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Sonme exanples of the invention relate to elastoneric seals having high

resi stance to expl osi ve deconpressi on. Sonme exanples of the invention

rel ate towdandoovessi c seal s adapted for use at | ow t enpeF/aBu0SE50874

SEl astoneric seals are used in a w dg range of applicatio
envi ronnents. Aspects of the invention relate partlcularlﬂ@mﬂ@mWHMMlm
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t enper at umlsf.tamranegemraﬂy@re e@mgnqwe@ndéb@rmayé)e\mseﬁﬁbafw RROEEINg) can
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encoun ere vironnent, problens can occur when such
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to provi dé'n use n Such environments, val ve manufacturers are
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R T e
heati ng amp@Hormadneatat iImntémxberamressanweldas rlhead;eswed mechanical properties, for
25 example below minus 10 degrees C. While some polymers such as so-called ‘low
temperature'fluoroelastomers (FKMs) (for example Viton GLT or GFLT) can give
acceptable performance in the presence of hydrocarbons and some fluids encountered
in the oil well environment, problems can occur when such materials come into contact
with other chemicals, for example ‘sour gas' (containing H2S), or amines which have
30 been found to attack known FKMs. Other known polymers such as AFLAS (RTM - Asahi
Glass) which give better performance in the presence of such chemicals, have
insufficient sealing performance at low temperatures. Forexample, AFLAS (RTM)has a
TR10 of about +2C. It would be desirable for low temperature performance (for example

at-10 degrees C and below), to be available for a material having a chemical resistance
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Sattenpt to avoid very low | ocal tenperature at the seal. An additional or
alternative requirenent for sone seals, for exanple those used in the oi
and gas extraction industries is resistance to rapid gas deconpression, or
RCGD al so krowoi1a80730p! osi ve Deconpression or ED. ED canpteas2000/08i8mage of a
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Preferably the seal is flexible at a temperature less than minus 10 degrees C. The low
30 temperature flexibility of the seal may be provided by the core, the outer layer, or both,
and/or may be provided by another component or layer. The seal may comprise three or
more portions, for example one portion resistant to RGD, a second portion being flexible
at a low temperature, and a third being chemically resistant. It will be appreciated that
the chemically resistant layer will be provided at an exterior surface of the seal which is

35 generally the surface in contact with the chemical environment. It will be seen that any



of the seal m ght not have the desirable |ow tenperature flexibility. For
exanple a | ow tenperature flexible material could be provided on the
outside of an RCD resistant core 15having a significantly higher Tg than

t hat of tRhgoaeieospmt erial. Preferably the core nateri @cTics2bdo@zisizl e at a
tenperature less than mnus 10 degrees_C. In sone applications, the core
material may have a | ower tenperature flexibility limt at a h| gher
tenperature. For exanple, AFLAS (RTM haV|n the required fl exi ity at a
t enper at uPertiop oftbatseabmayt Prayife HHRH WO 8 g\ﬁr@q%%uﬂroﬁért%ég gébt he core
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envi r oRnematerigiimayke prvided in gy stryctups, ghin amsptn%%réafm@emequhevmw ow
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Preferably the term core should be taken to refer to a portion of the seal being within the
outer layer. In preferred examples, the core is completely covered by the layer on any
surface of the seal which is exposed in use to the operating environment. Not all the

30 core need be covered by the outer layer. In some examples, the core will comprise a
centre portion of the seal. However, in other arrangements a further component or
portion may be provided within the core so that in those examples the inner core
comprises a layer beneath the outer layer. The core may comprise more than one
portion of which the elastomer material may be an inner or outer portion.

35 Where reference is made to the core material, or other material being flexible at a



20The Tg of the material could be determ ned using any appropriate nethod.
Preferably where reference is nade to the Tg of the material, preferably
the Tg value refers to that at the pressure of the environment in which the
mat eri al i swdoolb@oused. Conveniently, as an alternativepcrios0@/osmys be
understood to refer to the Tg at atrmzfv)herlc pressure, if appropriate. As
an exanple, it is thought that for eve y 50 bar pressure, the Tg of a
25material will ee Al ter atlvel rin additi
Cenper at ur BSHGYIRE RsFAl B praCeiah 8 ElEro1cEd G0 oo Uee Pyironty °
determ ne VigablBeb tiedt ity dperdts a§ulsbélbalt}hd¢ai’mdtdr®erﬁ;beréﬂnﬁe.r el evant
terrperatur?. greferablyth TR1L 0 o0 stﬁggc re materi is less than m nus
e figt
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t han m nus w‘ﬁﬁbhdﬁé]E%Sn&er@r@ﬂ@d'tﬂ@hﬁéy?’ﬂs@ﬁ}% dxanipiedl Po'Bigher an MdReSO0
degrees_C. An exanple of a tenperature retraction test includes elongating

a test %pe&Wﬁ?ﬁataﬁcﬁtf’ﬁh@eiﬁ%@qr@qt‘?{'aﬂ Fdedblengad apBIIINBNS PRTBVIRREI nen i s
then al | onwpebféried. etract freely while the tenperature is slowy raised at a
uniformrate. The percentage retraction can be cal | at ed at

t enper at ur 7§ ?r@myttﬁ C%fﬁtoé”%cﬁeéi isdigxivle=at lpss,ban mirws thepgeeggeﬁrqg(gplyt he

t enper at ur gsg @anahinaedo,MD, 48, 5'bo6@ef5 &%ﬂén [e8% trRmtrhinds 60 Bbgabes 8O
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limt for GBeflenbivty alihsmateria %tfth? Wée"ﬁﬁﬂ%'ﬂ‘%'lat“r‘?:&ﬁ"t bredeteraringd diregtY: éfanpl e

tests @y BRarh@ENsl inthkirgr aes@mbﬁ]pﬁﬁiéﬂtmaaavadtnmmm anpldosatingnthe seal s
may be able to functjon at nperatures in static applications. The

| ower
core mat er PETOTMRCH gl Be gp@l a&FherFB'leéa'Bfte’Pﬂ’%a‘I“éf‘atures i ndi cat ed above rel at ed
to the Sl OWtﬁ&m@Ileﬁnétioﬁéb@Hbbh¥ed |Ftor§§8é?ﬂﬂ>lg do&oy&qﬂffm@ﬁgkehémthe

particular material need not include al hose features. In preferred

ar r angemenfevant ey coHld bﬁé{eéqrqng]ed(;@ 'dﬁﬁ%fy wbgther theanaterial isy fls bﬂehe out er

| ayer has Ppraie@blyites TYhot thetotdRafeRBIds eloWdhinad €0l daeyect Frefoh® _
el astonmer. Preferably the hardness of the core el astomer_and/ or e seal is

about 89 t @sgwanmwa&dqsf@%pmﬁwabw mgsr@n "R HdegTeRsdy. @@J?rahyﬂﬁ%ad
aspect of e hipyedd aégaeéy@vmﬂeepg & 18 &re FRIGHAl BhPBe BElol RHARTs 4Ycgrdeac! udi ng

core material, and an outer |ayer over the core conprising |layer nmaterial
wherein: tke Pdéfle@bl'Vatf‘@ﬂ'Qletherﬁ?@er@§r'ﬁ|nS elaw Minks 60, 7910 dagrresicOFvERi bl e at

a tenperat Ww%r'ﬁ?éTé&%béBré‘H%t%@l rﬂg%@ﬁfgﬁnﬁrg%pégtbggure ! piRe ﬁtBlYBélox'N”d udes

a chemcally resistant materia Ity of the
seal may bmlfwsdiﬂdwﬂ%&sycthe core, the outer layer and/or other portion of

the segh. FRATYY ?&e%&t&( dl Q&ﬂd bB dbRPAREH u gfulg% ;?ﬁ/r&&?atte 91fethtoBeP'ré?¥r%Bl&' on are

preferably app |cab e to other aspects o ention, as appropriate.
Pr ef er abl y WhRee retesgnce ds mpdetorteasTg QfathQ nlaterlﬁhptecﬁerglds tfwemwee@&rsm tioat

danmge. or PAnf BEaSHeRE B urd AT B8 rR SRR GREPROARNEN &80 Oced
i s rapi dl yanelerosiie, etTgonay be sidensjoddtolyefet todtle fTg abalyngsahericquessure, if
expl anati ngﬁ)rfoplj%@’ Aistani &aﬂm%fé‘?'it‘?é {%U&HQHQH’& é\%ry 50 bar pressure, the Tg of a
25 material will rise by about 1 degree C.
Alternatively or in addition, a temperature retraction test could be carried out on the
material to determine whether or not it is suitably flexible at the relevant temperature.
Preferably the TR10 of the core material is less than minus 10, 20, 30 degrees C.
Preferably the TR10 of the core material is less than minus 46 degrees C, preferably
30 less than minus 60 or minus 90 degrees C.
An example of a temperature retraction test includes elongating a test specimen and
freezing it in the elongated position. The specimen is then allowed to retract freely while
the temperature is slowly raised at a uniform rate. The percentage retraction can be
calculated at any temperature from the data obtained.

35 Inpractice, itis seen that the temperature corresponding to 10 per cent retraction (TR10)



occur as a result of the perneation and diffusion of gases dissolved in the
elastoner. 25 Wth tinme, elastoneric conponents will becone saturated with
gases in the system Wen pressure fluctuations occur, |arge pressure

gr adi ent s ywe@po1b@oascat ed between the interior and the sarGaec@®onfostthe

el astoneric conponent. This pressure differential may be bal anced by the
gas diffusing or perneating out of the el astoner. However, if the physical

properties of the el ast r|c co can Grag n |ster
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that it is resistant to Ig WO 2010@@07439P%/ GBZO 9/ 0‘?’?\‘374 - 6 -
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appropri at g RB\IPHBEteat pbs.t he required appl i cation, and/or ot her tests
may be used. Preferably the seal neets the accelot ance crlterl a of the

Nor sok M iropretesed pranasments. piefsrauibipynateripl ofdhatpe! tss! epdodhe PUtgElaerr esul t of

the test hasprpbalks Qﬁlhiﬂfthé)’ra(hgeé PaRatedRbEVEOAMe) 0 éléstbméﬁ preferably 1 or
| ess. Alternativel in ad

ition, the seal Passes pF) abl tﬁ}gs
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test ggndi Ihle‘?r‘fb%oFQrRJb%E@ MinbQDéfsdgt ance to RGD or ED. Preferably the

seal has the relevant resistance ' at a tenperature of |ess than m nus
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degr ees Cn%da %@earna%}%uié??ay%lawer tﬂ@c&%‘@o%ﬁﬁs‘ﬁ%@ﬂ&er'ﬁ%ﬁa@%éﬁeﬁﬂﬁe téret he

presence 0 or or ‘'mxture nmet hane (or ot her Kdrocarbon) and
CO2 depenadsateriabimciubles apglhstomet dhe seal istligsiblecd p terrm@amﬁleﬁt R MiM§§ht

general | yﬁggr%rgg ;{Hda{h'e\{gy 9%3@%@1&“‘&% Ig‘?éé&aﬁ@%(atgﬁalcar ried out in

the prese ose er su stanc to whic seal may be
exposéd i m helldw-wmegasreafbplblllb/alf thergsal mey belerayivied &% theheasd the @Ut9§|éﬂeras

COrr osi Onfa'ng}a'r?fh'éﬁé@morg&thé hé‘,{?hmjd used as a lubricant and medi um f or

renoval anol is injected into sonme wells to assi st
Wi th ext r &ebtuoss deSerities inmppdnt oboneaspebt ptihe Invertiomads ereferatiiarplieaie to

necessari Ir?xé/'?' at F@“ﬁ,?ﬁ*’éeﬁ?‘?gﬁ@@ed;@%fb%ﬁ’ esent in sonme well fluids, though

is not ge D) RGD tests for safety reasons,

al't hough CFoefechblye thesedali is e resistast itd rapid gadf aegormpressien coudxbldséveover cone.
Prese é nmet hraeneO’End CO2 m xtures are thought to be acceptable for use in
tests é’ﬁF?@P\ ﬁ% D) RGD properties. Preferably the RGD test is carried
out at an R&Rdamege orEfpearasge @mrises srmtpélelai@ge defgilwesaGediwhendinid cases,

if a seal asses, an tes carrl d degrees C, it 25will be
suitabl e RSFSSHEe NP Se? e e(ér'ser(s%’LFg ]Lygr%d%c%g l e nminus 10 degrees G,

m nus 30 dlug'«mewwﬁnglto theotis@rto arﬁrgm’rmuwmeyplamweeh?GEaSISB@EEFEIé/sIh@\IQQh@e to

bar /i . prabured (royf el PoliabaBho ditHPh ool ofrBaEtind BEGffer N 40
requi pad twithemeesliastb@biic teampEantspwittoecahé gatuteteccwithe gasesrin dhes systamt o
When pressure fluctuations occur, large pressure gradients can be created between the
interior and the surface of the elastomeric component. This pressure differential may be
balanced by the gas diffusing or permeating out of the elastomer. However, if the
physical properties of the elastomeric compound cannot resist crack and blister growth
30 during the permeation, then structural failure can occur.
RGD damage is a problem which is often encountered in the oil and gas industry,
although it can be a problem in any application where there is a rapid drop in a fluid
pressure, for example in paint guns and fire extinguishers to compressors and
refrigerants systems.
35 Advantageously, the seal is such that it is resistant to RGD damage.



30RGD. The outer layer may be resistant to RGD. Alternatively or in
addition a further portion or |layer of the seal may be RGD resistant.
Preferably the core is RG resistant according to one or nore of the terns
and descri pybenmobasei n in relation to the seal. Prefer @@rmgzb@/(ggme itself

passes one or nore of the tests for resi stance descri bed herein. 35The
core material may conprise silicone an Tor a silicone-containing material .
WO 2010/ 007439PCT/ GB2009/ 050874 - 7 - has been identified that silicone

wi t hst ands 18RPEER0Ee &é@&%ﬂ@yst?%ﬁetegvla@¢ byitgstingithe spek ohe APEIRFA o be

bound by aréﬁv.&ﬂfrﬁdn@wrafe rtea@wmppt.moamﬂdv&@meﬂd%@ mByBe L. the relatively
hi gh perneabilit silicaone mater is a factor in this. However,

general |y, F&¢f pqa(pg(ﬁge ?%[&ee{sﬁlée Bﬁ@rﬁcé%ﬂ’ta’ﬂ‘@éi”éﬁir@r?éQ‘GMSME%P%‘%"%"Opert i es

whi ch woul @, abr‘eféﬁétflyﬁénﬁdérﬁadé B8P 58A ds uSBsUITOFtY tedt has?d Fhtig Bf BRPles§at i ons.
According to a further aspect of the invention, there is provided a seal

conpri sPng péPf@r@PhlzQfﬂ%sscérﬁé?r@bibﬂ@dlﬂﬁa silicone and/or a silicone-containing
material, andmafvedben ddKieh, HB sEQIepaQQ%Seprer@oIP%eéxdlmng&Wés%idﬁg a

chem caIIy resistant material, prefera wherein the seal Is resistant to
rapi d gas degoApicEsed &slows oy @dhesy amn“yat@'ﬁée%r% tesiceqndlitions ifer testrg 497d/ or
fluorosili ¢QgandblrResH breposi | i cone has a | ower pernmeability than
silicone, the perneability is still conparatively high. Silicone-based

material s &refe@blydheiagabbas the Frleyaat REBuPSistRycaa) grterpperaluee g inss $ygp minus
appl i capi Or‘lodb‘r‘%féré’ol# s indehlds VR, o hh@ 00 8h Meabi bvémm.fergoeaegmas%. gas

transnmission rates for silicone rubber has been neasured 00 cc/ n2/ hr
under 5 bafreferakty tbeeeal tas theqalgvand Rq[?)r%&‘ﬁf&?éfdth?@r%ﬁeﬂﬁ%ﬂfs@ﬁ)%§'i“yﬁr?rate of

about 50 cefixB{lror Habthe ”zortlﬁﬁermdrﬁﬁarggrg dna'cd M ehHar'lt%n'?ﬁEEpg)hEQ%hf&

pressure drop I's sonetl when si‘li1cone s a s are used In closed
systems. Sithe ssehelheddgiveis tavuobt genesalis serfressaitdiive otwell floidst Biitiesls mayde

Silicone hag R o%%%rtﬁé"&le)é Adévgf]}g)sgg,gsé§nal ns flexible at tenperatures of
m nus 40 degrees C and ow ari son, however, the TR-10 of
AFLAS (R MOthmhstame@ég)th@\@mi mawet%pw@nn abeod gas mm'ca_t@namltpieus 3
degrees C, q?r%% AR 5!?Ia§s

flexibility r%@gg{én%% %o‘?%s%e@gﬂn@ and'rmﬂ%: caseé%cbtéﬁgrk)tfand
adequat e s diunyfopteatovbledf mstemtertaénﬂmﬁmuis njecadielp smgweﬂ%tglawatrw'th

ol ynmers t cturers
guc% as Sole\gg?/&gﬁg% e%gs': ﬁ%% é%[pk@égofggti\@sf\‘r‘% kﬂaavalf] mng[f%gé%”gaal ( Sol vay
BR 9152) i presgereabHgSas prasemmsome?welb‘gmdsemoagh lshnoU@meWchomm’almusemmt o AFLAS

has Pogh aEiEahaslielAnGey SHER. Litalhialste TRL AR LA Sl AN RS, ised 11
exanpl € thcé\ en AVENE O a8 Qﬁ erirgH |I ? 3 SakR :
However, i tcowld babwcd:mm@’a!serttlhanetm anzelﬂ&z mixteeTan tHoaglkingbsaeepdblien ot her

ways. For uite low | evels of perneability
conpar ed vvl‘f3rczjsg conegtaggﬁﬁ@gﬁ{?qggyogggﬁ%) resi stance. An exanple is very
"tough' el &’ssefemabrysthe'R@ itest éntavried batvat andeleNatdéd eehpehatrec for ekampleorgoundi ng
of other elasto for exanp o.,result in i tab .
Cesistant RIERT B T1many eSS I Safpasres TURGEDIR B R bulA i bediRe T
rel ati 28l y wilbwve mmam Usietay londeg lemdeaateres Lot edanepld@Dus d9ideyaes €, amtis
therefore ?45\@0 | Lfsvcvafrul as a material for use in the seals according to
the presen ﬁggﬁf"l o?{ owe - A further aspect of the invention provides a
seal _corrFr iPéfobEY tlﬁerseaatﬁuis_ RGDageistante rr@bledirig@b wfprersbﬁrecoirgeeawm;aﬁiam t he
ber meabl ¢ FaTE: PErer DK SR Gror e 5 P RO PR B PEHer | o et or 2l
Pref er abl y vyHile theadear its@lf isTaguigQd b xdsistist RGP spréfetdthethe Eofieteaitant tohe

mat er i has
%b %GESJ‘ The outer layer may be resistant to RGD. Alternatively or in addition a further
portion or layer of the seal may be RGD resistant.

