Table 5 Paraneters and Results
for E&opPNents/Rasametetsoponent s/ Par et erExamples | s &
6 7 [HDRE (phr) 60 60 60 =953 k / M 6. 6) DPE hr
(P ) [3PRBIE) =923 k 8, M 5.6) AzoBdcdr Enafi o
Mast € -Pf@hg MSE o wwil. 4 .4@1).4 HEG 134a
w % 1. . . Melt tenperature ¢ 1 | 2(B812D 36kl
pressdﬁ?&_’ﬁ@ﬁw&ﬁ)ﬁﬂn Di e _di anetler (Lrjgi 4 4 4
DensipAzodicarbanamide Mastesbatchiighr) cel || c@nt ént2 %0 52 10
5 Ex %’Wz to | |.Extrusion of a|Fdadn Condos|i t nain

with 0 eant Type and [ e [Dilahefed.8 TabRa 6

shows temj Wnaut@'(‘-l%l es_8-11, which d432& bel2fbnpat2a

and cHitpressaee (psi) 520 | 500 | 500
Die diameter (mm) 4 4 4
Density (kg/m°) 96 94 94
Open cell content (%) . 0 5 10

Examples 8 to 11

Extrusion of a Foam Composition with Varying Nucleant Type and Die Diameter

Table 6 shows data for Ekamples 8-11, which can be compared and contrasted
with the data in Comparative Examples 1 to 4. The data in Table 6 demonstrate the
enhancement in foam properties manufactured from blends of carbon dioxide and HFC-
134a. These specific examples focus on specimens produced at various CO,/HFC-134a
ratios and content.

Experiments were made using different conditions, such as nucleating agent type
and die diameter, and still produced a low density polyethylene foam with very low open
cell content. Even in the absence of nucleant (which resulted in a significantly increased
cell size), an acceptable density and open cell content was achieved. Additionally,
substitution of 0.25% talc for the azodicarbonamide nucleant resulted in an acceptable

density and open cell content. Thus, these data illustrate that the foaming process
including carbon dioxide and HFC-134a as co-foaming agents is robust and can

accommodate significant variations in processing conditions.
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134a. These specific exanples focus

di oxi de and HFC-

on speci nens produced at various CO2/ HFC- 134a

and cont ent.
condi ti ons,

di aneter, and sti

pol yet hyl ene foamw th very | ow open

content.

accept abl e densit

rati

Experinments were nmade using different
such as nucl eating agent type
produced a | ow density

and di‘ e

15 cell

Even in the absence of nucleant (which
resulted in a significantly i¥ebleased cel l

achi eved Addi ti oﬁa'?ﬂgle}}%g

si ze),

oS

an

AU for BRI 48311

stltutlon o

Azadoar h dao hllﬁlAah rFes | d lh =Yal

for ow%mgypﬁyﬁ‘e?e?glulll \¥ A VT OCUT It T \E an: \le I-'-I
accep density and ogemget{—Tgntent . o1 TyST 3
thes_ﬁt(mn JTustrate thaf tke fpansong |pr cwesy o
i ncl Udi%3 nd HEG 134a als co-f gam ng
agen :’:‘ ahyst, and can 20 A copmoifat & sP¥JRi f|i c4Pt
var i (pRrjT P1 chbbl ng—¢ongi-tiprsy 13538t e
Par msters and Results f ol (&x&Bp] @soMB)t|0 (raid)
Co %) Paraneters Fxam [ 6% 8 9 180 11 14DPE (
60 6idifs Wl%-)-m:': Lk m 6l | i nHe) 18g 2 ) 5

! ol of UMM 7 W Nl v X DAY 20’
40 i y. 0)  Nuctealt—4sphr )40z 02600 12
VB) Mﬂld\vﬁe((m c) 02 WA T. 4 1.6 144 1.4 4 HFC-134a
Wt %|Deasitdtgmy 8 Q9 __Melt]tefherlat 194 ¢ 120 120 mﬁo
120 LSegqgelicoptent o) o ¢ ooy 05400 a0® 14605 Di

|JI COoSoUr+.C LN S VJ LW A By v \"A A4 L0

dianeter mrm4 4 4 2 Density (kg/n?) 92 104 109 106
Open cell content %5 2 SExamples 12 to 15

Extrusion of a Foam Composition Under Varying Processing Pressures

Table 7 shows data from Examples 12-15. These data show the wide pressure and
temperature processing window for the improved foaming process described herein.
Specifically, a low open cell content was maintained and a low density was accomplished
even when melt pressure varied from 500 to 540 psi, and melt temperature varied from
119 to 134 °C.

