1 Summary In a first aspect, there is provided a seal comprising a core including core material and an
outer layer on the core comprising layer material, therein the core includes an elastomeric material
including elgments,for resisting crack propagation’in the core material, and wherein: (a) the
elements fOf resfjsting crg% ropa atg)g incILﬁde a plurality of domains of elastom ricd'naterial; (b)
n a st aspect, there 1 vided a seai COMprisl core_meliding core materia an euter

an element ihdGGE$RBoUN ary Pétween two ayers ot efaStomeric mﬁterlal; (é’}lan element
includes a regisrrofthmeurechnarisaudidiecoeimardriagin the ¢dicancdidpient shelonescamaserlgy
absorbing '%f&ﬁcﬁﬁ%%[&ﬁér&'@rBH%iEHSﬁﬁéﬁﬁ%ﬁ&@ﬂ&{}Q%é%@é ARELQLI, and @LhR core comprises a

composite material including a matrix of an elastomeric material, and a plurality of elements distributed
in the matrix. In a §8cond $¥HERNMARR 1 grFHRY STRRHSARSERTRuIAH NG RIYEiPasTdefined
above, compising for enei e enamgirising a core material, and forming an outer layer on the core,
the outer layer comprising guist layer materlal, tn,a hird asect, ste Js proyided a method of
manufacturing a seal comprising a core mc?udalng core thaterial and an outer ayer on the core
comprising festeriahaterial, wherein the core includes an elastomeric material including elements for
resisting crack propggation, \n-{Be &R RAKY I2be3Rif BIRINAH LOBHPFNINUIRAG: AR, comprising a
core material, and forming an outer layer on the core, the outer layer comprising outer layer material,
and including co-efftuding®® SIGRHE BF RS S PRAISIOARSAEINAENET 85 rFtiEctsiFaving a
plurality of kersadaritisbetiwearihedayars. In a fourth aspect, there is provided a seal comprising a
core including Cor%

teria| ' . ingl . | ic 1 ial includi I ts f
resisting crack pro glgaagtr)lgﬁ%\l\{%%gg%e erégt%r(iaglli%r%§ %v%%?ee?eﬁ% éF%ﬁn%g@@g%ﬁé%%u%%;im%néai

propagatior¢irfiRiteria prigdiry aideRaiAop erRamsnERistidadin the niBi%n element includes a
boundary b[%tween t\go Iaé/{grs of elastomez{gi[(ﬁ“1 ma {lij%lé of m %%h%@%ngggc%dggﬁge@%%@f

! )
uncured, or pgrﬁ%ﬁf)f Cue rhg%grr?a]? pr(j’“'i] an%?eme_nt mc%&des.an énergy absorbing layer or layers
through theorpssiseftionnafatherseanpaisiion (ayeeaEsiehcoh FIReRE AT EHPOLTR PRabeaTSHEfuding a

matrix of an,glasiametisrmateialeandkaRiualty of elements distributed in the matrix. la Seal This
invention relates to seals. Some examples of the i ventipn relate to ?Iastomeric seals. h?v('in high
S SR e AR a b

resistance 1B &XBIOSPEGLRTNIESE o8 AMBTRLSTRES AVERHSH Tetate fo dasiomertc seals
adapted forusenatelalemperatures.

an outer layer on the core comprising layer material, wherein the core includes an

elastomeric material including elements for resisting crack propagation in the core

material, said method comprising forming a core comprising a core material, and forming

an outer layer on the core, the outer layer comprising outer layer material, and including

co-extruding a plurality of layers of elastomeric material to form the core, having a

plurality of boundaries between the layers.

In a fourth aspect, there is provided a seal comprising a core including core material, wherein the
o core includes an elastomeric material including elements for resisting crack propagation in the

core material, and wherein:

(@) the elements for resisting crack propagation include a plurality of

domains of elastomeric material;

(b) an element includes a boundary between two layers of elastomeric
materiat;

(c) an element includes a region of uncured, or partially cured material;

{d) an element includes an energy absorbing layer or fayers through the

cross-section of the seal; and/or
{e) the core comprises a composite material including a matrix of an

elastomeric material, and a plurality of eiements distributed in the matrix.



5 Elastomeric seals are used in a wide range of applications and environments. Aspects of the
invention relate particularly, but not exclusively, to seals for use in the oil and gas industries. Some of
the environments in which elastomeric seals are used provide particular challenges in view of chemical
and physical factors of the environments. Examples of 10 such challenging environments can be
found in the oil and gas industries. Indeed, there is a trend for the oil and gas to be extracted from ever
more extreme environments. There is a demand for elastomeric seals to function at low temperatures,
for example as low as minus 46 degrees C, or e®&#llower. Elastomers with the required chemical
resistance are generally are less responsive and thus may be unsuitable for performing 15a sealing
function at sURR RAPEPATFHEL SRR SR EmerTeERNRE A hE SYRUECE IR AR &P LIGaERPFEstrict the
choice of pogmiersdnmganyrapplsatcnse keepexample;oepisisios toSteantiaMitis afegirement for
the seal. for gxample n eltyalions where sieam s ysed Inih exyaction g pll. There may also be a
requirement for the seal to be resistant to the presence of amines and/or othier 20 chemicals, for
exampl® meRipMarie RsedfipieatiRea ftearsin s nomad reriiesdins s @i RY iriasea®l Mgeesien sulphide.
Currently, it i pgliavesitrabnans.eidhe sy raniy avalisblapehumassovbigh e iheaesessary
chemical resis(,ﬁsnc,e for certain contact media will provide adequate sealing performance at low
temperature’é? {l1&f-as the desired mechanical properties, for 25 example below minus 10 degrees C.
While some $otywneisrsuehviresoarddiea lehicte sipgiratereflsexiBetastomer prdudd 9)«fixidacample Viton
GLT or GFLI)fan s afseriaeneiaance i e Breseaeenl idiasaoens apsgme fluids

encountered in the oil well environment, probléms can occur when such materials come into contact
with oth@r clfeRiichRlloRFiRXARYERIMEBUE §a1 be BRI +-PEndpanitdustipsicl¥ra’ BeBeen found to

atta}ck knOW%_léK;‘]ﬂﬁd @h@fekﬂp]gvm @@b/rf?ﬂfé §kt6£ﬁ@%%hﬁ§gém&re$?aah@l@fﬁsirmw}/e better
perrormance_|n the presenc sSucn cnemicajls, ve Insufficient sealin erformance at low

Femporarin L R RS AT S AR RO IGIET oM PR A B g for fow
temperaturelperésrmensetffaregrean fle et stOndegreesEratathbeiowl)) thebreavistkalsheforcal material

having a Ch‘?@%&%ﬁéﬁ@éﬁf@g&ﬁeﬁaﬁ AEQarLEABAS S SRSy WiRnsuitable for performing
2010/007439PCT/GB2009/050874 - 2 - In an attempt to provide seals for use in such environments,

valve manufaSRite BReRR SiHGBReiR}EEa: PTFE lip seals, but these are costly, more difficult to

fit, and generalysiremiing bocsingsaivishischighersinpdacd ef finiskidhae thoise dopelastemeric seals

Alternatively or in ad iti(gn qugl heatin and/qr heatt in§ulation is used in an 5:%1tfterpgt to fnvoid very low
manr\éaé){a catiohs, +or E)Sim‘ip% resisiance to sieam s ofien a re%(%utremen or th s?a ,

local temperatu e seal. An additiorial or alternative requirement tor sofme Seals, Tor’example

those used ii@tREOIEND Hhasionrehion Hermitase redisiarcectorabil ghleteomypisstion, or ROD
also known as-EgRtesivRt RRCOBRISIIOBOTEf kD amiepiadamagspfa spaloinsiHging structural

failure jn the form of blistering, internal cracking and splits which can be 10caused when the fluid
oressuft to GENHS NP 1ETRSoRENAOoA AT T EURLENE RYRATBIER S W RICaRE vlHon seek to

overcome ormiigate oymrayemenwistithese and/or other problems. In some applications and

environmentg, seals, Wil A0MANa0eaNINLEERIAR QYSERANEANBILIGRESIA Y AT 4e

above-mentioned problems. in other applications or
necessary chemical resistance for certain contact media will provide adequate sealing

performance at low temperatures as well as the desired 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 ¢an occur when such materials come into contact
with other chemicals, for example ‘sour gas’ (containing H23), or amines which have
30  beenfound 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. [t would be desirable for low temperature performance (for example
at-10 degrees C and below}, to be available for 2 material having a chemical resistance

35  to a broad range of chemicals.



15 environments, only some or one of the problems will need to be mitigated or overcome. According
to an aspect of the invention there is provided a seal comprising an inner core including core material,
and an outer layer on the core comprising layer material wherein: the core material includes an
elastomer; tREQHYWE#rial includes a chemically resistant material; the BeHGEHRHe ¥ed&igtant to rapid
gas decompression (ROD). 20 By providing an-elastomeric core material and a chemically resistant
outer material, it is possible to provide a seal having desirable chemical resistance and desirable
resistance ttnROBtdrhpistaprexdmpialefithesavestion enaycrompiisedveosramndamgrgescad<ROD/ED
jesistance angkd SHARVGalRsIPBEOYIP BN R HAmEFeseRIaR LR kCLAgEd 1ot 25

have good low temperature performance. There are many a ations for ROD resistant seals where

low tempera3GREBAYBIRYARCPIS REE AffirAdieRaTtSEIRer dreAdBIAREEORR tealRFERRRrE ED/ROD

performancedary batpretided tr eoadinationwithahpmisa msisanssuatiaprlicadons shere low
temper%ture Itexibj[l%ta/é% né)t éeq}g‘fvepbgrefrgrapl Utrrée iﬁ%l ése fllexible at a temperature less than minus
10 degrées Crie 1687 \{empera e fexibl ity Sfihe sea?r‘nay be provided by the core, the outer

layer, or botAnaddidrnalay dtemaiie eehbycarstier sonsssadniuckayeplethessaabhayhearhprise three or
more POftio%df%fé%%!féﬁoﬂﬁﬁd@@(ﬁ@ié%%@éﬁ&é’ Beidgecandnpriandenadtesiblg.at a low

temperature, and a third being chemically resistant. It will be appreciated that the chemically resistant

layer will be YR AT U R RIREREHITHE sER ARG LB YBARAPANP FRAGIFRES contact with
the chemicastemtinahféot: linviieberseen ilksitany, MER20 1040KR4 301GPIGB2A00 12508y 4 - 3 -

porton f the BealTRY PHOVINE AME-QL eI ALING LeaTed prspeies AR ggtance, ow

temperature ility and/or chemical resistance. In a broad aspect of the'invention, there is provided
a seal compEsaigPiesicdtvarEfenh e oD Y e Kistepice A @ YEgRR PRRe IR &g Themical
resistance. Bhgss ondraigfifsgay be provided in a layer structure, or in any other arrangement. They

may be mixT{gIéor comb'ne? to provide,a composite material fO{min the se Itor a Part of the seal.
Optionally o BF RGP IHET AR LS e R LA DR TR He KBRS BPT 8T materia
having low tentipetatsrechiaxibiliy nidhdelprardedtionPiaferbéehfeatinegiufthentostionaterial are now

describad. FraieLaRN10 BARIUBROL Rl RRteN e wRALLEYE harmans:Ql MAReLMEse features.

In addition or alternatively the outer layer has one or more of these features. Where one portion of the
seal has the \{SSIFAMIGN A8PREER HR S HRAUBMI) Gt PUARSH R SPIRE SRR GRITHY Ralfe the

desirable lowntriipe ki@ diexihliyd Hoossampleca ivctenpantisiedeydblaanateiaeeorld be provided

on the outsidg of.an REResistant.core 1ehaving.a slgniicanty bidher Jgulnan akol e outer
material. Pre era%ﬂy the core material s flexible ata empgrature Tess han minus fglgeg)Fees C.In

some appliceaiifiantiretsiel marera b b aveisanite raeid geradareresapiiep IRk a higher
tempetgfurel grRIRRRRIE Bl (EcM)having she é%%i&%ﬂ%@iﬁ%%até?m%@éyméo about +2C

at atmospheric gressure could be used as the c?re material in ) ,
pPOSsi e chemical resistance and desirable resistance

ble to provide a seal having desirab

to RGD.
Thus an exampie of the invention may comprise a core having good RGD/ED resistance
and a chemically resistant outer layer. In some cases, the resuliing product need not
25 have good low temperature performance. There are many applicatons for RGD
resistant seals where low temperature performance is not an important issug. In
accordance with the invention, ED/RGD performance may be provided in combination
with chemical resistance for applications where low temperature flexibility is not required.
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
maore 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 wili 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



20some applications. By providing an inner core having the required low temperature flexibility and an
outer layer which is chemically resistant, the resulting seal can be suitable for use in harsh chemical
environments at low temperatures. For example, the core material might not have the required
chemical reSKEERHMEE! for use in the relevant environment, and the 25FyEPRREPEAHight not have
the required low temperature flexibility. Preferabl@ the core material and the outer layer material are
different from each other. Preferably the term core should be taken to refer to a portion of the seal
being withinpticoutdr thay eredh peyfanaddexamsplesre ciréhis cotmiptstalipperiaedbireHe layer on any

surface of the seal whigh is AXRRAEY KERPhe FReIRY eovik@RRent. 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, infdfhBroad a5erh ahiBItURHion cHIRisIR &P ¥R AiBREHAATBESIIB ALY WRkAEhe core so

that in thosenexagm pies theikipeteare compuse Sralaysr mnenihthdqautesistyeceTHehesee may
comprisse more than one portion fWhiCr‘atQFS
a

alerials.ma 9 F]}Qed Ina lasiomer mals @k%@{gﬁggﬂlé@?eﬁ;fégﬂ\%% portion.