Preferably the core is RGD resistant according to one or more of the terms and
descriptions herein in relation to the seal. Preferably the core itself passes one or more
of the tests for RGD resistance described herein.

35 The core material may comprise silicone and/or a silicone-containing material.



5 level of pernmeability sufficient to reduce the risk of interlayer
blistering during use in the relevant conditions. The perneable core is
preferably gas perneable and therefore in sonme exanples allows rapid gas
rel ease fgyndidliegedart of the seal cross section. Thi speu/GBIgLOsHSH can
reduce the stresses inparted to the 2:ter|al t hrough RGD whi ch m ght
otherwise lead to 10 damage of the faterial. An outer |ayer of the sea

t hen i ncludes an el ast omer which ref erabl(i/ \{) i des t he ni (ila and
envi r onnelihas b?%’b'ﬂ@@@ﬁ@@%‘é‘ﬁ%ﬂ@éﬂ hsiends RIS e&&ﬂ?’pé?ﬁﬁ'Ppé‘gE[i'VSﬁ Y t he seal .

A high st peRetwigMES o b¥&Ind ) arfXFHHRuRr Gsong théra@m‘camxtbemeamrtbm stance
to the material. Chem cal resistance a&gﬁgsrl ate %w%\ﬁg |cat on of the

seal wi | | retasivelsbighaprrasabiibiefiRasdicons ma éf?ﬁfqrﬁ'&f“is rﬁeE%(P Y esi st ance

may not bg F(fo‘?mgll‘écrkgfi're c_ﬁeﬁl|C@We§§l%91:@ar¢d3rh80%)6aﬁﬁo@é’r@é@\UlﬂéhWBuIabllov@fora part of
seal . For exa , perneable material may be provided at certain

regl o’ oﬁS whiesrs'e@nl use iprforeaiAngioas epplsatianfought nore at risk from RGD
danage, {:co%ﬂ laefuﬁﬁer%ts%é/&bﬁ’thé (AR, tRERL4 T&gﬁde@b A eemprisitabieaal s may be

provided a erent s of the core. core material may include
silicone thetcore abludlﬁg|S|I|eoam~qj1dé>rtamhcgoe-@omfalyln'mat@(¢pé agyd| ancuiteas 1aysF Ofﬂray

I ncl ude ERRMORL W CORG Ia)i%q' c%%ngcé)%bén&?&lstgm%éf&fa@ drErérabyGirggn Si | 1 cone

and/ or fluorosi’'l'icon tTansm ssion rate through thé core materi al
may be nmothe stelablar@éﬁEDantm Wm@cﬂmp@sﬁlhan 500, 1000, 1500, 1800 cc/n®2/ hr

16 VRS B BAY (02 i, R0CricoPadd A REARIY A AR fudkfiflcHAeRagiasi || cone

and/o erl a i cone-based materi a are consi dered
to be par taweubamheabditythampsiieine, thermegueabiliypisistit aernparatingdy high-t Rlicenerel at i vel y

nas. boon NAREPE TesOiAs S RERIELB BSRR RS sphlcafin R0, Lbbe!

has been N2 at 20 Thi s can be
conpar ed tmlraetan‘aeiysmgsS)aDmeakalﬂte oF orady@atples @as drangrissionriaies for gigongR at 20C

f FKM | dth

571 cone itheEnd? hEe BB pD el GIRPRE WO b SEEESNCESTRERI R, . o
rate tor OU@ﬁpér’@Gt&@rrawslrfaﬁsﬁrmraiedf&bdﬂbﬁ@cd:/hﬁrhrnﬁmerSmeeNéaEﬂﬂCnyrrﬂﬁM tthan 500,
1000, 1500, %fﬁtgatt%wa% e Brrogb@?og?] t|m %%e r?wRé“ sul@%nggeﬁgg%e u-ggg H\Cc%s%d materi al

may corrpr?ss’?é) Y'ofver | e core
materi al Bpsteaonpri se EPM and/ or EPDI\/I 35The core material nay conprise any

ot her apprqpri at st oner

2010/ 0074506879 @%P(S%’B@'?ﬁﬁ)ex'tge g?%"t’ %Hp%%eurgg ﬁ‘t{]ga”e hagan oxtremoly I0W ori se
pol ybut adrrgn@hd Maizaid Adxsble@ahesmpdratoresi 6fi mipne 4@oddgdedseCLme1dbe{SWt Heorcor e
mat er

in particular if Ila ﬁ@' Qf)
T Bt ree BT L e LD ACERSERED. DBERRRSH AR B ,
- 20degr eeglo@mih@yveo ancpplaé grdebteps meda@rde@scﬁi the typeves AFLASE and¥FeAS5
pref erabl %‘ | ower sti In sone B& @atl oné referably the core mterial
has fl exi tEs isuiablg ﬂ?ﬁ'tﬂlﬁ% fgosaetreRd CoeTBr ﬂ‘ﬁﬂp EOMELHY T 9?’?1@ Fli cone or
f1 uorosi | i;geqeke eEalmyeVeAibRlew HAt degeeasreC Qfher bascanpiseaanphelgykrssifdri cone) .
example FKM materials are available from other manufacturers such as Solvay and
25 DuPont. A grade of FKM available from Solvay (Solvay BR 9152) is operable at around
-17 degrees C, though by comparison to AFLAS has poor amine resistance. Such
fluorinated materials might be used in'examples of the present invention as materials for
the outer layer.
However, it is also thought that RGD resistance can be engineered in other ways. For
30 example, elastomers having quite low levels of permeability compared with silicone can
exhibit good RGD resistance. An example is very ‘tough’ elastomers. The inventors
have identified that careful compounding of other elastomers, for example EPM, may
also result in suitably RGD resistant materials. Thus even non silicone-based materials
having a relatively low permeability might have suitable RGD resistance and therefore

35 would be useful as a material for use in the seals according to the present invention.



Preferably the core material is an elastonmeric material. The core may
conprise one material, or may conprise nore than one material. The 10Ocore
may conprise a plurality of portions, for exanple |ayers, of different

mat eri al s. wowew@o743si | i cone and ot her RGD resistant el @gtr@mo®smys have
relatively poor chem cal resistance. provi ding the chemcally resistant
| ayer, this problemcan be overcone i IT sone exanpl es. 15Pr eferabl y t he

mat eri al of tt out er Ifat¥1e s resistant to one qQr. nor mii.
amines iii! Haﬁ?fo%sé’feﬁbﬂs EdNYSPHAR PEOVMIRS aapelePiessing 2 ‘?Pé? ﬁaﬂa 'a% Drilling
muds Vi . Hy distgrinosthk pbied@héterltes ek ihcludes amelastomeri©@matdnial, thetoere fua@r is to
be considered tqQ be resistant to the substance if when the material is
exposed t o®PHENFRY _ogmead|edustard ethe Gverpalesl '%C'UQ”P%a'&ﬁ'aﬁtﬁ@er'ﬁ"\?Eﬂ”é‘ of the
mat eri al |S’réf@r‘éﬁlytth@Hwaiéila%aé)@(ﬁfdeéx%b_blﬁn |r®§aﬁdéamré@%wmfeeﬁé@rhaf hgdkess than
5% nor Lﬂeferablnx/ iss t han 2%&1: its. rl%n?l cil une efore ex&gsure.

Al t er nati vEV§! of gRrMgabLRU iRt torRguGedheHgkAT ?racyﬁ%b'él?f'ag HiRgEHsei ey pe
consi deredré@,gaec(;rmbagant to the substance if when the material is exposed
to the relevant substance for 72 hours, the change in physical Ero erties

of the mat éP?RPMEEBle coleiRpIeieraRly arrRaimeabla and berq iR ) SOMPPBREE RIOWSs | ess

than 30% pdped ?ds&bleﬁsé £6r tHidgdt A6 sal ebes sdetivn. | BESarditgbmeniddMreducef er abl y
| ess t han 5%0

its. original value ore osure. |n sone arrangenents,
changes i niNfafiiises igpa @HbedPatP@é?éI‘rQP%h %ﬁ#‘éﬁ’g‘l @'QRAP&@F"H%E Q?BI'}? or in
addi ti op, BaRESS 8Py rdleridBAIulr I8er bihtBe @BhIGRer REREed 8n bRstIfet WARhdered to
be resistant to the substance if when the material is exposed to the

rel evant sBEERraRY Prevddes7 henpashanioah andeenirgnanent@ d8sinignces W‘rﬁdt@ntﬂ‘éncy
towards di ss@ldat bsplicatdpldfiid &al.ng, cracking or other physical damage.

A high strength outer layer for example could impart extrusion resistance to the material.
Chemical resistance appropriate to the application of the seal will be desirable.

15  However, in some applications chemical resistance may not be required.

The permeable core may be provided in all or a part of the seal. For example,
permeable material may be provided at certain regions of the seal, for example those
thought more at risk from RGD damage, for example relatively thicker sections. Different
materials may be provided at different parts of the core.

20 The core material may include silicone material. For example the core may include
silicone, or may include EPDM/Silicone, or other composition. The core may include
silicone and/or fluorosilicone.

The gas transmission rate through the core material may be more than 200, preferably
more than 500, 1000, 1500, 1800 cc/m2/hr or more under 5 bar N2 at 20C.

25 Preferably the core includes a silicone and/or a fluorosilicone material. Silicone-based
materials are considered to be particularly appropriate for such application due to their
relatively high permeability. For example, gas transmission rates for silicone rubber has
been measured at 1800 cc/m2/hr under 5 bar N2 at 20C. This can be compared to a
transmission rate of about 50 cc/m2/hr under 5 bar N2 at 20C for FKM. Itis noted thata

30 pressure drop is sometimes seen when silicone seals are used in closed systems.
Preferably the gas transmission rate through the core material is more than 200,
preferably more than 500, 1000, 1500, 1800 cc/m2/hr or more under 5 bar N2 at 20C.
The core material may comprise an ethylene-propylene elastomer. For example, the
core material may comprise EPM and/or EPDM.

35 The core material may comprise any other appropriate elastomer or combinations of



- 10 - Preferably the outer layer material is such that any changes in

vol unme under service conditions are within about +10% and - 5% Changes
significantly greater than that woul d be expected to inpair performance
unaccept akly 20160k ably the outer |ayer material conpeCses2@m/08i8a5t oner .
5A seal according to any preceding claim wherein the outer |ayer conprises
a fluorine- containing elastoneric material. Fluorine-containing materials
general ly have goaod chem cal resistance, wever, other materials could be

. e
used, for eEBRIQMSTS Rﬁﬂ?‘é‘?ﬁyh‘;&g‘ﬂr'égpglk’%%%@e?eo anines, up to about 5%
concent r aljztdtalgbtRéMAaN BREHNE, coalitherlidedatthe chrgdhatesdl binmartieoldr ditdvast i C

hydr ocarbons 10up to about 6% concentration jn other i a, dependant upon
ACN cont eRfcepiabie %@Pé?s"Fté@f@raW@mPﬁfqt%r@%FNl"&% Efﬁ%@@?ﬂ?ﬁ“&%’ﬁgﬁeﬂ tions of
sui tabl e ggg esxitg aPLERegheR¥E oY I0WRY, refepdhy i aRdgResCle Iawkregvenanore  For
exanpl e an i ndependent aspect of the inventiaon rovi ggﬁfﬁé&)ﬁi@!q{

1119 a

ma \
conpri 8i ng§referably tpwer ﬁWbI|flhm’ﬂ%a@"ﬁa%ﬁeorﬁfﬁfﬁbémh%ﬁ‘?%F’Pqt%{

f 1 uori ne- goRiPdotdyteed! @E6URBHpfe MBhANMA| silidofé oEXAIBIiIRon& brielslePendent
aspect of the invention rray(ﬂer ovi de a seal conprising a core including EPM
or EPDM aff dgaregsCeforiexgmpe onemfiBiicon®-her combi nations are possible. For

exanpl e t pRers@aBly tHeYore MEMFR oA didsieharanienal. 20 containing core material,
pr ef er abl ﬁhf l exi’ble at | ow tenperature (for exanple an el astor‘ie based on

‘
VI TON (RI Whe coig 1Pane9mesise e raperal, orahay $spprise st dhap aneusrisedladgner
tetrapgl yife M &mprise’a M@W%ﬁpéﬁﬂr@,\k& &Mplglh?i/ers;sb‘ﬁd?ﬁeﬂeﬁﬁﬁéteﬁmé{ for

exanpl e be operabl e at m nus degrees C or |ower. Fluorine-containing
el ast omer sloweyer, siigens andiaihesr REPKigsisash Slastamers 0y 8w relatyelyheeRcal

resi st anc%herlaggl rﬁggﬁ%ng@ve relatively poor explosive deconpression
resistance and therr usability at |ow tenperature is also not appropriate

in some c&yawovidikd/theathaniadlly resistabelagerisipwdem eambe @veepmeve §ORED

resi stanc%xarﬁggg speci al grades of FKM can al so operate at | ow tenperatures
(typically - , €.g. VPL 85540 from Sol vay). These known special grades do
not hofev&refacbly, theirnatbliat otthe putsalayeeisiretisiantdo oppormeredhme appl i cati ons.

For exanpl e, so%a%f the special grades do not have good resistance to steam
and bases slUch™a@s am nes. For exanple, known grades of AFLASTM (a

tetrafl uor det hptmgmee/ pr opyl ene copol ynmer descri bed further bel ow) have

relativel y“POOF‘{/‘ﬁ)régéS’B@év ”%eégggm ?r%giagg) resi stance and may be operable as a
abou

seal to tenpera 0 egrees C at atnospheric pressure, its
Tg bei ng highemettian8bhi gher pressures such as encountered in operating

envi VQB”E”tVS_- H%Wﬁc};’ ruﬂsit does
vi.  Hydrogen sulphide
Preferably the material of the outer layer is to be considered to be resistant to the
substance if when the material is exposed to the relevant substance for 72 hours, the
change in volume of the material is less than 15 %, preferably less than 10% preferably
25 less than 5%, more preferably less than 2% of its original volume before exposure.
Alternatively, or in addition, the material of the outer layer is to be considered to be
resistant to the substance if when the material is exposed to the relevant substance for
72 hours, the change in physical properties of the material (for example hardness,
modulus, tensile strength) is less than 30%, preferably less than 20%, preferably less
30 than 10%, preferably less than 5% of its original value before exposure. in some
arrangements, changes in hardness of 10IRHD or less are acceptable.
Alternatively or in addition, preferably the material of the outer layer is to be considered
to be resistant to the substance if when the material is exposed to the relevant
substance for 72 hours, the material does not show a tendency towards dissolution,

35 blistering, cracking or other physical damage.



WO 2010/ 007439PCT/ GB2009/ 050874 - 1 1 - have relatively good chem cal
resi stance, and good resistance to for exanple steam and am nes. By
providing a seal, for exanple an O-ring seal, having a core of a |low Tg and

RCD resi st afip Biebpperic material and an outer |ayer ofp@r/€BRG3/658874
resi stant el astoner, then 5a seal can e provided having desirable

properties in relation to: - chem cal resistance - |ow tenperature
flexibility - resistance to rapid gas deconpression The seal nay he an

0-ring or sp RieraRY diguterdryes MAHE S 3H5B YRt 2Bk shanagAiin ¥olyapspder 'the 10

i nvention hpweitieRy bieCMhaT aBeUR1+10%t ari $%. r@*aﬂbé@@i?hnﬂcé]’my gPechtsraRarsthat hey are
general |y applicable to all seal types. Aspects of the invention may be

appl i ed t o ¥RYJ heyexpresfadde iaRainRariprmante ynzgeaPd®n may be applied to ot her
types of se&abfersdiRNGOk:Ryef MatAl dmrdﬂ)se@éudelzﬁaﬂéLES (trade mark) both

avail abl e from Janmes Wal ker & Co Ltd, are two exanpl es of sealﬁ whi ch are
gener al Py (fs8%f! AECUdRg t"fﬁ%?ceﬁl‘”@s‘%ﬁjme‘é’h%rﬁ@ﬁh@°Ft9h6¥er COMPrpeSd BYAUWPY t he

t hi ckness q{ongg}ﬁnq)gggbmgﬁyﬁ{aténg | ess than about 50% preferably |ess than
about 30% of the thickness of the seal. For exanple, the seal may conprise

a 3. 53mm di esinercoptaining materials aerarally have eopd chgmijcaliepinignes. JWAVEREINGHI ng t he

out er | ayer .mAgriab EQUINBE LR, B 8kaniiy HRNBRRVHISHEhaR resistanas e aaifet &lp te gat bei ng
6.99™Mm in diameter including the outer |ayer. 20Preferably the thickness of

the |ayer otve gPnRFepisationdother media, gpd a&ph@wyg@&arhogs presaromAHHNYAMSaDORD 9

preferal y |esapbiady ggr/@eﬂfraﬁcﬁﬁﬁ olHaRMedRONEpehBFA ok REN &irtdriiess of the
seal in that regl on. hi ckness of the l'ayer is preferably sufficient to

inpart any ¥ Awrm@éﬁpwarlsq%ﬁ& ance or other desired properties to the

seal , wi t hqyiferehf ccsrﬁﬂ).ﬁytﬁﬂ% of 'seiflatle '&arets%@&nb%wsl by b@fprb»h@edsgﬁlthe n an
undeswable way. The formulation may include additives to modify the levels

of per neabiinYaWion.The core may al so be coated with a thin nmetallic layer to

reduce gas If’cp%%rﬂbl'e% |E’&‘Jp‘éh§erﬁ%§b&9 of m@ u%h%n h@%%lfowd-grbeséﬁ?&&hﬂ)ﬁsﬁhgr@t erial
could for exanple m xt ure of feature is particularly

advant d§eor9rg ﬁ\cb@ws Séb@am)a@@ aar@atqréayﬁr Wltﬂw & Bypdingtcentpiningelag!p@etic of t he
i nvention phoujisles a seal conprising an inner core including core material,
and an outer |ayer on the core conprising |layer material, wherein the core
i ncl udes arfAiex@raplet apiadependentasapetiof thelnveaen my@rowdﬁmsseaé@qnwnwg dayer nmay

include G c%péj{nel dMGEPM or EPDM and an outer layer of HNBR.

