10

15

20

25

WD 2004/ 094526 PCT/ CA2003/ 000591 LOW LGCSS FOAM
COVPCSI TI ON AND CABLE HAVI NG LOW LOSS FOAM LAYER
wo-bdalvEes THE | NVENTI ON The present invention pet/gaasm3/000591
generally to a foam conposition and a foam5
contai ning cable. Mire particularly, the present

i nvent j and
" canr QW LERSTOAN CAVEDIION ARHT AT eRLVING
applications. BAGWGRDOSS KDPAMHEAYWRNTI ON Coaxi al

t el econmuni cati on cables are usually made of a core

0 r which a relatively thick |ayer of
FIELE} @g"gﬁhgeﬁﬁ;‘?@iﬂ?ﬁs extruded. This foam covered 10
conductor .is shielded by iﬁl t hi R, nmet al conduct or, which
i I RERSCREHBANHER THIICHETTANY 4R RAOBR comppsition 2t oaft i ng

- contafrfif AR, eV6 A L duiR1Y, ﬁ'f&&f%é@:ﬁ{ in@&ﬁfo%srgfa%@ %o a I01€ 1585 @l

transport capabiliti'’es of a given cable are related,
compasitio and herblé ewttanimg the fpamhfer tebeomuinar catives applicatsonsf
the cable. The | oss characteristics of the cable are

BAC?L(%&@UNCI?E}}J rhl}gé%\e\tc;)%ﬁ?kﬁgﬁ the dielectric properties of

oam extr € core 15 conductor. The npst
critic factors aover,ni ng the,dielegctric properties
ok oo S e L G AR By R ffun
whicl deelslBies) thickQhydr BE closdd-edlidfoamtis sattuded. Thistfoemiceashed An
ef fective way of inproving tel ecommuni cation cable

condysiqriipshiglded by 3 thip metahsppdustarohichithep sheathed by sethin skin of
i i ' rties is to
polyrfes il ELANR ol R kB e eases the
siTheaignpl wasgeart capabilglesof & giveh cafle a(relatdd] emohgothatyfactors,

o e R T R A
signit‘(i}?%lﬁ&' affedtbd By R IEGri Brog)gﬁi,ek 8YaRfodth RRYRI RANhé Bbred

e wth fixed characteristic inpedance and fixed
condwitore. Thiehmosleaitiadtiectorstgoremimggbiadictecirs pibpaties afghe foam are

st requi rement s nd is therefaore fixed. e
the nE o T BT RO i B sy e G s of IR fparg
t hgn erastinERAY off iBp®ving tWBédimiichtfon B RefoRdatR is to
m nimze disrupting signal 25 reflections. Wreless

imprqvisffpais dialeotrif Rropgréie nd Wayp dmproye feam digiachifertepaiesis 40
recuc OB AL SRS UARE) ot RS RS Wb ST LR 6

cableaViaanyadrlarial tabl@ rachieging ittt ghdsapgeticas velesithafigigl brapagation
Rt AR A N A R R e e
charabRASR! inffalifhce Iind fixed size. The characteristic impedance is always set by
system requirements, and is therefore fixed. The impedance of the cable has to be the
same 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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WO 2004/ 094526 PCT/ CA2003/ 000591 signal loss is
mnimzed. In sone cases the | ower attenuation can
w@bdoawvs26mal | er cable to be used than woul d PtTeAd03/600591
be possible, which is econom cally beneficial.
Conventional foans are severely limted in density '
mgnaf 1%% 15 mlgﬁng zgcg rltrrlllgs% eacralséé tfl%)&&%? gtrt]%}u?%gﬁj oa\livlﬂ)ﬁvgg gragl}]etr gable to

be us&dlihhakbloald stheriie: W Iﬁﬂﬂble;ﬂzhidhris edohomscatlly benéfigslr t ant
that the cellular structure of(&he foamis primarily a
clCppugntiong] foams apg-seyersly lopHed 1 deasity Rage and parqcp@kly in the

mmnﬁmtd ﬁ@%ﬁgbme Hg gqetggo@,ggwd&& ufarblm g&géﬁs Eii@ble for the

S|gn| |cant the cab or mance.
apphéléltlpa itiis klso smportand that thercellgat $tmicture hénhe fodry id privearily a closed

col JEGHAM Rl ESIRLANGE, O 0er cakl Loam sLNCLULR a6

would ﬁ@ﬁﬂf&;xmgoaég%daxh@%lé péPRiEhah&. OMnes Ak frshleamhww fhe
showi ng the best electrical performance for the

inhereibyl Ipwer m9¢ha@fcat Ehiskpemelmpenceld foagnprustures e contpared to closed

f inmproving material foamability behaviour,
cerzﬂﬁ&%%%gFg pol yet hyl ene (LDPE) is often added to a

Hlmgh MﬁwmlthHM) i énd dfehedpcﬂymetsrdhewmg the best
erformance. _The resultlgg bl end is prepared
electrrﬁsi peferarRselor feapplsation sd telesommunicasion sgblege rﬁor rlse purpose

ot PO AR 5o B O et

addedioxat HDBE mﬁtrip,od,tynme castdo ﬁiealiatle:griagaﬂmnahem dhe lrsuttimg blend

s prefgd i noTn SO 8P AMETT0 A2 LPUTEART SeidHy and dssolved
undeﬂ thé higﬂtﬁ&su@QﬂﬁMﬁoﬁé g’éﬂe%(ﬁﬁ%g Sthuder. U H@ﬁc@ﬁ&ﬁk%"ixture

hydr ocar bons, such as | or of | uor ocar bons
of polyyetr sudhblorong agsnbthen lgmﬁtsthe mm)er aachdnq@eqxppwdrt@ the atmospheric
ounds g@aes/volatlles such

press‘ﬁr% Bear BoH: ‘°{1>(3&‘iurl% (gﬁ)gfnrlr%lﬁﬁ%l ¢ gases such as air,

n lcdrmgsm bmdng: @gdﬂ@ﬂlndlh@é(hﬂegenétm mgdidderbpas SueH &
ents at ITDSP eri c gases, such as car bon

bl ow
chiorgfluRpeIsborB ( GEEhhYAEash oseibiorensreons (GGEC)1 4 perifisyo gergpounds
(PFC% %@Wei%s %X&'s)v@paln%s suélpﬁfiﬂg&ﬁtﬂ\ﬁ@ (ng Ninki h6s herlc gases such as

on-corrgsive and non a cons quen
air, natogers pdtbearlborgdiseide. Amdmgahe prssibdrrbldwmg agentspatmowplebeic \ases,

used fo rs in the able and W r
such § it Gjorife SRRt e AE BrRPepits o ThaY 255 il avedabis
1ne>xp€1@sri¢51ao Boﬁ“t&?ié 3RnldoRBSiIYe SRERM- ﬂﬁmh‘lamet As apébnts&ﬁlefl&am ng -

procéss. \\en conmpared to many ot her commonly uséd

atmosphong gasesgoeh as carlm;rcbg)ndma@s(wml)hwdafomﬁogtmm@}m}ymers in the
cableR g“”yqe gyusual processing tenperatures, and it al so
A3 £ P%H Ively low solubility and fast diffusivity

| THvadv¥f@RSinherent physical properties of carbon dioxide impose specific limits
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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30 In addition, it is noteworthy that sem -crystalline

materials, such as polyethylene, are relatively
walpdoltiogeskd to foamin the | ow density range. ABCECA2003/000591

result, manufacturing of low -2 WO 2004/094526

PCT/ CA2003/ 000591 density closed-cell polyethylene

densﬁy&&&éeﬁl&lﬂgyofyeﬂml&l@rfbﬁﬂ bibvaxfreh® cafton Hadxid RS Y ﬁfé(rlot& rbeen
consi dere ossi ble or practical, although it woul
conmﬁq:r@qi, Pgssihie py %ptgsaf @jtheygh 1aky9p]dd@thlghiy degirable for the apphcatlon

m%e$§%§ﬁ@@§HQh%ﬁﬂ .Qn cables. The coaxial cables commonly

Si gna transm ssion include a core 5

c dﬁtea:tomxmbcabtm icometontyoumsdd ¢b108i grall rBnsasissorsing vk a core
uctor (or wire a netallic sheath

contagwggr %ergF HEoLHIch a3 A 188 nggé‘@ngylptgdpéwlre) a metallic
sheatl\‘i}m@ﬁ}?d’lﬁlﬁﬁ{g thé‘&gfe laRd QYRR ShH 30k §o uchf, A8 Gh ny e h%ﬁalﬁgés a

h surrounds the netallic s Typi ca
protegsivisameketiwhighrsurroimsls sl mﬁtalls{ﬁhcaihn"ﬂ@mdhl@r amﬂqxanded foam

nd_e| ect al | nsul ates | .
oete G S4E8 s 0B MLt e CEERR) Fiobendf B Sumouning
metallie shee) fllIg; the §dce GOREBLA HRY inAGL ohBEt A IElirAfinding metallic

metallic 10 sheath. Coaxial cables having an v

SheatansuIatlng foam |l ayer are described in U S. Patent
Bl B BOVET P RSy O

6 282270@(6Fo>2|’l?¢ed£) idoediSgmembdraiazdo catd €S, Paeny QOIBS45F ok @A)

issue SRR I PORE Thede Agimepinisanyeapise jaserarating am cospositins

S e s e e e

posseghing/a Q@mtg@@ﬂ)out o3 (@20 kiym’ aiehnUJpratémaapsptiemmmt i es

2002 Bl o A S AR RSP BT RE Fo 17

g/cc i b@aﬁdlzﬂ icailed. IThesOyeentd QaKIRRSIH 4 &hsAP HarBE NAAS @ but
materials to acconplish |ower densities these are not

significapidn fowep foamp dsisiiies aa msthoda ot mgtesialsde petoynpdish lawerdsnsities

j ' a conventional expanded foam dielectric are
ﬂmme%%g%??%g - for exanple, in U S Patent No. 6,137, 058