35Where re?érence IS mMa ep{o\f e core terial, or other mdterial belng exiple

2010/007439PDFAG I200MTBESB fuprayidp grietileeséaripaictia riveedrsbieahes R deis to the

material beiggsufigisnily, Bryibiemsre hrakdl-aRriareralemasace fimsdRapaligRy lemperature. In a
broad aspect of the invention discussed furiiher el%\!?{ the lowest teg% erature at which the core

material is fe RS A asing ey ARprese e brRYRE RIRE temperature at which the layer
material is flesdtdeethiethesarbihganentstdnzirere reavisgreibacd PRyefatdblnthadiare of the seal is

rexibla gt leanan N oA &n?ﬁﬁ%y%%g@fﬁ@wkﬁééetmm 3Quih 4R AReS OF even less

than minus egrees C. The flexibi the material at the relevant temperature can be determined
directly, for ¥R\ AR a 8RS YORASHIRRIUSS relevant material and observing the
performancendiciae sepbabine Nedeiank iempekaivibleQilestesisiardmiainialionrenylshthesised. For

example, a property of the material at the relevant temperature could be determined to identify
whether the?ﬁa‘ﬁ%ﬁ%ﬁ? fﬂeﬁ%B%e.ﬁ \f%%rea%?f‘{ﬁglqaé) Srehe %Bar%rr%a é‘%ﬂﬁs’ k[?{e)ro%ar?ﬂ EFt‘%jsai%wdegrees C.
Preferably Tigrpetstlesdahiaie mitedaPeodddre s Gigrdofeiapiuleide tan Rfillesetaegiees C,

prefergiy 'mm@ra m_iﬂméa‘!wﬁgs%@%&m&hMgo@tﬂg%&@rm;%mal may be below minus 46 degrees
C. Preferablgé tfg{ of the core material is below minus 60, 70, 80 deg}r‘(ﬁ?es C or even lower. The Tg of

the core maféf R BERNARIRLS 66 TRIG I pRE MR B EIBI PHE L ©6%83F8&s C. 20The Tg

of the materiakoaiddhsideiermine daisingtamnyl map topricd domethoa debfer ibkbilitydireiraference is

made to the 1 af o malfia) PLSTSIahlyIS ovalue (R1RE 9,1l RIJIRBIESSHIR olae

. 1
enwronmenpl w e material is to be used. Co s an alternative, the Tg may be

veniently, g
understood t@rﬁé@ﬁwﬁtﬁ@a@@ﬁ%@%ﬁéﬁ@ﬁ%@?@ﬁﬁaﬁ%ﬁéﬁﬂéﬁ@d@ #1¢ exEAEIA 8 thought that
for every SOQmrdEppRttgotae Tg of a

By providing an inner core having the required low temperature flexibility and an outer
layer which is chemically resistant, the resulting seal can be suitabie for use in harsh
chemical environments at low temperatures. For exampie, the core material might not
have the required chemical resistance itself for use in the relevant environment, and the
25  layer material might not have the required low temperature flexibility.
Preferably the core material and the outer layer material are different from each other.
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



25material 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 TRIO of the core material is less than minus 10, 20, 30 degrees C.
Preferably tHEOrRIEPHHHe core material is less than minus 46 degrees CF pF&fEABIP¥Béss than
minus 60 or minus 90 degrees C. An example efd@-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 tewmémtawéemmvlyeraﬂmﬁaralba draforeferanse Thdopthe emieyeroriactinilicianthe calculated at

any temper%@!%@mﬁa@m&@ e@) A SRIBPLRGHC B aftiis SR EMMS éiam?etemperature corresponding to
10 per cent retraction (TRIO) 'WO 20101007439PCT/6132009/050874 -5-. roughly correlates to the

temperaturd i RRAQAEBEFRAGIRY SPIAR HRdeisad ﬁhﬁ'ﬂﬁé%@%l@%ﬁ%ﬁ@‘?@&?@%} be found in
for examplevA&FMwD&&%%M@@me Bpdieationsinseals: meaynbdeable toiduactian didowesdemperatures
in static.application ore terial V. o] tures, indic bove related
tothe 5 Wﬁterr%p%r?af tire r?ecéq |I|$]eaiﬁiy#?ﬂq%?{)%aﬁrﬁ err%s?ogan%ﬁ{%ié pa% ﬁ%}j{?nﬁ}gﬁéalgggégf not include
all of those fagteies: In preferred arrangements, preferably the material of the seal itself and/or the

outer layer hagrpranetHesyihinteesranaemindicateskalaove MJQQ@@%@@@@@%@P&@I&H&IW the
hardness of the core elastomer agtg/gpﬂ:é& %e\;al IS abo t 80,to 90 IRH %rg{ International Rubber
Hardness Dséf’éﬁéﬂ RIBHS Y 2P tﬁ)"r?rb SRAJBELUBHP SO ABRERY &n inner core including
core materidlhafiexiiiyathayetaiz it cor aoigmsng loey eamizt daairminerbiretity, ¢ore material
noludap an siasRme mﬁﬁgala'%Q&X'Pé%sﬁantg%r@ﬁa@?mml”aﬂasow&ﬁgge%c and the

layer material In ically resistant material. 15The low-temperature flexibility of the seal
may be proREEerBFIAR Adhe the 6&?&? [RlRABHEBP B portion of the seal. Features described in

respect of onghashest 6f iHisrinventicsurRrBeRrstarahly applisabicptomiteoaBpecisahtbethavention, as

O oA el TS ASa eRiRanL ARt cRadlesarpiession o explosive 20
decompressmn %5' ama € or amage comprises truc?ural damage or ?alﬁjre ¢aused when
fluid pressu@eferamydhaﬁ@géém@scer@ma@ i prityvreviueedl vidinees wishmetprebbelited to any

particujgr explangiion Al Réeelirseg eneralrdpouahiROraH a5 ERREs @ hamrimastion and
diffusion of %%Sner%sghsésﬂ?(l)vdegg:"ges % e“lfahsetgrg]g{ the core material may be below minus 46 degrees

C. Preferably the Tg of the core material is below minus 60, 70, 80 degrees C or even

lower. The Tg of the core material may be below minus 60 degrees C, preferably below

minus 90 degrees C.

20  The Tg of the material could be determined using any appropriate method. Preferably
where reference is made to the Tg of the material, preferably the Tg value refers to that
at the pressure of the environment in which the material is to be used. Conveniently, as
an alternative, the Tg may be understood to refer to the Tg at atmospheric pressure, if
appropriate. As an exampie, it is thought that for every 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 reievant 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 refraction 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)



25 With time, elastomeric components will become saturated with gases in the system. 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 elXetbHEYiBRever, if the physical properties of the elastomerkcddrmgtiid€ahnot resist
crack and blister growth 30during the permeatiert 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 whetevtheneimss tagic deopanatufiuionires ssedyfdeekiin piethe peiteriglnLeihneifire

extinguisherse{Q ROBRESAAIS AU STgranisPIRTS: BARKANIAGPANEINsHE SRALGRICh that tis
resistant to RGD damage. WO 2010/007439PCT/G82009/050874 - 6 - The resistance to RGD may

be determin@aPhAtiaiinga®e Baxbp Ris fHprsinak BMRrdPmRsiETIRmME PEGiFeR SN Etion, and/or

other tests may bgdisetkrRefaalydhesearneaisitaedd Gl oeceptaachoviesatol haidorsok M710
test (Anpex B. Preferahly a mage to the.seal as a result of the test has a rating of 3 or less,
Spreferably g\grt g&?%i%ﬁeﬁ%%lﬂfyog Fesiﬂ'so.m t%?nugtl\%%og(rjsi%%%adﬁ?or?ﬂ €8x rbgggggg B(rjttaferably the
Explosive DectipedisditwSeeketassribed below, or other applicable tests or test conditions for testing

for resistancg ip:RER aF EcRISIRIBRHE oA has e rele wal RERiFeRpIADseial ajgmperature o
re

less than minus 10 10, preferably less than minus 20, 30, 40, 50, 60, 75 or even minus 90 degrees C.
Preferably tHESBRPRHCHERINNETERISH PAGRIEHBRAPHRE e SRIEBTHETSS and/or or mixtures of
methane (orrothienbydreceahbrsand O daepastdart andhe thppicinabiorttde ol IRHO latter is

though‘t?;en F]%I% %BHSFﬁ(]E%%ﬁSF%MSQJH%%e&%D tests may be carried out in the presence of those

gases. I50ther substances to which a seal'may be exposed in oil and gas applications include amines
which are udelr ead@sRBRIEhNEHIYIESHS NCRTMFgEmE Seas oM IBINGIITCARE I TEHEIIEP R moval of

waste materighdnsthaodislnietsdrole seesnelisprrrsisbvdihxdmsignSeatsdayde exposed to
these media, thu h n[ot neces?éarggﬁat hépé] §)relss re?%.IE H2t5 its prese t ir‘1 some Xvelkflgigg,, though is
not generall)'pf:’tj'?flJ 'ﬂ§:/ ﬂ%eesoai'ﬁe §'EBIR S& T ?e?y?e%sgﬁgef %ﬁﬁﬁﬁ% FIEBE Used in the
tests if the saferpdssliestdutddyerovetredshackiesentemettaresisloniC@Reriiktures are thought to be
acceptable fording, in.festsesiahlishing ERRGR MapsaissyREierhly e RER iestis&arried out at

an elevated temperature, for example 100 degrees%. In'many cases, if a seal passes an RGD test
carried out &"EHY lGFREIEN RBRAPBE suitable for use at lower temperatures, for example minus 10
degrees C, méauss3QideghaasiCraipewer ofs efgrahlyf the iseatiiasaRGR:kesisienesidabthnges in
pressure of g[eater tha,(rsl gpt bar/hr referab%/?%égéatgr than 40 bar/hr, preferably greater than 50 bar/hr.

. 0GRS avly €
While the sea ﬁggﬁqgcrequweed 10he Tesist eD preferably the core is resistant to

Preferably the seal is also resistant to rapid gas decompression or explosive
20  decompression,
RGD damage or ED damage comprises structural damage or failure caused when fluid
pressure, {o which the seal is exposed is rapidly reduced.
Without wishing to be tied to any particular explanation of RGD, it is generally thought to
occur as a result of the permeation and diffusion of gases dissolved in the elastomer.
25  With time, elastomeric components will become saturated with gases in the system.
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
batanced by the gas diffusing or permeating out of the elastomer. However, if the
physical properties of the efastomeric compound cannot resist crack and blister growth
30  during the permeation, then structural fallure can ocour.
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 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 BiORHEH%EEIEtance described herein. 35The core material may EGERHEEYUtone and/or a
silicone-containing material. WO 2010/007439P&F/GB2009/050874 - 7 - It has been identified that
silicone withstands explosive decompression relatively well. Without wishing to be bound by any
particular thébeyrebistamslitariS Betieyetih aictesrekdivolyattpopdensedilitytos taepsiicete material is a

factor in this, [youpyEn: GeRealuirlicansitaska thsaremicaldasiatapes agsymechanical properties

which would allow for 5its widespread use in for oil and gas applications. According to a further aspect
of the invenfibFefRBREME pral RISt BRRDARREARCE ‘&rc%%!"’lﬁétf&%%ofﬁefhwi%b%ﬁﬁ &'&fd/or a
silicone-congirmagranaliorialy dachage aviibe lsysrarthe oo tlea e terdayertiogrofsisingss,chemically
resistarg.mater}a re eralgl SWhe}rei Fhe‘- gF%ISiSS resistant to rapid gas decompression. 10Preferably

I
retera or rejerably . . - .
the core incRIGEESIITCORE Bha/dr iorosilicone. While fluorosilicone has a lower permeability than

silicone, theAdtamatiabliityr i stildiompheaskallpedees Sittsabbbhscbxriatémalicapmpmesigered to be
particularly approprigi.far stiel applisation shirdpitheistelatively bighinsrmeabiifgorexample, gas

transmission rates for silicone rubber has been measured at 1800 cc/m2/hr under 5 bar N2 at 200.
This can be AESEIIFHREPR Y FRhsmission rate of about 50 cc/m2/hr under 5 bar N2 at 200 for FKM.
It is noted thatséepregsuechidmisisorpetiant REEemsidiensiice egeatduerefiisetiaroidsesl systems.