Other combinations are possible. For example the seal may comprise a fluorocarbon-

20 containing core material, preferably flexible at low temperature (for example an
elastomer based on VITON (RTM — Du Pont) GLT or GFLT), and for example a
fluoroelastomer tetrapolymer outer, for example VITON (RTM) ETP. Such a seal may
for example be operable at minus 30 degrees C or lower.
Fluorine-containing elastomers, for example FKM or FFKM, generally have good

25 chemical resistance, but some have relatively poor explosive decompression resistance
and their usability at low temperature is also not appropriate in some cases. FKM
materials can be compounded to give improved RGD resistance. Some special grades
of FKM can also operate at low temperatures (typically —-40C, e.g. VPL 85540 from
Solvay). These known special grades do not however have suitable chemical resistance

30 for some applications. For example some of the special grades do not have good
resistance to steam and bases such as amines. For example, known grades of
AFLAS™ (a tetrafluoroethylene/propylene copolymer described further below) have
relatively poor explosive decompression resistance and may be operable as a seal to
temperatures down to about 0 degrees C at atmospheric pressure, its Tg being higher at

35 higher pressures such as encountered in operating environments. However, it does



35Al so provided by the invention is a nmethod of formng a seal conprising
an inner core - 12 - including core material and an outer |ayer conprising
| ayer material, the nethod including the step of applying an at | east
partial cQaii@o@izeoa netallic material onto a surface eéT/Ghmogasgr4sand
subsequent |y applying the |ayer na[ptfgl. In exanple, the netallic

| ayer around the core is flexible and preferably prevents or 5reduces
ingress of fluids. Preferably the outer |ayer conprises a fluoroel astoner
or a perfh%rfé'@i"@é\tﬁlﬂ?érche'ﬂlcﬁé?ﬂ%fﬂ‘%PS}‘d%‘?0 rRsistanse P & ex2Re §GERA Y ayer may

conprise LkiNBBsor other elastonmer with chem cal resistance suitable for the
rel evant operating environnent. The |ayer preferably, conprise

f 1 uor oel aBy oravidingKggal, Whéxﬁfﬁ@@@”rga@i‘%gﬁ?brhag'@gé‘ oQhp 8f ?ﬁ%?gé‘r‘aﬁ%%r

(FFKM . Theist Y 8hs R4 ABRNibISMARRBURF |BY ¢? alchéricanesisBhtidstdmerRhed er abl y
the fluorine content of the fluorinated - elastoner of the |layer is greater

t han 69% ageafcep &bIpjoviffedrasingdrsifrbipkP PRt aRindRlatiomkie: 66% preferably 68% or
nmore. El ast Q”E&%n%aﬂ% ididle@ those including fluorine could be used. The
outer layer may inc ucfe a tetrafl uoroethyl ene propyl ene copol ymer (TFE-P).
15Exanpl es of lowttemperaturd texibilte in the outer layer is AFLASTM of Asahi

A ass Co Ltd. Sii -l il able from DuPont as TBR grades and
from Sol vay aséégéagé%%bﬁg?gﬁ%F@&S%ﬁN BR po‘lﬁlmars are made f% Zeon and

Lanxess ( Bagsed ma¥he ao@-ang ¢rajraitar gegl, ¢rieopitigetyee o speN WhilgsseestastBeer or
siml i al o] r P S, T I r onprise a
mat er i Inﬁﬁ‘é\’%]l;t{? i?\%Jeaégcr@%hﬁ yarPgr ogjﬁﬁ i?%%ﬁ;o;‘n%orzggb %h%égsfltméﬁ%r%éﬁg_iyagrg}e (HFP) ,
vi nyl i denepflicaideitdeall( 34 typesVASpeciaf thet maentioor oey Hel arpdied TEE-MingHr exanpl e
conpounds ,hased on, VI TON. . d types,

or equi vaﬁgﬁpaggﬁ’ytﬁgﬂngg?ﬂFog’ﬁ%%Ea}glr'rego%g? g%? @P €$%flé§r§ysggi 'gtg%%p%é{’gguét abl e.
251t is prefermnelEEBRLES [imdemagk) bothyayeilabie fearh ddméemyatien® Colsharertwsi st ance,

and/ or goad chem cal  resis r . i _ ocar bon
r esi stancg;amﬂe@gﬁseeaksa@ﬁéh %r? %ﬁ?rﬁflﬁ%segﬁgggélﬁﬁgf grre gﬂfg%hﬁﬁ g)r h?(%er to cover
t he whsl e Pedfertably tiexthizkhess of thef cuter layfer tshessabareabdabb0% xprefsrably \eeeihent he out er

I id heni cal [ f t |, : f bl
cover s o PoRpE G Rigkiess o URRer hPuhe Esn e seel RabthBlies Bl 7 0¥
rel evant rhstercdoestitoadiaemeterrainine séal beiged:83mmi inclodihg theagyiérlayat.i Ans, a

| et i1 t b hred.,. : ight b
brovi ded SPBAIG s ey romel S P T BCya e P Baife gio0Rr) W BB °F
core, depardidng theolitbelaggrpl i cati on. The | ayer may conprise a single

T e B e SR B b LGB i d bselibocomr =
about 30%, preferably less than 20% or less than about 10% of the thickness of the seal
in that region.

The thickness of the layer is preferably sufficient to impart any necessary chemical
resistance or other desired properties to the seal, without, if relevant, reducing the

25 flexibility of the seal in an undesirable way. The formulation may include additives to
modify the levels of permeability.

The core may also be coated with a thin metallic layer to reduce gas absorption before
adding the outer layer. The metallic material could for example be a mixture of Cr and
WC.

30 Thisfeature is particularly advantageous in some examples and is provided separately.
An aspect of the invention provides a seal comprising an inner core including core
material, and an outer layer on the core comprising layer material, wherein the core
includes an at least partial metallic surface layer. The metallic layer may include Cr
and/or WC.

35  Also provided by the invention is a method of forming a seal comprising an inner core



WO 2010/ 007439PCT/ GB2009/ 050874 - 13 - conposition. Further |ayers or other
regions of material may be provi ded between the outer |ayer and the core,
and/or on an exterior surface of the outer |ayer. For exanple, a netallised

coating mayy§8olloPMssled on the core, for exanple to redyeq/diRbPRassPN. The
outer layer material may itself have ggod resi stance to expl osive

deconpression. 5Preferably any coating<or |ayer has an appropriate
flexibility. According to a further aspect of the invention there is
provi ded a'@é’éﬁ!ngc@?fﬁrméﬁeﬁ@i anghap e 1pysrt Gasrprising| laverngatenialy thec B18dho8nd/ or a

si | i cone- copfj 'tﬂgsl’%\/d'?r g/mgad?ﬂét%as”t pelialEGHiRg Bf 9R¥dtaREnalenal B, for
exanpl e EPM and/or - Fluorine containing elastoner, for

exanpl e FKetdaceTthacora aad subseqesntirapplyingthe lexerdvaiptialel ast oner, and/or - an

el ast oner r foes C
oo Shee, S el ST S oot

i nt ended amﬂuceatnlgms(@fﬂwlﬂse seal (preferably the el astoner has one or nore
of the featljr’éf@r%b fthd B@tenllé?éﬁfc%n%%&r éﬁ&ﬁoé\?&&ﬁ\ér @’%p&f‘ud?b’él%to%éb’er on the

i nner portlon e outer ayer CcCo rrsing - Il ne- contalnlng
el ast orreri é\ltﬁ@@@\rqlmr in amvcm the ouigm yahraﬂbﬁomprsfﬁ HNBR portaer erslamry Wleni cal

resist ancechéﬂtllcgl reSis& ﬁgﬂéb%sfor the 'ré?é‘(iaﬁ%ﬁ@‘%ﬁfg‘ SHvirb¥edlg good chemi cal

resi stance cou on the outsid an ED resistant core haV|ng a
hi gher Tg. Theﬂay@karqﬁréblgrcamesswa fuawelasipoer (HKBR: Haeilaxgr Ay cogrsisalad be

used afot hee Yy r%'élaé%mze{a i PRI ﬂﬁé‘gagér r'Hé‘;YSorH@%rQ JrBThRE tHaRDng @GR Put may

have unacc pt abl ance properties the given application. An ED
resi stant Coeferahlydhelfiunsing seateniof giefaiodnatad celpstamieeoidielasen is asgter thanmance

t hrough us 0 r section. In
anot her exlgprp EQ}? rQBIngéage}r‘?hé}nfG S %Bﬁt@bgrbg\/?f E%%*%Ygﬁ%fgﬁ€ have good

| ow t enper &lastangre ofher mndreosleumclumm fheviee thdd essselbsi rabl e for sonme

oD oot Lo b AR o LIRS Er e bl T 10
resi st abce Examglesexf puitsrials fop uesy indihacputer layer is AFLAS™ of Asahl Glass Co Ltd.
Similar materials are available from DuPont as TBR grades and from Solvay as BR
grades. Examples of HNBR polymers are made by Zeon and Lanxess (Bayer).
The outer layer may include a VITON fluoroelastomer or similar material from other
manufacturers.

20 The outer layer may comprise a material including a copolymer or terpolymer of
hexafluoropropylene (HFP), vinylidene fluoride (VDF or VF2) and tetrafluoroethylene
(TFE). For example compounds based on VITON (RTM) ETP 600S can be used.
Other polymer types, or equivalent polymers from other manufacturers may be equally
suitable.

25 It is preferred that the outer layer material has good steam resistance, and/or good
chemical resistance, for example good amine and hydrocarbon resistance.

In some cases it will be preferred for the outer layer to cover the whole of the exterior
surface of the core. For example, where the outer layer provides chemical resistance of
the seal, the outer layer preferably covers all parts of the core which might come into

30 contact with the relevant harsh chemical environment. However, in other applications, a
complete coverage will not be required. For example, the layer might be provided on
only one surface of the core and/or in certain regions of the core, depending on the
application.

The layer may comprise a single material, or more than one material. The outer layer

35 may itself comprise more than one layer, or may comprise regions of different



30chenical |y resistant outer layer. In such a case, |ow tenperature
performance mght not be an inportant issue. Preferably the seal has good
steam resi stance and/ or good chem cal resistance, for exanple to am nes and

hydrogen Sib R8YoM&rs0 Preferably the core has hi gh gaersromeskishi ty and /
or nmechani cal properties sufficient ig 35gi ve the required RGD resistance.
- 14 - Preferably the core includes an’el astoneric naterial. Preferably the
| ayer conprises an el astonmeric material. Preferably the |la has good

st eam r esicemapEionafdrtyedayere sy @P%’rf@@'of‘%"ft"ﬂ%teib‘?'é%aé’rﬂ?epr%‘f'd %@%e’b'ﬁ‘ﬁ

hydr ocar b%ﬂ%r %F/Jﬂﬁdme re tRB/ONBA 8 bAbriAEUEAR PiHeutdr RiyBF. FoRokahmlaBove i nus
20 degrees n some exanples, the Tg of the outer |ayer materi aI w il be

bel ow m noetaliedsgatingsnay beTevideskan thagor@d‘ﬁmaweﬁeﬁ%ﬂqeg PeesiPR| ThEet ween
the core %[]g{) Jggr rﬂﬁlteﬂél th&Yeir NERS mgﬁnc@tol@c\’)ﬁ)%w@fdep&ﬂ&b@egorﬁgent may be

provi ded t e outer |ayer o the core For exanple, Chenosil 5150
coul d be (rsefdrabtyrany contingi af dayef hessmerrroRitg teddittoused, for exanpl e that

descri bedA oHéB 9§§l?r§}§ra I8 mﬁg}dv@htlo‘ﬁfthérggﬁ &g?ﬁ%ﬁgsbé\yfohpﬁél%eram y

i ncl udes core and/or materi e outer layer. In that
way a stranglrwndomonmtunme bond can be achi eved between the core and the

out et | &Y eI DAL NAIKRL Yorulihf) SALAARHY b ocessi ng condi (T ons and

conmpound fornulations ayer bonded directly to the core w thout
a bOI’lldI ng - lethyEnetpeonyteneetastarest, fOAe)FaJnﬂRngPNbaﬂﬁ’éthEP&M’taﬁ‘é ofnvention provides
a sea | sSi.n e st |, and an outer |ayer
on t héocor L@SH%??%?HEBI%%QOWJ&?%% ) \/\/ﬁlt\aﬂ(r:og|T(rf1:Eriﬁ aﬁﬁ{g@cor e materi al

i ncl udes arnRGR{ BReesistact dlastgagabh@ornf provi ding a sealing function

s capabl ¢ BT ATIE 1nEdal blF ekt b mirdtk (ORI RS rer
wher ei n t hears fetasturlnetrem’qyemather Eequu;ed dmertembmatum@rdneﬂ'@s foeiperintendes.
application of the seal (preferably the elastomer has one or more of the features of the

15  core described above)

And an outer layer on the inner portion, the outer layer comprising
- a fluorine-containing elastomeric material, and/or

- HNBR and/or

- an elastomer having chemical resistance.

20  In some examples, a low-Tg material having good chemical resistance could be placed
on the outside of an ED resistant core having a higher Tg. For example grades of FKM
and/or HNBR having low Tg could be used at the outer layer. Such grades have good
chemical resistance but may have unacceptable ED resistance properties for the given
application. An ED resistant core would be used to give an acceptable overall

25 performance through using the principle of two materials through the cross section.

In another example, acceptable seals may be provided which do not have good low
temperature performance but are nevertheless desirable for some applications.

In an example, a terpolymer usable down to about minus 10 degrees C might be used in
combination with a core having good RGD/ED resistance, the terpolymer providing a

30 chemically resistant outer layer. In such a case, low temperature performance might not
be an important issue.

Preferably the seal has good steam resistance and/or good chemical resistance, for
example to amines and hydrogen sulphide.
Preferably the core has high gas permeability and / or mechanical properties sufficient to

35 give the required RGD resistance.



In sone applications, the tenperature at which a sealing function can be
achievable will 25 be dictated by the material of the core and/or the

| ayer. The tenperature of sealing may al so, or alternatively be affected by
ot her fact axeaoifo@h74exanpl e surface finish, |evel of squegdr;B20doioessyati on of
flashline and surface lubrication. For, ,exanple, in any of the aspects
descri bed herein, the surface of the™ déa may be nodified. For exanple, the
surface of the mat eri al may be treated to nodify one or nore of its

proper ti es PrefRrablyriae Sgredacifsr €8 SlastndliGPe®li s nodified to change the

coeffici enu:réfgrabryltﬁé |a«9gr Imptsed 8 elas@nieAt maldrial.he surface of the seal. Such
treat nent may nprise for exanple a spraying technique, pl asma treat nent

for exanpl é’r@fsra@tyém laygrdias @apd gtpemg&%iﬁret‘@ andgepd %@twet%@eﬁﬁﬁ%ww to

change |tsaa{,,qgga;nt1|r@§m(;g,@5n§xarrpl e Sil oxane based groups), or other
appropriate treat . An exanple of a spra%)ed treat ment is a water based

resin basedh Bﬂ—glﬂ.Jt"@rfBatﬁFS%]quFr@d?t’éerf'?Wlbtef PYe BYs 20Me0tassiGs 1858Meed
directly texihifle§aRs $ ‘G*‘!hﬁfbuf’érr%{%ﬂr%%ﬁﬂl%ﬂ b¥ bel¥§ minus 20 degrees C.

2010/ 007439PCT/ GB20097 0508 baked to harden the coating. In

exanpl es, tThe SERIEBNROMPISE bending MRiRatdRbveqsy ha ceecmdiihowgt layeral is

ener gi sed. Fff BRI, 'é’l@{/é’r P bohdin@ gkt by Heﬁ;r@ﬂé’étgtb%na e dutbahyed o the
coefficient, the treatnment, for exanple addition of the chem cal groups may

change ot h&PrepfFeperamile. Ghenas ﬁ?ﬁ@@PP‘QIbesltﬁef’a@ea chafmigsl diegimen cewd sl es, the

reduct kgn Qbed e dxbinpld B &REfTddGh EPL109BYEH 5 is of principle inportance.
O less interest are other properties of the seal, Erov i ded they do not

conpr onm se ThA&alg{tabefitag bQﬂd'”lQH%/eé@rﬁferfl’%h'@t:'%?ﬁaﬂ@t?&ﬁ' oppefee BT ’t“ﬁ@”?'r eat ment
has an eff eefheQfuidr@WRFi Ng the coefficient of friction of at least a part of
the material surface. Such lowering of the coefficient of friction can

i nprove sedh ihahwpe afsypPhgAed comeatble bpndsapogashieved petwenmtherGosg apdthgsed in a
seal . WthouterW ?.hl ng to be bound by any particular theory, 10 it is

bel i eved that a’lower friction coefficient material at the surface of at

| east A5paiitemptitete with aptiniped pracdssing corditns land ecreprungifereulations, e fagent i vel y.