( me)gﬁ?'ﬁ%“?% lae/dnet@liif tdyers 13311131121?@@8510@211618121@ eI)E(Bé‘t}i&ﬁtfoam
: i yck). issued Ju arly
dieleclii e HE PR PLTETTOA, T beS-TRIehDPEs | 37 55ides rista idoped
Octobih 24, 2000 80 UG8 £ fenf 58 S4 L0 UTDANER Ruys) 4G50 B8n,
etarlp foamt compasgtioed forarse @i yablds, ard 8&0ribédbine. SePataitl N’o

f conposi ti.ons , have e escrjhed in S. Patent
w165 SRR R0y NRE5 TS S T Yo o553 B
al.) issiRUIbmgy 16 10b6. Neke EBccently, foam compositions have been described in
U.S. Patent 6,245,823 (MclIntyre 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 et 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
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fluororesin powder or boron nitride as foam
nucl eators, and U S. Patent 6,492,596 (Hi gashi kubo et
wa@boop/p94sscued Decenber 10, 2002 teaching a m xea@r/€Anf03/000591
et hane and i sobut ane as a blowi ng agent. 30 Although
| ene foanms can be manufactured

orb Al 9 ﬂ]‘:t IBBF{%(%&:[ %rg  rggticg nftds desirablede sadnoasnd/or

usi ng
elim{n@feGhg ambiihﬁSﬂ' GéHEdHefiRdats e -3 WO
2004/ 094526 PCT/ CAZ003] ooogéﬁfaa&%BM %epd"’%f‘;?ses
i ntt &b HhEreigrraricsmablerto prasidead low lead foam contposBiof §51 12l Eabes
t he amount of such

that dafl aEI%@Uf ﬁ)\@&‘éyaﬁ{f ?e Béll??lg? 8&?% U$jpga bloyeng agent pentaining an

chem cal s use
atmospieriefges.e, desirable to provide a | ow | oss foam
conposition for use in cables that can achieve |ow
Dﬂ? ' ' efin foamusing a bl ow ng. agent
SUMMARY B, nﬁﬂinl’@%ﬁhseyhen ¢ gas. SUMVARY OF THE
s an ohject. of the present invention to

E
0 bvlsaalneocg\lerCt A tth FEisentdhvantian to endate df sutilvaanitdest ofie
disadparg use jn cabl es.
isad PR A0 @MQ%B%IH&?S EO? 578 € f%1‘;:i)r ovi ded a | ow

According to the in Ion
| dYe§0 m%gﬁwbmsnmom thehofsr]mdwdéd)a oy l%sﬁfo‘aﬁlec%%loqosmon formed

f heatin an olefinic p
bya ;ﬁQ&ng &gil‘téﬁ @1 E:eBEﬁB Gatingan o ICegalym@n tng mcbieenrmite en
compsilad)le aﬁd eROSdibg e rhE1Ea stA0d sfio tnﬂfn%g régsggel tﬁlaougilg die with

bl %&n agent. conprising an at nosphe
a OV&‘Bg BEUWCAGPESaE en amasphaic gashed krudidwiag apeRyi des a

S ng.a low | oss f.oam conposition
€ etk v LGS IS 3 prse B2 BracHigan lovrisrban
compqsitiymemytroing the blepsiofs (HthRatif HTOGSE bh Qm(olﬁ}é ¢
comp&Xt rud| saj d..nol ten state conpositio un L ¥
PRI B % Q)) Gigudipg gaid ﬁloétle@ﬁﬁafﬁgcoagmmtlonalnmrlpﬁe%@reaﬁrough a die
df
with adll6WRiHR Q@Eﬁt%o%ﬁsﬁ? dy %trﬁc?slqg%ﬁ ogqs%gagggﬁ%g\ggzga%ﬂ;&?d from

the group consisting o

the groppropsinting of Hydorfowasdachuss (H@Q?»hydro&ﬁ&fohﬂ&rogﬁr%%@@f%

F |n tions thereof. Further
perﬂu&rgwe P%%J]S?W g@ ComMRYptIass shezeas] e corrprl Si ng a

sFlgﬂﬁk tﬁélfmh‘lhtﬁﬂl ﬁ@wﬁ@é"émﬁt 135s ca%lé ovr\ﬁcpg‘rjsfrf’g anﬂg% ﬁﬁﬁﬁ}ﬁl{lgr

ion surrounding the sig

Sit
conducgﬂrd ag lessifeam soynplesiticoy susnounahng tthemjgrtah arhaMg b&ﬁﬁctfop%ﬁi an
ol efi'nic pol yner

outer cORMRE shh%‘ndn;‘l;% ﬁ}e lowgt]fsgg % Iﬁétggo%{:% sThedfopgntdemprises an

oleﬁm@pgimqulr)gygm?ﬁom Q@nglfehStatduiier preIls P NSk a%lg\glshg%rg]gnta
compnsmg an a¥¥‘n s%hgnce gatls and a co-blowing agent.

A process for forming a low loss cable according to the 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 si gnal 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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A process for formng a |low | oss cable according to
the invention conprises the 25 steps of heating an
wob®hionises pol ymer to a nolten state conpositi oPGCT/@nzho3/000591
extruding the nolten state conposition under pressure
through a die and onto a signal carrying conductor
g t i . |
encasdl fehaf ciIH BEGRIRR, ot Bl R Mo B Lo L Srflng
conductor i shwathed mgamdutawohdusive ntayeaiabfd foern@adawhoss, cable. '

hydr ochl or of | uor ocar bon or a .perf.luorg conmpound. Thi
p%&t@&@eﬁﬁaﬁlﬁ teptysno| B8 oreseatifvention agaseeapparent to those
i 3559 1ﬁﬁ@@ & APdn GRS e T18WRhg BELFBliRTo LQREE OF -
ordin r% er, ﬁﬁggﬁoaﬁ?gss foan?encase% sfg%él 85$@ying
embodiordsaif tlre ingergtomat hed i n an outer conductive materia
to forma low | oss cable. O her aspects and features

' ti ill b h
DT B DIRCREIGTI L The"trt tmoneout o of the |
| ThE R e SRR Bl Bhee AP RS RaSED 0B Bl e

perforfRABORIdcbMBicatibe chilvtlil BonENRIN @sit) oy feas fodm Ng
hi gh performance tel ecommuni cati on cables built

extmd%fl grauad s eandHeling cone | Yyt tgndingar Bresphexic Ras sHchasoiappn
Cih 3 ! :

donide B SRR, GRS R AS 2 G MEORORELF 650),

hydrocitieflflavioegrbage (HCBOYhoser fiyato odinpourals {PBOs), §udh@s HFC-134a,

