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[0004] Fluid systems, such as mineral extraction systems (e.g. oil and gas)
and transport systems, typically include multiple segments of tubing, valves, and
connectors that are sealed together by various seals. These seals are often
subjected to harsh environmental conditions, such as corrosive fluids, extreme
pressures, and extreme temperatures. Moreover, seals are often disposed in
remote equipment, such as a marine (e.g., subsea) wellhead, which can make
access and repair difficult and expensive. In mineral extraction applications,
seals are typically constructed of a metal or an elastomer. Metal seals provide
long-term resistance to well bore fluids, temperatures and pressures, but often



reliable sealing. Elastoneric seals typically have a
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features of an actual inplenentation ma¥ not
system, in accordance with embodiments of the present technique;

[0007] FIG. 2 is a partial cross-section of an exemplary embodiment of the
multi-elastomer seal of FIG. 1;

[0008] FIG. 3is a plot of stiffness versus temperature for two elastomers used

to form the multi-elastomer seal; and

[0009] FIGS. 4-23 are partial cross-sections of alternate exemplary
embodiments of the multi-elastomer annular seal of FIG. 1.

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS

[0010] One or more specific embodiments of the present invention will be
described below. These described embodiments are only exemplary of the
present invention. Additionally, in an effort to provide a concise description of



be described in the specification. It should be
appreciated that in the devel opnent of any such actua
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appr eci at ed in the case of mneral extraction

[OO‘f’i]‘St effs. §he émﬁalgﬁ}gsg%‘éﬁo%%@ﬁ %aﬁ%@dlmt of a fluid

ncl ude any nu conponents, such a
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extraction system for the extraction of subterranean natural resources, such as
oil and gas. For example, in the illustrated embodiment, the outer body 16
includes a wellhead 18 coupled to a mineral deposit 20 via a well 22. The inner
body 14 includes a hanger 24 disposed in a wellhead bore 26 and supported by
the wellhead 18, for example. It will be appreciated that in the case of mineral
extraction systems, the inner and outer bodies 14 and 16 may include any
number of components, such as christmas trees, casing hangers, casing heads,
casing strings, tubing hangers, tubing heads, tubing strings, running tools,
blowout preventers, valves, flanges, and the like. In mineral extraction and
similar systems, the seal 12 may be used with working pressures including
20,000 pounds per square inch (psi). In other words, in certain embodiments,



bl owout preventers, valves, flanges, and the like. In
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envijphnentalt ienperadiresedier paloverefigctperssaling tameeratures of the
outSPBELIIRLS - In other words, the seal 12 includes a first material or property

that is effective to seal mutually exclusively without the second material or
property in certain conditions, while the second material or property is effective to
seal mutually exclusively without the first material or property in other conditions.
Thus, the embodiments of the seal 12 described in detail below are particularly
well suited for use in a wide range of temperatures (e.g., high and low

temperatures) and chemical environments.

[0014] FIG. 2 illustrates a cross-sectional view of an exemplary embodiment
of the seal 12. The illustrated embodiment includes the annular seal 12 having a
body 50, a first elastomer portion 52, a second elastomer portion 54, an inner



Thus, the enbodi ments of the seal 12 described in

detail below are particularly well suited for use in a
worwe/osmeye of tenperatures (e.g., high and | oRCT/US2008/075620

tenperatures) and chemical environments. [0014] FIG 2

illustrates a cross-sectional view of an exenplary

enbodi nent of the seal 12. The illustrated enbodi nent
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ool VhriGe 4Af S dlaipeed 3ot bidlieh ShodunhBetit, th inses the
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provide a conpressive on a seal 12 to generate an
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arrangenent, the top face 60 and the bottom face 62

notﬁ;@@I ARt gpmlqy@er@;g@ﬁsgrgaqz%cgtquﬁygr,t 13] %pgplyer arrangement, the
top face 60 and the bottom face 62 may generally be used as locations to apply