I n known syﬁ@%ﬁd@o naTolMy! to reduce the
coefficient of frolngté?gﬁ@cg ' ﬁ%Qgﬁer?‘E@g{% Ogdé@allg?@rmeldvg\z\e/he?%l n time, such

| ubri cant iAduthrradpeatotibe mmﬂ@e@m\/ﬁdﬂs a@xaqu@rr@nanyg ahianaceareincloting sere
Co”pone”tSn%fterté"eanﬁ%%to%@rﬁ’é‘%é8ﬁ h’é%‘é?é*&{?ﬁ gl %F‘e SRR WrRRgeMent . The use
of 15 grease nﬁ' ubr can al’'so cause system

cont ami natl tttrecotrehmaterlaheclemrmtwmatandnﬁscambl&mfDt@vs‘imgtﬁ ssolipeivection are not
appr opk} mould be benefit in a seal having an inherent

| ow cogp %Pzé\%{a%%?}erl cﬁtgrn at at least a part of the surface. Application
of a frictitelawowterg inoatesan eastomer aels cépabiei of gravidirgongaaficg fuoctioni t h t he
seal may i N SOITE exaﬁql es |{Lgrove performance still further. Thus a further
20aspect ofPPYie? FEFE ?rBPlerB Vi des a seal havi ng a friction-reducing
coating on V\aterdnemetseaoqaanetnpefattaa isslwtver thah treUfir§taeeperatute.a net hod f or

manuf act ur ch tiC ntage in
Come. oxanpierneAteRihS She ehHs ol biatuhf b YE bl s Rip R et YRl FRUA" 202 |
of the2bnveéetdiaated bmematenabofﬂwe cted and/setbé lagenTihe semperatureXd saalingmzyl

formng at east It ernal_surface of the sea t he
mat eri al s[ohgr%l lgqa 'Iy%&lgrr{g’ﬁ'@g)iﬁafgh%é% org,u%rgéam?lg sgrfag #Ht'%ljﬁvef Spreduce
itls coeffl th@?‘ézepf)rlérftatlbhldmasﬁﬁhe ahd%atfﬂ(&ﬂhlblfﬁatfo?e%aéiarﬁdegutany@f el for )
only a part of t e external surface cordin o,a further
Sepoct bf rgeqth dSsPemherdine He sudBod B RSaA S Tounal Sovayanle” 4B

external  Sy{faceofitMCb@tiBngy Hek&itdPlo moMirg bRé Br bR dmt sfdp@h.eat Inasof'der st part
of the external surface has ‘a |lower coefficient of friction than the

materi aP atx@mBlgedhrisyiace isgroditipd taghanagdhe %‘lﬁfffcé?é‘éOf f'ﬁ‘#'@f‘ of %téeas%é«aP%ﬂ fay in

sone exanpl@ssupfaty offtesistal. eSUch rebitiint ;a T%@@tn&ise'f&‘é!x&ﬁﬁffafa's@ra?mb tebhniguéct i on
coating on the sealing surface. e material at the first part of

surface had RsaTadreabNont fsexarselp fegref eherical proapsaMe aseriaps ot tg craterbio
coef fici entehghgd ftd Profties Y& 2HYIO Bib3HRH4LB2§RAHG508 bther abropriate

treatment. An example of a sprayed treatment is a water based resin based on PU and

35 silicone from Whitford Corp. which is applied directly to the seals which are subsequently



According to a further aspect of the invention, there is provided a nethod
of making a seal, the nethod including the step of treating an external
surface of the seal to reduce the coefficient of friction of at |east a
part of t kso s046/626. The treatnment may incl ude appbPgi/ag2m@o/ews&tsi ng based
on conponents including silicone, 5Pt and fluorine to the surface. The
treatnent may i ncl ude m)dl fying the conposi ti on of one or nore conponents

of the material at t ur.f ace. tre nt .nma g the
conposi t i Baregfto BﬁrdET‘ Rg. dn ﬁﬁ? ?%Ith%fﬁ gnté%%fch@é u@ﬁpén@%t s or
groups nepakfial |§1§@ér§;|€6d l Altérhalv@toem a#dditiah td dhangitg fhedectidn coefliciedtghe

ri ne- con

10treatment for exa a or flu ai ni As an
exanpl e, He F‘&Ehﬁ”@ggﬂﬂf’&%ﬂ' é}%&%cr{f’é@‘é? gﬁ“@?@@ﬁﬁf’?%%ogﬁ?g’é?p%tgg a TRI O

| ess t hanyelfatéRgs@RiceCin frefefred @iﬂrﬂpléﬁﬂﬁe redhgdtion aﬂheimgwoa@sefﬁbuerpwenber abl y

| ess than -50 deqrees C. The reducti fJ.Cien ction may

f
be at ¥ ealstof RUZPISIMPOEARGH- Pféﬁssl@%{@?t am%her qu?rﬂe%c}{é%qeg prgv @aébﬂon in the

coef fi ci egh n@fcofriptdrhis@ihe MRaterforltRe 62l ﬁﬁ%on@l’tyepmrﬁmytﬁetré'étmeﬁmafsbnCI ent of
friction may be tested for_exanpl e usi an 1 ncl known in

t est
the fi el defféghodeweingdaperaficienta f%ﬁ’ﬁ'oﬁpf%t Gost? Wo%'?e mﬂ‘%a%ﬁff?%e?ﬁ S ?Fﬁt erials

coul d be pgdedy BﬂhéE&f@n@ﬁbﬁﬂ@bn@mﬁw@s@éhn@b@rfmhcewn@bihetsurfam;luce the
friction coeff|C|ent Exanpl es of such 20additions to the seal nmateri al

i ncl ude ' Yeated latesial lsys@h@@ seald dYithoyiauisking Ip bedoynd RypreRartioylpr BieeR, A
furtheg aﬁ(ﬁ:)sleﬁ%le%d thBea IOQ/\é?mch&Pcd%rﬁ%Vén@ﬁ\%te?laﬁﬁ%e SanebREaf04std ppRdlf, the

housing in I'ng an external surface, wherein at |east a part of the
sur f ace |ﬂ@l&ﬁ@é@il”ﬁ?ﬂ@\eﬁh%ﬁea&\l@lWrgﬁ%mﬁ@eﬁﬁeﬂﬂﬁ%df‘ Kp@WR SYSIRMR 1#E9ASetd r educe

Its coeffi ﬁ\'e?%q@é luBFlcta% %%?edzl%-l‘_@d{n%ettﬁb%o%ﬁ@ﬂen?d?ﬂ{c%n 5tk SiPRLe BRIEaNg MRy

have a | oW €O ctron surface | east a part of the housing
surface meyowavet,irléme, ma!ubngant&f@hnﬁtod&f@mge‘bﬁ@f&??&‘l@ﬁbyth%?&‘t%‘so one or

more mat eglal %@ﬂghtg%\‘ fhe s?%t@f:n' Afalof nbddme ffthézée%'i‘ﬁrrmgewe'nf:tﬂ@hs‘é%fas to
reduce the coe nt of ‘friction of the housing on which it is applied.
The naber igedasebdr other aoomonen) as@yjubricentige aISDmEUSQBWAtGFWQW'naE%bd'ﬂGFGf t he

| nventi on Ovnlm dS%&gﬁt?o%l r‘?%ﬁ%ﬂ%hgh Eﬁﬂﬂ? @s@e%o?&é’dro ek for8e&l T HS' ng .,

wher ei n tﬁl Y the ousi n een treated to reduce t
coef fi ci embulfbefoenefitironseat hatind a@ansner@ntpw coefficient of frintipn gl |93WQWQ§at ment

L e Tl i
35res ponswthmme serl mayln asmeaexdroples engreyeaperfossance still further. Thus a further
20 aspect of the invention provides a seal having a friction-reducing coating on at least a
part of an external surface, and a method for manufacture of such a seal.
Thus this feature is of particular advantage in some examples and is provided
independently.
According to a further aspect of the invention, there is provided a seal comprising a
25  material forming at least a part of the external surface of the seal, wherein the material at
the external surface has been subject to a treatment to reduce its coefficient of friction.
The treatment may be carried out to all or only a part of the material at the external
surface.
According to a further aspect of the invention, there is provided a seal comprising an
30 external surface including a material, wherein the material at a first part of the external
surface has a lower coefficient of friction than the material at a second part of the
external surface. Profiled seals may in some examples only require the lubricated or low
coefficient of friction coating on the sealing surface.
The material at the first part of surface has preferably been subject to a treatment to

35 reduce the coefficient of friction.



WO 2010/ 007439PCT/ GB2009/ 050874 - 17 - In sone preferred arrangenents, both
the seal and the housing are treated to reduce the coefficient of friction
of at least a part of their external surface. The treatnment of the seal my
or may not we wimomane as the treatnment of the housing. Por@ERI®/BEIES t he
treatment will be the same, for exanpl g the application the same 5 coating
material to the substrate material. A ot her arrangenents, different

treatments ,coul d sed, uId reat er  scope f i msation
of “the- 11 cAcRuANarsp Tafieh abfect ALhS diventhn Fiedh SO R merio8 g BRKABE T ~fwo
phase" | Ubrsb@lﬁﬂwb@rﬁbtﬁdmhcla&ngﬁié s oTlreatingesh aierRallsiFa&estithersdl fodbsideg bot h
have reduced co i ction at at Ir%%st a part of their surface.

The 10two H?f’a FPgﬁ?qoé‘r?f@é'ﬁa?t@a‘?PWthh Bd seal responsiveness, in

particul ar mbﬂaa&mt mapincrias apiiirg ia%oﬂfn@fb‘éﬁéd &ecbrﬁﬁonbﬁwmmﬁf@ltcbh@,& An
exarrple of i" able treatnent for a seal for use with netal surfaces, for
exanpl e2on P @gjajiwﬁ%g} tA§ SURCes resin bonded PTFE coating, for exanple

Ar nour cot e ThETba@fenBuby m@mda ﬁ@bm{glgykom@cssnmto%nd&ame Mdd&ﬁtsﬁ‘dﬂ% as
DKAQW - 3917 fr m | TW ref er abI @bl i t of the seal provi de a

seal i ng fuma§that g‘edsé‘ff@??n '%"dtrB?/t”WE E‘ﬁYl dFdW’ Wﬁé?%?ﬂ?%oﬁﬁt&“f%%nce of

t he seal Irélatsfmdr@bﬁh’téﬁgpéyth@rsuﬁﬁ%t facility. It has been found in sone
cases that the actual sealing performance of a seal differs fromthe

t heor et i calCOPPPNBNtE O BEY &¢ NpYIAdBnlhe dBatalial 7t the stHace g ies used,

a seal 1§f OlreSAMPloR e Mle SilRENSE&AUbriFR¥oMBNMYrSPR! Adeh xéiiplid, @pladinad
t enperature bel ow what woul d 20be expected fromits material properties. In

an exanpl e tephnigue @y bedisedeal i ng performance at different tenperatures, a

test fixt U'P?ef@n%@' e debr 88 §iTR10ARsOtHahNIE de§re'é§€t§JI pr&?‘é?ab@r fe'sé‘%r\ws@ nmount ed
relative to an environnental chanber. For the test, the fixture is

pressuri sedegieen Cnpisfasakli less tan-AR de@r8R®Ge noni tored via mass flow sensors.

The resul t $BrQYIcES ihMOEJTRId PN oBfctoR rNﬁ}ﬁcIehaQTeagﬁd% &eféiéﬁ%t%a@t plp /QV' ding a
sufficient sealing performance. Exanples of two tests are’as follo 1.

Pressui@ bé1 BramRigIrpdusiomPacie cosffiibrl b fiatiny&arbe R Bsilthicsaen 8193 0r
exanpl e) 18QBabeftienBdrdti&h miyeHP sfldUOE ekARA %sﬁlng aﬂqgflﬁgé pfhe td81&s

tenperature I's then reduced at’” a given rate,
300. 3degr e&sawminrine Beldnt i | one or nore seals |leak. 2. Pressure after

cool i ng ( PACHiHeP a%ﬂ%cﬁs,tagsi n altdtBath8Sbr 'éﬁo‘r{fo | E%tefr rsséouﬁtgg'aldbéc?% #e the

t est terrperature erore e pressure 1S ap eterrperature has
stabilised elatstwarp&mmt@dloith@rﬁ@sbtselifberadt(dedme fdgtionsioefficientl BxaseNgs cisutht he

RSt xt e PRUFREAGG P RerRl Rcflbe ThFolbulrbRER DB iubh b deatts 1 e
out to all end 8&&Es

A further aspect of the invention provides a seal housing for a seal, the housing

including an external surface, wherein at least a part of the surface includes material

which has been subject to a treatment to reduce its coefficient of friction

25 Thus the seal and/or the seal housing may have a low coefficient of friction surface.
At least a part of the housing surface may include a coating. Such a coating preferably
includes one or more materials having a relatively low coefficient of friction so as to
reduce the coefficient of friction of the housing on which itis applied. The material of the
coating may include PTFE.

30  Afurther aspect of the invention provide a seal assembly comprising a seal and a seal
housing , wherein the seal and/or the housing has been treated to reduce the coefficient
of friction of at least a part of its surface.

The treatment may include the application of a coating material.
In examples, the provision of a lubricated housing and/or seal surface can improve seal

35 response, in particular at low temperatures.



WO 2010/ 007439PCT/ GB2009/ 050874 - 18 - to 'recover'. This second test is
nore representative of actual service conditions, though generally speaking
!eaks at higher tenperatures than tests where the seal is allowed to

ener gi se'w@io16/0@Met enperature (PBC). Were reference PeI/CBUBIDBEBI N to a
seal having a particul ar sealing per{ rmance at a 5 tenperature,
gref e_rngljy thefseal passes the first test, and/or the second test
escribed. Preferably the material pass est
whet her t H‘esog‘é‘eﬂr‘?fﬁﬁe%%rﬁrﬁPWﬁﬂtéebqt%thPﬁe?Jra%F\ &@”@Uﬁ ?re&re%f’?? rﬁg‘t’%e thé
appl i cat i gibsfiGertbf FiltidntP a8t aiblrt BEBSI bXadmblsutfacd) €Theuteatment of thesead e
exanpl es, the |ow tenperature sealing performance for a given material may
10not be diaye¢ ey nekbethegams asiie treptoentekile MYSBanpl es of the inventi on,
the foll o prOVI%éesqﬁé‘trQﬁ Al \Mu%@ A8 sate, \%?Qxérﬁmé'ﬂ%@;iﬁhéa%ﬂttﬁé kéthei s

capable o sea function ove a first tenperature which is
| ower % hanoatingevatertd tcétﬁﬁé\d%ﬁt@ emalshdle 'Mﬁhéharf%efnﬁf)térd'ﬁ%rngwe:ﬂtm?%tscapabl e

of provi di Md Be 86, WHQhWUI@tgﬁ\/%@reaje@s@oﬂé‘@r Sftirdisation b ths tre@®@aht forsedehoduced

i ncl udi ng e core material "but” wthout the layer material, and the seal is
tested at otiihefsealeamd hoesip@r at ures to deternine the | owest terrper ature at
wnich theTRgRlie BE Heﬁnfcﬁph%%é' 14Bicbi Sidr QR caRtRMbbinGARRAnG 884l anac! udi ng

the layer materral 1s subjected he sanme tests to determ ne t1he | owest
t enper at uheusing béth bave Wéuwdimﬁ'c@éwf fiigtign phraideasha pae &f thety sefafet iT8R. A

COMPA S Oy bndsAT,d RS Bh e, FASIE Whltethdribiess! hpbHicaRAwpErGR]. | est s

are c one case e variation of sealing performance wth
terrperatusealcz[ssembiywresamded ay@ﬂt&meé&?tm@lss wi Il depend on the | ow

t enper atu erf r Q& o b&forlusO MtHHets r*?a%e§@c§r%x§r’ﬂ§l’e%ﬁ layer is
B¢ R, ‘f

made. For "8 g an e material wll determ ne sealing
per for nan(a&sea%éuéimg,tlsherreasrb@odedJPTFEeSOﬁmmrl @qawmla)ﬁrrﬁl@gcc&e $BEM &onpri si ng

an inner core includ ﬁgm I e core
conpri si n& e%?@?%aﬁp&%ﬁg?éesféﬁ Ct%htm g/ ort% ?froﬁ{e]%r e materi al
is ]gr aag lerPréfmeyttmab.my oftthe séaogurovide :eseaskhg fUﬁh@n'IngQiﬁrm"h@ byayegsurigt eri al is
prefera ss than t f 30The
TR1 0 of %(% q"?ﬂ%? urﬁaotegfﬁ ClgsOflméésse%f {’1‘ QH?%HF% 8"' [bfs {S%Imtygﬁffg%n%t% grl al in
sone exansbuesl. in Boemef cases th&tnmmaaudrwaammp@lformlaecergf afseglhdiffers fiem B¢d/ or t he

TRI O of the core, is, preferabl f I
Chan 30 degraisel ReoRhEismerasdirp Fad colfferafih % Bbrcis Bod'EiaPlor | hoe
of the | ayRampRRA/®Fing Sl TlyDaob atbaling &yretion ata térepsatBBt tedow whdg wielgr ees C,

pref erZ%bI %ele?(%gctggﬁrgm_itggnaqgr%rl Sreo%e%bs.pr eferably less than -60

is

In an example of a test for sealing performance at different temperatures, a test fixture

housing three similar O-rings is used. The O-rings are mounted relative to an

environmental chamber. For the test, the fixture is pressurised with nitrogen, and the

leakage monitored via mass flow sensors. The results provide information as to whether
25 the O-rings are providing a sufficient sealing performance.

Examples of two tests are as follows:

1. Pressure before cooling (PBC).
The O-rings are pressurised to (for example) 100bar at ‘ambient’ temperature (above 10

degrees C). The temperature is then reduced at a given rate, for example
30 0.3degreesC/minute until one or more seals leak.

2. Pressure after cooling (PAC)

In this test, the test fixture is first stabilised at the test temperature before the pressure is

applied. Once the temperature has stabilised, the fixture is pressurised (for example to

100bar) and the presence of leakage through one or more O-rings is identified. The

35 fixture is then returned to room temperature before next test is carried out to allow seals



WO 2010/ 007439PCT/ GB20091050874 - 19 - degrees C in sone exanpl es.
Preferably the seal neets the RGD acceptance criteria of the NORSCK M710
test (Annex B) and/or passes the Expl osi.ve Deconpression test described
herei n. Pragenhagployrssde seal has one or nore of the furt hemdeasowsesds
described in respect of one or 5nore qg the other aspects of the invention
described herein. The |ayer material i'S preferabl y chem cally resistant.
The core matgri al ,i s preferably chem cally resi st Conventi onal |

consi der at i®®AG¥Ey; gs%@”? @sﬁ%g}qﬁ%r,ep{eﬁ@nléh & agyp 338’é°e§P“ 1SNV | udes

cheni cal |y geRérafy @d%bk.ﬁgle%ks a1 higHe? fenfeRdnted thah t6&s AKbreliie skl Rallows @lot
i ncl udes a chem caII resistant material (for exanple an FKM or FFKM only

10 on the OtMeEEgigR at Woﬁ%ﬂ?e@ﬁﬁﬁl RB%) ons, for exanple oil and gas

appl i cati oRgpert ise@RBd isibadtRASK 4 Qeah'hgxhnd)é 9§r$|uu|sﬁse@n@b ﬂ)é?ﬂﬁmﬁﬁ@:!%tfa' nes,
and this can lead to the contact nedia perneatin he outer surface

and conPng $RRYALEHPERIEraR the %%bp%?%thﬁﬂf%ﬁséla”d/%f th?ﬁ%¢%ﬂ§t%§%PP%I is one

that is deghgmy®f e MBRrigOPhel vBadlitasts. t TN furh@p télit V€ wheBr itRe tsefhgt O
problens. By using core materials that are at | east partlally reS|stant to

t he cont actPeTfeimaics isip Peaghee wfftq*fsnélm tag appligatignde whighithmseali Auastos s r abl e.
Thi's inportanffeature may be provided i ndependently. Thus, a further
aspect of the invention provides a seal conprising an inner core including
core mat er {IAPOAREXARPIBY e lowagmpergiire fealing PETeEAIF? L APiYeayBR TR al |

wher ei Rot heotkd & @'rém%%]ét@b td iRctgislerr AN el astomer which is at |east part| ally
chem cally resistan and a layer material including an 20el astoner.