] hydr ochl or aof | yor gcar bons ( , O erfluor

it was dpRsA §e depsisgyo! ﬂé‘-‘lféﬁﬂ‘é%% plesth it Toaly desasSiehrter deay

mininfyRevA§EaSiehdhable 8K ah 88Msphét £Rla¥REINIcERE chi®BRioxide alone)
ecreased below the m ni mumval ues reachable from an

while atamgsipingy 4 largghsclasedreell sughreas car bon di oxi de al one)
il e intai ning,a.largel | osed cell struc e. 15
Tithe SR st Do edlideaneithag Be anf atlblrgondiuor
for ex@PleaCR RO taRsCocaBdLER fubes.f Dhe S¥adIRh@yiag \dbhiductdridgsherally
or netal -clad tubes. The signal carrying conductor is

contingens eabsegd incontitlmables, Aay cordugtor sapabis@iaryaig asignahiich
t , f ryi [ anal ' -
s R0 o236 P B3 AP 0 s e sgn
carryifi@ 6prakicior @tcoidiyig bethedevkndsn.t he signal carrying
conduct or, accordi,ng to, the invention. 20 nmpspheri ¢
gAdBesrhisTiE Baseay e mawpe pseddn B bisnd it ﬁ%%lm Bgnhclude

i ST S RS R 0G0 Rt
dioxidti avex asifollawe. The boilingpsint FHEO @i 178G (PO) ort-109.2 OOF), which
repres_egtg 'sﬁt?liélgonotremb%r%%rez.]ThgeE)apor\Afm:s%Qre at21.1 °C (or 70°F) is 5.78 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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represents sublimtion tenperature. The vapor pressure

at 21.1 C (or 70F) is 5.78 MPa (or 838 psi). 25 A
wa@eooeo450m wWhi ch may be used to sel ect an apprp@I/CAL@®3/000591

co- bl owi ng agent, such as an HFC, HCFC or PFC, is the

boi ling point of the agent. Specifically, a co-blow ng

ageRblechishh LALHS, i thﬁeodu%g ﬂilﬁnﬂ d’h‘(&ﬂi ﬂngyba fiSbd2 mideaﬂe& end

poi nt between -'65C and l'e a co- ﬁg agent
respittiithat thcwbmnbglapon of amatrrtweplw@@rgas s Cartdown:@@gmt allows

C-134a has a boiling
‘5@?‘8 g?u?‘%dsl?sny%@l C&@P?ﬁﬁ blending CO2 with 30
HCF@ht $h méab@tdpeﬁgesmlcﬁﬁmdalé)@-bmkihgj @ dah belisdsed to
acceptable foam -5 WD 2004/094526 PCT/ CA2003/ 000591
de“S@F’é’@tPiOFfﬁUélrfPf Byq With tedayentingn Syl paramgetstsi astbod ingtpeint gr vapor
B B B2 B PA XA SR B it B3tk Brshilf i boiting points)
prcﬁ@dﬁﬂidd&idrﬂil\hloﬁ@i@p?dwemo ofi aindspheribegas bl adéiog@asily managed vapor

Th | t ‘ di dat
PrSOEr B HGE A8t e Anre 2 GoabTE ol B g g Tcant blowing
po%? f%r’thé &stdrr THEE Whilifg f)@iﬁt ToWEE i (ST —6§u€r5m3 2hd ggérgfn%t of 50
[i'ng point or vapor pressure can be asse
Cwqumi g bargrepropriate fdr codowingegerys tslsmsed (ithgthe invention.

boi | d dd

o A TR IR s al By AR G Lt § BB ST SxRaustive
lisPé SIS0, @lonBlvav @Estaﬂ ?ﬁifﬁcdl\ﬂpwpeﬁ%ﬁysukﬁ’% YGBAg pPin€SaprSressure

will not bring i cant blowi ng power to the

and ge-bloyying pgent aowmlqﬂl Agogrov ik liftlete mopotentialyfs a @sblowinghgent are
pr@ndé('ﬁﬁqrb bllé f'h;r c%In gﬁ o]n[Opu HEL il ound to be appropriate
or co- al é) n

OW ng e used with the invention. A
vari ety of HFCs are known and avail able. Table 1

provi des a non-exhaustive |ist of HFCs, along with a
| ist of physical properties, such as boiling point,
vapor pressure and co-bl ow ng agent potential. Those
with little to no potentiFRiblas a co bl owi ng agent are
provided in T <& iLPxfo SONPA! Jir RUL pOSEs only. 15
. oro ons
Tabl e 1 Physic Br op Iitl s’ of 8 orT'ddrocar bons
Vapor pressure Co- Boiling point @Blowing 21.1C 70F
Agent Vapor pressure| Co-
Boiling point @ B:)Willg
o () en
ASHRAE Chemical Name °O) 21.1°C-70°F Potcg:ntial
Denomination o .
¢C) (°F) | (MPa) | (psi)
R-23 trifluoromethane -82.1 -115.78 | 4.732 | 686 None
R-41 fluoromethane (methyle -78.35 | -109.03 | 3.71 538 None
fluoride)
R-32 difluoromethane (methylene -53.15 -63.67 | 1.702 | 247 Good
fluoride)
R-125 pentafluoroethane "| -4845 | -55.21 | 1.371 | 199 Good
R-134a 1,1,1,2-tetrafluoroethane -26.1 -14.98 | 0.665 96 Excellent
R-143a 1,1, 1-trifluoroethane -47.75 -53.95 1.247 181 Good
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ASHRAE Chemi cal Nanme (C) Potential Denom nation (C)
(F) (MPa) (psi) R-23 trifluoronethane -82.1 -115.78
W@ 200329686 None R-41 fluoronethane (nethyle -78r/842003/000591
-109.03 3.71 538 None fluoride) R 32 difluoronethane
(et hyl ene -53.15 -63.67 1.702 247 Good fluoride)

RISE 125 POTUALIERERCT e 48 A5 ~phieZ] 0500371 e1 9% nandhy |
Rzzﬁ?cel I (=1n 12%?[43 1,1, 1-tri'f1 ubr dét harfS. 47695 Eaesliess
4/ 094526 PCT/ CA2003/ 000591

t

1.247 HtaqnomPPpa“?; WO 200
R-23¢f2 1 524 | 4L W3- Hi-hefpoeertane =194, 7 3992, 4822965993 g Excellent
R-2458xcel | ent1,3, Recd@Mesopiopdne 1], 2153, 3| 39.5417 01244 0185 | 6%500d

R-365€ €1 | ANt1,3, NRRkAlkSOERPT OPARE R1g4%! 180847 1, 7 T Good
_ U|Jl UIJCU € 4. 1] S UZ ZP0 OO
R-43 me‘!:II zg%::fﬁ;éggf ,3,5§-pen;1%1fl Lor'opf opang 18°%
59--54—0- 65nd-¢
1,1, 1, 3, 3- pentafluorobutane 40.2 104.36 0.047 7 Good

R-4310nee 1,1,1,2,3,4,4,5,5,5- 55 131 0.03 4 Good

?ﬁ*ﬁig,-ll%)%@%ec%#ﬁlpe&ma g ﬁﬁ%lel ]I,?,2Ct8tn3}?ro%e%ﬂxarpé Elltv glal abl e

tet uor

hydrofflydioeélbon(HBaY hanoffél Gh altbrabtiaf tb dagardsusdHaldpenatd ve to
hazar dous hal ogenated 5 fluorocarbons, as it has | ow
fluorqcashops. @y ithag 1w S ReerrpAoBeidspleping Bofential. Examples of

other Eﬁm hi@roﬁixoro%rggﬁs l%@ﬁl\ivgnﬁytgé\ﬁlfvlsﬁ%él%@ﬁlp gpah%ﬁq&ﬂot appear

e I nvention (sone of o not "appear
in Tath:tiI) enclydel difiherdmethiaht (omoethy lbanfudrile); pehtaflhervethane; 1,1,1-

.+ fluoride); entafluoroe e. 1,1 1- trifluoroe ne;
wiftucpodlBies £ EORARBC A b A5 S e BRSO dph e,
hexafﬂmiloplro)é)an% Bi lmgﬁtﬂﬂﬁ&@ﬁﬁﬁﬁ&e’l 111,3,3-pentafluorobutane;

enta uor opr opane,
1,1,1,3,,314 4,5,@ %dqy@ﬂpqpp@mamggréhgmnle@hane perfluoroethane; ethyl fluoride

1,
circhght 32 bRy A, LS A et 150
octaﬂ(lbik_)@robﬁﬂé (HHC-218); 2r2- dlﬂd@f@ﬁiﬂﬁﬁ@&ﬂ(ﬁﬁ@ﬁb}ﬂﬁi ;1-trifluoropropane
-tetrafl uoroet hane (HEC- 134);

(HFC- 263fb), 1,1,1,2 3,3,3-heptafluoropropane (HFC-227ea). Full details of the
halogenated hydrocarbon nomenclature system are specified in ANSI/ASHRAE Standard
34-1992. Other appropriate HFCs can easily be determined by one of skill in the art,

Hydrochlorofluorocarbons (HCFCs) may also be used as co-blowing agents in the
invention, provided they have adequate properties. Table 2 provides a non-exhaustive list
of HCFCs that can be used as co-blowing agents with an atmospheric gas. Specifically,
the HCFCs 1,1-dichloro-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.