loads to seat, set, and/or lock the seal 12 in place. In other words, the top and
bottom faces 60 and 62 may experience axial loads to push the seal 12 into
position, to compress the seal 12 such that it expands radially between the inner
body 14 and the outer body 16, and to hold the seal 12 in place. For example, a
tool may be forced against the top face 60 until the bottom face 62 contacts a
surface and/or another tool, and to load the top face 60 in a direction parallel to
the longitudinal axis 64 to compress the seal 12, causing the seal 12 to expand
radially. The radial expansion may cause the outer and inner faces 56 and 58 to

bias against the outer body 16 and the inner body 14, creating a fluid seal



| oads to seat, set, and/or |ock the seal 12 in place.
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depending on the composition and arrangement of the materials used to form the

seal 12.

[0017] In the illustrated embodiment, the seal 12 includes the body 50 having
the first elastomer portion 52 flanking the second elastomer portion 54. The
body 50 includes the first elastomer portion 52 having a generally rectangular
shape (e.g., cross-sectional profile) and the nested second elastomer portion 54.
In one embodiment, nested refers to a set of items or parts forming a hierarchical
structure with larger parts (e.g., the first elastomer portion 52) enclosing smaller
ones (e.g., the second elastomer portion 54). The second elastomer portion 54
includes an outer second elastomer 66 adjacent (e.g., sharing a boundary with)



where the seal 12 contacts the conplenentary surface.
Further, each of the seal engagenent portions may
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dependi ng on the conposition and arrangenent of the
materials used to formthe $eal 12. [0017] In the
illustrated enbodi nent, the seal 12 includes the body
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Cross-section seco asto
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specific applications or exanple, the fi
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Fore hastaRrS he o SR oBBsiEacE TIRny 656 o Mty fily BE “cisposed
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i ncl udes only one of the second el ast oner portions )
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portions 52 and 54 may be varied. For instance, the

oneseRGREIneenis tarBRIghS RNTEKSVISH REine BHtesetian66da less than or

greater than the height and/or width of the inner portion 68. Similarly, an
embodiment may include varying the shapes of the soft elastomer portions 54.
For example, in one embodiment, the outer soft elastomer 66 includes a
generally rectangular shape (e.g., a profile similar to those depicted) and the
inner soft elastomer 68 has a semi-circular shape, or vice-versa. Further,
embodiments include the first elastomer portion 52 and/or the second elastomer
portion 54 including indentations and protrusions (e.g., bumps) that extend
radially from the faces 56 and 58 the seal 12. Embodiments including the varied
cross-sectional geometry of the seal 12 are discussed in further detail below with
regard to FIGS. 4-23.
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However, at reduced temperatures, the softer elastomer maintains its
leathery/rubbery state and conforms to the sealing surfaces (e.g., inner body 14
and outer body 16). Further, it will be appreciated that at lower temperatures, the
threat of corrosive (e.g., chemical) attack on elastomers is reduced, thus, making
the soft elastomer suitable for sealing the corrosive low temperature environment.
Accordingly, at low temperatures, the soft second elastomer portion 54 can
provide the desired fluid seal, and the hard first elastomer portion 52 can provide

the fluid seal at higher temperatures.



effectively prevents corrosive fluids and/ or high
tenperature and pressure fluids from engaging the
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with” respect To service' media. For example, the lower permeability of the hard
elastomer prevents the elastomer from becoming saturated with a significant
amount of high-pressure gas. Accordingly, during ED, the first elastomer portion
52 may isolate the second elastomer portion 54 from the rapid change in
pressure. Further, even if the first elastomer portion 52 fails due to ED, the
second elastomer portion 54 may not have become saturated with a high-
pressure gas due to the first elastomer portion 52 isolating the second elastomer
portion 54 from high pressure over the period preceding ED.  Thus,

decompression of the surrounding environment may not be fatal to the seal 12
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prevent a rapid pressure drop in the second el ast oner
thogw havieg &BPurometer of about 60 Shore A to about 80 Shore A, and super-
soft elastomers generally include those having a Durometer below about 60
Shore A. It will be appreciated that super-soft elastomers are rarely used in oil-
field and other mineral extraction systems 10; however, the inclusion of a
protective first elastomer portion 52 may enable these super-soft elastomers to

be included in the seal 12.