e B O e

remains flexible at temperatures o nus 40 e‘grees C and below. For 20 com? i

, C rison, however, the
TR-10 of AFLI&B@RipNNe Aerlfies Ihgiruaid R I etiABE B RRIPIARISELS S FTYY Begrees C,

depending anithedyperRéitdrs (e @nerAFdbsahas stii@bledlexulinateoH Sesaippheatidd eegrees C and
in some cases can vide adeguate sealing even below.that te ratur ther base resistant
polymers, fo&’%ﬁgﬁ#{;ﬁ% ; rrrt?at?éor tg?@?{\gg}ﬁé‘%ﬁéeﬁ%%a%‘fﬁé’}l anzlﬁﬁ gcsztu%gr% ts']euo’g:%n?f'jsy§8Ivay and 25
DuPont. A gradiedbEMavaitselecfrohir®etvagstSolvay BR 9152) is operable at around -17 degrees C,

thoughy By comRALERRIRAE s \PhRASRAAK AIING ISHSIAAGR: o7 Uy BaerinpirdidalsHialenight be used

in examples of the present invention as materials for the outer layer. However, it is also thought that
ROD resistafEE a1 HeeRGinEareasifSTREPI AL RS 80/ M- ¥t4stsrAdre TRNhg Yuite low levels
of permeabilitgdiompparechaviihosiiasnercasriel hibihgon s REBgesIgianae visliekamsgpiesiivery lough'
elastomers. The inventars have identified that careful compoundi other elas for example
EPM, may a?é(gar{é%%rit irig %ﬁﬁa’ﬂﬁfy%ﬁxﬁegs?t?@% ?‘nqg (Laérigt1 sqlghthscqé@grﬁ émtoé\egﬁ%c%? -bg;gg materials
having a rel@fieesyrery PefirBiRpinighmeavel duitsblbcraDsreaigenrialNisdselyftedBwould be

useful g a mptedad losss e saaknacrekligs eUlbePrRsaM IRy eNIONh¥\erety issues
2010/007439PCT/GB2009/050874 .
could be overcome. Presently, methane and CO2 mixtures are thought to be acceptable
for use in tests establishing ED/RGD properties.
Preferably the RGD test is carried out at an elevated temperature, for example 100
degrees C. In many cases, if a seal passes an RGD test carried out at 100 degrees C, it
25  will be suitable for use at lower temperatures, for example minus 10 degrees C, minus
30 degrees C or iower.
Preferably the seal has RGD resistance to changes in pressure of greater than 30
bar/hr, preferably greater than 40 bar/hr, preferably greater than 50 bar/hr.
While the seal itself is required to be resistant to RGD, preferably the core is resistant fo
30 RGD. The outer layer may be resistant {o 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.



- 8 - A further aspect of the invention provides a seal comprising a core and a layer of material on the
core, wherein the core includes an elastomeric material, the core further comprising a permeable
material, the layer material including an elastomeric material. Preferably the material has good
extrusion reSKIZALE Btéterably the material has a 5level of permeability SGHFEBHEIF T Gce the risk of
interlayer blistering during use in the relevant certlitions. The permeable core is preferably gas
permeable and therefore in some examples allows rapid gas release from this part of the seal cross
section. Thist hrahgemdettitad earicthe sitbssessimpeinsdetdabematesian tiefeligiy R@ID which might

othenwise legihig, d Qifarmane 'ismaiesi) AReue iR ohihe stebendncludes anelastomer

which preferably provides the mechanical and environmental resistance required for the relevant
application 6?‘@‘%&%&5@mﬁ?f&?%‘&w&ﬁr&ﬁ@PW@?&r@(%ﬁétc%'l’}lH“iﬁwb‘&i’i’%‘ﬁ?chﬁﬁﬁﬁr?@éistance to the

material. Cheipieal tegistan creaflpsDpRERtaricstbedapplcatiaon ofdpertteainidhherdesirablerl SHowever,

in some:.)appﬂicati ns chemical resi ﬁar}‘%e rgsa%);&g)lfg er qguired. The permeable core may be provided

inall ora par% &f the Seal. grmefémp e, permeable material may be provided at certain regions of the
seal, for exaffiptedineseafistishement elithisiorioRAB@dagededeseatispesagerticker

sections. Differeptdnaieirls SRyReppyvidedrbAEissarihastmaldng, crrearOLRe 6se spaterial may
include silicone material. For example the core ma}éinclude silicone, or mag%i%%lude EPDM/Silicone, or

other compdBRIGHETHE RO IR fvORHE iR SRERRAVS F RIS M T YXAGHA8sion rate
through the terecaiasersikinatyidepi gathirr@00gssidarably more than 500, 1000, 1500, 1800

ceim2iy or gre AR BAL N MiaR RIRIRIARIN TG o8te InghdeR,a-sllifane Radior a

fluorosilicone material. Silicone-based materials are considered to be particularly appropriate for such
application (RIEfRIEIEFRINERP KilFPperihe ASTMEatHdRAHb RO AYMIESioR SR8 Tor silicone

rubber has bresdneasinedicbB8R«ema by paraanaribapidpauiic: sthisgandaeampased to a

transmissiorg rate qf ab?u 59 cc/m2/hr. Jtmder:S bar N2 at 200 for FKM, It is pot(?d that a 30 pressure
. eir relatively nigh pe .meabahg. or examdale,cqas transmission o819 F” one
drop is sometimes seefrwhen'silicone seals are used I’ cfoSed systéms. Preferably the gas

transmissionuizherthesugtetheeswaedatb idDis apiore/thand0 @ peefteadl\2fitore thiendB0de1000, 1500,
1800 caim2/y-rmere YAdRsmi8asN2B LA 0628 COmRMAIRHRL B3y ROMDSISE BRFKYIRne-propylene

elastomer. For example, the core material may comprise EPM and/or EPDM. 35The core material may
comprise anly BRRS GBI P & SR imer Br BRI YR L i RrOe S B SRS e®2000/050874

- 9 - elastomwtserhbe material may comprise polybutad ene.

Silicone rubber also remains flexible at low temperatures. Silicone has an extremely iow
Tg and remains flexible at temperatures of minus 40 degrees C and below. For

20  comparison, however, the TR-10 of AFLAS (RTM - Asahi Glass) however, is between
about minus 10 and plus 3 degrees C, depending on the type of AFLAS; and AFLAS
has suitable flexibility for use at about 0 degrees C and in some cases can provide
adeguate sealing even below that temperature. Other base resistant polymers, for
example FKM materials are available from other manufacturers such as Solvay and

25 DuPont. A grade of FKM available from Solvay (Solvay BR 8152) 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 materiais 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 ievels of permeability compared with silicone can
exhibit good RGD resistance. An exampie 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 o the present invention.



Materials other than silicone could be used as the core material, in particular if it has acceptable RGD
resistance and low temperature flexibility. Preferably the core material has flexibility at -20degreesC or
lower, preferably -46degreesC or lower, even more 5 preferably lower still. In some applications,
preferably th¥@3P&5tEPial has flexibility at minus 60 degrees C (for exaffplém@iN0#iYl silicone or
fluorosilicone) or even minus 90 degrees C (for-e§ample phenyl silicone). Preferably the core material
is an elastomeric material. The core may comprise one material, or may comprise more than one
material. Tha 1i0tere asasctompasevanglorafitpvidesortices), forgxamgple @yersnpofaitffiesent materials.

However, Siufﬁgﬁa%ﬁtﬂgll%rﬁ%%@ﬁiﬂé‘EB ARIRIE! SRR RAVGIRINRY RAPLFORMIGY resistance.

By providing the chemically resistant layer, this problem can be overcome in some examples.
15Preferabl Ot find e arapionripialdbes aueidnaiis i einmere Betnatednngiaidines
Hi.hydrocaripegs aliphiesierandianeseafio)d e xoatien el 2w o8 | rgemaLisisy Vitid Yalseg RN iRhide
Preferagly tli1e m eriral oftt)hx? oufgr. Ir—%?rris dto b?hc%n id {rﬁdrfo br E{e?ei%%ané s.tfr): r;th% S%uipﬁ%ance if when
the matérial ?sveefpgge 2 fplé( FeleVERt SUBStRceTor 72 hoarg,yﬁﬁe change in voltime of the material is
less than 15¢gvpréferadifipfess than 10% preferably 25less than 5%, more preferably less than 2% of
its original vehuneheigie exRoSHFSAIRMAL WRmOsIR BrdiiRRAhe malrrialehibeutsrdayer is to be

considered to he resistant tg the substance if when the material is exposed to the relevant substance

for 72 hours aPid SRIRREHT FRTSTREINSFOpERfe8H SRERRRRHAR (FOVSRnBREA GABE.IBdulus, tensile
strength) is lasssthass S0 Unparefenablyd esstthiah PoSagpratebablyitessigbthahelobe paderably less than

5% of ]Ité Origméggl&etrpeemé%ﬁ%ﬁp%ﬁro%tép lﬁ%rr]%f the seal then includes an elastomer which
preferably provides the mechanical and environmenial resistance required for the
relevant application of the seal.

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 exampie,
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, preferabiy
more than 500, 1000, 1500, 1800 cc/m2/hr or more under 5 bar N2 at 20C.

25 Preferably the core includes a siticone 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 NZ gt 20C. This can be compared o a
transmission rate of about 50 cc/m2/hr under 5 bar N2 at 20C for FKM. ltis noted that a

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 exampie, the
core material may comprise EPM and/or EPDM.

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



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 dissBR#8H/®3kifstering, cracking or other physical damage. WG CT/GB2009/050874
2010/007439PCT/GB2009/050874 - 10 - Preferably the outer layer material is such that any changes
in volume under service conditions are within about +10% and - 5%. Changes significantly greater
than that woelidbenesgpebte draang aiep ecfopmsmpelymésdieptably. Preferably the outer layer material

comprises 3 alaRIARL. AA-RCal ASROLIING 18 BOUPIRRYIBG IR, WIGeIR e ausr faver comprises

a fluorine- containing elastomeric material. Fluorine-containing materials generally havg@good chemical

resistance. RERERIRTCSHHE 1oRBEaNR FBLIRMIBIRRA M Bkbitble HIRIBROVARGCAE P8BS Ehnce to

amines, up tagherbhp @pmmmn@fqmﬁrwgﬁ@ﬂ&aa@d-am@gmmcﬂpw@o@san@h@@matic
hydrocagbons Jf rutﬂ t? abOLN 6"& concentr |qln in otrﬂg3 erab '%ergg%% Snﬂe X%!T content The
outer layer r%ayec%n?’pﬁwef ‘3 Sine AR BB AlID RS0 Blé Coreaand outer a¥/ers may be
provided by theunGeritoness W@m@@&ﬁﬂé@m@m@&gwémmﬁmm@vmavrm@vude a seal

comprising @@Qg@;@e@@wg’l&gm%%@gg gpchg?l layer including a fluorine-containing elastomeric

material. For example, an independent aspect of the invention may provide a seal comprising a core
including EW&’E&@W&H@&W&@H?@W@?QN%@ "eHRERcombinations are possible. For example

the seal mayeonpese:n tuomocarboa-material, or may comprise more than one material. The
10 core may comprise a plurality of portions, for example layers, of different materials.
However, silicone and other RGD resistant elastomers may have relatively poor
chemical resistance.
By providing the chemically resistant layer, this problem can be overcome in some
examples.
15 Preferably, the material of the outer layer is resistant to one or morg of:
i. steam
ii. amines
ii.  hydrocarbons (aliphatic and aromatic)
iv.  methanol
20 v.  Drilling muds
vi.  Hydrogen suiphide
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 iess 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 iess than 5% of iis 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 dissoiution,

35 blistering, cracking or other physical damage.