Pref er abl y I? Rargplesriob e ipvastien, dh@éo"ﬁwglgdﬁﬁ @ q?o@éﬂftﬁ oyte seafftthe Cofeeat ur es
descri bed hefighddis Jéb%beoaf%rcswa.ﬁg 5%3%%@\5@ aBotH saﬁseﬁerﬁ;kbﬂféweawmaw stance

than the layer material. I'n exanples of the invention, the |ayer has a
smal | thic M@Wp%te\mp@mtwﬁ@bowfﬂ'ﬁh @ﬁﬂ@/@émawrlﬁlnécaf@Pl@ qhREAYdNg |
Therefore, jdag népl i cations, |esser chemical resistance of the |ayer

material mght be tolerated. For exanple if the layer naterial were to
swel | 1A t he ther ese mclsioseap ifr produgedrineleding thet ense mpterigd §uy wibashng lader of t he

| ayer mi ghtméasnaacgrﬁ%%bé@al SORRRLE: ﬁmmn% o8 e 8VRdie B foRsCOr @

material. For exa a %vo ayer material of 20% m ght
be accept amréper@tl)r&:@imwhé*&ﬁ sdiat moade/%a/saﬂaum@fuomngéh@’r aspeondspdl inplding al

where a Ch?}@?lﬁ}/ nﬁé'tgr?/gl %rsqu;mf ﬁﬁ@ﬁ%%a%éotéﬁﬁ% d@'tegnlﬁilnegﬁe fofakt té@ﬂerat acore

mat eri al terial nay conprise rogenat e
acrylonitr |wf‘aﬂ:butlad$®né§eailoroveiearﬂm sealiBRNction. HNBRDWIISC*‘I ohthgit¢rhperptuces evel of

ACN. &QM %&é&?’éﬁ gggt ﬁh gg%ﬁdqggpg} S‘%{@ap‘?‘fﬂ uor opol yet her, for exanple

Sifel phazene, r exanpl e
fl uor oal ko>t|yssmbsa%tsuthed/apaﬂlqymf@splhwmrfe[mmePNIﬁ temperatuggof the core and

2010/ 00743

applicati OZAD%T C%?%%oneﬁ?g%gg?q 8%&35'9 tghﬁer%f(up?eﬁ&ﬁog[n "”Havgl ‘ﬂﬁzﬁr@'adf Ped

chem cal r egiichtthecere bnd/ouayerwnadme Foutxampietre Mg abdrbr TRAO dimeapzpiemquﬂht e for
use as a The core material may in sonme exanpl es

i ncl ude anft eﬁr&ngps[efaiqgeoeﬁ@{m?ncgl preferably an

25  Afurther aspect of the invention provides a seal comprising an inner core including core
material, and an outer layer on the core comprising layer material, wherein the Tg and/or
TR10 of the core material is greater than that of the layer material.
The Tg of the layer material is preferably less than the Tg of the core material in some
examples.

30 The TR10 of the layer material is less than the TR10 of the core material in some
examples. _
The first temperature and/or the Tg of the core, and/or the TR10 of the core is preferably
less than -20 degrees C, preferably less than -30 degrees C in some examples.
The second temperature and/or the Tg of the layer, and/or the TR10 of the layer, is less

35 than -40 degrees C, preferably less than -50 degrees C, preferably less than -60



5el astomer, for exanple one or nore materials indicated herein. In sone
exanples the core material and/or the layer material conprises a nitrile
but adi ene rubber or a hydrogenated nitril e butadi ene rubber. The

hydr ogenaigslgibbgridee but adi ene rubber may have an acrybonGBrdod/esosmant ent of
from 20%to 60% or higher. In sone anples, the acrylonitrile content is,
for exanple up to 55%or 50% In an 10 exanple, the acrylonitrile content
is about 51% In _sone exanples, the rubber may have an acrylonitrile
content ofleBeeedhSARBE B8/t 0 45% Alternatively or in addition, the

hydr ogenabﬁ‘éﬂerabxgrthé SedlUhalé BRERGEDAREptAASe BfteAs LY tHRNNORSIOK BI@MO ¢axt of from
10% to 30% erent arrangenents can be used, as %hg‘ghl ate. For exanpl e,

a seal coffgresBhgnYAr pBes MRJPRIPSe IRrPmBIRSHQD 1e&ERP §€fan be used as
the core P’Péf@rébl?lthe <R8I H¥80RE or rhbrel R FurtrRt RaiUMSs derelibediim@spddBEY dnevarng a 17%
nom nal ACN content (for exanple ELASTO- LLO\IF% QL) 985) . In a further
exanpl 2, mMeee efdhe OWﬁf agnesis %H@'BV%P%dP%' BHMHE"ECL101 core with nomi nal

36% ACN CoRt ejbr mikeiafl 8prdrbrslyYenbRially AlNIRNrae toRf mbtera i§ prserdyo or 20%
in the core grves a conprom sé of better |ow tenperature E‘ ﬁl bi|ity /

mechani caFRemigaly esis@pireCeRenpraly. EnFdgralen [Sod el whet Osite to
forman 2QraeCRBRIRE| RchEs crfétrnlcéi@(ﬂ@ﬁétﬁﬂ%%t@ﬂ'alebﬂé\karﬁm\e e_mila)kt&sjemher e the

core has a higher content of ACN, for exanple ECL101, the Iowest accept abl e

seal i ng teeqimlghtmc@dﬁay Cb@nﬁﬁbﬁ@slsmﬂtfﬂat@&%{&fﬁr @W%@%MSOCFKM ORtHi s
featurg 1§, @e AALLAE.CHA ARln r*ébtpﬁéa?iﬁﬁs Q&CEx@mfplérdll%'a 8 RBFiicafdnst tHe deBrMignt i on

provi dés a seal corprising an inner core includ |n% core materjal, and an
out er Iayexp@ndﬁmfmghgﬁeésqg%@mﬁ)lpf‘@ﬁ%tl"@ﬁe?”cﬁﬁtseqaf‘ ad tafwrcantact medifie cor e

mat eri al é?gﬁ/& n‘i‘U‘thF‘%Bte H;E%ng%ﬁfng%to E@Mé&%lﬁﬁh@&ré{h%rtd if@econt ent

of |ess t prerera % or | ayer material_ includes an
NBR or HNBRenmtemalaoﬂeatbatr@d%ﬁN’Oa@dw'd)mcprr\tiaﬁéﬂ%a]tﬂéﬁﬁaﬂ givgriseadimedat of the

t 0 ded
Che 1 ayer PN o ySH8 Bl Betehls el g A Bl DT e e core
mat er &l . mEad@ tb;odp@g'ehnaﬂwlofnerme&imbuwad‘ﬂ éﬁé%ii@bl@er may be formed by
hyd i t 1 t
o/ tr Pe banadrenaerE i5p Mhile biofess HReFanRRAr MESERnIE oo BEEEY  be
formed by |r+v¢dergﬂuadiesmgsm cdmmnggm%nm@mmm7mm@mmwcmmg74 - 21
. 0?]; Ergte o qogl[)loﬁﬁ ngprset ﬁ&?{ﬁ%@grla%trﬂﬁe %r %Hérem tth(e'éo?e %&&%' faRigksBRer . The

terra se a silicone
cross-| | nieeatoper ivhieb isep Ragtattiatly chBngcady tesnstame aod e!;a@eﬁmamealmcluding an

perfl p%éyet her may conprise a pol y(perfluoroal kyl ene oxi de) backbone.
The s#Pi cGE' M Sss-1inked perfl uoropol yet her 5may conprise a

pol y( per f Iwgémaryqﬁy cearaicairesielantmicadareeor rftre of tHd fudher featoss-deseribed

per fl uoro;?1 et her may be selected from SIFEL (RTM el astoners avail abl e
from Shi n- Chem cal Co. Preferably the grade selected is in the form of
a gum (r at’ﬂh@rcotdmatefialrmapdvalaegreatbri anenddal resistance than the layer material.

In examples of the invention, the layer has a small thickness compared with the
25  thickness of the core material. Therefore, in some applications, lesser chemical

resistance of the layer material might be tolerated. For example if the layer material

were to swell in the presence of particular media, then a larger % swelling of the layer

might be acceptable compared with the same % swelling of the core material. For

example, a % volume change of the layer material of 20% might be acceptable,
30 compared with a % volume change of the core material where a change of 10% or

preferably 5% less might be required.

The core material and/or the layer material may comprise hydrogenated acrylonitrile-

butadiene, for example HNBR, or HNBR with a differing level of ACN.

The layer material may comprise a perfluoropolyether, for example Sifel RTM material or

35 polyphosphazene, for example flucroatkoxy-substituted polyphosphazens, or PNF RTM.



The core material and/or the layer material may conprise a pol yphosphazene
pol ymer. 10 The pol yphosphazene polymer (PNF, RTM Materials Science
Technol ogy) nmay conprise a repeating unit having the fornul a

- [ P(R1) ( R2wdbo10/eére30ei N each R1 and each R2 is i ndependegatics26w9/0508@4 gani c
noi ety or an organic noiety. Each Rl 9@ each R2 maybe independently
sel ected from-0-(Cl-C6)al kyl, -0-(C6*% 10)ary| -0 (C1-Co) al kyl ( C6-
Clo)aryl, -NH-(Cl Co6) al kyl , -NH- C6- C q) ar
- NH- (C1- ositds RYASCESS. ‘o'}’aﬁome a%’i@'ﬁ“@f‘ﬁ Sl'?@ﬁ%/ é”%lf'WPS'B‘FRﬂ‘ed’f"ﬂ}I”Ob'i‘%‘t?p@eare

optional | yrepulhed tiemiesl réistantR for usdisahd b&t@ﬂby”t# mm be?ﬁfbpﬁﬁte%@s@acr‘ R2
may be |ndependentI¥ sel ect ed from - OCH3, - OCF2CF3,
or Ko

- OCH2CF3, 29asaleil - NHCHS, -NHCHZCHS -NHCF3 - NHCF2CF3, -

NHCH2CF3,  Thide mbteriafidy m"elb'@@"_e'iamplesmcluﬁé‘éhyﬂ%) i@teﬂﬁ&@n réf8¥b @n
i ndependent |y sel ected from - OCH3 OCH2CH3 2CF3, - OCH2CF3,

- 006H5, © anBlaSOBEEE0r PRWIe NGRS RE F@t%”ab%ig@ﬁat%ﬁ’lh?’ﬁ@ poI yphosphazene pol yner

may be usegh sfRE dxBMpRESthé &Aret KRR land/BE kil BRECmatdrial Sorpifeqrd @drieor the
core materjal and/or the |layer material to include a fluorine-containing

pol ymer . butadiengibppi g WeIQasHPEP AItHE DpERRE Fuhey Thednidirgerated e

fluori ne- cpnhdibhe AMHLE ABY ﬂawaﬂga{/l@h.trae ESftbr QS froM; 2PRERE0% @ highkd. aAne
material. A further asgect of the invention provides a seal corrprl sing an

i nner cor eSYME [e¥AMPIgs cHE AchtAnitfileggonteghis. 507 B@MBle VR PS GOt Fie-c ot 8N

conpr i $0 NYekMNSE, tﬁ@é&&lbﬁ{rﬂe (Y&ﬁ?én@fs%b@@trﬁ TR ﬁnﬁe%xaﬁ‘l’b@soﬂhefrﬁ%ell RiaveBt eri al
i ncl udes one or nore nated nitrile butadi ene rubber, silicone

cross-| i nké@la%'tof‘ltrd%%'ﬂ@'l‘tﬁtbﬁ en gbPYoIRSs irseritematiyehs or ingsditignyviier ei n t he

TRI O of 't hﬁ){d?Héé?fatédaWﬁfe RisHicHe rb'ﬁl%rq;@é 8n b&%ioﬁﬁrﬁe EbRent-oPRoMa9bLR30%.
preferably 1ess than -40 degrees C, less than - degrees C, less than -60

degrees C Biffe[aid grangmeniaragdgreed aTappioN e rﬁé’éﬁ’éﬁiﬂ@ﬁ]%eaf%“mﬁ'ﬁ@glaﬁ RGD is

crack init HaBRWEvAYth ﬁma&ﬁ{an RON CBH@hfecM heB @sIRNErE atdtiaR 2R \buiirng a
seal conmprising a material that resisted crack IGro pagation. 35Preferably

the cot® nﬁt/@rrm@tpn@lmqgiu@w%h@m@a1hé|n9@§@l&‘ﬁ ép@tﬁetr{foreﬁmnlee%mﬁ-ng crack
WO 2010/ 00641.?18ﬁf ur@%@?/ 0508 {4 her %Zamplgrﬁe%% f'n%f?arlbphééqg cbRY ﬁclﬁ&h&“ al .

Accor di ng to er as ect o he |nvent| on here iIs provi ded a”seal
conpri si ngEQLEGYT eorg mith u@mmgﬂ %Q%é\%@@tﬁir&lTf@rﬁﬂlah\rel)dQWQWAq;H}Z@mte@trpfieh‘»é core

mator i a1 ST g S e HBEVESR colbr o of BTl R CADRITR IBTBIN T core
mat eri al . mechanicals, and in some examples it may b% possible foPthepcomposite to form an
20 acceptable seal at -46degreesC or below. In examples where the core has a higher
content of ACN, for example EOL101, the lowest acceptable sealing temperature may be
higher, for example -40degreesC).
This feature is of particular interest and a further aspect of the invention provides a seal
comprising an inner core including core material, and an outer layer on the core
25 comprising layer material, wherein:

- the core material includes an NBR or HNBR material having an acrylonitrile
content of less than 30%, preferably 25% or less,

- the layer material includes an NBR or HNBR material having an acrylonitrile
content less than that of the core material.

30 In examples, the low-content ACN HNBR may be provided as the layer material and
higher-content ACN HNBR may be provided as the core material.
The hydrogenated nitrile butadiene rubber may be formed by hydrogenating at least 90%
of the double bonds present in the parent nitrile butadiene rubber.
The hydrogenated nitrile butadiene rubber may be formed by hydrogenating at least 98%



In preferred exanples, the material includes domains, either randomy
distributed or for exanple co-extruded through the product cross-section,
whi ch are capabl e of absorbing energy and preferably reduci ng or stopping
crack propRgadioeiassSuch features find particul ar appli eefrigmodonsesel ati on to
t hi cker sections of material, for exgqple greater than 10 5mm or 7nm or
nore. Any appropriate el ements may bé& provi ded. Mre than one type of
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material to include a fluorine-containing polymer.

The fluorine-containing polymer may include a fluorine-containing elastomer and/or a
25 fluorine-containing silicone material.
A further aspect of the invention provides a seal comprising an inner core including core
material, and an outer layer on the core comprising layer material, wherein core material
and/or the layer material includes one or more of hydrogenated nitrile butadiene rubber,
silicone cross-linked perfluoropolyether, polyphosphazene polymer,
30 and wherein the TR10 of the outer layer and/or the core is less than -30 degrees C,
preferably less than -40 degrees C, less than -50 degrees C, less than -60 degrees C or
less than -70 degrees C.
A key mechanism of failure in RGD is crack initiation and propagation. There would be
benefit in providing a seal comprising a material that resisted crack propagation.

35 Preferably the core material includes the core includes an element for resisting crack



10The 'energy absorbing' elenents could, for exanple, be co-extruded or
fabricated through the cross-section for exanple either as concentric
rings, or 'rods' along the length of the product. Features of this aspect
of the invendbavosmyw be provided in conbination wth featwgsomisather
aspects of the invention, as approprl?b 15The | ayer material may include
a material having a Tg Iomer than that“of the core material. A further
aspect of the i vent des a nethod of manufacturing a seal as

descri bed REP&EP w””’ ﬁ(P %? ahspect of the invention provides a method of
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spr eadi ng. T}ﬁé‘pHBHEﬁtﬁﬁleﬁﬁ'ﬁ WQY%W%@%lM%’@Itmonggae&ﬁgﬁﬁnén?ﬁlb\?ent
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material, bonding material and outer 35l ayer materi al
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vul cani sati on.

elastomeric material.
An element may include a boundary between two layers of elastomeric material.
For example the core material may comprise a broken or continuous layer or layers. The
presence of such layer or layers of elastomer may assist in resisting crack growth in the
core material.

20 The layers may comprise the same elastomeric material.
Alternatively, more than one elastomeric material, or mix of materials, are possible.
The layers may be formed by co-extruding the layers.
An element may include a region of uncured, or partially cured material.
For example, the core material may include uncured domains.  Part or all of the

25 elastomeric material of the core may comprise intermingled regions of vulcanised and of
unvulcanized or partially vulcanized portions. This may be carried out for example by
subjecting uncured elastomer to highly selective vulcanisation such as described in UK
Patent Application No. 2276625.
An element may comprise an inclusion in the elastomer.

30 The inclusion may comprise a particulate or other element of another material.
The element may comprise a plurality of particles or grains in the elastomer.
Thus the core material may be formed of a composite material, in which the matrix is
provided by one or more elastomeric materials, and elements, for example particles,
rods, granules, fibres, or other elements are included in the matrix to reduce crack

35  propagation.