[0023] In one embodiment of the seal 12, the first elastomer portion 52
includes a hard elastomer having a Durometer of about 90 Shore A, and the
second elastomer portion 54 includes a soft elastomer portion 54 having a
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el astonmer portion 52 includes a hard el astonmer having
Cargemiy witle hepdapagrsun HmsBibriexas. and t he second

el astonmer portion 54 includes a soft elastoner portion
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elastedidoiiat stiffrdsgdEs) t/mubated]pﬁramfr@rr@rr Bvo \seieiners. The flrst
curve 82 is indicative of the stiffness versus temperature plot for a relatively hard
first elastomer, and the second curve 84 is indicative of the stiffness versus
temperature plot for a relatively soft second elastomer. The first curve 82
indicates the first elastomer having a first glass transition temperature (TG1) 86,
and the second curve 84 is indicative of the second elastomer having a second
glass transition temperature (TG2) 88 that is below the first glass transition
temperature (TG1) 86. The glass transition temperature is the temperature
below which the physical properties of amorphous materials vary in a manner
similar to those of a crystalline phase (glassy state), and above which amorphous
materials behave like liquids (rubbery/leathery state). Accordingly, the first
elastomer includes a glassy region 90 below the first glass transition temperature



the second el astoner portion 54 has a Duroneter bel ow
the Duroneter of the first elastoner portion 52.
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el astonmer portion 52 and a super soft second el ast oner
portion 54. As is discussedldel owwith regard to FIGS.
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gla§§§/t Bate enabling fluids to pass, and the second elastomer remains in an
amorphous state conducive to sealing. In other words, the inclusion of the
second elastomer widens the operating temperature range of the seal 12 to
include temperatures in the region 94. For example, in one embodiment, the
difference between the first glass transition temperature (TG1) 86 and the
second glass transition temperature (TG2) 88 is approximately 10 degrees
Fahrenheit (°F). Accordingly, the seal 12 may be rated for use in environmental
conditions that are ten degrees Fahrenheit below that of a seal incorporating only
the first elastomer. For example, in one embodiment the glass transition
temperature of the first elastomer may be approximately 0°F and the glass
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ShdrB ANBuRIFRSRT B, t idhedtiat Solhs@Rfdrt b&ion 52 formed from high-
temperature, 90 Shore A Durometer FKM includes an operating range of
approximately 35°F to 350°F, and the second elastomer portion 54 formed from
low-temperature, 90 Shore A Durometer FKM includes an operating range of
approximately -50°F to 250°F. Accordingly, the seal 12 includes an operating
temperature range of approximately -50°F to 350°F. Further, the seal 12 may
effectively seal pressures up to and exceeding approximately 20,000 pounds per
square inch (PSl). Other embodiments include various elastomers and
combinations of elastomers to effectively increase or decrease the operating
range of the seal 12.
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[0029] In addition to the embodiments of seal 12 discussed with regard to the
cross-section illustrated in FIG. 2, other embodiments include alternate
configurations and geometries of the elastomer portions 52 and 54 including
similar materials and forming techniques. For example, certain embodiments
include more than two elastomer portions integral to the seal 12. Further,
embodiments include T-seals, S-seals, Metal-End-Cap seals, face seals, and the
like.
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adjacent to the inner surface 56 and the outer surface 58 of the seal 12. In other
words, the seal 12 includes a plurality of elastomer layers sandwiched between

outer elastomer layers.