20 containing core material, preferably flexible at low temperature (for example-an elastomer based on
VITON (RTM - Du Pont) G LT 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. Fluorim&X¢8H¥&f i3y elastomers, for example FKM or FFKM, gener&MF #ekaE0§@6¢8725 chemical
resistance, but some have relatively poor explesige-decompression resistance and their usability at
low temperature is also not appropriate in some cases. FKM materials can be compounded to give
improved RERftesidiatheer Sy spastatigracas it hhganaigeviperatierat iovwecietaparatures

(typically '4%(8n&f%h¥%’!’e %%%%%B%ﬂl §‘Pé\‘/'§‘%?in f‘%@fﬁ ’@%\ﬁ%%gn%'ﬂQéﬁrﬁ;g%g‘%%gé‘ﬂhﬁ%"?(ﬁé’ter have

suitable chemical resistance 30 for some applications. e so e special grades do not
have good redidahe&xaesiedns anepsasslsipcas apaisestor example, known grades of AFLASTm

(a tetrafluoreetivigne/ PropyieneyepRalenardagsdsed ithapbelow) have relatively poor explosive
decompressjon resistance and may be operable as a seal to temperatures down to about O degrees C
ISR AT SBRE BRAdsr it

at atmosph ic e@gﬂ{@ﬁ%"ﬁ-ﬁ”ﬁéﬁ & @ﬁg} FeRUlGT Vel CRMR SRR SUMIBG in operating
environmentsrtaviry elgstodoss MA@20.10/007439PCT/GB2009/050874 - 1 - have relatively good

chemical reﬁﬁ?@x’%@c@ﬁﬂi&ﬂﬁ%‘?@%@@%ﬁeﬁ%lf?H&?@&BBE?cﬁ@ﬁu%ﬂ‘éQi&Qﬁ@%o@é&QF%%Pg a seal, for

example an 0-ring seal, having a core of a low Tg and RGD resistant elastomeric material and an

outer layer @%@P@ﬁﬁ%ﬁ'ﬁr@%iﬁﬁﬁtf@fﬁé‘ﬁmﬁ’@,"*H@gﬁ%@i%lé'ﬁééﬁsb“éaﬁ%\fm@@%i%t‘aé@%ble properties
in relation tos% ehamicediiesisianeemisyialampaisiaie Hiexidulityonre sistanee ity apicheasdircompression

The sepj may e 80,000 on similat seal eranother bupe of seal hla aspects of the 10 invention
have particular application n relation to 0-ring seals, they are geherally applicable to all seal types.
Aspects of thedmudenisrenmapbeappieditd®rings. Alternatively, the invention may be applied to other

types of seahBRRINGSERERAIasie Il 28] BREELES yaremarkkhat Akiiapledom James

Walker & Co Ltd, are two examples of seals which are generally used to seal higher pressures than
0-rings. 15 Iﬂygfg%ly the thickness of the outer layer is less than about 50%, preferably less than
about 30% didhextncka essrafdiendeal aEproe xathpleytnticealanpyoeam prisala@hBiwing diameter core,

the diaygeter, gfthe sam &i[&%r%%%‘&‘%i gl%gig%ﬁ}ﬁcj’d% { a%(‘?lho’?)ﬂe@g&{{é%i}ég 8%%&%%}‘&8“'0”56 a

5.33mm diameter core being 6.99mm in diameter including the outer layer. 20Pre y the thickness
of the layer Bi&@¥!particular region of the seal is less than about 30%, preferably less than 20% or

less than abpgit Q¥ 0é the Miskbrssrobipeseatia thaliRdionay hethisknass eldheidayes is preferably
;ufficient to imr%e}rtcﬁjn ngg&@sar_%ﬁg ical resiié??ce or zﬁh%igesired properties to the sea}l, without,
if relevant, r@ﬂucfﬁgt e“25fl xﬂSllyo e & ar%?{ooé II% way. The formulation may include
additives to 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 tetrafluoroethyiene/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



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. 30This feature is particularly advantageous in some examples and is provided separately. An
aspect of théMAvEHtit43Povides a seal comprising an inner core includind €&fefHR 4B "and an outer
layer on the core comprising layer material, whergin-the core includes an at least partial metallic
surface layer. The metallic layer may include Cr and/or WC. 35Also provided by the invention is a
method of formingiatsedl gmn phismgahressienao e dye @ R0 T4 30 CHE6B2068050874 - 12 -
including cog%wgggrial 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 theBuyspyiate fageal. for Sxamplfe ath@-fretanr: BFEinard GREERE M TIfRSEUREENd preferably

prevents or pggidaesidRaiessohigds Aredaranbe theosrarlayeicenapsiantcfuatoctastomer or a
perfluo elastomfe Aternatisé%lg or in agditiogr the outer layer may -goqmprise HNBR or other elastomer
L :

r r.
with chegmicglsr%%ig?gnc%psra}/t' ¥ RS eI AR Boﬁ)éara{ﬁﬁé erﬁi\‘/altrignment. The layer preferably

comprises a fluoroetastoaeegEiihge The layer may comprise a 10perfluoroelastomer (FFKM). The
layer may compris%@@%e%%%mQQp material. Preferably the fluorine content of the fluorinated -
elastomer of the layer is greater than 60%, preferably greater than 64%, greater than 66%, preferably
68% or more. ElastbHite G 9 SSEIHRIEHG Huorine could be used. The outer layer may
include a tetrafigerpathy lenenpdomydeneictpoigmecdidiB) Hyibotanyblestokragtenalsfireuse in the
outer layer is AELASTM of Asahi Glass.Co. Ltd. Similar.mateyi re available fr nt as TBR
gradesf11 énd %?gﬁ? g)gl\};éayv 2 %%%Lé‘rafd%@ iqé‘%m”gféé%{ﬁ&rg%%ﬁ%n%?é %’rgﬂﬁﬁé&b Z%%rﬁ)%nd Lanxess

(Bayer). Theabpiterli®yér mlagaatiyeesa HFwesss fioleiavesiiet oradiniRarPRiteriel fofR@ther
manufacturesge 2R OlHEHRYRL AN I BRHSS A DMGTIAbRGEHAD sPRPARSREESNFakHolymer of

example coRBLALE bSGah K PR A o B G s BB Yes, o
equivalent petgmpies fodreathenintearafgeterelis nsay leseqUiitirsuitabieres than O-rings.

15  Preferably the thickness of the outer layer is less than about 50%, preferably less than
about 30% of the thickness of the seal. For example, the seal may comprise a 3.53mm
diameter core, the diameter of the seal being 5.33mm including the outerlayer. An
altemative seal may comprise a 5.33mm diameter core being 6.99mm in diameter
inctuding the outer layer.

20 Préferabiy the thickness of the layer on any particular region of the seal is iess than
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 fo impart any necessary chermical
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 inciude additives to
modify the levels of permeability.

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

30  Thisfeatureis 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 ieast partial metaliic surface layer. The metallic fayer may include Cr
andfor WC.

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



25lt 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 provid ®6&HRHIEH Pesistance of the seal, the outer layer preferably E6VErEANHEME bf the core
which might come into 30 contact with the relevétharsh chemical environment. However, in other
applications, a complete coverage will not be required. For example, the layer might be provided on
only one suifetaliof titereomatmmidloand certaiteregivarsaomhesowy davipenading! ofnenaraihplication.

The layer maﬂm&eamri@es]?eéie%%mar% é?trlé%e{%é%lﬂ%% aietahchiRcoHIRsaYShidamay itself

comprise more than one layer, or may comprise regions of different. WO
2010/007438P1E39CHEDB 1O 508 ARSIy BN MEURKRE TRIeT&lor other regions of material may
be providedibesweginthBobiealry eryandrhimcane, @nd/orienibi extepofswiacprefdhe outer layer. For
examplg, a Q%%issgend r%%at(i)@% may be provided on the core, for example to reduce permeation. The
outer layer material n%;ay TSl have good resistance to explosive decompression. 5Preferably any
coating or |dyefanals aivappioparte drexisisey. b esingienarforh epakgee 8ttesihvention there is

provided a sQal cIMEKSING: AatE HRstiRR IEHdingcoRiEAAB 6IRRH OF susiiconsorantaining material,
and/or ethylene-propylene elastomer, for example EPMa%nd/or EPDM, and/or 10- Fluorine containing

( P
elastomer, EPEREGA S8 BRI OP R RISE OL g/ 67/ S 4R R e B FRURe Biastomer, and/or - an
elastomer witiehdgeflexastezatyadempees arédessdromnmimik 0. dégedeseCman eliasitrmer having the

requirag owIsBEIAlIs RLoRariER. T hadptendsrtamplicalion of therseALARRLaRlrNe elastomer

has one or more o eatur the 15core described above) And an outer layer on the inner

portion, the BiErakdhe dumsinsisgnientiabhfdusinatpingBrismh ofit Ravsfit 28/ NAN BR and/or
60%, preferably greater than 64%, greaterthan 66%, preferably 68% or more.

Elastomers other than those including fluorine could be used.
The outer layer may include a tetrafluoroethyiene propylene copolymer (TFE-P).

15  Examples of materials for use in the outer layer is AFLAS™ of Asahi Glass Co Lid.
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 copclymer or terpolymer of
hexafluoropropyiene {(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 fayer 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



- an elastomer having chemical resistance. 20In 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 chémdarPési8tance but may have unacceptable ED resistancB{r&Feii&esirthe given
application. An ED resistant core would be usedt® give an acceptable overall 25performance through
using the principle of two materials through the cross section. In another example, acceptable seals
may be provicedosiich donterhayesgoronitemnwdgonserature parfoasnba peolsidied tectveaartheless desirable

for some anRlEAIIQRDoIfl AL BAUTNG) & RBRMMEL LSARIELAR R RPN AQiRgpes C might

be used in combination with a core having good RGD/ED resistance, thé terpolymer providing a
30chemical P etdisgehRasting MaRKRe R 200 Sueconty RS PIFEFRIG8 [5eerRemEea IRyt %ot be an
important issugyr RrpferahbrithenspakbnsgRoshsteasidiantsianeamasiierpeochshesueal resistance, for

example to amines and hydrogen sulphide.  Preferably.the, cqre has high gas permeability and / or
mechar%cal %?%%éa?%&sa %ﬁf)calggﬁ Porﬁfgélrv%a %nr%DqDJﬁ%%Btgé“@“r%ggtance. e

2010/00743880T68 2009/0%68 24petio! Preferemipiiectore pnetilissese aotopieng material.
Preferably the |ayar cpraprisgadyelastomeric material. Preferably the layer has good steam

resistance and good resistance to the presence of amines and hydrocarbons 5The Tg of the material
of the outer 1&JSPREANBE R SUEIRER SN NSMA . #¥8Me examples, the Tg of the outer layer
material will-kehyeiosvonoinden2:degrees @r ekegeaBRblyaodapES® oadiigrmaterial between the core

e oot SR AR T e o e e ©
example that@eB&ibeB i eststapbeagtpmer, and/or

- an elastomer which is flexible at a temperature less than minus 10 degrees C.

- an elastomer having the required low temperature properties for the intended

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  Insome exampies, 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
andfor 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 gocd 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 terpoiymer 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.



The material of the bonding layer preferably includes material of the core and/or material of the outer
layer. In that way a strong and compatible bond can be achieved between the core and the outer layer.
15Alternatively, with optimised processing conditions and compound formulations, the layer may be
bonded diredt9 W1 ESYe without a bonding layer being required. A furtF&rf{spEEPEFFE invention
provides a seal comprising an inner core includiri@g core material, and an outer layer on the core
comprising layer material, wherein: - the core material includes an elastomer and is capable of
providing a Seafnsbfytretioor Oahoes arfieddempacatuteriathe layer material includes an elastomer and
is capable oﬁ%rigyégiy%g %&g}iggggngggg@gggﬁﬁeﬁ%c%%@fppelrature, wherein the second

than the fi

temperature is lowe rst temperature. In some applications, the temperature at which a
sealing funchitiiecabi b sienmEEsI8aRtlisies B ecgistance HifeemhaERanse tad o sfidPthe layer. The
temperaturezafisealing maaises«y alternatively be affected by other factors, for example surface
finish, level gf sque orientation of flashline and surface lubrication. For examplg, in any of the
aspect oSt bd RaE L QLS ST L TR R R THEH: PO SO (R e Hace of te
material magpisetrieatdrbtocnedthitycots Byenonatefidsyiropdrtiow. MinsisrAe dcBQrekafples, the surface is

modified to ghangethecosticienbehiitiinnehiat dearténrastRlihe §uraca:&f theseal. Such treatment

may comprise for example a spraying technique, a plasma treatment for example to graft chemical
groups onto%"sﬁ’f?éﬁ%‘%f"’it‘%"?ﬁéﬁe&?"%dﬂfﬁﬂg‘?@éﬁ%’ &%B@Pﬂ@%%%P&Qﬁ{lﬁé"éﬁbﬂ@(ﬁétﬁé’%@d groups), or
other approptiaiefoeattaete ADhexassip el 60 acpoye ddegaivnaenttisraivubterdiasedamsihdeased on PU
and 35silicope f hitford. Corp. which | i jrectly to the seals which are subsequently WO
2010/33’7435%(4%%%%@@/%%@3%5\% % Ea%%ﬁl%w%?gen the coating. In examples, the treatment is
such that thé kuflatasiaiaitberhanding lryenrigiasably Niedivraireip ! pf HediwRisleRERieRg! the friction

coefficient, theieeaimentdior example addition of the chemical groups may change other properties of

the material surface. In preferred les,, the reduction of the frict fficient which 5 is of
orncinle i ERAE 1 HC A e CHE Bl G FRC e (P S0 VATa teg i ot compromise

the material@i¢h@gmal functionality. Preferably the treatment has an effect of lowering the coefficient

of frictipn of atleas &iPArkol iR EHALSUHACE NAHGR IQRIING, 8L IS FAGIRIRILQL friggion can

improve sealing performance where the surface-treated material' is used in a seal. Without wishing to
be bound bj‘ﬁ%ﬁgﬁé}‘fil‘ﬂﬁﬁrdﬂ%iﬁo e ipReneibve PR dne rerihetisheddiftient material at the

surface of aplaasien fpd@biliecsealwihalowddesserl toapasgisamatereteckivelyinidsrown systems,
grease or othec{eagpaplied lubric nﬁ IS use%to reduce the coegicient ?f frictign at the surface of a seal.

t
However, in'ﬂ?ne, SU%?\dISBr%jaenrt 53R r}%%)éerg?nmogésc'morye%grﬁp%quv% @ Action of the components

of the systemtmepes mriedahsntskemensiastamengedieserehie asero¥idimigreasinsfutbi@ncomponent as
a lubrigant can,alsg fALRSHDYsIRICONtamination; there are some applications in which such
components are notrgggropriate for use. There would be benefit in a seal having an inherent low

coefficient of TR M AP S BEP Y 278 QA BRI KFRaRD A 6F & IBAGHPEUIRIHG*LBAting on the

seal housingineoajsemirantsmietheiseal may in some examples improve performance still further.