Table 7
Parameters and Results for Examples 12 to 15
Components/ Examples

Parameters 12 13 14 15
HDPE (wt%) 60 60 60 60
P=953 kg/m’, M1 6.6
LDPE (wt%) 38 38 38 38
P=923 kg/m’, M1 5.6
Nucleant (wt%) 2 2 2 2

(Azo MB) (Azo MB) (Azo MB) (Azo MB)
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Exanples 12 to 15 5 Extrusion of a Foam Conposition
Under Varying Processing Pressures Table 7 shows data
from Exanpl es 12-15. These data show the wi de
pressure and tenperature processing w ndow for the

i mproved foam ng process described herein. _
Specifically, a | ow open cell content was naintai ned
and a | ow density was acconplished 10 even when nelt
pressure varied from500 to 540 psi, and nelt
terperatuwre varied from 119 to 134 "C Table 7

Pan &mat(er%) and Respl tg.4 or | Exanplges 12(to 134 1.4

44 4 LIDD

M anpl €S _Par aneters 12— 13r14—15—+HbRE
E:O P:e{b%vgé”g p=d53 Lh/ni 2 6 6| LDPE26wW % B8 24

N
38 | MRI3EnpeR@REC | M 13M b 6 Nugg eant| (W %22 2 22 |9

L el prest e Bslf) L 00 ) | S5 ] 572 9308 meh) sS40

terQ@r‘hQ"Emg!((;m&) 134 199 1P3 119 I\/Ielt Pr eSS4ure (Fsi) 4
! 4 nSI T
- URT LS R A N O U AT Y

k 89102194 —FpentceH—contendt
(EX.MMGHSUMI on for2 Low d)en5| ty Foam 10

versus Higher Density FoamIn order to conpare cable

attenuation in a cable incogpor @ {9 the foam

prepared, 5 according to th ion with a cable
i ncor porGatis.dttepuation fosidiow Rensity Horam Vd'eussliigyerfmmty Foam

t he fol |hDWd&go SR éagQQtt%%nggcabTijﬁcorpor mg e foam prepared
cabl e e ysed was formed using
5 " according to the invention with a cable mcorporatmg a conventional higher density foam,

the following comparison was made. The inventive cable used was formed using the
inventive foam composition according to Table 8, while the standard product was a 1-5/8”

foam dielectric cable (available from Andrew Corporation Catalogue 38 p. 517).

10 Table 8

Inventive Foam Composition and Characteristics

Components/Parameters Example
16

HDPE (wt%) 65

(p=953 kg/m’, M1 6.6) '

LDPE (wt%) 34

(p=923 kg/m* M 5.6)

Nucleant (wt%) 1

. (Azo MB)

CO, (Wt%) 1.0

HFC-134a (wt%) 2.6

Melt temperature (°C) 122

Melt pressure (psi) 1500

| Die diameter (mm) 211
Density (kg/m") 110

From the data provided in Table 9, it is clear that the use of the inventive foam

composition in a cable significantly reduces cable attenuation.
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I nventive foam conposition according to Table 8,

whil e the standard product was a 1-5/8" foam

di el ectric cable (available from Andrew Cor porati on
Cat al ogue 38 p. 517). 10 Table 8 Inventive Foam
Conmposition and Characteristics

Conponent s/ Paraneters Exanple 16 HDPE (wt% 65 =953
k /m, M 6.6) LDPE (wt% 34 =923 k /M3. M 5.6
Nucleant (wt% 1 Azo MB COWM% 1.0 HFC 134a wt %
2.6 Melt tenperature C 122 Melt pressure si 1500 ¢
Die dianmeter )rm 21.1 Densi k n) 110 Fromthe data
provided in Table 9, it is clear that the use of the

e

I nventive foam conposition in alabldfl e significantly

reducpes cabl e attenuation.g K npari son of
Atten ion Attenyation (dé) pg‘as alakgttgnuauo ( MHz)

St andard pr oduct Inventi ve foam oAtt%Rmdlﬂmmwn) rablre
8 500 ﬁ'cﬂﬁﬁc - fal —lAﬁ o802 4 7 0