[0032] FIG. 6 illustrates an embodiment of the seal 12 including a plurality of
elastomer portions nested in the body 50 of the seal 12. In the illustrated
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elastomer portions offset and integral to the body 50 of the seal 12. In the
illustrated embodiment, the seal 12 includes the first elastomer portion 52, the
second elastomer portion 54, the third elastomer portion 104 and a fourth
elastomer portion 110. Each of the second, third and fourth elastomer portions
54, 104, 110 are disposed in series along the face of the faces 56 and 58 of the
seal 12. For example, the second elastomer portion 52 includes the inner and
outer second elastomer 68 and 66, the third elastomer portion 104 includes the
inner and outer third elastomers 106 and 108, and the fourth elastomer portion
110 includes an inner fourth elastomer 112 adjacent the inner face 56 of the seal
12, and an outer fourth elastomer 114 adjacent the outer face 58 of the seal 12.
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second elastomer 68 includes a band of material that is disposed in the outer and
inner diameters of the first elastomer portion 52. As will be appreciated, similar
to the discussion regarding FIG. 2, the cross-section of the first elastomer portion
52 and the second elastomer portion 54 may be varied to accommodate specific
applications. For example, FIG. 9 illustrates the seal 12 including an S-seal
having the protrusion 120 and the anti-extrusion springs 122 disposed on the

internal diameter of the seal 12.

[0035] Further, embodiments including an S-seal 12 may incorporate any of
the features discussed with regard to FIGS 4-7. For example, similar to the
embodiment illustrated and discussed with regard to FIG. 4, FIG. 10 illustrates an
S-seal including a layer of the second elastomer 54 extending between the inner
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and the inner second elastomer 68 includes a band of material that is disposed in
the outer and inner diameters of the first elastomer portion 52. As will be
appreciated, similar to the discussion regarding FIGS. 2 and 8, the cross-section
of the first elastomer portion 52 and the second elastomer portion 54 can be
varied to accommodate specific applications. For example, FIG. 12 illustrates
the seal 12 including a T-seal having the protrusion 130 and the extrusion rings

122 disposed on the internal diameter of the seal 12.

[0037] Further, embodiments of the T-seal 12 may incorporate any of the
features discussed with regard to FIGS 4-7. For example, similar to the
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elastomer portion 54. The second elastomer portion 54 includes the outer
second elastomer 66 integral to the first protrusion 144 and adjacent (e.g.,
sharing a boundary with) the outer face 58, and the inner second elastomer 68
integral to the second protrusion 146 and adjacent the inner face 56. For
example, each of the outer second elastomer 66 and the inner second elastomer
68 includes a band of material that is disposed in the outer and inner diameters
of the first elastomer portion 52. As will be appreciated, similar to the discussion
regarding FIGS. 2, 8 and 11, the cross-section of the first elastomer portion 52
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[0041] Other embodiments include a cross-section of the seal 12 including
multiple elastomer layers. For example, similar to the embodiment of the seal
illustrated in FIG. 5, FIG. 18 illustrates an embodiment of the Metal-End-Cap seal
12 including a plurality of elastomer layers in the body 50 of the seal 12. In the
illustrated embodiment, the seal 12 includes the third elastomer portion 104, the

second elastomer portion 54 and the first elastomer portion 52. The third
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uter face a the i nner second el astoner 68
e'a$tﬁﬂ@;5 %{er%aﬂﬂ\@'cgeemws%pytﬁg. stoner Berad acent the
nner fa xanpl e, each of the outer sec

[0062last E%r 1@6”&%61{% ainn REDOSHNBAH Of| et dhetal-ERd- Cap seal 12
mclha?]lguﬂﬁﬁt ebﬁé&eﬁ’felggt{oﬁ{éra, Effts rigﬁard osﬁﬁ ?mdelmt of the

i nner di a ers
cromsemtﬂm B straednin FlGeocappr ¢oe aitlfsﬂ:kd,at@d raanhbﬁrdlment,ftee seal 12
ssion regarding FIGS, 2, 8 an 1, the ,
'”C'la'i?‘%%§ & Hrstigastomer pertiqn 8. é\eagfm?@réaaﬁom%rpcyﬁaﬂ&‘& ard the
thlréeél‘égfé)rﬁéra?o R AL WeS‘ﬂ]réfa)éléé?orrgf' tléﬁ’ 52 mcludes the
ccommobdat e specific applications
reclianigukr tadgSQ, Iaedl\tbeaslecomheia@@rneeabrtmzl Mmdlgjetsrtee inner and

outen 63Tl ARSI RA AR by oo BBal 108, g g REETgorton 104
mclﬁBé@%@ﬂﬁwérQﬁ% 'e‘lﬁbt@ﬁneﬁa@h &d EHéeoﬁ!efr?élas’wﬁe?%@M 108. As
sealing portions 52 and 54 may be vari ed.