Thus a furth%@%ﬁﬁeﬁ%é&%@@&]&%ﬂ%m@ﬁﬂ e[%t}ﬁé’/gmgj%gg-reducing coating on at least a

part of an extema ace, an method for manufacture o a seal. _
in some applications, the temperature at which a sealing function can be achievable will

25  be dictated by the material of the core and/or the layer. The temperature of seafing may -
also, or alternatively be affected by other factors, for example surface finish, level of
squeeze, orientation of flaghline and surface lubrication. For exampie, in any of the
aspects described herein, the surface of the seal may be modified. For example, the
surface of the material may be treated tc modify one or more of its properties. in some

30 examples, the surface is modified to change the coefficient of friction of at least a part of
the surface of the seal. Such treatment may comprise for example a spraying technique,

a plasma treatment for example to graft chemical groups onto a surface of the material to
change its properties (for example Siloxane based groups), or other appropriate
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



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 subj8*§/¢ tréatment to reduce its coefficient of friction. The tr&&tffeRtiitdl15écarried out to
all or only a part of the material at the external suace. 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 parbefetéochdetmatsuciatiehds exawsesdbfficiettonficsiorh thahttkes aterathe a second part
of (he extemga, RfASe-BrACE Sean e ARSREATRIAS Y IokedhedbREeatopor Iow

coefficient of friction coating on the seal mg surface. he material at the first part of surface has
preferably bE8RISEHjel B-atRiafAdLPTP %\%@ﬁ@!@ﬁb@é@é@ﬁa@xt%ﬁﬂﬁ%wewe%m% of

2010/007439@%&@8@@@9&508@&&@%&&%@mg e actilithen aspectia@bihediesiiomidhere is

provided a met od of akln a sea thod mclu%m{g the s step o,(f reatln an £X rnal surface of
Hegadiely tance. ssm res arg olnerpropett esea f}rx
the sealto rédu coe icient of r|c ion OF at easta pa e sur ace. rea ent may

include applgfingpacosatingibaserrariashapdresast ﬁmmn@zw‘fmf@rmaﬁaeﬂmﬁﬁwwme surface.
The treatmegiapay BRI MOLHYINGINS CABIBAIIANRE BRI IR LABRPAGRISLTdhe material at

the surface. The treatment may include modifying the composition of an elastomeric material at the
surface. C@Mﬂ&@eﬁt@%P‘@"r@ﬁ}?&‘rﬂ%%@ﬁﬁé@H@Brmﬁﬁéﬁlﬁ{aq@ﬁﬁ?‘éﬁﬁ‘éeé’m%‘ég‘a&H gthe
10treatmentifostedanapaatitoxssrbiros Seariveé:mantaiiimg groupeuAs areexaarplela hkesma technique

may bgdised. ;£ B%T% ¢ Yde ?8@%‘9.?&%% %@é&%ﬁt‘%&%rﬂaﬁ’Q?Qé%?ﬁ&ep#%‘ﬂ@@%%@?” ~30

degrees C, preferably less than e reduction in the coefficient of friction may be at

least 10%, phererabNyibaleasthecsnal @W@kﬁﬁﬁ%@ SfEnlirabn iR 1Hewo SRS GFAHEEASH may be up to
50%, or evepREppiae anriitivnistirciandae bscmsios &@fr@mmwm@hmé@d plane test

as known in the field. |n other a aIterp ve, or \I!n #dltlon ma s could b? added to the
Clastomer conkpRG 5 8 ST BT A EE H SR ABaTne TG IEe 37 itk
the components of the system and/or movement of the seal arrangement. The use of
15  grease or other component as a lubricant can also cause system contamination; there
are some applications in which such components are not appropriate for use. There
would be benefitin a seal having an inherent iow coefficient of friction at at ieast a part of
the surface. Application of a friction-reducing coating on the seal housing in conjunction
with the seal may in some examples improve performance 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 & 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 o 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 iubricated 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.



20additions to the seal material include 'controlled release additives such as oleamides and PTFE. 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"¥OSHHEBHE ST friction 25Thus the seal and/or the seal housing &ALV coefficient
of friction surface. At least a part of the housing gérface 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 coefficieaAtadtficg tn ofutiehesmngod theichriiés dppléed. ffbededterratioddhd veatiygamay include

PTFE. 30A fé&é@,ﬁﬁg%ﬁ%%%ffnﬁé?diﬂ%ﬁ%pB?B‘?WQ&iﬁg%r%%?ﬁéﬁ‘@Mf&@é‘b?ﬁ%%é\ redlARd a seal

housing , wherein the seal and/or ousing has been treated to reduce the coefficient of friction of at

least a part dtatsosifitisr of Fistredhsbinasia ARt e daification of a coating material.  In

examples, tegredsieatohsy biicateshmising aitl ekseabsltage eamdmeravasertaesponse, in
particulgr atg,(a/v F%?x grri%te%reaﬁeW982C6)10/007439PCT/G82009/050874 - 17 - In some preferred
arrangements, 6o e sea andg%’hechOUSing are treated to reduce the coefficient of friction of at least
a part of thelfrexteatakstiriag#clide tmediyiegtisf wbomesiion &) wemapaiechaposatatd s the treatment

of the housinglniSomecaspadbe eatmeptavl e hiesamamdanmpmplstisrrrlicatign the same 5

coating material to the substrate material. In other arrangements, different treatments could be used,

which woul PGS RGBS BEGAiRTEation of the treatment for each of the seal and housing.
There is ben@finipotiants plrageulsbrication suehtes cathbenoditaigied:! ille s tHecsedlsamgl theusing both

nave regucs caeiiient of fistion ol At JeAsLABaLALINRI, SHIACeA TR MG PHASSbrication can

lead to improved responsiveness, in particular when the seal assembly Is pressurised at low
temperatureSCAR BiaRPIdDEEESuitable treatment for a seal for use with metal surfaces, for example

on ah se?l hf;p%f&aifw&gésgefmee@ ﬂﬂﬁgé‘@,am fop @é@?@@!f Argericele (&wh@éwlssg]fac% |
Technology), or Wat%r- a?éa 0 ting[ such as DK%g - 3917 from ITW. 15 Preferably the ability of
PR e e ey m

the seal to p¢89f885a s &5 Siioly W@’b‘ Hﬁ%g easuring low temperature performance of the
seal in the |dier atdngtomtesthtacifficietiad biekrnfomydiasmas to%e srifatably aidtsmst 864ling

performance,pf 8. sealdiffersfigm-hs.thsorriical nerainanss sxRecteadpmcansidasation of the
materials used, a seal (for example an 0-ring seaP may have’a sealing function at a temperature below
what would The coefficient of friction may be tested for eXample using an inclined plane test as

known in the field.
In other aspects, as an alternative, or in addition, materials could be added to the
elastomer compound of the seal itself to reduce the friction coefficient. Examples of such

20  additions to the seal material include ‘controlied release’ additives such as oleamides
and PTFE.

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 o
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 {o reduce the coefficient
of friction of at least a part of its surface.

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

35  response, in particular at low temperatures.



20be expected from its material properties. In an example of a test for sealing performance at different
temperatures, a test fixture housing three similar 0-rings is used. The 0-rings are mounted relative to
an environmental chamber. For the test, the fixture is pressurised with nitrogen, and the leakage
monitored vi& had8/#B**Sensors. The results provide information as to wREtHEEZBME@Mngs are
providing a sufficient sealing performance. Examiies of two tests are as follows: 1. Pressure before
cooling (PBC). The 0-rings are pressurised to (for example) 100bar at 'ambient’ temperature (above
10 degrees @&dhepefperxueagetierisredindbd stad givdneriate sifay @rdmrgib 30M&:@duegireesC/minute

until one or oke-aeals ek, PoPidsste AELARIIURACL IS st nest e s frst

stabilised at the test temperature before the pressure is applied. Once the temperature has stabilised,

the fixture iSTRESEMRCACHBP BePapIe %6 1EOMF M thd Bredsite of leakage through one or more

0-rings is identbat dheShHixtugriscsHen retimeddmeoam deamnasahy e paiarsnaxktestis carried out

to allowsseals Y.VO 20 O/qq7 39PCT/G82009/050874 - 18 - to 'recover'., Lhis s{efcond tefc,t iS more
.coa up%ma nat 10.1he su 8tratem erial., In other ﬁrran ements, different Ire tme%ns ‘
representativé of actual service ¢onditions, though genera yspgeaklng leaks at higher temperatures

than tests whiaré titeised| idighoveet! Bve omgsapvon rimisetaeti(PBE) Inwhidte esfbrence is
made herein,{@.a seal bavigangarticular sealing performance ata 5 temperature, preferably the seal
passes the first test, and/or the second test described. Preferably the material passes both tests. A

further test i$ NiffethBFIRA! S AMPRERR IRELTE FEPPASiCRNRAMAERSGH YA St SaabA which the
seal in questiomsisgddip pate reddoesicroefeiarmpléssiitve d0at temspe raitef Sealingfpesforimance for a

gen meteral AN o8 s aitddn o A IR0 b ranpiea AL RGN, e
following test can be carried out to see It the core material'is capable of providing a sealing function
above a firsERAVFFERIMNE /RTBRSH ke IRWienpecaiPiemperature above which the layer material is

capable of psp\dging R seaking-netiamdsinthadestoadestgerldae Hatiieadineludingthe core

material bUtéN 'stgé?%ﬂ‘&rlg}’%ra resin bonded PTFE coating, for example Armourcote (RTM of

Surface Technology), or water-based coating such as DKAQW - 3917 from ITW.

15 Preferably the ability of the seal to provide a sealing function is determined by measuring
low temperature performance of the seal in the laboratory or test facility. it has been
found in some cases that the actual sealing performance of a seal differs from the
theoretical performance expected from consideration of the materials used, a seal {for
example an O-ring seal) may have a sealing function at a temperature below what would

20 be expected from its material properties,
in an exampie 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
gnvironmental chamber., For the test, the fixture is pressurised with nitrogen, and the
leakage monitored via mass flow sensors. The resulfs provide information as to whether

25  the O-rings are providing a sufficient sealing performance.

Examples of two tests are as foliows:

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

35  fixture is then returned to room temperature before next testis carried out to allow seails



material, and the seal is tested at different temperatures to determine the lowest temperature at which
the seal provides a sealing function. Then, a second seal including the layer material is subjected to
the same tests to determine the lowest temperature at which the second seal provides the sealing
function. A CBRMPEASBIFHY the temperatures 20determined in the first and*™ 6B compared.
In some cases, the variation of sealing perforrratite with temperature of the core and layer materials
will depend on the low temperature performance of the material from which the core and/or layer is
made. For exdieplectheT g sacod ERIGroftheepneserialivel bileterahisevsealinglipertoiimugite. 25A further

aspect of e eI ONRIFIESE SAALAOMIHSIRS. RIS GRte IRhiclngarsmRisEaloand an outer

layer on the core comprising layer material, wherein the Tg and/or TRIO of the core material is greater
than that of 8eTd5&r FhEremide TRy L TR layer material is preferably less than the Tg of the core
material in semeLxMRIEs iSPEDe TdrRdr@h ke lapeinmatesistisdessatingpnterifaloeodtthe core
material in somc.examples. The st temperalute andlor s Tofhe-care AIIRLIIETRIO of the
core is prefergmy css than %’ &egrees : presferabfy less’than - B egrees Cin some examples. The
second tempestaratdyatie/ondirriFigrestes [bgeér tegte/orAhiRICES! tife WhpEeisthies §SHittn -40

degrees C, preigrabitdassibarieOdariefsinPEie iy essH@theQedV(R question is to
2010/007439PCT/GB2009/050874 - 19 - degrees C in some examples. Preferably the seal meets the

RGD accep{?frﬁ‘ét"criteria of the NORSOK M710 test (Annex B) and/or passes the Explosive
Decompress$icotestdaspidse thb éreiterRreferablydiieng patvasame G mgresofrtiatefinithreryfeatures

descrit@d ir]qrc')i%@e {te peqa%if[g%%f&p%ﬂt@_er aspects of the invention described herein. The layer

material is preferably chemically resistant. The core material is preferably chemically resistant.