oct af | uor opr opane (HFC-218); 2, 2-difl uoropropane
(HFC-272fb); 1, 1, 1 -trifluoropropane (HFC 263fb);

wd 24294828, 3, 3- hept af | uor opr opane ( HFC- 227ea) . PEICA2003/000591
details of the hal ogenated hydrocarbon nonmencl ature
system are specified in ANSI/ASHRAE Standard 15
34-1992. Ot her appropriate HFCs can easily be

determinedby—-ene—of ski-—inthe-art:

Hydr ochl or of | uor ocar bons (HCFCs) may al so be used as
co- bl owi ng agents in thqableimventi on, provided they

have a ua rapert.i .1 r,OVI

o cn PRV BrRRRS or Ef oo R Fuctp MO R FR ),

co-bl owi ng agents with an atnospheric %?%’.r pressure)  Co-

ASSpreqE fijcal | ghemitdnBadCFCs |1, Bbilinglpaiktl or 1 Blowing

Denorfihatondet hane; 1 -chloro-| 1, 1 -difl ugr det’fapeF ppAgent

chl orodi f | uor onet hane; 1, 1 otential

-dichldro-2,2,2-trifluorqget®®ne; AFH 1MBparsil 2, 2, 2-
R-141b et r af | juormdidanie fluapethee|usea. (O lie6 HORGS no? Good
R-1428PP€ar | N rid- [ A0 o BYe A1 53 DE 15SAU| 029 W2 | Excellent

cSNN AL oY YaYaYata Wil aVaVaVullal:]

[ [
200410 CAZ2003706G65 Fa
R-22 broper th aﬂorodl uolr—‘l)\mr?thar'hl oraf I'EOCI;%' fa¥al a_ibgl_ng {)‘%E ?ﬁ \/ Good

R-123pr essur é,IQ&hION%E Chenilcat’oNare8 ESi | 0%63 oHﬂt @ Good
Bl owi ng™ PR Sati on 21 |1C 70F Agent| Patentiall (C)
R-124(F) ( MR&fhlepsdi22,R- 141b 1,|1--1Bi chl d9-6 -| (1382 55 Excellent
fl uoroeteH%‘éfoQ 189. 6 0.064 9 Good R-142b 1- Chlloro-

1,1 - difluoroethane -9:2 15.44 0.29 42 Excel |l ent

R- d

R0 b Seehanos el 49k ool et e
inventionf Ibromdoéthﬁ;a hevedenate pEipcdias- Table23 provide® a non-£xlgauggye list

ceI t et raf | uor oet han
of PRy Ui Bttt B8 BB Ao s e PRATGy, e
PFCS dttAMiotsPropade Qodtaftbrédyeloblinve andlanfia hexaueHes iag e used.
Tabl e 3 provides a non-exhaustive list 5 of PFCs that

Othe BRCheot appepring i dablechinay alsg ba wgedMThﬁ PEﬁs aﬁhdﬁﬁﬁ e
pmer%ﬁf i ?Su gfr;lg% célaéI céoe}4 g Foy ‘PE(&?BIG‘%%% 3?1 exal %@ul%ose%only'

used.
_ Table 3
Physical Properties of Perfluoro Compounds (PFCs)
Vapor pressure Co-

ASHRAE @ Blowing

Denomination Chemical Name Boiling point 21.1°C- 70°F Agen't
Potential

(°C) (°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 -6 212 0.274 40 Excellent
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O her PFCs not appearing in Table 3 nmay al so be used.

The PFCs with little to no potential as a co-bl ow ng
wagwansgee provided in Table 3 for conpari son pUr/gasms/000591

only. Table 3 Physical Properties of Perfluoro _

Compounds (PFCs) Vapor pressure Co- ASHRAE @ Bl ow ng

Denom MakbRR wida&iat cal Nare_Bei T | 0foBI M2 L [70Rone
Agent Rotential (C (F) |(MPa) (psi) R 14

tetraf llygaRehbane(SEY8 -|198.0F N.& B A Nohg 3R 116Go0q
Hexaf | uor oet hane (7F]6§ 108. 76 R. 97 431 None R-[218

F dentet al01iRHRRGRFISure30- 7 - 34. 06 0.69 100 ExcelTent
R- C318 oct afl uorocycl obutane -6 21.2 0.274 40

Excel l ent -8 WO 2004/ 094526 PCT/ CA2003/ 000591
nitrogen trifluoride -129.1 -200.38 NVA N A None

f FG) -63.91 -83.02]1.2.16, 313 Cood.
adbsstias G iBem Aty Bt Dbt stuehensl A g e detectri
constﬁﬁl’dﬁ'ltﬁeypd]ﬁlﬁeﬁ@ﬁ)aim{iltﬁh%Qn ﬁﬁj%%a@&?s@fial @@é‘rfn%ac%gﬁlghw the

dielectric constant of ‘the polyneric foam ul trng
telecqmamppicatiniy eblee andsthys lw. béarsuangomxdmébqi | Anythglf advhmtag&of

cortai EhERAMRARL S ARERTH £y cad S0 potilhe ERbvs R forms

result@fm Iebﬁmammametlml’bd for gerfeeﬁhfgeidgl(i@ﬁ%lﬁﬂé 3B A@¥Bbnally, for
ty foam results in less material required for
certaig QF@PSW of 1 RN, ifaaydte Rasaifie tadrnredse har pyodupieen speed

by usﬁl%rat IQW@r @éHaRQ SR "PhIQEOth%C(IJLH‘ S0sO 1ar ér YnsPh for a given
By ust A§"&

possi ble to increase |1 ne pro uctlon S
mass bbpelymdeewsild yesfilo &ma fabter pragiootich ratcor a gmea lpslynzer Inaarsg Iﬁbw
ansi on coul resu t
Thus B GaR sp T S imbare cable 22gpUancs g e fsasost
reducfib®@Ww. Thus, the invention can result in both inproved
cabl e perforrmnce and significant cost reduction. The
i FheArvesHoR allmprsp@pwa@ﬁ alewdbssieleogmimugation cable by making

s o ELSC TR Q) AR e A5K1 e 8Py e
accordiglg vd thelintemtion d6&thot need to be expensive, due to the main ingredient of an
atmospheric gas, such as carbon dioxide. Thus, embodiments of the invention are
environmentally acceptable, non-flammable and non-toxic. This blowing agent mixture
allows significant density reduction while keeping the open cell content at an acceptable
level.

‘ 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-134a). 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,

lower densities may be achieved with particular combinations of conditions. Additionally,

-9.
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15 according to the invention does not need to be
expensive, due to the main ingredient of an
w@rewepisar i ¢ gas, such as carbon dioxi de. ThusPCT/CA2003/000591
enbodi nents of the invention are environnentally
accept abl e, non-fl ammabl e and non-toxic. This bl ow ng
f on
highe AL LM o e PR P ol SR of RANEMDI o
Advantegeiusly2the Tesultirigowien gelh genentnis shhserveditmbe etdew lavels, such as

eri c gas, such as carbon dioxide, in
ﬁon‘@%ﬁgﬁﬁg§lon with a co-bl owing agent, such as HFC 134a.

T §plancdiesigodifriBhtidMay gt friakl FO0 @000 paf)dr optionally may
pre erably so that the anmount of co-bl ow ng agent

fallW(thlm@emgc:%fromﬁﬂ@)mﬁoaﬂésent at a level of at |east

%ef?a%ie lli'cR/ %@Rﬁg?{vqoss%%&l hﬁ{o&o@a@@ ﬁftb gt' ":1{1 %g?&%eqeaj&ord&f to

|nven ng agent to have a ratl
convehtd ol ngetiiads foradable foBndtidng with3hoéxc2ptiat thatsthl arvieati galowt loss

foam RS NG RIS in B s T1ck RV NG g BT n i hgepable can
be foﬁféq%ecaramfghs {H@ Pé'{lH\‘vﬁr/g J&ﬁod&%’ wlmgen@;ﬁfa&g b SHimakiBRBY the

may range from 8 cour se,
low ldse fesam. dEh@fqane@sadgde@rcan mae\bedlswl fom o]:lar tyipesibables, such as
. _.combi natiopns,of conditions
wiaxid) SR SBIR PO A Togo o g AR g of Pl h e a5t
AlthoagihiheV@ebntibn Gheddsérdtsbd Heyei piimhatiiyngitle RiTeliehdedB To@Gal cable, the
required. Advantageously, the resulting open cel

foam mgpitbe amcorporatsd atg other typsobgables\ws peskeioyn ig lyl%aras)r thasem

cable%)\{?ntcﬁ fée 3/4%/81%]1?8% 81'1(? ﬁzlvecaqjeél%nsén%e% rsatlekHégél range

m  or |ona mnthln
t Mae palypeeriefcofponeOOf d:lOSeﬂQGII nﬁcoam\dm&iatra: rhawongnaﬂe ifm

| ow | oss foami ncor rat |nto [ be forned
polymeg pelels-ggnerally aBAvalsing miaén paletsarppeded o an extruder
appar{itgg Rich gﬂl i ﬂ&fetﬁﬁ&?ﬁo% lgﬁ gg fhe,ldn8 cbﬂl‘f)ﬁﬁhbﬂseorl ow