illustiasechribe, inneethirdcelagtosmerst fns inpvediately swoltmyleddly the inner

L <p caldy _ _ _
sochiCaRSione  FRLIoERe Bt A IR, saretipuign 108 is
mnﬁéd)ﬁ‘ﬂel)hguﬂr@lmﬁﬂe@bfl(m@l oelterssepmry d8stomer sbirti®@s B6ONFurther, the
generally parallel to the |ongitudinal axis 64.
inngryihirdeglastomersiGingiugles a face adjacent the inner face 56 of the seal
12, and the outer third elastomer portion 108 includes a face adjacent the outer
face 58 of the seal 12. Another embodiment of the Metal-End-Cap seal 12 may
includes multiple elastomers offset and integral to the body 50 (see FIG. 7), and

the like.

[0043] In addition, to the previously discussed features, the seal 12 may
incorporate additional features to improve the seal. For example, embodiments
of the seal 12 include a cross-section including a plurality of indentations.
Indentations in the cross-section translate into grooves that extend about the
internal and external diameter of the seal (e.g., faces 56 and 58). The grooves
effectively create ridges that provide areas of increased contact stress to



shape of each of the outer second el astonmer 66 and the

i nner second el astoner 68 may be varied. For exanpl e,
WO-R@B9/03047 | | ust rat es an enbodi nent of the Met aPET/US2008/075620

End- Cap seal 12, wherein the height 148 and wi dth 150

of the inner second el astom® 68 is greater than the

hei ght 152 and wi dth 154 of the outer second el astoner

M Ay B AL e R SSRbOAARENTE B4 PreEa Sl bodles 14

andti 6. Fof athtahdd) MegandiddrdrésSanenibodiffen®dRERY Seal 12 including
simlar to the enbodinments illustrated and di scussed

a plucatity efainfandatmres.16p. . IheamdergatignsG.inglude inner diameter

b H3hd 3685 B B0 R 2500, B PG M Jpcatons
160 é]t@edlsf)ﬁé‘éd ﬁﬁamatliveof%beélaét@ﬁ%r@S Folr dthkce, the indentations
| ustrat ed enbodi nent, the second el astoner gortl on

1 6%mavm&¢lu@%§nau@r SEpavessp dhe s wiasiemer perian,5anddes second
elaﬁﬁf:he? ot & 529 tnweFﬁébfll %tr& e?j%@rgﬁq(sr;@rﬂvéﬁyl%r Hqha%her and

el"asto rei'n the
outsre ciethta cast tbﬁ%rarmn620&Te5ge|eeu’aﬂy|c§ynadpmcahlabbot aheaxis 160

i nner surface 56 t he outer s ace of the seal
runging qayga e egnier OZE%SH’C}%&%?“PH& Joe SsaE?%ssln g Wards, the
geo‘ﬁﬁetﬁ@@ o?ecﬁle ||1|aeh FibHE 139 E’!‘eé fddhi alebﬁsthgniﬁh ! B ?6 and the

For exanpl e S|n1 ar to t enbo I rent of t e sea

outeéd lagetdBated in FIG 5, FIG 18 illustrates an

enbodi nent of the Metal-End-Cap seal 12 including a
[0 ur alither erhbediassrmsef tHheagedls 2 include dsytymEicaf ptdfikes on the
. seal n illustr ted enb th al 12
'”tei”ﬂél%%l@@%rr?é‘op 'ﬁ‘ler@(t%'i”éé t?r?%‘?tebS?ﬂTeoﬁeald@ F Iéz %EE'HﬁBIateS an

I r ol .