ConventiondMyexeaiagerhtivh ryemien. daadolitvénseietic i saraceodt i $88 g8 chemically

resistant matgyighalRrxanele; grsadexdrudedisgalinvght iludesisschenpigaliyrsesistants material (for
example an FKM or FFKM) only 10 on the outside.,In many applications, for example.oil and gas
applicationsl,ofﬁ%rgbaé] 2S8EY %As’]te%mt%efﬁgﬁe above w |chrt]hde %ﬁé nQ ena‘ 1S C3) %I 0? prc?w

r g qmé;
pressures an soak times, and this'can lead to the
contact medispaimgdaticigpinto the outer surface and coming into contact with the core material. If the

core majgerig},ig,anedhat 3.desioned fy,tae FRiaromed G this SaRiNG: iamdLLime fgeroblems. By

using core materials that are at least partially resistant to the contact 15media to cope with a level of
permeation, eI ha e St sRa! TRk R RG ATRISRL SRR B BR o\ RRIG B S R8I SThus, a further
aspect of thesinyention pravidesa seabeandpsisisgatmgifunet @argtinoludiagpodreahatduiihand an outer

o e SRR UL S A s ga lamer i i

which the second seat provides the sealing function. A comparison of the temperatures

20  determined in the first and second tests are compared.
In some cases, the variation of sealing performance with temperature of the core and
layer materials will depend on the low temperature performance of the material from
which the core and/or layer is made. For example the Tg and/or TR10 of the material will
determine sealing performance.

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
axamples,
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



20elastomer. Preferably the chemical resistance has one or more of the further features described
herein. The core material may have a greater chemical 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, insdME&PHations, lesser chemical resistance of the layer n¥ATEEERATRATOBE tolerated.
For example if the layer material were to swell inihe 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 Yeyaosi®iclkangecabtiygdayer material of 20% might be acceptable, 30 compared with a %

volume changgof e garednaterial whered change. L1 Q.0 P IRANYREb eprabLbe required

The core material and/or the layer material may comprise hydrogenated acrylon utadiene, for
example HNBRI% B RBHonmgsacgitheribrlasiue HdesoRpressinetes) dpsrabsralensdy comprise a

perfluoropolyeshesnfotrexammgsiielRmvtdnatesialoleshpolyphasphnzanesdgsexanpeor
fluoroalkoxy-substituted oijyg)hosph rie, or PNi: RTIV!) 0 2010/007439PCT/GB2009/050874 - 20

-1t is expect@d that mes%n?e asp?ﬁ?c%f%o%ﬁ ,'gl ,%%iﬁé‘ Sﬁ%‘?ﬂu o&Ticone will not have the required chemical
resistance fdhadeyas tieteoiatas larpdrablit chayiselwppecpete Toe usecamatanalteriplcforaby core.  The

core malerial ol SR EXERBIRURSINGR 2Bu-RRRARSItE EraRTIRlTEfRiAbMAN RRlastomer, or

example one or moré materials indicated herein. In some examples the core material and/or the layer
material corpriees & Aiffd BHdRS N RTHERIY SPE 5 Bl FRE d TRt MRS R A8 RIBBEFIThe
hydrogenateg#itrighbintaciena ohbbasahaydiseatamastyl ooitsle cpriant XN onkF20% ¢alp0% or higher.

I t lonitril tent is, le, 55% . 0r. 50%. | . le, th
o R S S R A SR 08 el e

acrylonitrile content is abou some examples, the ru

between ab&¥peT% toNEDRroRRErERE0E IprHT saakdinisn atkEly grogeadte dhaitorianiagsae rubber has

an acrylonitrjg-¢Rateatiebiiam Ve e %n PHeTRRLRT BARMENTS SRILHR HRREHAS #RREOPriate. For
example, a seal com ,ris_ing an HNBR having a 25% nominal ACN content can be used as the core

material, an BUgera 'ﬂ;’l% e ALY SR tﬁﬁh%ﬁjﬂg\ﬁr@eéj'ﬁ%%%qﬂiﬂ'ﬁ?,&ﬁ\lnctﬂﬂ?etﬁt (for example
ELASTO-LIQN(EDE) IBL)sity aduethmataidsripie dieatdsshateliplhasistaur®itrdudingd&OL101 core

with nqrginah{’é@%g ég%gwg%tre'\ygeof%lm&gdgw%m gggpg%c.)f less than 30% or 20% in the core

gives a compromise of better low temperature flexibility! mechanicals, and in some examples it may be

possible for e (ERMBEEdRIYET MANPS oavdsstHsiersadraty46dugrecstihsr BERsR. #hBRamples

where the coreshasraphigines 6cpiaBbaibAGHN, doimample Rbtyldikaawestaecaptae sealing

temperature, may he hioher, for examplaA0degrecsCy o Tisdeaure fs of prrtiar nigrest and a
further aspect of the invention provides a Séal comprising an inner core mcluding core material, and an
outer layer criaieraereRECeRipeRshpaigiy ehemuerlly reRistet. attkn deyer malrsiehinielotiicesnan NBR or

HNBRJpatedgkhavipg an acrylonitrile
Preferably the chemical resistance has one or more of the further features described
herein.
The core material may have a greater chemical resistance than the layer material.
In examples of the invention, the layer has a small thickness compared with the
25  thicknass 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 acceptabie,
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 [ayer material may comprise hydrogenated acrylonitrile-
butadiene, for example HNBR, or HNBR with a differing level of ACN.
The layer material may comprise a perflucropolyether, for example Sifel RTM material or

35  polyphosphazene, for example fluoroaioy-substitsad polvphosphazens, or PRF RTM.



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. 30In examples, the
low-content ACN HNBR may be provided as the layer material and higher-content ACN HNBR may be
provided as YW@ ¥éP&Hdterial. The hydrogenated nitrile butadiene rubberfh&B&fgiFEX by
hydrogenating at least 90% of the double bonds3fresent in the parent nitrile butadiene rubber. The
hydrogenated nitrile butadiene rubber may be formed by hydrogenating at least 98% WO
2010/0(17439P €An&B200906 8 R-blicefithe, duigbie FondiLpresiéntia wig pefréavaitnde butadiene

rubber. The eyt BaRriALandoc el ELBactal diay eomprise-a Flicans Grasts ket

perfluoropolyether. The silicone cross-linked perfluoropolyether may comprise a poly(perfluoroalkylene
oxide) backB8 " HREARESHR HSss-linked perfluoropolyether 5may comprise a

poly(perfluoroprepylentaxideybackhensahipesiicne ergsslinkedtipetfiscenpodyetiey may be
selected from SIFEL (RTM ela}stomers availab&e from ?Qéngt%l Chemical Co. Preferably the grade
e

selected is i%l?ﬁié)%er% iy gnﬁ%e(?gﬁgrr than for gi;'(%rsnts ' aﬁ?qw 5?L?he core material and/or the layer

material main cernsrissaapisiy phe sisteZeate i am@er 10T ygiofyplsoshisapwressol MEREPNF, RTM

Materials S¢jgperederineios) MaleemmissiRIEangatiagd b havingdhodoigaritedRRE) (R2)=N1-
wherein each Rl and each R2 is mdependentlr\]/_ an inorganic moiety or an ﬁ%/ganlc rgme . Each R1 and
B e 1010

each R2 maHRSRFeIORERRIRY SEit APHBIRNE /56 D ERIC 01805 CB)alkyl(C6-
010)aryl, -Nkbt@leCH)alky, i H:@6EG) anyttandisNidr (@4a G palilay (€ 6594 Wrab@%wvherem 15said alky!

and arykgro [ sibsy - fof i h R2
Do Indegend e e T B - 0oers.

-NHCH3, -NMGaepisiagrtsms oiNaivgenepaut JGMdmser A IR PRigRls caREMitieBl®e  Each RI

and each RAypaydeinganeadenttisriestod: rmaGh RnAIe badts of@em3,0926 O8F2CF3,
-OCH2CF3, - ?_SI-A? and -006FE5. Other comé)ositions.baseFd on the ola/ hqs?phazene gglymer may be

used. For thg1 |re%{@11§ﬁ1rpceé]t?ec§g aen%seefqt |Ssa;§)r%'¥)eorrr'gz§afor({%eexgomr%ema Shaland/or the layer material

to include a fitiBiiescogtaiBiity potynaACN content can be used as the core material, an outer
15  layer material including HNBR having a 17% nominal ACN content (for example ELAST-
O-LION (EOL) 985) . In a further example, the seal material has a core including
EOL101 core with nominal 36% ACN content. The relatively lower ACN content of less
than 30% or 20% in the core gives a compromise of better low temperature flexibility /
mechanicais, and in some examples it may be possibie for the composite 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 Eow-conte.nt 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 atleast 98%



The fluorine-containing polymer may include a fluorine-containing elastomer and/or a
25fluorine-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 materiatah#lis¥iéfayer material includes one or more of hydrogendtef ARt Hiftatiene rubber,
silicone cross-linked perfluoropolyether, polyphogphazene polymer, 30and wherein the TRIO of the
outer layer and/or the core is less than -30 degrees C, preferably less than -40 degrees C, less than
-50 degreescCiHessthmbbddegseas i ibe Exsthairild Oudadrres®bArkey mechanism of failure in
RGD is crackaitiafionangaranaeninn. dhareanl hspeasliiiaieurinns seaksaruyising a
material that resisted crac progx)_agatlon. 3%Prefera ly thé core material includes the core includes an

element for RESIsRRPErRIRSWOT DS 1815072 3TPISTIRE 82 CTafsna Ry e Der Ry neRBEG il the core

material. Acgerdingricomiliisasnest gidksiwentioriioere i aiovided psaabepipsising a core
mcludmg core material and a u‘t,ﬁr Ieé\{éer orletgeeg,xtl)crj%%%%nsmg layer material, wherein the core

0
includes’an g]%\é%)nnﬁlgﬂ?:erﬁﬁ%&g%c W mré)%ﬁements r ress%% crack 5propagation in the core

material. In prefesisg exanptelinibe petodainblefes temdiasseitied randorbly distRilled or for
example co-gxtideathranahidie RrofHIERIPERSRENP. Whish AR FARAN S BT BRRIRg£nergy and

preferably reducing or stopping crack propagation. Such features find particular application in relation

to thicker sebfoREbPIRARTIEPkaM B HEERE: #H9b 5mm, or 7mm or more. Any appropriate

elements maydecpsonideth Weﬂquenmiefmm_mﬂmmipmm&Yhe;mgments might be

providled "royghoyl e B8R N3 DBKIEUISE PR B <8 A GOIR oo T ploments o
propagati clide a 1 :

resisting crac P nmay ir | lurality o dorpalgs of 15elastomeric mdterial.” An element
may include@baiisriaryrsetinesnitieyiagérs oraldardmBricimatirisherein each R* and each

R? is independently an inorganic moiety or an organic moiety. Each R and each R may
be independently selected from -O-(C+-Cglalkyl, -O-{Cs-Crp)aryl, -O-(C+Cs)alkyl(Ce-
Ciglaryl, -NH-{C+-Cglalkyl, -NH-{Cg-C1p)aryl and -NM-(C+-Cslalkyl(Cs-C1olaryl, wherein
15 said alkyl and aryl groups are optionally substituted by one or more fluorine atoms.
Fach R' and each R? may be independently selected from -OCHa;, -OCH2CHs, -OCFa, -
OCF2CFj, -OCH,CF3, -OCgHs, ~-OCsF 5, -NHCH3, -NHCH,CHj3, -NHCF3, -NHCF,CF3, -
NHCH.CF3, -NHCgHs5, and -NHCsFs.
Fach R and each R? may be independently selected from -OCHa, -OCH,CHs, -OCF, -
20  OCF,CF3, -OCH,CF3, -OCgHs, and -OCsFs.
Other compositions based on the polyphosphazene polymer may be used.
For the desired chemical resistance, it is preferred for the core material and/or the layer
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 é 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



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. 20The
layers may comprise the same elastomeric material. Alternatively, more than one elastomeric material,
or mix of matefaddpétpbssible. The layers may be formed by co-extrudiffgieS8YEIE8Ah element
may include a region of uncured, or partially cureéx® material. For example, the core material may
include uncured domains.Part or all of the 25 elastomeric material of the core may comprise
interminglechregapngcof ivutearnse chatedadf unvulcanized or partially vulcanized portions. This may be

caried out farexample by syblecting upguedelasiomes fohiahik selestive wisanisation such as

described in UK Patent Application No. 25. An element may comprise an inclusion in the
elastomer. 309HENAGRIGIBIR 9T FShAPrRIdeA Bypliel BrRErd tReERnseA B ek vifaEtial. The

element mayhgoBaRsiSER Bidr AitYy-Ripattislesrestarinmbnthegelastammey . ibhusdibengoteamaterial may be
formed g\f a composite mzaj[lerial in V\{hiCh the matrix is provided by one or more elastomeric materials,
and eleentd Pf5I%EX rPnirf)le %g?ﬁeclrgg,er%%'s, granules, fibres, or other elements are included in the
matrix to redueestrack S6prosaghBona e 20 L0BCIIABIRCTIGR HIBRIOH0EFU L RSI-OTwe particles

may includedoy gxamplevileanisetpasiomerer m@é&r&mm&l%a%@%&%%%&%ﬂg and/or high

hysteresis. Such particles may be randomly distributed or distributed regularly and may be of similar or
varied particFB%i2% 2Rt Ry AeTH AN GHPBINargar S ARsIE iNth e SRR P iR iR g material
could be stratetgiwcddhaipitated inrdiadpradinciker peatints gdutedaCiack propagatateatnparticular areas.
For ex pIeSrgrqe ?rTrer]r%rrﬁr%)&Fng could be located in thicker portions of the product, or an area more
vulnerable to crafc?dng. e core may comprise a composite material including a matrix of an
elastomeric fiatépaIoiticasR e Be e leprmddgdtribatedhanmesiapseigTmene mayPabsorbing'

elements coglgyifRpexamrlenaais o vdedidabricated dor avobotie sross-sestianitarsexample either

as concentric ri,n%s, or 'rods! %(r)]g%the length of the product. Features of this aspect of the invention
may be prmﬂ%%a Q5L ith features of other aspects of the invention, as appropriate. 15The
layer materiahmaiemetisléoa rraséngldnaskngy epdigalowemthainthaieod thieretise ohdtenmhs of

15  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 materiails, 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 matetial 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.