I's bl'own into l'e”’in the place of a
copolmnns@ftthasn alayfbearsed. BA ivefiéty of palymea typab ay bamsed@ther alone or

in corgiReh, B osh e abBal ne PHEPR) el dEatp Giiverine
(MD#gamgﬁy E@l@iednsereﬁe (LDPE), H8edt 366 dEmityQHohRthyl#REE LOPE), or

| es, suc triaxial cables or nmultiple inner
polyprapénne mesyhe used fidhar @lase o Ireeambinatisme Iioan exempllary gmbpdiment,

high dr"e Eir n}éﬁ;(ﬁ%tﬂ%lég{:(ﬁﬁf %Hqtbl 1921[91011 df gv é\g %?951@%{9@6@191&3%

ence O coaxl a

(LDPH)amap ee mmbmpmy at:@@tabm 1atiod RAging ies 3070 ¢cabd:88. Wheang:d
or those cables which are devel oped
aloneatha PAET aouﬂé ére .19%"@1{@? gpe af theaberenagted, Pelymrs, provided that

the desired properties can be achieved. One skilled in the art could easily determine the
appropriate properties of the desired polymer to arrive at 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

-10-
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15 The pol yneric conponents of closed cell foam
dielectric may originate from polyner pellets,
w@eonanadskey a pol yol efin. These pol yol efin pel | B¢ HCA2®3/000591
added to an extruder apparatus. Such polyners as
pol yet hyl ene, polypropylene and conbi nati ons or
to be%ﬁQﬁltX%&ﬁ?boéle éﬂzg tl&? &@%QZOBG‘S%%MI o?faz&ﬂv!:a)ﬂ;@{amMe
one or in conbination.
but aht.' gthed&mzleanylgpagbmeas hgnhlé rbe d(etlelﬁﬁﬁ)ed eamldlhymnéexf sknllyn the art

coulq Besbt Wit e eP Bl AHmEy Sy Bl gh e Fontgpsgation prough the

use of la¥fRFBARN ;fél‘l%ts@)bo%eﬂd%@ﬁ’taﬁihﬂé’kﬁﬁleﬁd eng &&rdef‘m combination with
conmbi nation. In an exenplary enbodlneng h density

the npdbz}tmgmgleetneo aHoRHpw homagentoya dispersivh qﬁnﬂnehrm tigg Agent yith

et hyl ene « eptabl e
the préPy osﬁ?%lgrl}rgljlnﬁags rac}?? %%Pe#dg?y H%%‘E'%‘& t@\%e nﬁf% ed al one,
t MEhplcyenting agetlt s duenbidLo/ ol therpylyane miknirl @nder spemﬁc heating

above-not ed pol yners prOV|ded that 25 the desire
and ppSRREraOP AR Oph oL aHH. &l BHEI BFRsSWR of ot AR EhES0gsi, and with
a meft ?&h@arﬁﬁ?é S fr&ﬁ%ﬁ&dﬂl”@ td 1o (?{Bparcﬁf%% FURIOI? Rtk SGiteOf
th esire yner to arrive at the appropriate use
of Themtimtuld usathen eBirydedrfson thermodtenrstase bAcembiningarmatmpsgferic

ucl e agent i s | cluded ith th to
g, SioP 85 R Ao R e SO pingaeetl Siohian oL s
com&!éﬁx‘bﬁ"iﬁ ERRARIed ﬂ%h@ﬁﬁ HRDSf @%@&H&eﬁﬁiﬁ@d 83m3tr. The diameter may be

azobi sf ormam de, azodi car bonam de, sodi um car bonat e
any agcepttalie siag.tdepending on th@ dgsired, cablgiproperties. Theaxtewded doam e

surrlpt fhe g e 0B ot RO e 28 6 BRP s BRAREDbE A s re

foamb&pastisané adeBe Sighsl cal@inglcef@ittorionve Bkthied tifito 48 @mbient
azobi sf ormam de or azodi carbonam de, but any ot her

PressYIECIHONMEMtagent as coul d be determined easily by one
Of Tdfoatn %ﬁhé PGets dJn d&@%&i 0 dd%@@'a Yk fbst Eﬁ‘)séd“% Foh AN
Thi's may be provi n sna concentration throug
diclettnie encesgnthe nagtad slkgaalcdarrpmlgloend;um Mppmpnaﬂetomm icougductor -

_ bl end of. a nmer i |nat|o with 5
may FheBIoE 40P BAst St5BAE Bgnk dep Ik oats HIREBEedLl Cable.
di spersion of the nucleating agent wwth the polyner.

Herein, masterbatch pellets may be referred to as
"MB". The nucl eat iwrmeﬁxmtmﬂitﬂéd with the

Rl Al B DR B oo PR 1 0R CRERI e

400 to 1500 psi, and with a nelt tenperature of from
about 110 to 140 C to achieve a uniformnolten state.
10Camparatiye Bramples 1 Hehowthe {paeaprrpesties odained b Axisisiane

foamzly%xg VEL WEB rggclﬁﬂ'\% SLdaﬁlalbsgr%S?aﬂZ%ﬁgﬂoﬁﬁe EEEQ ghends were

nuclébddsusing 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
threshold 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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conposition is extruded through a die of a

pre-determ ned dianeter. The d
wa@emepdEbs e size,

properties.

i anet er

may be

any

dependi ng on the desired cabP@T/CA2003/000591
The extruded foam surrounds a central

signal carrying conductor (such as a signal carrying
ex\ﬂnpf%l defifitled %‘fjls48ttg 823 Ro/nFRUR 93(]9%9§wﬁﬁ Qﬁé}ggél)ﬁfon?éng Babw 10%,
cafrying conductor oncé& extruded Into anh anbi ent

wiiteesbaue &.88hwi%aarbentdioxide athigndensity 63 36rkeam? isabserved, and an

expan to . produce a | ow .cl.osed cell foam
un&?‘%P@gferlF\ﬁel afepen ¢l ﬁoﬂ?nﬁbﬁ%s)ﬁ ShOWihal carrying
conduct or.

The appropriate outer conductor rmay then
be applied according to any desired process to forma

5 co-axi al cable. 20 Conpar atliable £xanples 1 to 4
Extrusi on of a  HDPE/ LDPE ;Foa osi t,i 0 ,th 100%
Car bon Di oxi deﬁj&"ﬁeﬁ%\rrsa‘\lflfivéas@ggrrrpr?)éasmﬁgﬁptsar%w t he foam
properties obtained by extrusion 25 foanmng a 60: 38
KorEonBFE/Réaramatess bl own usi ng |car bon di oxEdamalesne.,
Bl ends were nucl eated using dzodiicarpondni de added to 4
HPBb(pbnd as a concentrated mxt e, pcdd dijng 60t o 60
$heas3amtnhMicLé)ce. Tabl e 4 shaws datal for Exanpl es |1-
4DPEhghRg data illustrate that [whe3g cay b8 di oxdgde [is 38
us-erp3adgAie MIS.6) bl owi ng agent,| i ncreasi ng carbon
A-BACABoREMIEMast¥Bhtch (Bt al N 3P thyesphord Tt 2
CORWRPOUT 1.4 W % of EXanpl g 3)p.é NAUC@Sg Cal T gl | 18
MO EFBelRI(f¢)'0 [ T_SEVere TTICTq56¢ Pr19pCT Chbh 120
TR S7ESsurEFLi 1Y, Ul LT et ey, —tio { g e TICH{GeT- [ 120
bi‘gaf‘émefe'rj( 20041094526 PCT/O’-‘\11 31 P65t c)sloglpi €S, 1 g
‘ﬂ%‘ﬁﬁ; kgﬁ_ngl 148—t0 228 kg/!lﬁ at 2 =g T1£|8u en 3é6
urr: I)?icéuc ateTtrgn denstty—of—386—kgrAB1+s—56bs .Aj,;;yu ;}?50
an unacceptabl e | evel of open cell content (50% is
shown. 5 Table 4 Paraneters and Results for Exanples 1
to 4 Conponents/Paraneters Exanples 1 2 3 4 HDPE
(phr) 60 60 60 60 (p=953 k /nm8, M 6.6
10 Examples 5 to 7
Extrusion of a Foam Composition with Carbon Dioxide
and HFC-134a in Approximately Equal Ratios
Table 5 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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LDPE (phr) 38 38 38 38 =923 k /n8, M 15.6)
Azodi car bonam de Masterbatch (phr) 2 2 2 2 COQ2 w%
WO2040962d.. 4 1.8 Melt tenperature C 120 120 1201/€R6003/000591
Melt pressure (psi) 1100 1000 1100 1120 Die diameter
(m) 1.8 1.8 1.8 1.8 Density (kg/nm') 223 182 148 386
Qpen cell content (%9 0 2 10 50 10 Exanples 5 to 7
Extrusi on of a Foam Conposition with Carbon D oxide
and HFC-134a i n Approxi matEible £qual Rati os Table 5
illustrates data from |l es. 5-7, ich can be
conpar ed and ?&ﬁ‘f’?’%fg’isé’d%%%g“%fPﬁEfﬂﬁ%?gf‘? %e Exanpl es
1 to 5 These data denonstrate the enhancenent in foam
roperties manufactured from bl ends of carbon di oxi de

aBdmigbBen3/Raraifteters specific exanpl es Bramplast ai ned
by keeping a fixed carbon dioxide cagtept ghile 7