emBsdicPTRoIRANG SMcd BRA.CalP sohl £ HAVARS TIsyRANGUEA! profile
on Itk ennet rﬂaceséiﬁ)rmdeltmtmmrr e t58on Bar iexampdie s thehdllustrated

oG e AR Bl R RiEls 168 siitts’ BBet FEhSs ot th seal 12,

anceh %ﬁfg%’fﬁfde%@éﬂdno%igﬁ thé"@)@térﬂﬁcé I5Bsdf tRbashP RS Iﬁ%‘tﬁér%rds
52 includes the first elastomer top |ayer 100 and th

the fseak12 sresstegationdociudes pdifel gamnety opd @mtamahdlarﬁ@ter and a

i,0F t ' .
oo PEnREAT IR RRB A Gior 3R s Rl Srotsdbe st agpmety.
Sindlad féb]l@réillm&ly e sicrporaped tihton alldrietyt endsalad] #enéxample,
to the inner surface 56 and the outer
embodiments include the asymmetric or symmetric profile employed in a T-seal,

an S-seal, and the like.

[0045] Although the above discussion focuses primarily on annular (e.g.,
radial) seals 12, similar techniques may be employed in the design and use of
face seals. Face seals generally include seals 12 that provide a fluid seal
between two generally flat surfaces. For example, FIG. 22 illustrates an
embodiment of a face seal 12 in accordance with techniques of the present
technique. The seal 12 includes the body 50, the first elastomer portion 52, the
second elastomer portion 54, the inner face 56, the outer face 58, the top face 60
and the bottom face 62. In operation, the top face 60 is mated to a first body and
the bottom face 62 is mated to a second body to provide a fluid seal between the



surface 58 of the seal 12. In other words, the seal 12

includes a plurality of elastoner |ayers sandw ched
wheiness4dut er el astoner |ayers. [0042] FI G 1BCT/US2008/075620

illustrates an enbodi nent of the Metal-End-Cap seal 12

i ncl uding nul tiple nested eddstoner layers sinilar to

t he enmbodi ment of the cross-section i [lustrated in
FI G, 6. h | | ustrated, enb t.h 12 ..
first. Bp Secorth bopids.: RecoBhe SaPofEe s MeE&atnes agaition of

seaﬁhg%@ﬁ?és RORELAVe 24 s@%ﬁné Rea ke 't(gp %h@sﬁ&fﬁ?ﬁ fReéd 60Mand 62.
10 The first elastoner portion 52 includes the

Forrexanaplgursillustiaiecs, Fiknd2, Hbe second eéatsigmﬁ@orm B4 dncludes

o 58 R e s 7 e R FRRPS B o soconc
ela$tﬁﬁ1eud1sm bapcenn®ottbh fateclbast Trms, ﬂt%flmdelaﬁ@rrwtyﬁdrtlon 52
astomer portion 108. As |IIustrated the inner thi

rd
flangp é@@ §AEPNA plestmenpRIAPALSS i %é'm'@m%ﬁoﬂ'ﬁ@ Cﬂ'?ﬂ@ﬁed with
stonmer portion 68, and the outer third
regérﬁ)‘;@pﬂr@:rﬁpor“ on 108 is imedi ately surrounded by the

10084 7o ERARHEr EBRbRR Mt ke daalotie dRinien Mot snote

laydraggsdify @frolbR theatrodg-seanish ohenewear 1hi Fer %b(éﬁfmeEFFIG 23

portion 108 Includes a face adjacent the outer fa
inclyges pa eypapdiment sipilarde t@ﬁ%dluﬁ'ﬁﬁtecbﬁn@ ﬁ’é‘SCUSSGd W'th regard to

t Al I
FICRELEL (6265 50, T2 USSR SHES2 UL B P AR S
ela$tbme|r|doetJor{ 0943hd breemdddtelastontcn polnteaorpsevaelsbyond elastomer

di scussed features, the sea [ ncor orate
porlieiy e BHNAES dasingleday ey ﬁ"ﬁB?%@ﬁi%?Wég%rbﬁl firs P?J?S'@J@'H?Fdﬂ@er layer