The outer layer may be forned by stanmping out the material, by extrusion as
i ndi cat ed above, whether as a co-extrusion (double or triple) or by any
other method. It is 5preferred that the outer |layer material has excellent
chem cal mnesbmbasma®. It is preferred for the outer | ayecT/GBz@e03874 0 have
good expl osi ve deconpression re5|staQ e. A surface finishing may be carried
out on a surface of the seal . The seal may conprise an O-ring seal. The
"seal " referred to
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versa. Prekghplgtordembresorabng dbaldbedscitdd inthieiet poriond dftharadine, alescr i bed,
purely by way of exarrpl e, with reference to the acconpanying drawi ng, in

whi ch: area moreVU'”Pf’f!jlﬁ”@ ofa&i¥ws schematical |y a section through an O-ring

seal of aFheXRMPhRyPompRtde ¢d’ﬂf¥;ﬁi§&é @rraterlal qmn@m?g 5 heuvsx sCheRBistoeadricy a
transverse section through a an 0-ri seal 1. The seal has a

gener al | y mgterial|aad ad}"df@'tty §fe@?m6’r‘1ts d"PH@“?é’d”t %tF'f -al conprises a core 3 of

gener ap| yTﬁbréﬁﬂr@}V aSéd?ﬁlﬁ 'SEEMERE RUM, FoexampRY, De dd-itfudbd Pesbragtedayer 5,
and an outer |a . nerally, the i nner core 3 conprises a pateri al

havi ng godtoy h@e@?ﬁ‘ér%ﬁcﬁﬁ?'équleéﬁmﬁﬁel qither %8?%9”6'5(5'@9? & @Pérﬁ!%ngt Beexpl osi ve
deconpr essﬁér@m of the E,,Ialdgctexarrpl e, the core 3 conprises silicone rubber. As
descri bed ove, her materials could be used as the core materi al The
outer | ayé&eatmresarifs aspectof thetievantion may begroxidgd rosthinatienwith fegfusesice. For

30 exanpl ‘ FLAS TM or VI TON TM ETP- 600S, VPL
85540 (FK% @???ﬁéﬁfﬁ‘?thgm"?%"°%% p?@pi%ér—ox -40C) FFKM or HN BR The bondi ng

| ayer 15 |§hepayemnaatenal maphieclude @kmetgsaldTthnlgea Tayewer thas thateh ths 8¢f§er at ed i n
Figure 1 ng)gt %Iarlty In an exanple, the dianeter of the O-ring section may
be 6.99 mMm ¥ie silicone core dianmeter being 35 5.33 nrm WO

2010/ 007420 RETECB2OED 100308 Tvention provides a method of manufacturing a seal as

described herein. ,

A further aspect of the invention provides a method of manufacturing a seal comprising
20 forming a core comprising a core material, and forming an outer layer on the core, the

outer layer comprising outer layer material.

The core may comprise freely cured extrudate, or could comprise uncured material

which is cured, optionally together with other layers, during the moulding process.

The method may comprise co-extruding the core material and the outer layer material.
25  The method may comprise including providing a bonding layer between the core and the

outer layer, the bonding layer comprising bonding material.

The bonding material may comprise core material and/or outer layer material, preferably

a blend of the core material and the outer layer material.

The method may comprise the steps of: forming the core; applying the bonding material
30 to the core; and moulding the core and outer layer to form the seal.

The core material may be cured or uncured before the bonding material is applied.

The bonding material may be applied by painting or spreading.

The bonding material may be dissolved in a suitable solvent before application.

The method may comprise co-extruding the core material, bonding material and outer

35 layer material.



- 25 - Various different nethods can be used to manufacture the O-ring. The
core material, bonding |layer material and the outer |ayer nmaterial nay be
co-extruded to formthe seal. The bonding | ayer material nmay conprise a

bl end of tRgowbRE745AYEr conpound and the 5core conpoungcygiosdkes7P! ended
t oget her before vul canisation. This will allow the layers to bond together

during the noul di ng process. Al t er nat P4el y, the core 3 may be fornmed and
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and the OulBbyd Wfdindr &sLORE-LRGSENEouBI dGipR) B BY Al Clthe MEhBUNG: R OCESS.

The product coul'd also be vulcaniz ree state ' after extrusion, for
exanpl edi n pegierertthet the awspRrerenaieral hasexsetiens geemicalreristangeant inpigfatiady.

15Al ternati b rd i ' i BEerprt bondi ng
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be used, f érsusireerfinishiagmakbdecatied UhoEPSOP®BBYf the seakone cases, it may be
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used. In this case, ayer may not be present 1n the O-ring.
20 I n the fememoimsestanpl es, a material of relatively low Tg is provided

on the gurf j i i ; vl L Tg.
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el bt ng. A5yeatthEIR o S4EE 0 ECn kb nfay b4 B6K1EH % ot Shdects BF X D)

pr oper flbes inveatidRGED ang spproptiaie comipinatione in paajasifar, methed aspestsinay ba@RPINBR, f or

exanpl e in% g%’gd?%ugggae%q%l ﬁ&%icS“veéQN for 30 exanple 20% Such material has
rat ure per

good | ow tenp Srimance and approxi mately equal chem cal
r esi st ance Prefetréd features of thedweserthdwention willolow be desaribadi paely pyopey off es of

ey one TRy Bl SRS PR gl SgL s, ELAST O L L0 101
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- 370. 28\0 2010/ %%ﬂﬁ@e%ﬁg]r_/ GB2009/ 050874
Figure 1 shows schematically a transverse section through a part of an O-ring seal 1.
The seal has a generally circular cross section. The seal material comprises a core 3 of
generally circular cross section and two layers: a first bonding layer 5, and an outer
layer 7.
25 Generally, the inner core 3 comprises a material having good low temperature flexibility
and/or good resistance to explosive decompression. In this example, the core 3
comprises silicone rubber. As described above, other materials could be used as the
core material.
The outer layer 7 comprises a material having a good chemical resistance. For
30 example, the layer 7 may comprise AFLAS ™ or VITON ™ ETP-600S, VPL 85540 (FKM
from Solvay with TR10 of approx -40C) FFKM or HNBR.
The bonding layer 5 is optional.
The thickness of the layers has been exaggerated in Figure 1 for clarity. Inan example,
the diameter of the O-ring section may be 6.99 mm, the silicone core diameter being
35 533 mm.



- 26 - Because the core material and the |ayer material are conpatible with
each other, both conprising ACN HN BR, they may be fornmed by co-extrusion
and subsequent noul ding. Alternatively, prenoul ded cores may be

over nnoul dg@ 20olobratde outer |ayer. The products coul d atsaBreohsisri cat ed
from uncured sheet and extrusion pri to moul ding. 51n an exanple, the

t hi ckness of the |ayer is between abgét 5% and 25% of the section of the
product each side of the core. The seal forned h&s a good RGD resistance,

cheni cal Magpus different)eineds candie usqd [BRNUTERHTEIPE HA-iR% " good | ow t enper at ur e
seal i ng. ExametematehBl, DORIRG N ef PiEdriab @Rd A bHM egee madriar maly bshish is
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appl i ed bédtmethlhéhe:mre ?amay R dormedeand thy bpndieg aratetial Mgy LErsPradde s eal .
Hovever, Pglg tﬁ)iﬁé'mrSSTﬁé‘BQn(ﬂndjﬂﬁ kB APYFhpriER Y tﬂéﬁd &8nd 6GtEF Iagst  For
exanpl e i oth the core material” and outer material are perOX|de cured
nat eri al s maierzdbod ¢oregmptgyial blerdedrisforsevulsapisatipar nd dissaedgn assieblg | ayer
coul d gt i |} B& %Efgr% e?rig ﬁ'&ﬁ.b& 8kne {88, SRR cdr@ ng%/dbé‘eéreﬁ & UpdurdeDine
reS|stance goo em cal resistance and provi | ow t enper at ur e
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at | ow tenper K [R5 he outer |ayer
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t enper at urdesstedimgP 8025987 per at ures as | ow as -60 degrees C.

In some cases, it may be possible to bond the outer layer to the core without bonding

material being used. In this case, the bonding layer 5 may not be present in the O-ring.
20 In the following examples, a material of relatively low Tg is provided on the surface of a
core including material of a relatively higher Tg. Having reference to Figure 1, where the
materials are used in an O-ring seal, the material of relatively low Tg is provided at the
outer layer 7, and the material of relatively higher Tg is provided at the core 3. It will be
appreciated that the material combinations may find application beyond o-ring seals.
25 Example 1
The core comprises a ‘medium’ ACN (acrylonitrile) HNBR (hydrogenated nitrile
butadiene rubber), for example including 30% or more by weight of ACN. Such material
has good mechanical properties and RGD resistance.
An outer layer 7 includes low ACN HNBR, for example including 25% or less of ACN, for
30 example 20%. Such material has good low temperature performance and approximately
equal chemical resistance to the core. It does however lack the mechanical properties
of the core material.
For example the core may comprise ELAST-O-LION 101 (RTM) of James Walker Group
having a TR10 of -17C, and the outer layer may comprise ELAST-O-LION 985 (RTM) of
35 James Walker Group having a TR10 of -37C.



35This outer layer material may also be used with different core materials.
WD 2010/ 007439PCT/ GB2009/ 050874 - 27 - Exanple 4 PNF, (a
fl uor oal koxy-substituted pol yphosphazene) of Materials Science Technol ogy

I nc, Houst oRo 2649/00339r ovi ded as the |ayer material. PNF ggasc00/dsegper at ure
flexibility at -70 degrees C. 5 The ¢ ;pe may conprise for exanple an FKM

mat eri al havi ng RGD resi stance. A bondi’ng | ayer nmay be applied between the
core and the outer layer material to formthe seal. The seal formed has a

good RGD r EScayseribe coigaprienal @nd iha layes sraterighate compaiplewitheack aiher. 888 | ow
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and t hedsednap @qu‘éﬁe e PisknessoE bR tayepis b@W@ee@P%utﬁe(z @?q %ﬁ% Qhipperatirmef t he
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are expensive, and so the use of the core allows a thinner |ayer of the

more expending@eadersiaddias agopd R@fré'@s'SBE‘&%;S’PEm!i?a*Fﬁé'S@B?%tYP'ﬁ%'lchPé‘é""éﬁ’ﬁ(w cone

havi ng a gapdhfAieRigeel W tefptradire@BaIHg1 800 cc/ 2/ hr under 5 bar N2 at 20C
such as S2475 from Dow Corning Ltd. 20The coating |ayer includes SIFEL, for

exanpl e 976XaFPRRIE (in the formof a gum). In sone exanpl es described
herei nqphe T%E%gleesco%rl‘égsé’ﬁ?KMrboFé‘rﬁ Feﬁ&%ﬁ?éh |§0?Mﬂké’(§ for R@T:‘J‘ r‘%%n@gilnge gl i qui d

grades. The resulting seal resi st an al so has good

I ow t enper spudesbagedry atﬂlnqlxnyer (ZBETIW@'YEb@aMheEQHbS@WSo@fd'1§F3eafﬁ’ot1 2C
restricted ré% Qf\fél)ﬂ%&%ﬁérﬁple%“k@ﬂér%ﬂﬂ%u@soe%@ ARt de hidierBNY

el ast oner uct.” The product may I ot her e enents or conponents,
for exanpl J hploatar |Iayeb¢ornmsas lan & Kvh natesiat, farsixamplel \diea Elg. orAsFLiTahigkatsed

above, the qpy g@‘éﬁom}f@% LML DER \lNﬁllEll\ HEE, ‘i’ﬁ‘i’ an3pe %bﬁ ahd - fécer%@ﬁéc%l\éel? or

exanpl e to reduce or PEVent - erac roaalon I'n e materia

exanpl 8p r dihdoastyf memmatsmai attbigiayal irspoml@&remy preater thandhecostof theemgtenial se
profiles thepugh the product cross section with a high hysteresis, can
absorb energy and’i nhibit crack propagation. Janes Wl ker Expl osive
Deconpr essiAobvorTiagtlayar owyder aplied between the core and the outer layer material to form

the seal. However, in some examples such a bonding layer may not be required. For
example if both the core material and outer material are peroxide-cured materials, a
20 bonding layer may not be necessary (although such a layer could still be used, as
desired).
The seal formed has a good RGD resistance, good chemical resistance and provides
good low temperature sealing.
Example 3
25 The core comprises an FKM elastomer which is flexible at low temperature, for example
below -30 degrees C.
The outer layer includes a fluorinated silicone material, for example a
perfluoropolyether/silicone material, for example SIFEL available from Shin-Etsu
Chemical Co Ltd, Japan. This outer layer material has flexibility at temperatures as low
30 as-60degrees C. SIFEL 9700 grade may be used.
In this example a bonding layer is advantageously applied between the core and the
outer layer material to form the seal. The seal formed has a good RGD resistance, good
chemical resistance and provides very good low temperature sealing at temperatures as
low as -60 degrees C.

35  This outer layer material may also be used with different core materials.



The follow ng paranmeters are used to test an O-ring seal. Tenperature: 100
degrees C 35Pressure: 138 bar WO 2010/ 007439PCT/ GB2009/ 050874 -28 -
Medi a: met hane, carbon di oxi de m xture Seal Size:SAE AS 568-329 (or other)

Groove fikjo S3bpdmon nal) Conpr essi on: 14% ( nom nptj/GBItogomenier al
procedure is as follows: i. Heat rig }0 test tenperature 1. Apply test
pressure iii. Soak seals at terrpera_t%ré and pressure for a mninum of 72
hours iv. Deconpress instantaneously 10v. Repressurise; soak at tenperature
and pressBxampler4 1.5 hours vi. Deconpress instantaneously vii. Repeat steps

iv and v ERf gérflma‘?faikbk'ﬁﬂgtﬁ}s‘%ﬁéa Rl of Mdididls STRAKE THEhhISgyARL,
deconpressions in total) over a four day period, nonitoring

pr essur e/ Hoaitand)S inpoy d@strqurmamrtaéﬂfﬁ hasilow {eRnsraturg figgbiliy et 7R t r ogen
to evacua?g rregérgi ning gas mxture ix.Soak seals at test tenperature in
nitrogen o1 24 hours Assessnent: Pressure/leakage is nonitored

cont i nliouFhy corermoaytomitrise &xtexampigian Fie cetarial kpvingeSCRAF WIS oni ¢ | eak
det ectiony, FaGRqMUyePhd)be SPpledl detiddrtné Boréiarddhd Juteriadriesled telhal |y

the seal.
The seal formed has a good RGD resistance, good chemical resistance and provides
very good low temperature sealing at temperatures as low as -70 degrees C.

10  In each of these examples, the core material contributes RGD resistance and overall
good mechanical properties. The mechanical properties of the layer may be inferior to
those of the core. For example, the mechanical properties, for example stiffness, of the
SIFEL and PNF material layers is relatively poor and the seal relies on the presence of
the core material supporting the layer material Furthermore, many of the layer materials

15 indicated above are expensive, and so the use of the core allows a thinner layer of the
more expensive material to be used.

Example 5
The core includes silicone having a gas transmission rate of about1800 co/m2/hr under 5
bar N2 at 20C such as S2475 from Dow Corning Ltd.

20 The coating layer includes SIFEL, for example 9700 grade (in the form of a gum). In
some examples described herein the grades which are in the form of a gum are
preferable to liquid grades.

The resulting seal is highly resistant to RGD, and also has good low temperature sealing
ability.

25 The examples described are not restricted to O-ring seals, but can be used as
appropriate for any elastomer product. The product may include other elements or
components, for example plastic or metallic anti-extrusion elements.

As indicated above, the product may further include energy-absorbing elements, for
example to reduce or prevent crack propagation in the material. For example, randomly

30 or strategically placed particulates or lengthwise profiles through the product cross
section with a high hysteresis, can absorb energy and inhibit crack propagation.
James Walker Explosive Decompression Test Procedures
The following parameters are used to test an O-ring seal.

Temperature: 100 degrees C

35 Pressure: 138 bar



20and, additionally, cut into four sections where the followng criteria
are applied: o = no internal cracks, holes or blisters of any size 1 =
fewer than four internal cracks, each shorter than 50% of the cross
section, wiwbaaofootsdd crack length of |ess than the croeeTEEB009®80874 2 =
fewer than four internal cracks, each,ghorter than 50% of the cross
section, with a 25total crack Iength_g |l ess than 2.5 tinmes the cross
section 3 = fewer than nLne in ﬁagal.cracks, of which a maxi mum of two

cracks canMBdR a | endPHNES GRY 95 TUXEE% of the cross section 4 = nore

than ei ght eepSiKS; Or INEASKEBBRE (6fcleds | onger than 80% of the cross
section 5 = one orpnnre,cracks t hrough the cross section or conplete
separ at i on BeO¥efH: seal83mteMitels r agnents A seal assessed at 4 or 5 is

deenmed to lpmprassippt alakenbhfidf ore, to pass the test, the seals have

ratings_no_hi gher than 3. in of the four cut seal segnments. An exanple
woul d be 0,7 g,%ege,raépr@%gée)l_sa@,f&%%/sg, 4 would be a 'fail' for a particular

seal becausej of Heb&riPdgedtd@rhpedatafe 4. 351t will be understood that the
present inventign has been described above purely by way WO
2010/ 007439PCT1ORRYIRF BERSEYE - 29 - of exanple, and nodification of detail

can be nadeiin t Bosk $dis staemperafurd Bed preyaune feva. mibaeim bEZE houes di scl osed i n
the description_ and (where appropriate) the clains and drawi ngs nay be
provi ded i nepeREEITPYSHINSERtBARYUSIh pr opri at e conbi nation. WO

2010/ 09g439RCT/ RBgREANMARB08d4k at téAperafd:bMPpredsuré f&rai28 ha®8Pr i sing an inner

core including core materi aI{ and an outer |ayer on the core conprising
| ayer mat er Val , DRRUPRERS instantaneoysly core material includes an el astomer and

i's capabl e @f pRepéstisipsdy s&R 1§ tirthenGheONitda B dfithslr eKpgriataare - the
| ayer material including an el astoner and is capable of providing a sealing
function above HecHEHRIARFANSPAEN Qv 2 {RHeARY Refade MOBEYING &r%éﬁnﬁ?%@@ i's

| ower than the fHrsgdhotienper ature.

15  viii.  After final cycle, purge with nitrogen to evacuate remaining gas mixture
ix.  Soak seals at test temperature in nitrogen for 24 hours

Assessment:

Pressure/leakage is monitored continuously throughout testing via pressure gauges and

OVA/sonic leak detection. Each of eight seals tested is visually examined externally
20 and, additionally, cut into four sections where the following criteria are applied:

0 = no internal cracks, holes or blisters of any size

1 = fewer than four internal cracks, each shorter than 50% of the cross section, with a

total crack length of less than the cross section

2 = fewer than four internal cracks, each shorter than 50% of the cross section, with a
25 total crack length of less than 2.5 times the cross section

3 =fewer than nine internal cracks, of which a maximum of two cracks can have a length

between 50% and 80% of the cross section

4 = more than eight cracks; or one or more cracks longer than 80% of the cross section

5 = one or more cracks through the cross section or complete separation of the seal into
30 fragments

A seal assessed at 4 or 5 is deemed to be unacceptable Therefore, to pass the test,

the seals have ratings no higher than a 3 in any of the four cut seal segments. An

example would be 0, 1, 3, 2 (pass). 0, 1, 3, 4 would be a ‘fail' for a particular seal

because of the one rating of 4.