IR hpg the HFC-134a co-Dbl ownggggent 60 60
CORo8RYLAN! QMg BENSity of the extiruded foam was
TR EX@gr T et
r =§§5( /'n rati ve Exanpl es 128 Zolﬁﬁot abll:?/gf in
'~ [ +ont t avc O\
AZodl m S ths eductlio n:Zfi f-an_l,z__

G dWHA} f or mance ioprovenent was ohéai 3&4” hm1.4
aHEEenbi4ae@t%)ncor por ati ng these enhirdced fidans. 242 WO
bl teapetureCTCICA2003/ 000591  Tabl ® Pat20ref erl@0an|/d
Releltpresdue (gsipnpl es 5 to 7  Conporad s| PROGNEt €08
ER@aibe®tdr () HDPE (phr) 60 60 [60 4 =053 & 7 (i18, 4M
1BeRdity{KGIm{)pnr) 38 38 38 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 EXamples 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 prod-uced 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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PCxtredoBrDoFeam Camposition PBadan¥arying Hracersing [Pressioes
Exanples 8 to 11 Conponents/Paraneters Exam pi es

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

119t0 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’, MI 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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8 9 10 11 HDPE (phr) 60 60 60 60 (p=953 k /n3, M

6.6) LDPE (phr) 38 38 39.75 40 =923 k /nm3, M 5.6)
wola4esste (phr) 2 2 0.25 None Azo MB Azo MB (Hel/C)h2008800591

w%l1l.7 1.6 1.4 1.4 HC134a (% 1.4 1.1 1.8 0.9

Mel t tenperature C 120 120 120 120 Melt pressure

[~ ) 4 A
{pst)—48064061606—1260 Dre—diraneter—(m)—4—4—+4

COpeMSi)ty (kg/m) 924104109 108 pen cel | 1donteny (% 14

Exanp|l es tg 15 5 trusijon of Foam
HFaléﬁ%Qwﬁ% on In;prlg_;’Z\ r\/| nn Pr %r%)::ccl naPr ncg% 24

Meﬁm\iﬁeﬁaﬁeé(@’om Exampl ds 12- 1% Thede datm3show the 119

W de pressure [and_ _ltenperature processi ng. W ndow|T or

Melt Reessurp (Red floan?®® priocess Ubscri hed hetdl n 340
Dle%@ﬁﬁét&l &@hj ¥, (@ | oy opgn cellgcontent was 4Ta| ntaiined 4
and—a tow-densi-ty was gcconptished—io—even—when—rett
Density flegimé) vari gd fr¥dm 500 to %20 psi,| and At 94
O R 0 ecii o s or —hrmpi-as 142 1045 10

Conponents/ Exanples Paraneters 12 13 14 15 HDPE

(wt% 60 60 60 60 P:953E§%$,16M 6.6 LDPE (W% 38
38 38 38 P=923 kg/ n8, tcleant (W% 2 2 2 2
Cable Attenuation for Low Density Foam versus Higher Density Foam

In order to compare cable attenuation in a cable incorporating the foam prepared
according to the invention with a cable incorporating 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).

Table 8

Inventive Foam Composition and Characteristics

Components/Parameters Example
16
HDPE (wt%) 65
(p=953 kg/ma, M1 6.6) '
LDPE {wt%) . 34
(p=923 kg/m> M! 5.6)
Nucleant (wt%) 1
{Azo MB)
CO, (wit%) 1.0
HFC-134a (wt%) 2.6
Melt temperature (°C) 122
Melt pressure (psi) 1500
Die diameter (mm) 21.1
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.

-15 -




(Azo MB) (Azo MB) (Azo MB) (Azo MB) -14 WO
2004/ 094526 PCT/ CA2003/000591 CO2 (%9 1.4 1.4 1.4
WA 20b4/09¥505 134a (W% 2.4 2.4 2.4 2.4 Melt tenper/ancnns/o00591
(O 134 129 123 119 Melt Pressure (psi) 500 510 530
540 Die dianeter (m) 4 4 4 4 Density (kg/nB8) 95 89
102 94 (Open cell content (%9 5 2 5 10 Exanple 16

able—-Attendation-for lLow Density Foam versus Hi gher

Density FoamIn order to conﬂé‘i”é"l%abl e attenuation in
a cabl e incorporating C&%g%r?ﬁmo?r}ﬁf%ﬁﬁﬁ% 5 according

the invention with a cable incorporating a

conventional higher density foAtknuatibe(dB0OW Ng

C ri $—rade—The inventive cable used was

flgrgﬁ%él °§§I?‘ﬁi§? { heStandard Reqdyet f pan¥eHYSSPameh dccor’@iReguction
to Table 8, while the standard prodyggt.was a 1-5/8" :
amdielectric cable (available from Addr ew

Cor poPifi on Catal oguk4®8 p. 517). 1M.FADI e 8 Ijnventiven
Foam ositjion an ractefnistics
Conponent s/ Pa'aneters@anpl e| 16 H[Sb@z(wt% 65 6.7
(p=952000 / n8, | ML 6. 6).130DPE (WM %9 34 1 §§57923 Kk |/ n8B, 98
15-6) Nucleant (wt% 1 (AzolMB) CO2 w % 1. '

HFC-134a (W% 2.6 Melt tenperature (OC) 122

The above-described embodiments of the present invention are intended to be
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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Melt pressure (psi) 1500 Die dianmeter (mm 21.1
Density (k /m 110 Fromthe data provided in Table 9,
W0 poos®9skear that the use of the inventive foaPCT/CA2003/000591

conposition in a cable significantly reduces cable
attenuation. -15 WO 2004/094526 PCT/ CA2003/ 000591
ChAMS: 9 Conpari son of Attenuation Attenuation (dB/ 100
ft) Frequency (MHz) Standard product inventive foam of
% Reduction Table 8 500 0.496 0.470 5.2 1000 0. 742

ioh- - ribed ..
! obod mers o ecmpedilioh ey et WS ik e
hegiingmnealafimic elyorer o a polten staieaosporitioh f dndaixirading 38id molten state

i.afi fected t.g the particular ‘
ool Dbt AR PRy PR aTaldgre i 4 RSB st samomvising an amospheric
gaslapba to-bpwingagenhe scope of the invention, whichis

defined solely by the clains appended hereto. -16 WO
2004/ 094526 PCT/ CA2003/000591 CLAIMS: 1. A low | oss

L tl b rocess conprising the .
2 (D e PR Ko coB g o e BBl PO ma Whey e s4Eh Goaowine
agent &t wlactaddosn theagroumashsisking odhydyo SedrdcdiBbrisqAFEiHt € 5

ition under sure through a die with a=
by B P egla AR RS (T G b BHOTRNRBBHedS (BF Cihenspembinations
theeddfbl owi ng agent. 2. The low | oss foam conposition
according to claim1 wherein said co-blowing agent is
sel ected fromthe group consisting of

3 iR IoBE R ameslisd ket dinee Rim drheeinspaeringing
agenbdrselztted 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-
péntaﬂuoropropane; 1,1,1,3,3-pentafluorobutane; 1,1,1 ,2,3,4,4,5,5,5-decéﬂuoropentane;
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,l-triﬂuoropropane (HFC-263fb); 1,1,1,2,3,3,3-
heptafluoropropane (HFC-227¢a); 1,1-dichloro-1-fluoroethane; l—chloro-l,l-
difluoroethane; chlorodifluoromethane; 1,1-dichloro-2,2,2-trifluoroethane; 1-chloro-
1,2,2,2-tetrafluoroethane; octafluoropropane; octafluorocyclobutane; sulfur hexaﬂuoride;

and combinations thereof.