1.130 1. 019 9.8 o | E"Ve%veaff’?f%ﬁ( s| of % Reduction

the present invention are intended to Table8
500 0.496 0.470 55
1000 0.742 0.692 6.7
2000 1.130 1.019 9.8

The above-described embodiments of the present inventfon are intended to be

5  examples only. Alterations, modifications and variations may be effected to the particular

embodiments by those of skill in the art without departing from the scope of the invention
which is defined solely by the claims appended hereto.
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5 exanples only. Alterations, nodifications and
variations nmay be effected to the particul ar

enbodi ments by those of skill in the art wthout
departing fromthe scope of the invention, which is
" defined solely by the clainms appended hereto. -16
CLAIMS: 1. A low loss foam conposition having a
density of from85 kg/n3 to 120 kg/ nB, said
conposition being formed by a process conprising the
steps of heating an olefinic polyner to a nolten
state conposition, and extruding said nolten state
conmposition under pressure through a die with a

pl ow .agent conprising an atnospheric gas and a

C 0= 'ng agent; the ol efinic polyner being selected
fromthe group consisting of high density

pgl yet n 3
NopE) ApE e fobiEinloos SR AR ¥t BRI G120 yory
densi t spidxompeition beme fqringdIPHE) progges| oppprining thm@eps affgating an
C QR 3blyRRSto a ldREEte cofnfbgsléém%@&dufg sHid SnoRtE e

sel ected fromthe group consi$ting of carbon dioxide,
nicempRyEien uader pregiig tepghiadigtrithadleveg %mt comgpiing|ae
CQm&kgﬂh@g%%a£9&>stmgagﬁiected fron1the group
consi sti ng._of drofluorocarbons

hydr octhf BIFEWJB?‘HE%PB‘B%%"' e(c%ﬁ%)‘he gr‘k}@rcP‘Fstf'B?%"fé‘tﬁ’?ﬂG‘Efﬁﬂs

( BE@&hyle@mHDBmemahldag&y bt the (MDPEShlawI denvity 9§§ethylene
ition. accor erein

L CEga Ry 4 TR A BeE guThrapy ot e Brpias

fd&ﬁmﬁOHDOSItlon according to claim2 wherein up to .

1.7 thhe/ %t% spggrlc g el.ﬁg e&gaaii&cgn Qe n}%g }:c;[n|51 tmgié)?faltrlgoﬁl dioxide,

car bon di OX 0SS
aoitoegdh, #ig apdcogibaiatien? thervef; eidthe (oal)lowag @geotd:ebg oal¢cteg from the

ag%ﬂéc&éis '0?“%‘?‘9*“{02"8%“"@ %{l%sg%pdrﬁaﬁl?&%}o@&b&ﬁ (HCFCs),

,.
=

trafl uor ane

dPerfluese eeresonads €PFGsd ﬁﬂcb%rba@tlm fhereof.

1,1,1- trlfluoroethane 1, 1-di fl uor oet hane;

1 1,1,2, 3- hept af | uqr opr opane;

1 1,1 @e@vgfowé’gglf Fwaﬁ?rbaﬁ%@ng to'claim 1 wherein the atmospheric gas
1wkm$m8m8“&entafluoropropane

1,1,1, 3, 3-pentafluorobutane; 1,1,1,2,3,4,4,5,5,5-
decaf | uoropent ane; perfl uoromet hane; perfl uoroet hane;
edhyl Theloy foshfodnHFe@rpEddn acdordin@to ctair £ Wherio@p ez wt.% of

o T ohtte b B b URIRE D707 | Lor opr opane
(HFC-272fb); 1, 1, 1-trifluoropropane (HFC 263fDb);
4, The low loss foam composition according to claim 2 wherein:

(a) said co-blowing agent is selected from the group consisting of 1,1,1,2-
tetrafluoroethane (HFC-134a); difluoromethane; pentafluoroethane; 1,1,1-trifluoroethane;
1,1-difluoroethane; 1,1,1,2,3,3,3-heptafluoropropane; 1,1,1,3,3,3-hexafluoropropane;
1,1,1,3,3-pentafluoropropane: 1,1,1,3,3-pentafluorobutane; 1,1,1,2,3,4,4,5,5,5-
decafluoropentane; perfluoromethane; perfluoroethane; ethyl fluoride (HFC-161); 1,1,2-
trifluoroethane (HFC-143); 1,1,2,2-tetrafluoroethane (HFC-134); octafluoropropane
(HFC-218); 2,2-difluoropropane (HFC-2721b); 1,1, 1-trifluoropropane (HFC-263fb);
1,1,1,2,3,3,3-heptafluoropropane (HFC-227ea); 1,l-dichloro-1-fluoroethane; 1-chloro-
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1,1, 1, 2,3, 3, 3-hept af | uor opr opane (HFC- 227ea);
1, 1-di chl oro-1| -fl uoroet hane; 1-chloro 17
1, 1-di fl uor oet hane; chl orodi fl uor onet hane;
1, 1-di

1

,1-dichloro-2,2,2-trifluoroethane; 1-chl oro-
,2,2,2-tetr af-l uor oet hane; ‘oct af | uor opropane;
oct af | uor ocycl obut ane; sul fur hexafl uoride; and
combi nati ons thereof; and wherein said co-bl ow ng
agent preferably conprises the hydrofl uorocarbon

HFC- 134a; (b) the co-blow ng agent is present in the
bl owi ng agent in an anount of at least 10% w of
total blow ng agent; and/or (c) the co-bl owi ng agent
a [ r res .d.n.t | OW ge

ridl (ﬁhﬂ?e‘a{lg{/ 8&?[%?&1113}' etﬁe}ng,mle,g?llfﬁl?xg-ﬂj?zj&lﬂg?ro%}.ﬁaélg,lglé%ﬁoro—
| d@@ 2tetzafiucrostharsi dctafnorepremnd iorfgfluogocyéletiutan® swiiie hesafiuoride;
( :

3 bl s e AR WSRO Blend sl Wz e
dé'ﬁépﬂljpr%éqbyléﬁﬁ%lé‘ﬁe (HDPE), medi um density

p ol y et dB)/Jh@ E@bl()MQE E%ent is pRYNERNER B1WiRLAARLNN] £8nt of at least
l'i near. | ow density pol yet hyl ene (LLDPE),

pdpﬁ’m“ﬁﬁﬂ‘??aé'i’\‘%w‘“&ﬁgf%é’%‘?rnat| ons ther eof: (b) when
prese I‘I(R:)I th& &-Blowing h@asdnd tam?]ﬂfené'gg e pmﬁ Il;l th&ﬁ&rnk—h@ﬁﬁ in a
and . pol.yp ene are each present in the olefinic
p(‘j‘fq%}WEFat'gf’{%Rﬁ‘l!}ﬁit%gﬁ | evel of 30% (c) the olefinic
pol ymer conprises a honopol yner, a copolyner or a

cgmbi ngti on of .t hese: .and/ or ? n eat i ng agent
i §" hea éow lotc'ﬁwfoam e pof‘ ?%clc%rd%% oczaér?lét“glerseal d nolten

st at e (actbaglefsii¢ podymer témeprisesck Bat tmo&g@rstsebmd fomathk group

S I jSt.j
SRR Ha o o RIS BnCli pobaitylne 0P
\Nilq“hdee?lty\»aphyﬁbﬂﬁnedw?lﬁ)eh@erl lgw dengjty polyeélyle@i: (IfhDPE),

C 61 cRe, aHd bR HofsMERiopat i ons t hereof, preferably
conprising azodi car bonam de, g‘%ocess for

pr oduc,(P)déhea PSRRI &t leagtfie eBHBB%NIP LOSEpARERRdt he

Shépsioiene ark aach eadnk ngh@aefmhcﬁf ol yiieE atﬁ?xﬁlhﬁgﬁ& 16wl 6F 30%;
extrudal sal

| t t
ol t onO TR HrOH T ARRP PR BUTER a di e
Wednibiratibd @ﬁts!ixasg aacgﬁrnt conprising an atnospheric gas
and a (@ C? r?x AMng %91? |Heated wxﬁlsatd fe ml§ g?r])enrlér &ads raa%n gtgt

sel ect Fom £ he group consi
néanrpogjtien, thy |nncleaangjagsmmbtlmtly s@hesteql frem e}@fgrouan@hsgmlpgjnf

C&b&k@%aﬂgde@%ﬁfcarpﬂaﬁme, sodium carbonate with or without citric acid, talc,
calcium carbonate, mica and combinations thereof, preferably comprising

azodicarbonamide.