A further aspect of the invention provides a method of manufacturing a seal as described herein. A
further aspect of the invention provides a method of manufacturing a seal comprising 20forming a core
comprising a core material, and forming an outer layer on the core, the outer layer comprising outer
layer materidV OTH&¢Wé3¥hay comprise freely cured extrudate, or could cothpHSE2HHIAFFESH material
which is cured, optionally together with other laygs;-during the moulding process. The method may
comprise co-extruding the core material and the outer layer material. 25 The method may comprise
including prdviel ragtaiboneingdayerfoetweepdhelcansahddhenategriayes thekonpmgilager comprising
bonding majeyiak, the-headig mefeHRl ey COBNSE.ARBIMALS 1A ARehO WSk vl material
preferably a blend of the core material an the outer layer material.  The method may comprise the
steps of: forMHPHRACSRIPLRAAG ISR IR AR SbRAtHCEES: MERHINARY™E core and
Outelr lgtyeL tentoomsthae @e@ér.Tlm%ﬁ@rt;g mraﬂﬁiéi%lrf}gy BBsEHsew Qﬁét@%él@ﬂd&ﬁk%%ﬁ?e@%ﬂ%g Taterieg is
applied_The bonding material may be applie painting or spreading. The bondin terial may be
ChasonG A e R N TERH R i RHRAR iy CO SR S5 et ting the core
material, boaginplaaiseial srdequteioBs ot hedtsdigd WDIGe1 00T ISTHET/GBRO08/050874 - 24 -

The core maferialand ivgkLlayes Faterigl can be blended together to form the bonding material
before vulcanisation. The outer layer may be formed b!y, stamping out the material, by extrusion as
tt

indicated abbVe, e tidY S8BPESCRtSIBAT o ML ER LT BO L XAy StREPTERTSAMENS Spreferred
that the outendayen naatediglraigyeofcslienhahertitalivedistaaceattss preferred for the outer layer

Z‘Zﬂeéibfo ot "geégﬁaéfr_%%%'s%%‘.ﬁgdee?é’r%%‘i@s%%,@8@-5&%%@ Burface,Hnishing, May g &arried out on
through the cross-section for example either as concentric rings, or ‘rods’ along the
length.of the product. _

Features of this aspect of the invention may be provided in combination with features of
other aspects of the invention, as appropriate.
15 The layer material may include a material having a Tg lower than that of the core
material.
A further aspect of the invention 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 materiat, and forming an outer layer on the core, the
outer layer comprising outer layer material.
The core may comprise freely cured exirudate, or could comprise 4uncured materiai
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 inciuding 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  tothe 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.



The seal may comprise an 0-ring seal. The "seal" referred to herein may be a part or an element of a
seal. 10According to examples of the invention, there can be provided an improved seal having
improved chemical resistance with low temperature flexibility and sealability. The invention extends to
methods and?&t ApHetates substantially as herein described with referend i thé st eddanying
drawings. Any feature in one aspect of the invéxtion may be applied to other aspects of the
15invention, in any appropriate combination. In particular, method aspects may be applied to
apparatus aspectseanataictandrsaicPiafernagidaaltne v ebibederesgathaverition tvilboodinae described,

purely by way.of example. with teference to the accompanying drawing, in which: Figure 1
shows schematically a section through an 0-ring seal of an example of 20the invention. Figure 1

shows scherlitiedify @YrPaMRIEPSTYERHAVRRTIBRGPAHDMA O FHNRY SSH1SIOTIRS §8ifHed a generally
circular crosguseetiomeling s¢ak agiRreNEIEES BCaipld) o ggnarallytiiicwaier@ssisgction and two

ayers: 4 firs bonding et 3, pncan oulerlayer 7, ZaGensrally e ner cofe, 3 comprises a materil
having Jood [OW temparature flexibifity Anaior good FesiStance 16 explosive decompression. In this

example, thé&tdre Sitorigyasasisilisbiedavblaondexdestrbderabotessstheessianatials could be used as

the core majetighacc 8P HEY B LEPmMPHIsEH S atgHaldaing 4 good chemical resistance. For 30
example, the layer 7 may comprise AFLAS TM_or VITON TM ETP-600S, VPL 85540 (FKM from

Solvay with TREFBFERHFORLASEFERRNPSFRINER. 597 BIRURLIIBRRNEBHRE AR IR thickness of
the layers hat&beenhdaxaggrrated in Figure 1 for clarity. In an example, the diameter of the 0-ring

section may ili ' | i
o100 a1 SRR IRCR Sa b Booti ot Bl o ed pestheving. e the
0-ring. The EOREQYRASHEMISBhWIFIGIAAgE MithteH AP ARG R (aaBier arateliiiay be co-extruded to

form the seatnd hebendiraitavey inaierHalmmycrapsisaadiensaiithe eytesiaper-eenprgund and the
core compouri'utg \r/vpich are bégnded together before vulcanisation. This will allow the layers to bond
t

together durlfig & MBEdin %r%cgggﬁanymg drawings.

Any feature in one aspect of the invention may be applied fc other aspecis of the

15 invention, in any appropriate combination. in particular, method aspects may be applied
to apparatus aspects, and vice versa.

Preferred features of the present invention will now be described, purely by way of
example, with reference to the accompanying drawing, in which:
Figure 1 shows schematically a section through an O-ring seal of an example of

20 the invention.

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 jayers: a first bonding layer 5, and an outer
layer7.

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. in an example,
the diameter of the O-ring section may be 6.99 mm, the siiicone core diameter being

35 533 mm.



Alternatively, the core 3 may be formed and the bonding material may be spread or painted on to the
core. The bonding material may comprise a blend of the outer layer material and core material blended
before vulcanisation and dissolved in a suitable 10 solvent before being applied to the core. The core
may be cureddFURCHHEY, the bonding material is applied to the core and*§A&BZPAEWAT Qllow the
inner core and the outer layer to bond together-dfring a subsequent moulding process. The product
could also be vulcanized in a free state after extrusion, for example in an inert atmosphere such as
nitrogen rathverithardifferaidingtibilirmbatvebd thenboudisiyrminefiatingay comprise a different bonding

agent, for exampleChempsil Birlnfisraamalia dhamieablierimentstddpe.uper ir example as

described in EP1025987. In some cases, it may be possible to bond the outer layer to the core without
bonding mafeEPBRRgUBLEeA4®Ris case, the bonding layer 5 may not be present in the 0-ring. 20 In
the following exaonigies, layaratatial0frajaiivelyidow Blgrs privddetbonibecsuifacaddiadabee including
material of g relatively higher. Tg, Havi fer to Eigure re the.materi re used in an
O-ring 2B, T B e e B G I B of
relatively hiddwersTly Ropeoigigrifeadiegdne BOHIGINDRECEPPFeciated that the material combinations may

find applicatipgRgyang &ENgResinhagHEXGMBIEhd IR wﬁdwtéﬁﬁsaﬁmwe%@wr(acrylonitrile)
HNBR (hydrogenated nitrile buta%ien ?r)%%bee% for.example inc udinggf%)%)?}pé}more t%weight of ACN.
t

Such materfRES §B4R RrethEnidaP PRdSaRR FREIRISTCR P! A& 7¥Riudes low
ACN HNBRnfgiesxiamnpledre indin gl SénoetessfofeA@NanmaB80rezathpies@086. iS uchuitaiterial has good

low te”ﬂﬁ’eraib’i r&%@?&%a@&ﬁgaﬁl%p%ﬁ%xiﬁf&%%.e% EBF::,{WV?@ E?esiéﬁ?ébcl%rt%r‘i@&%’,r%ét does

however lack the mechanical properties of the core material. For example the core may comprise

ELAST-O-Lfordngmaterialiseaakad omhgkerecrsl ¢irdvihgavikaty uthe mocamere@dtier layer may

comprise Eloh@TH53d: 0NR83dRTHY) @irdh damessiVislkensatong pavdaga TRIO of -370. WO
2010/00743.? CT/%B%OO9{(§)589874 - 2%&; Beg:use the %Jre ateri{':rll and %? Ia% r ré]Eaterri%al are

e
compatible wi f %rchcot%oé[r, 5ot %%r\ﬁuprls?%ge l&ﬁfﬁﬁﬁé E%ﬁey?rrﬁéytg"eo?mmeeé n)}pco-gﬁrusion and

subsequentinetiaéirag oAt Rativel/nivieano tatled teresanddiige overmoulded with the outer layer. The
products could alsp, BE RRILAGHSFRARHACHEEE SBRICAE BEHBIAAA L iR M ding,Hitn an example,

the thickness of the layer is between about 5% and 25% of the section of the product each side of the
core. The s&d198RALA s LYEEWRED Fehemivek MeREMRGFPEYRaEe JREF¥BFRIPHRIBR, and
provides goddslaikde mperatagosaaling.

In some cases, it may be possible to bond the outer layer o the core without bonding
material being used. In this case, the bonding layer 5 may not be present in the O-ring.
20 Inthe foliowing exampies, 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 (acrylonitriie) HNBR (hydrogenated nitrile
butadiene rubber), for example including 30% or more by weighi 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 exampie 20%. Such material has good low temperature performance and approximately
equal chemical resistance o 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.



Example 2 10 The core comprises an FKM core material which is optimized for RGD resistance This
could be based on a dipolymer or terpolymer with TRIO values of -180 and -12C respectively. For
example an FKM terpolymer could be used as the core material. The outer layer comprises an FKM
material, for%?&ﬁ*ﬁl@vg%n GLT or GFLT which is flexible at low tempera‘fﬁ?é W?ﬁ%ﬁ’ﬁas a TRIO of
about -30C and -290 respectively. 15The cost-ofthe material of this layer is considerably greater than
the cost of the material of the core. A bonding layer may be applied between the core and the outer
layer materiBeegyepriherroscmpiprslane thinlawheigda presensaid sordirayenenasehot be required.

For exampledhRindecQIeNBRIGHE) A SeHEMBatRS @-ale ResRdHE ke iBatatiair 20bonding
layer may n% be n,ecessa%%éagou%}] such %Iaéer COI.1Icf1 tillﬁiuse?, ?S des{red : 'Igle seal formed
has a good REDFEENAREOYG6H BT PESEHEE NBRYG0BY oW 1R HIBEYSIRiIre sealing.
Example 3 25teilsore=debnipasesiamkiiMireld stemiemd kichusidtepildetatioudemperature, for example
below -§0 dRMResfmkh4iRkRRIARbAGS A Buanoaied sl cone aateriatlasxample 2
perfluoropolyetherisilicone material, for example SIFEL available from Shin-Etsu Chemical Co Ltd,
Japan. ThisloRRIPEGEPFRAEIARIHLEHRKMility at temperatures as low 30 as -60 degrees C. SIFEL

9700 grade Thayde fvaadd hnthissesample edsadirgdayeids eshistatagennsly applietibatween the core

and the outer layer material tP fO{m the seal. qu seal formed has a good RGD resistance, good
: an 6%frowdes dgood odv emperaiuie sea :r}% .
chemical resistance and provides very good low témperature sealing at temperatures as low as -60

degrees C. BBamil®dter layer material may also be used with different core materials. WO

2010/ Q@743%&UQQ§%Q%QQQ&W &fe material which is optimized for RGD resistance This

could be based on a dipolymer or terpolymer with TR10 values of -18C and -12C

respectively. For example an FKM terpolymer could be used as the core material.
The outer layer comprises an FKM material, for example Viton GLT or GFLT which is
flexible at fow temperature and which has a TR10 of about -30C and -29C respectively.
15  The cost of the material of this layer is considerably greater than the cost of the material
of the core.
A bonding layer may be applied 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
perfluoropolyethet/silicone material, for example SIFEL available from Shin-Etsu
Chemicai 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
fow as -60 degrees C.