4, The low loss foam composition according to claim 1 wherein said co-blowing

agent comprises the hydrofluorocarbon HFC-134a.

5. The low loss foam composition according to claim 1 wherein the atmospheric gas
is selected from the group consisting of carbon dioxide, nitrogen, air, and combinations

thereof.
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3. The I ow | oss foam conposition according to claim1
wherein said co-blowng agent is selected fromthe

w@emuposonsi sting of 1,1,1,2-tetrafl uor oet hanePCT/CA2003/000591
(HFC-134a); 15 difluoronet hane; pentafl uoroet hane;
1,1,1-trifluoroethane; 1, 1-difl uoroethane;
1,1,1, 2,3, 3, 3-hept af | uor opr opane;
1,1,1, 3,3, 3-hexafl uoropropane; 1,1,1,3, 3-

6. penifheﬁ louhokoeqaforapmmmpomtlbn]ap@qramgemtknfm Uovladneih alneco-blowing agent

decaf | uor

s BRSPS DS bl AR o s BLe @ PRy o faiehbieeing agent.
(HFC-161); 1,1,2-trifluoroethane (HFC 143);
1,1,2,2-tetrafl uoroethane (HFG 134);

7. oct ke lovk lepy fopmrmenipariton pejording 20 plgindi6Wheorin preopalblewing agent

an 14_@9?2}15%% l%é %r%’p%eselilttlHttfleloﬁr{g\%?I%pa%at 1{1@“.5@’: gﬁ%@ifo)f from 3:1 to 1:3.

1, 1-di chl oro- 1-f | uor oet hane; 1-chloro-1, 1-
dlfluoroethane chl or odi f| uor omret hane;
8. 1, 1Thg lom lgsstoamocomposition gesaseing smelaim 1 dgyipg e-density of from 85

Ko/t rafl uoroet hane; octafl uoropropane;
gocﬁ%?% égﬁyclobutane sul fur hexafluoride; and

conblnatlons thereof. 25 4. The | ow | oss foam
tlon:§ccordin toclaiml1l erein said

9. co- HRORMHGSS BEBrFEMRSHHPR 2EcoTiNg tglainn  hsrete Shassfinic polymer
is skleéied &6a: the grotp@ohQ¥Wilsthi éIP@éHsff? B’Qgréﬂh&leﬁg @BPES,dh

to claiml1 wherein the atnbspheric is sélecte
denpitypelypidylgne (MDé’MslpMdengtmolwhjdomﬁ @iDBE)dbneanidw depesity

@%'ﬁ t.hereof. -17 WO 2004/ 094526
pol }718%@% g‘ﬁlpocf}@)ro&ﬂan ow | oss foam conposition

according to claim1l wherein the co-blow ng agent is
resent in the b|OMAn% agent in an anpunt of at | east
10. 100/1% oyt logsofoam aempaFiFign a@c@ﬁ@mg@ qlainTfavhersin thsss f oam

oleffﬂ%? er WBmPHES ragleg th3 o‘f’ ﬁ'ngi@ %lgéted %I'Ogl gg gfoup r3]:on51sting

W ng agent at nosp as are
of Higleddistypolyethglent (IHDPE) rrmédaﬁmvlensﬁ@(tpdbysﬁiyléﬂdi(MBPE) ‘lcﬁv density

f pam conposi ti on_accordi ng
POl B GRS RRR Eﬂ iféh@?qsyy BPeilrna € LREFhand golippylenc.
kg/nB. 10 9. The | ow | oss foam conposition according
to claiml wherein the olefinic polyner is selected

11.f r ochhetlhw Igssdopmeomppsitiom gccmfdihfg tphcleien 0 tvhenedl said iylbanevo of

HDf’ElqgllaPE Wféw dEI{ ;Y)?l | e?&qh&w@ggﬁgll 419 olefinic polymer

at a minimum level of 30%.

12. The low loss foam composition according to claim 9, wherein the olefinic polymer

comprises a homopolymer, a copolymer, or a combination of these.

13. The low loss foam composition according to claim 1 wherein a nucleating agent is

heated with said olefinic polymer to said molten state composition.
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pol yet hyl ene (LLDPE), and pol ypropylene. 15 10. The
| ow | oss foam conposition according to claim9 wherein

w0 be4od45té ni ¢ pol yner conprises at | east two oPCT/l0&2003/000591
pol ymers sel ected fromthe group consisting of high
density pol yet hyl ene (HDPE) medi um density

14.P0! Y5 0¥} ROCdalfPREdin N, Sl'3t\¥lzerﬁ%l£§ﬁlmféagiﬁ§ afbltfRelected

linear | ow density po ene
fromahy groop wbesiging2(d: dzbblsﬂ‘drmahmde hosBcdrbarmidersodiuin carbonate with

according t.Q c|]aim.10 ere| n said . at least t of
or g piecid Blegedlvinm At BR ARg g iape ek
present in the olefinic polymer at a m ninumlevel of
30% 25 12. The | ow | oss foam conposition according to
15.cl alhe Bw lmhfefoempmsmoefapmrdmg@ glatm 14 adeprin $wesugleating agent
(o] 219] ol ymer, or a conbination of these.
cor’i@jseg%&/dlln%w ncg)"sné f?oam conmposition according to claiml
wherein a nucleating agent is heated with said
olefinic polynmer to said nolten state conposition. 30
16.. 1 gAmtPEsDir preiyoBsadeydessfoan somposition gompmEng Hig staps of:
f oamyacc
B e I
az o(h) sf oextawtingesaidamotercstato compbsiion sudtr prassae dooagiea die with a
or Wi thout cit rlnti_ﬁam d, tal cal.ci um car bonat e

C,
blomnagaag&nhcoemﬂﬁ%% HMOSRNTHF &A% andsa qasbloyyipg agsRt Feé%féedr%%the

grofif ﬁ&%tﬁlg%‘i" h§EeAL60REbb R @) %ﬁrd@ﬁﬁfr@ﬂﬁbr&é"ﬁbons (HCFCS)
nucl eat i ng agent conpri ses azoadi car bonam de

perfroroeosipbund(PEEsk lan@ctanlblowmnséberwfam conposi ti on
conprising the steps of: (a) heating an olefinic
polymer to a nolten state conposition, and 10 (b)

17.ext Th&%ﬁ@eﬁ i dlaffh 116 eRh&tiatsaideOmpsshetit @Rs RO ﬁ%fnstlhé @roup
t hrou a die wwth a blow ng agent co i Si_ng
congisHpg sﬂéarb@ Yaxidarniragoaibl @ancﬁ@b&@élﬁtl n@ereeét ed f rom
the group consisting of hydrofluorocarbons (HFCs),
hydr ochl or of | uor ocar bons (HCFCs), perfluoro conpounds
18.( PF&dow lmsd:ab:lera:binpa’tihgns thereof. 15 17. The process
of cl.aim 16, V\,her@}?n sai d atnospheric gas is sel ected

f r ofr?'EH CQ’F_QS’&HSCO’& Isting of carbon dioxide,
Ni t£ RAE1dss Blam cAAPbsARTRLABIARAS sdid SikRAcarrying conductor, said foam

comprising an olefinic polymer blown from a molten state under pressure with a blowing
agent comprising an atmospheric gas and a co-blowing agent; and

an outer conductor surrounding said low loss foam composition.
19.  The low loss cable of claim 18, wherein said co-blowing agent is selected from the
group consisting of hydrofluorocarbons (HFCs), hydrochlorofluorocarbons (HCFCs),

perfluoro compounds (PFCs), and combinations thereof.