35 It will be understood that the present invention has been described above purely by way



2. A seal according to claiml1l, wherein the Tg of the layer material is

| ess than the Tg of 10the core material. 3. A seal according to claim1l or
claim?2, wherein the TRIO of the layer material is |l ess than the TRI O of
the core Rud@yib/dd7aze 4. A seal according to any of clecmvesiood/as0874 wherein
the first tenperature and/or the Tg_$ _the core, and/or the TRIO of the
core is less than -20 degrees C, preferably less than 15 -30 degrees C. 5.
A seal according to any of clains 1 to 4, wherein the s ﬁpnd t erature
and/ or t hef epgmpfe. R Moslifiestion.gh dp'ail camie Tﬂfjﬁ)wé)tg""tﬂﬁeesqoe??@f, ei"%vqng% t han - 40
degrees CgagH efirakliscldses sn thabeschptiohe @heaahéie sppedmiasd)|thie Ickirss tahdan - 60
degrees C, nore preferably |ess tha es. C. 206. A seal according

] | P -70 d%%{e
to any pr Esinasgna ke providedinderendaRtlv.An amedRPLoRTRe ARt ance criteria
of the NORSOK Mr10 test (Annex B). 7. A seal according to any preceding
cl ai m whi ch passes the Expl osive Deconpression test described herein.
8. A seal according to any preceding claim wherein the |layer material is
chemcally 25resistant. 9. A seal according to any preceding claim
wherein the core material is chemcally resistant. 10. A seal according to
any preceding claim wherein the core material has a greater chem ca
resi stance than the layer material. 3011. A seal according to any preceding
claimwherein the core material and/or the |ayer material conprises a
nitrile butadi ene rubber or a hydrogenated nitrile butadi ene rubber. 12. A
seal according to claim11l wherein the hydrogenated nitril e butadiene
rubber has an acrylonitrile content, preferably of from10%to 60%
preferably 25%to 55% 13. A seal according to claim 1l wherein the
hydrogenated nitril e butadi ene rubber has 35an acrylonitrile content of
from10%to 30% WO 2010/ 007439PCT/ GB20091050874 -31- 14. A sea
according to any of clains 11 to 13 wherein the hydrogenated nitrile
but adi ene rubber is fornmed by hydrogenating at | east 90% of the double
bonds present in the parent nitrile butadi ene rubber. 15. A seal
according to claim 14 wherein the hydrogenated nitrile butadi ene rubber is
5f ormed by hydrogenating at | east 98% of the double bonds present in the
parent nitrile



but adi ene rubber. 16. A seal according to any of clains 1 to 10 wherein
the core material and/or the |ayer naterial conprises a silicone
cross-1inked perfluoropolyether. 17. A seal according to claim 16
wherei n t heyghdihe®as cross-1inked perfluoropol yet her 10¢e¥RiB60H574

pol y(perfl uoroal kyl ene oxi de) backbong 18. A seal according to claim 16
wherein the silicone cross-1inked per pﬁbropolyether conprises a
pon(perquoroproperne oxi de) backbone. 19. A seal according to any of
Claims 16 C&AMSwherein the silicone cross-Ilinked perfluoropolyether is
sel ected fOM RIrEbmprRINY artinAst Qi@ ineiLdvgi dorDmgtelib0BhPhh Butet Rierlén fHBem cal
Co. 20. A seal according to any of clainms 1 to 10 wherein the core

mat eri al aRFESOMPASING tayer matgrfial wWaerettonpri ses a pol yphosphazene pol yner.

21. A seal %%Féiﬂna@ngnqn&uc?és@n%@asmr%ha .st&%asng'oypﬁa%meaazs%aﬁngomhmﬁr
conpri ses = ting unit having the tornula R2) Ni
mhereln5ea©h0WﬂaEﬁHméw@ﬁﬁm& IS 20|ndependently an inorganic nnlety or an

RoTe. § naepletpyer (oterd) ASRINGGF OB CIOAG: o IELAetolVEH dhoBEfTuREraANd cach
-0-(C1- CB) abmqw@@g@wmuram(m C6) al kyl, -NH(C6-d o)aryl and
- NH- (CL- C%b{gavs/ $heRe A@t%ﬁémt%@%ﬂﬂv@rtﬁ?r'lu@eef“'réﬂfém@é?gtuﬂi yl groups are

optionally substitute ne or nore orine atons 523. A seal

accor di ng fZOAcSIeahaWQrﬁln@frﬁ@ﬁlélnm adereiRhedo@f bedayeRmatesialis gep ot 190fsel ect ed
from - t I_@gg@ 0CF3, -0CF2CF3, -OCH2CF3, -006H5, -006F5, -NHCH3, -
NHCH2 rﬁ I\IﬁCFZCFS - NHCH2CF3, - NHC6H5, and - NHC6F5. 24. A seal

accor di ng 80 Acieal anconlingte cleinn 1 eadaInFR, whereir e RL2 df theilayes prariighisigsssel ect ed
from - , j2CF3, - OCH2CF3, -006H5, and -006F5. 3025.
A seal accor 3| ng ngntyggrg%crgdtg% claim wherein the core material and/or
the | ayer #ntrererbdccorivigtdasy af dlaiomsrlitn8- whereitng firgt toolpprature andler the Tgeal

accor di ng_ Lonelaleyifor HEPRE) B hbEarbI4IEN! e ARtk IpRAIYATIosk BehUdes 3

fl uor oel ast oner orosilicon rrsing an
i nner tbre- 301dﬂgnehsr@ core material, and an outer layer on the 35core

conpri si ngs! Wseh IéE%Br%rr{gqg any\'gfed’ a‘?ﬂng1 to mr?e%ﬂ h% e%g’r%:) tgyp%g%/nglgpﬁyl -32 -

Tg of the layer, and/or the TR10 of the layer, is less than -40 degrees C, preferably less
than -50 degrees C, preferably less than -60 degrees C, more preferably less than -70
degrees C.
20 6. A seal according to any preceding claim, wherein the seal meets the RGD
acceptance criteria of the NORSOK M710 test (Annex B).
7. A seal according to any preceding claim which passes the Explosive Decompression
test described herein.
8. A seal according to any preceding claim, wherein the layer material is chemically
25 resistant.
9. A seal according to any preceding claim, wherein the core material is chemically
resistant.
10. A seal according to any preceding claim, wherein the core material has a greater
chemical resistance than the layer material.
30 11. Aseal according to any preceding claim wherein the core material and/or the layer
material comprises a nitrile butadiene rubber or a hydrogenated nitrile butadiene rubber.
12. A seal according to claim 11 wherein the hydrogenated nitrile butadiene rubber has
an acrylonitrile content, preferably of from 10% to 60%, preferably 25% to 55%.
13. A seal according to claim 11 wherein the hydrogenated nitrile butadiene rubber has

35 an acrylonitrile content of from 10% to 30%.



- the core material includes an NBR or HNBR material having an
acrylonitrile content of less than 30% preferably 25%or |less, - the |ayer
mat erial includes an NBR or HNBR naterial having an acrylonitrile content

| ess thanyWasio@ratshe core material. 528. A seal conprper/GB2@0/0508NEer COre
including core material, and an outeg,layer on the core conprising |ayer
material, wherein core materi al and7§? “the layer material includes one or
nore of hydrogenat ed nitril e butadiene rubber, silicone cr%%[% | i nked

per f 1 uor oﬁ&%@%ﬁ%é@corcﬂi‘ﬂ {9 3RY eiAaIPE A & 1,15 Whessin the hydiggenated nitrile DUiadiepgy o of

the outer liR¥els RAAEP by hido§éHating it e251590% an the3foubRgb@RIs presehOpr wiker abl y
less than -40 degrees C "|ess than -50 degrees C, less than -60 degrees C

or | ess t Rpafent mgi Qj@ﬁ?@@%e kbberg. A seal conprising an inner core including

core matenkaly se%rléicc%m.%%iauhawhe%in iﬁé%yﬁﬂfgéné?(@&fﬁﬁﬁlé bmgd.baymbbm%er i al
wherein: the core material includes an él asto mat eri al

i ncl udes #rewed by bydogenadisg at '8ﬁ$t9§ﬁgrth%1jwbéﬁ1?9”d§iﬁ’ées§8tdp tqesparr%%tlngglgnt to

rapi d gas pdegRARr@beron (RGD). 30. A seal according to any preceding
claim wherein the seal is flexible at a tenperature | ess than m nus 10
degrees C16. Aseal gggordingdeany efeiainall iy whaipip i @remriRfatadl e iR ei n t he

| ayer mat ?ﬁdtéﬂal b&nﬁrlis%é'a@ﬂ%oﬁé c@s@@ﬁk%ﬂ%ﬁ@h#ﬁp@lybtﬂéﬁ than mnus 10 degrees C.
32. A seal according to any preceding c wherein the core material is

f1 exi bl e 47. A seahpegosding i ¢l@ms1fiwbefetfhth%”'q@ed‘é%é@be@erﬂwf@@o yeth&leq|
accorq brql ﬁ@éaﬁ] é’r‘flﬂ@roég |Er§e Hde)MBBRHE the seal and/or the core is
b Pess m nus %) egre(g

flexi preferably | ess than m nus 46,
m nus 60, 16r PQSﬂaésscotr@mﬂWlﬁU@th%ré@rtb%@“@ne cgops-linkedegriis@rert ity to any

precedi ng CSHggégsE’\éﬁgy(ﬁér[ﬂuérBE@}ﬂeﬁé oil{ﬁ:'&[% teekipremt erial is bel ow mnus 10

degr ees acco gto aim 34, wherein the Tg of the core
material i19. belsea ajcauingi® argee6lints 180868 wheseinl the stisersi #gss-bkelai m 35

sher ef ¢ g T rBbAG, S 6RoEBRH SEl IR Qe Roa e geRmiCepr ef er bl y

bel ow m nds rees seal accofding to any preceding claim
wher eilb t l@hefftaDCof the core material is |l ess than mnus 20 degrees C,

Pr ef e abl Yol 8S%el R0 gRb 3G HRRE §951 CunERET bk hahBPaididmdtonus €0 or
g an i nner core Including core
mat eri al , rmtmanomm&es al m)jwhosnrezertetmlymer
21. A seal according.to claim 20 wherein the polyphosphazene polymer comprises a
repeating unit having the formula -[P(R")(R?)=N]- wherein each R' and each R? is
20 independently an inorganic moiety or an organic moiety.
22. A seal according to claim 21 wherein each R'"and each R?is independently selected
from -O-(C+-Ce)alkyl, -O-(Cs-Cro)aryl, -O-(C+-Ce)alkyl(Ce-Cro)aryl, -NH-(C+-Ce)alkyl, -NH-
(Cs-C1o)aryl and -NH-(C+-Cg)alkyl(Cs-C1o)aryl, wherein said alkyl and aryl groups are
optionally substituted by one or more fluorine atoms.
25  23. Aseal according to claim 22 wherein each R'and each R?is independently selected
from -OCHa, -OCH,CHs, -OCF3, -OCF,CF3, -OCH,CF3, -OCgHs, -OCsFs, -NHCH3, -
NHCH,CHa3, -NHCF3, -NHCF2CF3;, -NHCH,CF3, -NHCgHs, and -NHCgF s.
24. A seal according to claim 23 wherein each R'"and each R?is independently selected
from -OCHa, -OCH2CHa, -OCF3, -OCF,CF3, -OCH2CF3, -OCgHs, and -OCgFs.
30 25. Aseal according to any preceding claim, wherein the core material and/or the layer
material includes a fluorine-containing polymer.
26. A seal according to claim 25, wherein the fluorine-containing polymer includes a
fluoroelastomer and/or a fluorosilicone.

27. A seal comprising an inner core including core material, and an outer layer on the

35  core comprising layer material, wherein:



WO 2010/ 007439PCT/ GB2009/ 050874 - 33 - core conprising |ayer materi al
wherein: the core material includes an elastoner, the seal is flexible at a
tenperature | ess than mnus 10 degrees C and the layer material includes a

chem cal | y wesi16/0@ase mat eri al . 39. A seal accordi ngpte/geappsseedi ng
claimneeting the RGD acceptance critgéi a of the 5 Norsok Mr10 test (Annex
B). 40. A seal according to any prece ﬁg cl ai m whi ch passes the Expl osive
Deconpressi on test described herein. A seal accordin

precedi ng cl ai nihgHEOreMIterigbinglugdps ﬁaé“&@’ #‘@‘sﬁ%f‘??ﬁf@' geving ?%%ﬁé‘?"é‘ﬁﬁ%e of

| ess than m nuscddientRf RESHARINY, PrFerbbig2sm Gtusss20, m nus 46, minus 6001 10
m nus 90 degrees C. 42. A seal accor di ng to any preceding claim wherein

the seal has -Rdber '@Sqré‘?aéﬁrd% ingludgs aerbeiR 2 iNBRMaksiab heviah a8 GOVANErEr abl y at

100 degrees C Ogori@Htfess4an thatSit ®le @6 Alatbriag to any pr ecedl ng cl ai m wherein
the seal is RG resistant in theggresence of one or

15i . hyd? oc&8-hBi582l(CoMAFRIAE 2R InNeaLYe G WinRg s malgra!, |af‘d éﬁPH@ﬁ'adP e 44. A

seal accor Qd)r@%oﬁ@nﬁﬁg’Ia%ﬁﬁ&@héﬂﬂmtﬁéré‘h BbrehiRiteiid) ahd)6r the RlyeNAsteREiMdIRRESt ance
to reductions in pressure of greater than 50bar/hr 45. A seal

accor di ng PeF affy Merecebivgradensiad ke hHadiore dHP*éerrra”‘t"@PF%l cregtfFedes

20si | i conepgidépolfethér b@]%sF%% Bb?geﬂaterl al. 46. A seal according to
cl ai m 45 vvﬁerel n the core includes silicone and/or fluorosilijcone. 47. A

seal accor anhyhewinihe 15O dheguter ayen andhs tes foreriR less thanmef diepmaes Gnpri ses

an et hyh engrdal Ry |28 haRl-254 sC flé’srs tRarABD ey EBMaBEd BEn EdMgrees Cord8. A
seal accordin to any preceding claim wherein the core material conprises

25pol ybut alfisé zgdeg(eg%g} according to any preceding claim wherein the

materi al szgth%eawoﬂ{pnlsmg%h inrfer E&RIISdIRig ddve RTErRl, aRB&R obfer Idyer Gi@am i .
am nes 30iii.hydrocarbons (aliphatic and/or aromatlc) I v. met hanol . 50. A

seal accor G‘Prﬁgmﬂ‘@”aﬁ@'%!P'é@é@f'ﬁ'g‘”@r%lﬂm wherein the material of the core is
resistant tgeQRe RhtefBrifci@des dn SdREHRT;

16 - the layer material includes a chemically resistant material; and
- the seal is resistant to rapid gas decompression (RGD).
30. A seal according to any preceding claim, wherein the seal is flexible at a temperature
less than minus 10 degrees C.
31. A seal according to any preceding claim, wherein the layer material is flexible at a
20 temperature less than minus 10 degrees C.
32. A seal according to any preceding claim, wherein the core material is flexible at a
temperature less than minus 10 degrees C.
33. A seal according to any of claims 30 to 32, wherein the seal and/or the core is
flexible at less than minus 20 degrees C, preferably less than minus 46, minus 60, or
25 less than minus 90 degrees C.
34. A seal according to any preceding claim, wherein the Tg of the core material is
below minus 10 degrees C.
35. A seal according to claim 34, wherein the Tg of the core material is below minus 46
degrees C.
30 36. Aseal according to claim 35 wherein the Tg of the core material is below minus 60
degrees C, preferably below minus 90 degrees C.
37. A seal according to any preceding claim, wherein the TR10 of the core material is
less than minus 20 degrees C, preferably less than minus 46 degrees C, preferably less
than minus 60 or minus 90 degrees C.

35 38. Aseal comprising an inner core including core material, and an outer layer over the



35ii.am nes W02010/007439PCT/ GB2009/ 050874 -34 - iii.hydrocarbons
(aliphatic and/or aromatic) iv.nethanol. 51. A seal according to any
preceding claim wherein the outer |ayer conprises a fluorine-containing

el ast oner iygo bRb@Eus . 552. A seal according to clai m51lpcwiese@onsisthe out er

| ayer conprises a fluoroel astoner or perfl uoroel ast oner. 53. A seal
according to any preceding claim v%é?e—i n the outer layer corrpri ses HNBR.
54. A seal according to an\éﬁ’rrprecedl ng cl ai m bein simlar

seal . corexpompsiag syenpelirgl weeren: ahs Cﬁ?é&%ﬁﬁ%gﬂ @l%?ﬁ{‘ %f hehe
t hi ckness sgf) it MeximeIbes tdnipepatuieSiedPings Slimam Pdeyiées30 Unatthd lagerthatehaiess  of

the seal. 56. A seal according to any preceding claimwhere the outer
| ayer i ncingiss a chemicaly r@é'ﬁ@@%'ﬁ?ﬁeéﬁ'e propyl ene copol ymer (TFE-P). 57. A

seal accorgi RgehiAcAiHing (LS Hrét@dmgaialih Waetif) the RE® R4bfBndeayigtiaiondkbudes a
VITON fluoroel astomer or similar material. 1558. A seal conprising: an inner

portiof i NorapliMgOitestdpmmexdie and/ or a silicone-containing material, and/or
ii. ethyl gges QééPQa'do?d%?g telaﬁ;sb@e@&mg ik mﬂasgesﬁﬁéftgs%woéaa esBdf/ or .