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



Example 4 PNF, (a fluoroalkoxy-substituted polyphosphazene) of Materials Science Technology Inc,
Houston, US is provided as the layer material. PNF has low temperature flexibility at -70 degrees C. 5
The core may comprise for example an FKM material having ROD resistance. A bonding layer may be
applied bet\h%%ﬁ B4 and the outer layer material to form the seal. Tﬁ%@gﬁf—?g&”ﬂ?gﬁ%as a good
ROD resistance, good chemical resistance and pfovides very good low temperature sealing at
temperatures as low as -70 degrees C. 10 In each of these examples, the core material contributes
ROD resistd&xeeraieioverall good mechanical properties. The mechanical properties of the layer may

be inferior tefose pithacare shahexampienthe mechanisalperperissniaraxampigy sitness, of the

SIFEL and PNF material layers is relatively poor and the seal relies on the presence of the core
material suppSItiRg: tHe BEay W@ﬁéﬁ’ﬂﬁﬁ@ﬁﬁ@fé}n‘éﬁ%ﬁﬁﬁ & Itgweﬁqg'f‘éerfngﬁ%%%[iéahed above are

expensive, dagrsestle use of the core allows a thinner layer of the more expensive material to be
used. Example 5T cous isludss slisane AV GRS UARSIRISHEm RG] hout 800 coim2/hr
under I::>‘§<bar N% g? Onggc?:) as S2475 %ro?n Dow Coar}F%ng 'Ltd. 26 he coatinsé layer includes SIFEL, for

example 97860 eidile Myan@s ke spaligt AL GRS decRerilfvarHBsiHAHE §Faies which are
in the form gdaaggm are preferable to liquid grades. The resulting seal is highly resistant to ROD, and

also has go ﬁlow mperature sealin ility.. 25The examples.described are not restricted to 0-ring
seals, but cg eb%@aﬁs%gégéasdagﬁﬁr%ﬁﬁgfje%grga'h%iégg%h?g? ép%%ﬁj“éﬁ%ﬁ%&sr%n (et m folH[c Tide other

elements orveonypondersiciupesaurpreaingtit mrmertalilicant loxtasidh ¢dgments. As indicated above,
the praguct may i helinelide BRSGsakseRing RIFRRRIR LY RamBla tonirdlice ERIBVeNt crack

propagation in the material. For example, randomly 30or str,ategicalhl placed particulates or lengthwise
profiles thro@fFIE SIRUER REPREEIEE s MRANSMIGH RpRELHEsiel A 1 BEBIRY &FdPE'8hE inhibit crack
propagationthdasesid/atker Expirsiveld) deompriessaipigsirfsededures:fheatfiilessing tharameters are

used to testgpg:réﬂg 5?3‘%' mg?gﬂgﬁ%%%eis}ggtgrgwsg& Qnﬁﬁﬁ’é%éﬁw&éé” %rpfﬂ'é 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 52475 from Dow Corning Lid.

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 exampies 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 exampie 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 piaced 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 fo test an O-ring seal.

Temperature: 100 degrees C

35  Pressure: 138 bar



WO 2010/007439PCT/6B2009/050874 - 28 - Media:methane, carbon dioxide mixture Seal Size:SAE
AS 568-329 (or other) Groove fill:83% (nominal)  Compression: 14% (nominal) 5The general

procedure is as fg)llows: I. Heat rig to test temperature ii. Apply test pressyre iiimSO%%k_%g%Is at
temperaturevé?ia 5?@3%‘&,% for a minimum of 72 hours iv. Decompress instant neous:f/

10v.Repressurise; soak at temperature and pregsure for 1.5 hours vi. Decompress instantaneously vii.
Repeat steps iv and v 18 further times with a minimum of 1 hour soaking (ie 20 decompressions in
total) over d¥etieday perioMatheRRoFHEPraRIfe MEkE]e throughout 15viii.After final cycle, purge with

nitrogen to @¢ackale remaigie AasaBIZkY eoxedRAK seals at test temperature in nitrogen for 24 hours
Assessment; Pres%rellealé%g/e is monijtored continuously throughout testing via pressure gauges and
¢

t
OVA/sonic RERCH&tE tion. rbq’”é*Pg )[ seals tested is visually examined externally 20and,
additionally Ceutimessfionr sdetiofsomirade the following criteria are applied: 0 = no internal cracks, holes

or blisters Oﬁ'ﬁé%éri\%?ai procedure is as follows:

i. Heat rig to test temperature
H.  Apply test pressure
ii. Soak seals at temperature and pressure for a minimum of 72 hours
iv.  Decompress instantaneously
10 v. Repressurise; soak at temperature and pressure for 1.5 hours
vi.  Decompress instantaneously
vii. Repeat steps iv and v 18 further times with a minimum of 1 hour soaking (ie 20
decompressions in total) over a four day period, monitoring pressurefieakage
throughout
15  viii,  After final cycle, purge with nitrogen fo evacuate remaining gas mixture
ix. Soak seals at test temperature in nitrogen for 24 hours
Assessment:
Pressurefieakage 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 ¢ross 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 gssessed 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  Itwill be understood that the present invention has been described sbove purely by way



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 25total crack length of less than 2.5 times the cross section 3 = fewer than
nine interna%‘?a"@ﬁg/?%}“e\?hich a maximum of two cracks can have a Iengtﬁ%ﬁ%@ﬁ’gﬁ%"‘and 80% of
the cross section 4 = more than eight cracks; or 2fhe 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 AkesAraBise gsddnadifieitionhdetaieeiobpenadacrdntalie stRepIblee tBveatethe test, the
seals have alitgfeaRIGhaNEaN & i MNeHHEBe, fard cheralsparpralS) HR fxamplanyould be 0, 1,
3, 2 (pass). 0, 1, 3, 4 would be a lajr. for a particular seal because of the pne rating of 4. 35It will be
nderstoot WA BIELBR P GRaA A BB DUEHE P RE T BB TP ) WO 2010/007430PC
T/GB2009/050874 - 29 - of example, and modification of detail can be made within the scope of the
invention. Each feature disclosed in the description, and (where appropriate) the claims and drawings
may be provided independently or in any appropriate combination. - 30 - CLAIMS 1.A seal comprising
a core including core material and an outer layer on the core comprising layer material, wherein the
core includes an elastomeric material including elements for resisting crack propagation in the core
material, and wherein: 5(a)the elements for resisting crack propagation include a plurality of domains
of elastomeric material; (b) an element includes a boundary between two layers of elastomeric
material; (c) an element includes a region of uncured, or partially cured material; 10(d)an element
includes an energy absorbing layer or layers through the



cross-section of the seal; and/or (e)the core comprises a composite material including a matrix of an
elastomeric material, and a plurality of elements distributed in the matrix. 2.A seal according to claim 1,
wherein the elements for resisting crack propagation 15include a plurality of domains of elastomeric
material. 3.A seal according to claim 1 or claim 2, wherein an element includes a boundary between
two layers of elastomeric material. 4.A seal aceo®@irg to claim 3, wherein the layers comprise the
same elastomeric material. 205.A seal according to claim 3 or claim 4, wherein the layers are formed
by co- extru@ibgidt@ layers. 6. A seal according to any preceding claim, wherein an element includes a

region of unqured. gr Aafiali e ate il o 72l ARCALIING 19 B0 PISEedng clalpy, wherein an

element includes an energy orbing layer of lay rough the cross-section of the seal. 8. A

seal accordif@Meriamng freecnrieraamheisieteerars deian mclrrdairerisiH vrlvinflastomer. 9.
A seal accoglingetasciaine Ssimgeneisk therigaientcemREss maeharadifd feasticles in the elastomer.

3010.A seal accordjng to any preceding claim, wherein the core comprises a composite material
including a matrix oela n elag%%n? Sic tﬁéﬁaﬁ?g%yclp g 53% it?/r%?aeq%%r?ﬁgn' 3 %?ri%uﬁqéaa ﬂyﬂﬁ? matrix. 11.A
seal accorditgneismyfsiesiedingeoizatatisiherein the layer material includes a material having a Tg

lower than that of the core maGEAl 3314 408! AP MR S aRCIARI £ ¥igsRAter@l and an
outer layer onqattlgga(;:pre

(c) an element includes a region of uncured, or partially cured material;
10 {d) an element includes an energy absorbing layer or layers through the
cross-section of the seal; andfor
(&) the core comprises a composite material including a matrix of an
elastomeric material, and a plurality of elements distributed in the matrix.
2. A seal according to claim 1, wherein the elements for resisting crack propagation
15  include a plurality of domains of elastomeric material.
3. A seal according to claim 1 or claim 2, wherein an element includes a boundary

between two layers of elastomeric material.

4. A seal according to claim 3, wherein the layers comprise the same elastomeric
material.
20 5. A seal according to claim 3 or claim 4, wherein the layers are formed by co-

extruding the layers.

8. A seal according to any preceding claim, wherein an element includes a region
of uncured, or partially cured material.

7. A seal according to any preceding claim, wherein an element includes an energy

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

8. A seal according to any preceding claim, wherein an element includes an
inclusion in the elastomer,
9. A seal according to claim 8, wherein the element comprises a plurality of
particles in the elastomer.

30 10 A seal according fo 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.

11. A seal according to any preceding claim, wherein the layer material includes a
material having a Tg lower than that of the core material.

35 12 A seal comprising a core including core material and an outer layer on the core



-31 - comprising layer material, wherein the core includes an elastomeric material including elements
for resisting crack propagation in the core material, and wherein the layer material includes a material
having a Tg lower than that of the core material. 13. A seal according to any preceding claim, further
comprising bonding material 5Sbetween the core and the outer layer. 14. A seal according to claim 13,
wherein material of the bonding layer includes-atsterial of the core and/or material of the outer layer.
15. A method of manufacturing a seal according to any of claims 1 to 14, comprising forming a core
comprising acopesingtisiat, raate ol mingren thaterrtayehdasie cHeptherit Omiteielaydrdiomprising outer

ayer materiglerid B AU BAATN LA MO HERFATLANGR RN BILIAERYeTS Of

elastomeric material to form the core, having a plurality of boundaries between the layers. 17. A
method of MAHEMRINRHESE 84RPEHRINRYIRG 2 OIRMAICIRIG R SfdhA SRR ANAREA 5 an outer layer on
the core comprisinglayer soedetiad, whelepredieiggreant) udessan@iasiamesmmederiaianaluding
elemen%s fo%r?sistint% crack grgqﬁgaﬁpn in the core material, said method comprising forming a core
. efween core an outer layer. .
comprising a corée mafeerlal? and forming an ‘outer layer on the core, the outer layer comprising outer
layer materia#t-and inshadineresiogtiodiairal glurakrpiofmajerslaifdheshomding levaeingluds®rm the core,

having a 20plutality #fthoupdasiesdhetwens theHayers: idR-A seal comprising a core including core
material, wherein the core includes an elastomeric material including elements for resisting crack

propagation i the EoPE R &fiEI2AHaTHBRATea! 20CP RRAOREM U HE BT FQiLtrE URE Bropagation
include a pldsatifyigoé 2bcomnaipsstfetasiemerterialaterichrming £bpateclayaent thelodes thdoundary

betwe% tw%é@%(q@%zgj%%%@g(%gg%r{]gflﬁ%g%ateﬂadc) an element includes a region of uncured, or

partially cure rial; [ ent includes an energy absorbing layer or layers through the
30cross-secton of thE'SERE apepEHing to cleline dBFdEm prrsadradishipldi@dithatéia meiuding a
matrix of an flastamaeticaiaieliad, RRd splusadinnafinlemenisiistiniesinternakin the

layers.

17. A method of manufacturing a seal comprising a core including core material and
15  an outer jayer on the core comprising layer material, wherein the core includes an
elastomeric material including elements for resisting crack propagation in the core
material, said method comprising forming a core comprising a core material, and forming
an outer layer on the core, the outer layer comprising outer layer material, and including
co-exiruding a plurality of layers of elasiomeric material to form the core, having a

20  plurality of boundaries between the layers.
18. A seal comprising a core including core material, wherein the core inciudes an
elastomeric material including elements for resisting crack propagation in the core

“material, and wherein:

(a) the elements for resisting crack propagation inciude a plurality of

25  domains of elastomeric material;

(b) an element includes a boundary between two layers of elasiomeric
material;

{c) an element includes a region of uncured, or partially cured material;

(d) an element includes an energy absorbing layer or layers through the

30 cross-section of the seal; and/or
(e) the core comprises a composite material including a matrix of an

elastomeric material, and a plurality of elements distributed in the matrix.