20. The low loss cable according to claim 19, wherein 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;
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18. A low |l oss cable conprising: a signal carrying
conductor; 20 a |ow | oss foam conposition surrounding

wa@ adod/osisgmnal carryi ng conductor, said foam coPQI/CAROWE/000591
an ol efinic polyner blown froma nolten state under
pressure with a blow ng agent conprising an

t 6L a - W .-1q n, gut er
LI S R Bhel 1 43 SR A6 HopaR € o 341 O
perdaflidopropdre; I Ayi,3,8psnafibbreboting | 131, b2 BH,4,64565-deqaflaatopentane;

perdGRar g ST aF BRI 6ToL P s ey 101 Frfluorocthane
(th%g%g, 1} 02 ol ATRESHIRRRIHE T octafRFdprtiie (RPEPABRAR)-

' and conbi nati ons thereof. ow | oss
difsatdpeormne HBCHRY26W)); tl dr-miflugropygnane (MF € £6afypl,bl1Rs8.83-

her ot BpaE KR 5 Aol ECh e TRl Shiofh 1

difRiofdetthe; 6l dtadi€luof@itiidne U D)l GREHIGBEZ,2,2-trifluoroethane; 1-chloro-
1,1,1-trifluoroethane; 1,1-difluoroethane; -19 WO _
1,235 mtdngmethprs; ocietluompoenay g octafluorocyclobutane; sulfur hexafluoride;

.2 - hept af | uor opr opane;
anc%co}nglm%m%s%eﬁ%ﬁfl uor opropane; 1,1,1, 3, 3-
pent af | uor opropane; 1,1, 1, 3, 3-pent af | uor obut ane;
1,1,1,2,3 4,4,5,5, 5-decaf | uor.opent ane; . )
2lper B Givoloss Fﬁiﬁ%?f fj@m T, ¥H556R SR coDlGine peens coarises the
hydrbfCorbarbon fFE- B34l i f 1 uor oet hane  (HFC- 143);
1

,1,2,2-tetrafl uoroet hane (HFC-134); octafl uoropropane
(HFC-218); 2,2 5 difluoropropane (HFC 272fb);

22.%’eéif é? for LI%%?%E‘%E]@&%E@ , Ez'gl%éeis(? ﬁfebgtﬁloélph%ﬁg ’ggsi 2sdeSted from the

grolip boskigtie@f@atboh ldikidee hit@aen, alr; 6 difbidations thereof.

di fl uor oet hane; chl orodi fl uoronet hane;

1,1-dichloro-2,2,2-trifluoroethane; 1-chloro-.

1, 2, - I : I p . .
23 T st g EoLo % A8RTAL Sinefiih He AONBRLRARRR 5 present n he
bloedipageat incamsanidudit eddt.ledkd 1 @4 . wtdfeothioowigagentbl e of

cl.aim 18, wherein said co-blow ng agent conprises the

hydr of | uor ocar bon HFC-134a. 22. The | ow | oss cabl e of
24.C1 i Iy 10808108 8 dkif P, RRIE 0% Swing %@ﬁt%ﬁ%ﬁngsr BBtic gas

the 15 group consisting of carbon dioxide, nit rogeﬁ,
aregiresentandheblolyingageons athkatigofatio2d fronhd:1itow:3. oss cabl e

of claim 18, wherein the co-blow ng agent is present

in the blow ng agent in an anount of at |east 10% w

25.0f  TRE Riw RsOVIMIo RIS 18, wherein said low loss foam has a density of from
85 kg/m’ to 120 kg/m’.

26.  The low loss cable according to claim 18 wherein the olefinic polymer is selected
from the group consisting of high density polyethylene (HDPE), medium density
polyethylene (MDPE), low density polyethylene (LDPE), linear low density polyethylene
(LLDPE), and polypropylene.
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20 24. The low | oss cable of claim 18, wherein the
co- bl ow ng agent and at nospheric gas are present in

w0 b4 Ng agent in a relative ratio of fronmP@r/EAL®3/000591
1:3. 25. The low |l oss cable of claim 18, wherein said
| ow | oss foam has a density of from 85 kg/nB to 120

27X/ e 1w 680 cabl{Br Ltth bOSPheraRlR: AERAE Bhifnd: GofibAldYat fhast
wherein the o? I nic po ymer 1s sel ect rom

twq polymersoresictedi frrgn dfe groghcahsisting pf high ylendityl poheeti{yHiBREHDPE),

di ym densj t ol I
o5, 85y Bnlvvigpe MERH BN i By ey s 3P R oy tow
dersht PRDYE), Qi me20 WO 2004/ 094526
C#Pg§§o 3/060591E527 ﬁ?%?lég%lcss cabl e of clai m 26,
wherein the ol efinic polynmer conprises at |least two
28 PO BTGy RRS EGIEDs &5%3%&&8 LRGP ALSho e HlpE) MiBPE, LDPE,
ensity polyethylene , nediumdensity
LLDPEyidpoigrepylédeRirg cadhresdaniaithy olefihicgioyrh@ i€ a phibitigm level of
| inear low density polyethylene (LLDPE), and
O6’olypropylene 5 28. The | ow | oss cable of claim?27,
wherein said at |east two of HDPE, MDPE, LDPE, LLDPE
and pol ypropyl ene are each present in the olefinic
29pol iretlovatosacatileacrondihgtoedlaiof 26, 30%reid the2definib pollyoer comprises
| oss cable accprding to Ia|n12 wherein the olefinic
a B SRP AL PP BEET. & QMBI R copol yrrer o a
conmbi nation of these. 30. The | ow | oss cable of claim
18, wherein a nucleating agent is heated with said
300] effhalaw sk gahde of ¢laismi & wherein g nuclgateng agenis heathd withsaid
wherei n the nucl eati ng agent
ORﬁgﬁggﬁég%wag%ron1t éﬁg%roup consi sting of.
azobi sf or mam de, azodi carbonani de, sodi um carbonate
W thout citric acid, talc, calciumcarbonate,

3l cgthRiV laspreatiae! gaan $harhsssin thepuskeating agang i selsgigd from the
grocélg*%ﬁs@cf gd@éi%ﬁ}omggﬁ& go&lgh?b(gﬁéﬁh&@tsb@igma&%gnate with or

rrse | car
w1thout citric acid, talc, calcium carbonate, mica and combinations thereof.

32.  The low loss cable of claim 31, wherein the nucleating agent comprises

azodicarbonamide.

33. A process 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; and

(c) sheathing said low loss foam encased signal carrying conductor in a

conducting material to form a low loss cable. .
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33. A process for formng a |ow | oss cable conprising
the steps of: (a) heating an olefinic polyner to a
wodtemsst at e conposi tion; 25 (b) extrudi ng sarPdr/aakds000591
state conposition under pressure through a die and
onto a signal carrying conductor with a bl owi ng agent _
co
40 0T o Bl PR Sn 32 SRR Cid Rufip R g SGRL from
the goowpumnsistingofcaflmin dibidde,mitnegenaiid ahdevrhiypatidng simreof.
encased signal carrying conductor in a conducting
material to forma low loss cable.. 30 -21 WO
35.2004hO8rbedR ablotifap2d ORI @@mrelﬁgald EOB1dWIAL ASént is selected from
according to claim33 wherein said atnospheric gas is :
the geoupcqongistinged 1.1 Ae- @tr@ﬂwr@@hmﬁﬁ%lﬁa)cgﬂb@mm e,
alr t r.eof
e loBeE et T R EUHAE . AR LT 2 A3 oui ng
he;ﬂaﬁﬁi&opr&pa&ﬁl &g 116313 Breraflordprepaepu, IQI;Bé‘peﬁﬁaﬂﬁ@ropfopane
1, 2-tetrafl uoroet hane gHFC- 134a); difl uoronet hane;
1 16@3}3"&?’[‘@8\*@@?%&"9 1,11,2,314.4:pi5%3- Gﬁﬁagé?lﬁ’aﬁ@ane perfluoromethane;
™t 3 ) -
per%?’%r’ %ﬂh%h%%g gl)t(lgx?? }?}gé rlé}))znlé%,g i udtoBthatd HRFERAHPANG 2
tetrafldoroetBards @FHIE-aB84 ) octaﬁucn'ppnmpane (HFC-218); 2,2-difluoropropane (HFC-

27%1))1 111 gtrgﬂlﬁ)era}grgf)%%gi@?%%llc}p]e%,ggn%heptaﬂuoropropane (HFC-
22123?_?#“1' IUQTCQIE% hanBroetRk! | URIART NatiRuordbiRihe; fchlé%dlﬂﬁoromethane,
61); 1,1,2-trifluoroethane (HFC 143); 1,2,2
1 11®Ch1@ltor2ﬁﬂtt0ﬂcl@lt0hﬁﬁ@e (ll-irmprpem 2 Zot@traﬁmqmcrtbmeop@tnﬁuompmpane
oct lio(r:iczytjc ang,r glﬁ.{r) ptgxgarélu g g HEmatlc%ns%{lel)ebf.
1,1, 1, 2,3, 3, 3-hept af | uor opr opane (HFC- 227ea);

1, 1- dlchloro | -f]| uor oet hane;
36.1- cRhepwsassreenriing dp slaim 33 avhergin Siesarlpyinesssrting a boiling

pm%t_%%tf%é}hk?g %d 25@i r'i 1 uoroet hane;

or o- 2-tetrafl uoroet hane; octafl uoropropane;
oct af | uorocycl obut ane; sul fur hexafl uoride; and

nati ons thereof 6.. The proc ss accor t Q.
37.4) 2& RIPCHIS AL Ear msﬁ%%né?me@ng% ﬂ‘gglgaags%ﬂ}aﬁﬁ&oqmg
pmﬁpd)ﬂ’genb@énvs@@m a@pasad +50C. 37. The process accordi ng
to claim 33 wherein the co-bl owi ng agent has a boiling

20 point of between -30C and +45C. -22
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