Fl uorine contalning elastoner, for exanple FKM or TFE-P, and/or 20iv.an RGD
and/ or EDtgstédesoriged hemeisst omer, and/or v. an el astomer which is flexible at a

tenperat upe Whegs d26MAiINg sy &r@c&ﬁrﬁlj@fﬁﬁm Wher&@Rhe seal has RGD resistance at a
temperature of less than minus 10, preferably less than minus 20, minus 46, minus 60 or
10  minus 90 degrees C.
42. A seal according to any preceding claim, wherein the seal has RGD resistance ata
temperature of more than 50, preferably at 100 degrees C or more.
43. A seal according to any preceding claim wherein the seal is RGD resistant in the
presence of one or more of:
15 i.  hydrocarbons (aliphatic and/or aromatic); and
ii. Carbon dioxide
44. A seal according to any preceding claim wherein the seal has RGD resistance to
reductions in pressure of greater than 50bar/hr.
45. A seal according to any preceding claim, wherein the core material comprises
20 silicone and/or a silicone-containing material.
46. A seal according to claim 45 wherein the core includes silicone and/or fluorosilicone.
47. A seal according to any preceding claim, wherein the core material comprises an
ethylene-propylene elastomer, for example EPM and/or EPDM.
48. A seal according to any preceding claim, wherein the core material comprises
25 polybutadiene.
49. A seal according to any preceding claim, wherein the material of the outer layer is
resistant to one or more of:
i. steam
ii. amines
30 ii. hydrocarbons (aliphatic and/or aromatic)
iv.  methanol.
50. A seal according to any preceding claim, wherein the material of the core is resistant
to one or more of:
i. steam

35 ii. amines



an outer layer on the inner portion, the outer |ayer conprising i.a
fluorine-containing elastoneric material, and/or 25ii.HNBR and/or iii.an
el astomer having chem cal resistance. 59. A seal according to claimb58

bei ng resi s{yanbiof@748%xp! 0Si ve deconpression. 60. A seal mae@sdion@ed’9 cl aim
58 or claim59, having good steam resi at ance and/ or good chem cal

resi stance, for exanple to am nes, anol, and/or hydrocarbons. 3061. A
seal conprising a core and a Iayer of material on the core, wherein the
core conpri dbs” AUIEFIBPNHEIRNTYC A PR OGRECloer meabi i ty, the core conprises
material which infethdneki bl e at a tenperature of less than minus 10 degrees,
preferably | ess than m nus 30 degrees C, and the |ayer of material has good
cheni cal r&di sh&A8leaccaBiyg I8 awapreersing Figimhgvherein the QH‘QV BYPLGAPPTSES fat er i al

on the cor guoNheERitdinihy Bla8@hferic Wate il 0/ 007439PCT/ GB2009/ 050874 - 35 -
i ncludes an elastoneriC nmaterial, the core further conprising a perneable

mat eri aP, t9ReAsgakaccaringlty alpim S Miareintha Auter laxar 6ABPTISES RdlgiopRstomeror g3 A
seal accorgpgwﬂdogoé}és%rm}r& wherein the core material includes silicone
mat eri al . . A seal according to claim62 or claim®63 wherein the
core incl udds Asﬁepi%ﬁ@"wﬁaﬁ@wrswcm%m wEgfgi the gater 'ﬂye;éampa%%sd?'}ﬁ?%g to any

of clainms 63 mose%ﬂacmﬁ%tomny%&amﬁuaaﬁ%mngsan@nmf r%lrh.tyr@uah the core
material is nore preferably nore than 0, 0, 1500, 1800

cc/ n2/ hr oB5mbrsealangeiding tp apy peceding@eim, wherein tbeth'%f@%q)f theQuedaYRs S o any
pr ecediigg qésgltﬁé,y\‘g@gu@B@%td?%ectgrcgnéggtoﬂﬂeaged ncl udes the core 10i ncl udes an

el ement for resisting crack propagation in the core material. 67. A seal
conpri si ng 58 cér &2l rRSca@inggtoc aRe PrReeding Aaidnwheris Bigt @fen layer nshideRe@ cor e

conpri sing tét?éﬂ%ro%'ﬁ\g%rnb%?o pyRBBbdlyh&gTERIM, i ncl udes an el astoneric

mat erial includi errent for resisting crack propagation in the core
material . 57 Ase@BaCCArmtp aay etacading cleim wheriein the outer ayeri ingledes adPN n t he

el ements f Qf,ofeRbRMN9r SHAGKmaterial.
15  58. A seal comprising:
an inner portion including
i.  silicone and/or a silicone-containing material, and/or
ii. ethylene-propylene elastomer, for example EPM and/or EPDM, and/or
ii.  Fluorine containing elastomer, for example FKM or TFE-P, and/or
20 iv. an RGD and/or ED resistant elastomer, and/or
v. an elastomer which is flexible at a temperature less than minus 10 degrees C,
and
an outer layer on the inner portion, the outer layer comprising
i.  a fluorine-containing elastomeric material, and/or
25 i. HNBR and/or
ii. an elastomer having chemical resistance.
59. A seal according to claim 58 being resistant to explosive decompression.
60. A seal according to claim 58 or claim 59, having good steam resistance and/or good
chemical resistance, for example to amines, methanol, and/or hydrocarbons.
30 61. A seal comprising a core and a layer of material on the core, wherein
the core comprises material having a high gas permeability,
the core comprises material which is flexible at a temperature of less than minus 10
degrees, preferably less than minus 30 degrees C, and
the layer of material has good chemical resistance.

35 62. A seal comprising a core and a layer of material on the core, wherein the core



15propagation include a plurality of domains of elastoneric material. 69.
A seal according to any of clains 66 to 67, wherein an el enent includes a
boundary between two | ayers of elastomeric material. 70. A seal according
to clai m o wiev@ssd the | ayers conprise the sane el ast paEGBeOwB108T4 al .
2071. A seal according to claim69 og-claim70, wherein the layers are
ggrrred7?yv\;]o- extrudi ng the Iayers %2 A seal according to any of clains
to erein uncure rtiall
cureq rat Beraps on Bas oS MateBlIné ot P So i ahg HBF et BR B b 5 ¥
wher ei n apyet maRAEl ummlmunmselastomammteaslabsorbu ng | ayer or Iayers t hr ough
the cross-section of the seal 7@}{3@% eal acc | me 66 to

73, wher ef® éﬁeéh@ﬁ%rﬁt”gﬁﬂ@'lalﬁ'ﬂ@% eucgqr%wa 'Hg @qsa%al%%pa ef'§ A seal

accor di ngghoaGeal dBcgl"(‘jmgViG@Faﬁh B2 bhélaif mﬁéreIth‘@éd)ré @rfeluiep billEatiel dng/op f
particles in the elastoner. 3076. A seal according to any preceding claim

wher ei 9 tﬂ'éOf@‘éﬂK‘ém@orrprl ses a conposite material including a matrix of an

el ast oner ?5 g2V =T 'a%bordﬁa% anplodtlirhd 32 @5 6@' \ﬁﬁ@@%&hé‘ |g§§ kraRsHhigslon Ratk he
mat ri x. seal accord to an 6 wherein th | ayer

mat eri al Ff‘r'i@lllgﬁdb%cﬁe atesial 'élm%\hﬁﬂéo% p‘ﬁjeflaek)(/@’ror? Vi‘éﬂ 59%&90%1 50! 808 e

materi al . 3R5%r o hofbrefoaf Qe peca material for a seal, the rret hod
i ncludi ng co-extruding a WD 2010/ 007439PCT/ GB2009/ 050874 - 36 - urality

of |ayer s66fAéeagpmnwwm&qegungp@lm whereinle ese natarialinelydes the Eﬁ‘ral i ty of
boundagi eg,RREYVER BIchiAt oi”‘)’é’sfs'ﬁn%&%ck Prop8gatioRGs MetoRImbrigny preceding claim

further conprising bonding materi al betWween the core and the outer |ayer.
580. A seél. dceanl domprising 2 CererinGeding\aere énaterial e i2al OUuls lavee OBARIFHE | ayer

i ncl udes g@tnﬁﬁg. |agénryrhéc}§nmﬁeran é)éorg?rfcﬁ%@g?e Sfo%rlema@érlél MéGling 81. A

seal acco clai ns 30, wherein the core
i ncl udes ahemzantsl fenresisieg ¢rach propagdtioh tbapb@deatpagler. 82. A seal

conpri si nggan dANSLoffidtol fHih 68IRBlafPE R WREGA 1R eleBils A r@dktRG ctfxer on the

15  propagation include a plurality of domains of elastomeric material.

69. A seal according to any of claims 66 to 67, wherein an element includes a boundary
between two layers of elastomeric material.

70. A seal according to claim 69 wherein the layers comprise the same elastomeric
material.

20 71. A seal according to claim 69 or claim 70, wherein the layers are formed by co-
extruding the layers.

72. A seal according to any of claims 66 to 71 wherein an element includes a region of
uncured, or partially cured material.
73. A seal according to any of claims 66 to 72 wherein an element includes an energy

25 absorbing layer or layers through the cross-section of the seal.

74. A seal according to any of claims 66 to 73, wherein an element includes an inclusion
in the elastomer.
75. A seal according to claim 74, wherein the element comprises a plurality of particles
in the elastomer.

30 76. A seal according to any preceding claim, wherein the core comprises a composite
material including a matrix of an elastomeric material, and a plurality of elements
distributed in the matrix.

77. A seal according to any of claims 66 to 76 wherein the layer material includes a
material having a Tg lower than that of the core material.

35 78. A method of forming a material for a seal, the method including co-extruding a



10core conprising layer material, wherein the core includes an at | east
partial netallic surface layer. 83. A seal according to claim81 or claim
82, wherein the netallic layer includes Cr and/ or WC. 84. A seal

accordi ng t\QoGhddh8¢ or claim83 wherein the netallic |@ue&siodo/osos74
substantially 15flexible. 85. A nethqod of form ng a seal conprising an

i nner core including core materi al and®®an out er | ayer conprising |ayer
material, the method including the step of applying an at |east partial
coating of Pray f | laversref clgsiomeriet materigLiq e B €o¢re. bayied analusdibsefuent |y

appl yi ng t hg h@wRs bBRidenitdd 1ay€d86. A nmethod of manufacturing a seal
according to any of clains 1'to 77, or 79 to 84. 87. A nethod of

manuf act ur i79g A ssehPcesding ite BAY Presering flaime Birbee spmppisiichBondindmateriat er i al |

and form ngeafedUhE Eork@hBthOButbN8y&or e, the outer layer conprising outer
88. A ne

| ayer materi al . t hod according to claim86 or claim87,

conpr i sPng 8o Asealasgpidinatteelaitbrd whsrein meieral ohig bordinglayesindusies matagiekr i al .
89. A net h%qltl.%c%% Qniuf?Er ﬁw&e@é%fﬁ‘fe &Jt(ﬂrilg%r.% to 88, further including
ndi n ayer

provi ding a bo g / etween the core and the outer |ayer, the bonding
| ayer conprilsifnepabasrerditg teeanyof elgims 1 to 77, Zor 8R, waerRindheaer s NFudgs edat| ai m

89, wher ei NeddEaMaNHEBl: BekRE!&ler cONpri ses core 30material and/or outer
| ayer mate?‘l3 al E 91. A neg?fﬁog %Jcc'ordi ngl to claim89 or claim90 wherein the
g

bondi ng mat8dr ifeseat oerpRrisiNgsarEintRreaet? ibEiuging cererreatpial eanidaan QuiRr laNee oBifiter | ayer
mat er | ap- cg?e ccﬁh&%ﬁrﬁqu&%é’téﬁélpﬂhér@in?tﬂé' oBfe ALBHETaS 4t fe@stYartidt BMIIST N9 the
steps of - formng the tore 35- applying the bonding material to the core
WO 2010/ 00 B488FRCB¥€B2009/ 050874 - 37 - - noul ding the core and outer |ayer

to formt h%Bseﬁgealga%co@'n b iRk, 3G R B2t Anérdh RE rfatall ggr;inélﬁdé‘sZCr
eps g nd t

conprising the st of - co-extruding the core materia e outer
| ayer mat erandlord¥@d - vul cani zi ng the co-extruded material, preferably in a

free state.gSHso A IRt AEGAES PR 88 WheRdin HedhdENiSRyLAs SbstSRERY | S1 NY
co-extruding the core

15  flexible.

85. A method of forming a seal comprising an inner core including core material and an
outer layer comprising layer material, the method including the step of applying an at
least partial coating of a metallic material onto a surface of the core and subsequently
applying the layer material.

20 86. A method of manufacturing a seal according to any of claims 1 to 77, or 79 to 84.
87. A method of manufacturing a seal comprising forming a core comprising a core
material, and forming an outer layer on the core, the outer layer comprising outer layer
material.

88. A method according to claim 86 or claim 87, comprising co-extruding the core

25 material and the outer layer material.

89. A method according to any of claims 86 to 88, further including providing a bonding
layer between the core and the outer layer, the bonding layer comprising bonding
material.

90. A method according to claim 89, wherein the bonding material comprises core

30  material and/or outer layer material.

91. A method according to claim 89 or claim 90 wherein the bonding material comprises
a blend of the core material and the outer layer material.

92. A method according to any of claims 87 to 91, comprising the steps of

- forming the core

35 - applying the bonding material to the core



material, bonding material and outer layer material. 95. A nethod according
to any of clains 86 to 94, further including carrying out a surface

finishing, treatnment or nodification on a surface of the seal. 96. A
net hod aC%fM&&wh@ any of clainms 86 to 95, wherein theceestoosospni ses an
O-ring 10seal or simlar seal. 97. met hod according to any of clains 86

to 96, wherein the seal has a profil¥ other than that of an O-ring seal.

98. A seal conprising a material formng at |east a part of the external
surface of W'@@ﬂh?cﬂmiwtqrﬁ%’ehﬁ’c@ﬂg}e s¢8l-t he external surface has been

subj ect t@?.aAtrﬁe%‘%d% rd}r%é&%ﬁfgﬂg%n{st@ tggggg,,ingfgg%th@fstgp@i@t ion. 99. A seal

according to any of clal _ , or claim98 wherein the treatnent is
carried outcomxiradingthe qees matgriakand thepdey layerspatenad a8%t er nal surf ace. 100.

A seal Comﬁlicﬁvjtji?ﬂ%% X488 matdrbRprrérasll ih fige statt eri al , wherein the
material at a firsSt part of the external surface has a | ower coefficient of

fricti®n dhah meibodraccardiag taenyofataiae SAdo Bar FoMrising CoOBTEIIRG et f ace. 101.
A seal aC@gEéngQﬁd%?h@fleﬁbl% MR SePmbl@amaterial at the first part of

surface h een subject to a treatment to reduce the coefficient of
friction. 920A mathedtdsoordmg teeanyfai clairs 86 t@ 94 efwrther IRElUARG IKEYPHOHLAI ng t he

step of tgﬁar?atci 'ﬁg‘sﬂ{ﬁ ?ﬁa%@ﬁt'or%d{ﬂ@ ntn 4 6283k tHeQeheduce the coefficient
13 a{ 8as t A

of friction or ~a part of the 25surface. 103. met hod_according to
cl ai m 10296hameithodtdeeorting&a anyref cliained 8fcte 95 nwireip thegpeaeMbiEpHa? PifGB of t he
materhql %%altopgin@g,rget%?e. 104. A nethod according to claim102 or claim103,
whereih t treatne I ncl udes the application of a coating material to the
surface. 8D1B5nethodaaiording enkioficlaiosditdp R, wiereinyheseat hag airobilg other 104

'esst han P50 a5 PR LG ResREr b1y | ess than -50 degrees G o |ess than
- 7ohg<ragir ﬁeg. ;Q.Csei:bggommi)sirgtdﬁmdteidél fowniog atieastianprieofdreaextemel sufaseipsiant i al | y
S210s" " sE huRR e S GEA) b e R TR BBcageomaRye oo o
referepce rédmc_é-ﬁtd c@@’ﬂcimoﬂﬁil:%ro07439PCT1CB20091050874 - 38 - illustrated in
the accon‘Bg'nypl‘ anl %E?S’F‘diﬂg to any of claims 1 to 84, or claim 98 wherein the treatment is
carried out at only a part of the material at the external surface.
100. A seal comprising an external surface including a material, wherein the material at
a first part of the external surface has a lower coefficient of friction than the material ata
20 second part of the external surface.
101. A seal according to claim 100 wherein the material at the first part of surface has
been subject to a treatment to reduce the coefficient of friction.
102. A method of manufacturing a seal, the method including the step of treating an
external surface of the seal to reduce the coefficient of friction of at least a part of the
25 surface.
103. A method according to claim 102 wherein the treatment includes modifying the
composition of the material at the surface.
104. A method according to claim 102 or claim 103, wherein the treatment includes the
application of a coating material to the surface.
30 105. A seal or method according to any of claims 98 to 104 wherein the seal material
has a TR10 less than -10 degrees C, preferably less than -30 degrees C, preferably less
than -50 degrees C, or less than -70 degrees C.
106. A method of manufacturing a seal, being substantially as herein described,
optionally with reference to the accompanying drawing.

35 107. A seal being substantially as herein described, optionally with reference to and as



108. A seal housing for a seal, the housing including an external surface,
wherein at |l east a part of the surface includes material which has been
subject to a treatnent to reduce its coefficient of friction. 5109. The

seal housi ngoeiosispg to claim 108, wherein at |east a gaf&phossigshousi ng
surface includes a coating. 110. A segl housing according to claim2109

wherein the material of the coating intludes PTFE 111. A seal assenbly
conprising a seal and a seal housing, wherein the seal and/or the 10housing
has been t ridustratedinthecaggempalyinaayvifici ent of friction of at |east a part

of its surfage.A sdalBoudhPRilh BES BIENAUSRAE G HiMDart Externgl éﬂﬁ%&é,wﬁﬂﬂéﬁ gtn the

treatnent includes the application of a coating materi al.. . A seal
assenbl y adeay@inagt afdhesuface includsp meatefianwich haﬁﬁ‘?@?'éﬁﬁ*lbl%%tt%attﬂ@ét%mo and

15t he housipg,ddiel dddicRnt s8adieeNt to reduce the coefficient of friction of
at least a part of their external surface. 114. A seal assenbly according
to clai ® 11%9. vitherseahhausingtaceerdingrie clim 1108, whaseinjatleasta parkoithaBousing he

treat nent OsfurftaQ&nlafElHéé B%oat#y.

110. A seal housing according to claim 109 wherein the material of the coating includes

PTFE.

111. A seal assembly comprising a seal and a seal housing, wherein the seal and/or the
10  housing has been treated to reduce the coefficient of friction of at least a part of its

surface.

112. A seal assembly according to claim 111, wherein the treatment includes the

application of a coating material.

113. A seal assembly according to claim 111 or claim 112, wherein both the seal and
15  the housing include a treatment to reduce the coefficient of friction of at least a part of

their external surface.

114. A seal assembly according to claim 113, wherein the treatment of the seal is not

the same as the treatment of the housing.

20