6. A process for producing a low loss foam composition comprising the steps of:
(a) heating an olefrnic polymer to a molten state composition, and
(b) extruding said molten state composition under pressure through a die
with a blowing agent comprising an atmospheric gas and a co-blowing agent;
said atmospheric gas being selected from the group consisting of carbon
dioxide, nitrogen, air, and combinations thereof; and said co-blowing agent being

selected from the group consisting of hydrofluorocarbons (HFCs),
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sel ected fromthe group consisting of

hydr of | uor ocar bons (HFCs), 18

hydr ochl or of | uor ocar bons (HCFCs), perfluoro conpounds
(PFCs), and conbinations thereof. 7. A low |oss ,
" cable conprising: a signal carrying conductor; a low -
| oss foam conposition surroundi ng the signal carrying
conductor and having a density of from85 kg/m to
120 kg/ nB, said foam conprising an olefinic polyner
blown froma nolten state under pressure with a

bl owi ng agent conprising an atnospheric gas and a
co- bl owi ng agent; said atnospheric gas being sel ected
fr [ N [ iaxi de, .

D sbilfron G QuRRANE Ly A Blo LAPRI BFESL B sompinaions
blthexkalg agent being sel ected fromthe group

consi sting of hydrofluorocarbons (HFCs), hydro

chl or of | uorocar bons (HCFCs), perfluoro conpounds
PFCs) A lawlpsceshisicorariségs  t hereof ; and an outer

conduch QEnabéliryRgReHdGosai d | ow | oss foam conpositi on.
8. The | ow | gss cabl e according to claim7, wherein

| he at HOSPAS A QE@ostionsUTRHEng te signal earrying cqnslactprapd

QS 6ind HiGVTROMI S5 k@’ &€ R20Mkgint GaldFodid @nipriSindHesI&int UP
t O é.? %I.W’of tBe molten state conposition is the
PR IR EATETR 2 mppen sHiRUNAE AR ES My, PEving ResPLfoRgrisie an
C lamhaspliric yds@nda eu-bloaing sgentl saidatinbphiritGasigiptsele@ed from the
sel ected. f.ra e group._.consi sti of. 1.1 2-. .

;S P PRI GBS PR baduty it said co-

p @Mgi agent beinhsiveted frorh the-grqup tonsstimgdfthgdrefluorocarbons (HFCs),
In rg b@&gﬁ&o ﬁ%ﬁ%@%‘f‘(}mk%}’ Perffuory compothPIPREL URH AR ARADSS

3- hexaf | uor opr opane;
1 therepf; 3nd3- pent af | uor opr opane:
1,1, 1, B.odrePSRliRtdr YRRRULAAR lovk 10ds hard cangbstfior: D: O-

decaf | uoropent ane; perfluoronethane; perfl uoroethane;
ethyl fluoride (HFC-161); 1,1,2- trifluoroethane

( BIFC- 173 )aw IbsskaBle dccb@ingad ¢aiar 0 @h&ta@n the aididsphediddas is carbon
oa#a%luoropropane (HFC-218); 2, 2-difl uoropropane
(FRE972fb);: 1,1,1-trifluoropropane (HFC 263fb);

1,1, 1, 2,3, 3, 3-hept af | uor opr opane (HFC- 227ea);
1o1-di¢h =l i -l -chl or o- . 0
191 g PP 80 B3 i) BB OPRGih S el Bivtorainup t0 1.7 wastor
| the mgiterhdtaty epnpositign is the f4rbaprdiaideane; 1-chloro 19

10.  The low loss cable according to claim 8, wherein:

(a) said co-blowing agent is selected from the group consisting of 1,1,1,2-
tetrafluoroethane (HFC-134a); difluoromethane; pentafluoroethane; 1,1,1-trifluoroethane;
1,1-difluoroethane; 1,1,1,2,3,3,3-heptafluoropropane; 1,1,1,3,3,3-hexafluoropropane;
1,1,1,3,3-pentafluoropropane: 1,1,1,3,3-pentafluorobutane; 1,1,1,2,3,4,4,5,5,5-
decafluoropentane; perfluoromethane; perfluoroethane; ethyl fluoride (HFC-161); 1,1,2-
trifluoroethane (HFC-143); 1,1,2,2-tetrafluoroethane (HFC- 134); octafluoropropane
(HFC-218); 2,2-difluoropropane (HFC-272fb); 1,1, 1-trifluoropropane (HFC-2631b);
1,1,1,2,3,3,3-heptafluoropropane (HFC-227¢a); 1,1-dichloro-1-fluoroethane; 1-chloro-

1, 1-difluoroethane; chlorodifluoromethane; 1,1-dichloro-2,2,2-trifluoroethane; 1-chloro-
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1,2,2,2-tetrafl uoroet hane; octafl uoropropane;
oct af | uorocycl obut ane; sul fur hexafl uoride; and
conbi nati ons thereof; and wherein said co-bl owi ng

~agent preferably conprises the hydrofluorocarbon

HFC- | 34a; (b) the co-blow ng agent is present in’

t he blowi ng agent in an anmnount of at |east 10% wt of

total bl owi ng agent; and/or (c) the co-bl owi ng agent,

and.at nospheric gas are present in the bl ow ng agent

in arelative ratio of from3:1 to 1:3. 11. The | ow

| oss cable according to claim@8 wherein: (a) the

olefinic polymer is selected fromthe group
@Q?Esr#tbglg%r?{tgﬂg g)lataﬂﬁ réﬁéne ?M&y l@(‘ﬁll?daé Fﬁ?ﬁ)’nexaﬂuorlde
evwmamt e(eetapxg whqrqlwmorhb«awmmtpyefmhby@nmmm

( rocggj,lypp@_@y4aene and conbi nati ons thereof;

(b) the olefinic r conprises at |least two

pol ymePktheen-bleviag a%%glﬁﬂeﬁ'@t igths e winhaeentdn fagogRt of mpgast

I\/W;E,mbﬂeabw;LngEgenpgl(y@r opyl eng anld conbi nati ons

t her eof ; resent, said at |east two of

HDPE, ‘RIESRES° nkL‘DtBEg “gebipi apspisee FEARIFEhdn the plawing agent in

ph edeting ratiolof fiven &l @f i:B ¢ pol ynmer at a mninmum | evel of

30% (c) the olefinic polyner conprises a

honopol ynmer, a copolyner, or a conbination of these;

aht/ orThe ehw lassrvaldt embiding tagamt8 wierdreat ed wi th said

ol ef i e

the nuersan kiHethity BILE IR 3blh S GREBERM By

gPQiWY&Bﬁ ¢HI3RE) yedgm d@zlb’mogﬁtbwhmﬁvﬂiﬂPE) low density polyethylene

ag PSPES, HL P ﬂﬁ\naeGQty pﬁe'gﬁflgﬂe“(ﬂtﬁ%aﬁ(ﬁyﬂ%ﬂyl%ng bnd¥omBRHons

citric acid, talc um carbonat €, m’ca an

cBEBethat i ons t her eof, preferably conprising

azodi Q@Vtm%lynél?eomﬁsn@ers@ﬂ@%&“f ?Jblyfr@fs%lé@ed@ro'nﬂﬁé group |
the steps o heat i n

| b

SFoBT TR 8¥ 'EB?@:@’?*’? it Pgle/&w'%ﬁﬁs §‘?"@'-'f“6’ﬂ°“s(ﬂk?fe°f
eaditl mtheh preseSiasaitl aidast@wo St HIDEE, MMDHE) EDPE,AILDPEGAA polypropylene
pz{rg %a%ﬁl r%senpm e%li]eﬁ%c (SJoglmer ag a%ﬁ,%"%g,g rlr?)vﬂg g.@hcy carrying

at rmsm)émotﬁﬁgawolymmhompo@s bhmmg’mgampolmef oran a | ow
ﬁ@lng%mf%&aaﬁﬁ%b& gnal carrying conductor; said

OW ng agen ei ng selected fromthe group
c onsi &) ﬂﬁgclwfmmg@mo# hegisd vith pasdelsfirdQpolymer to said molten state

composition, the nucleating agent optionally selected from the group consisting of:
azobisformamide, azodicarbonamide, sodium carbonate with or without citric acid, talc,
calcium carbonate, mica and combinations thereof, preferably comprising

azodicarbonamide.

12. A proccss for forming a low loss cable comprising the steps of:
(a) heating an olefinic polymer to a molten state composition;
(b) extruding said molten state composition under pressure through a die
and onto a signal carrying conductor with a blowing agent comprising an atmospheric gas

and a co-blowing agent to form a low loss foam encased signal carrying conductor; said

co-blowing agent being selected from the group consisting of hydrofluorocarbons
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(HFCs), hydrochl orof | uorocarbons (HCFCs), perfluoro
conpounds (PFCs), and conbinations thereof; said

at nospheri c gas being selected fromthe group

- consisting of .carbon dioxide, nitrogen, air and
“conbi nations thereof, and (c) sheathing said | ow | oss-
f oam encased signal carrying conductor in a '
conducting material to forma |low|loss cable. 13. The
process according to claim12 wherein the atnospheric
gas is carbon dioxide. 14. The process according to
claim13 wherein up to 1.7 w.% of the nolten state
conposition is the carbon dioxide. 15. The process

. . i | ai 3 - i d " ;
G, BrciePioborerhapsins 1HRT<5 . Berptd topnds JPrcssD shd

1, donibjridtiorts dtercaf; baid atowshenivegaé bl stl8dked from the group consisting of

di f | : ) _

! R IAREen, RE ARG, WG g,

1,1, 1, Zq):s},le@t,hglgh@?pt(af lpﬁdpwmgaﬁégnal carrying conductor in a

1, Jlon%ucgn%ﬁeme@{)w@fo@n&g PARE;

1, pent af [ uor opr opane:
1,1, 1, 3, 3-pentafl uorobutane; 1,1,1,2,3,4,4,5,5, 5-

degaf | 4aE AHQH RORdinP R dditd 97 AR&ER 8RQimdesHefit BRTQELHIRBBxide.
et hyl fluoride (HFCG-161); 1,1,2- trifluoroethane
(HFC-143); 1,1,2,2-tetrafl uoroethane (HFC- 134);

octsaf | g BpdceReRding fofcGin 18Wherdn 8p i 11 W% 6PHOPBIRA state
(HFC-272fb2' 1,1,é;t&gfluoropropane (HFC- 2631b); 1,
1, compasition s the gubon digxids, o opane (HFC- 227ea) :

1, 1-di chl oro- 1-fl uoroet hane; 1-chloro- 1,
1agifl roet hane; .. ${ {ggh%hMgr%nethane; 1, 1
! iChlggﬂy?? ?f?¥?§ oggroe’hangf'l-chloro-
1, 2, 2, @ said qoafldwiog agshtiaspiected romftiegneup pemsptingof 1,1,1,2-
oci%t‘gafﬂh&%tﬁaﬂy ﬁb%ﬁ Qiflu lng £ne,I '[feﬁ@fllléx‘ ﬂagé ] I,IQHHuoroethane'
CO ynatlonsﬁkherep?; aﬁg ﬁﬁereln saiﬁﬁgo-b1omnng ’
adendifiporesthanes Byl b Apprherialioroprepansy i} b B ddexsdiprperapane;
HRG, ﬁ?,%mmgmméa&h@l 1:,9,3%&&%8%@&@1,1,@,@%,@,599,5J i ng
poj nt_ bet ween - 65C and +50C, preferabl% bet ween - 30
C dg??guqrwn@e; Qirﬂuoromethane; perfluoroethane; ethyl tluoride (HFC-161); 1,1,2-
trifluoroethane (HFC-143); 1,1,2,2-tetrafluoroethane (HFC- 134); octafluoropropane
(HFC-218); 2,2-difluoropropane (HFC-272fb); 1,1, 1-trifluoropropane (HFC-263fb);
1,1,1,2,3,3,3-heptafluoropropane (HFC-227ea); 1,l-dichloro-1-fluoroethane; 1-chloro-
1,1-difluoroethane; chlorodifluoromethane; 1,1-dichloro-2,2,2-trifluoroethane; I-chloro-
1,2,2,2-tetrafluoroethane; octafluoropropane; octafluorocyclobutane; sulfur hexafluoride;
and combinations thereof; and wherein said co-blowing agent preferably comprises the
hydrofluorocarbon HFC-134a; and

(b) the co-blowing agent has a boiling point between -65°C and +50°C, preferably

between -30 °C and +45 °C.
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