176?59@% TRt éla@{orﬁé}eoﬁt%?l ?yk?r gl Ufige %e%ﬁéselé%mé?“portmn 54

including a plurality I ndent ati ons. | ndentations
exterds adjassntﬁedhedmp facmn@;@ and thebottigmoiace £ cbfatheesetaéma Other
inter i anet er

emle%é) 61enttsf ér&(ggd% H‘acg 83ea)f-|-% h&y@&g@s&TS@é}gPp%gﬁmﬁg’a Ito those

d,scﬁjsg@aq\,,m @gerd I RIGEr ppitde areas of increased contact
stress tomaintain a fluid seal between the seal 12 and

[Oofl?]ﬁt 'af-_”a@ﬁ 'E)"f"th@ﬁ%@ Fsrcﬂ%e@%ﬂﬁtﬁiﬂlr%%gl%“& thé-sd oaf”l2 may include

ustrates an enbodi nent
anyscathmatlolrmf @tas’n@marqoaud Zrd3gysedtionsdmmdaciverts |dr60)|d|nthe fluid
ntations inc

sealind QAT RBE RS CPACRALERTIOR T8 NGkie Ag clogfiiner faving a
différeeNhaidr@]s, stiffness or glass transition temperature. Further,
embodiments may include combinations of the embodied cross-sections. For
example, an embodiment includes a cross-section including a profile similar to
FIG. 2 at the inner face 56, and a cross-section including a profile similar to FIG.

6 on the outer face 58.

[0048] While the invention may be susceptible to various modifications and
alternative forms, specific embodiments have been shown by way of example in
the drawings and have been described in detail herein. However, it should be
understood that the invention is not intended to be limited to the particular forms

disclosed. Rather, the invention is to cover all modifications, equivalents, and



160 are disposed in a plurality of the elastonmers. For
i nstance, the indentations 160 may include annul ar

WQe@owe®4in the first el astoner portion 52 andP@hES2008/075620

second el astonmer portion 54, In the illustrated

embodi nent of FIG 20, the 4%ner and outer

i ndentations 162 and 162 are generally symetrica
cent er .of

altedy 0 TBURBLNIIR Infh SPakothd: S8hd, BE i IEBHSa dstfadined by the

foll@gRGRIgpeRse@Tcidif@. i ndentations 160 are identical on
the inner face 56 and the outer face 58. [0044] O her

enbodi ments of the seal 12 include asynmetrica
profiles on the internal dianeter and the externa

di ameter of the seal 12. FIG 2 1 illustrates an
enbodi nent including a Metal - End-Cap seal 12 having an
asynmetrical profile on the inner face 56 and the
outer face 58. For exanple, the illustrated enbodi nent
i ncludes two indentations 162 on the inner face 56 of
the seal 12, and a single indentation 164 on the outer
face 58 of the seal 12. In other words, the seal 12
cross-section includes a first geonetry on the
internal dianmeter and a second geonetry on the
external dianeter that is different fromthe first
geonetry. Simlar features nay be incorporated into a
variety of seals. For exanple, enbodinments include the
asymmetric or symmetric profile enployed in a T-seal,
an S-seal, and the |ike. [0045] Although the above

di scussion focuses primarily on annular (e.g., radial)
seals 12, simlar techniques may be enployed in the
design and use of face seals. Face seals generally

i nclude seals 12 that provide a fluid seal between two
generally flat surfaces. For exanple, FIG 22
illustrates an enbodi nent of a face seal 12 in
accordance with techni ques of the present technique.
The seal 12 includes the body 50, the first el astoner
portion 52, the second el astoner portion 54, the inner
face 56, the outer face 58, the top face 60 and the
bottom face 62. In operation, the top face 60 is mated
to a first body and the bottomface 62 is mated to a
second body to provide a fluid seal between thefirst
and second bodi es. Accordingly, enbodi nents include
the addition of



seal ing features conducive to sealing via the top and
bottom faces 60 and 62. For exanple, as illustrated in
WO-R@B9/02247 t he second el astoner portion 54 i nclRUEESA08/075620
top second el astoner 170 adjacent the top face 60 and
a bottom second el ast oner adj acent bottom face 62.
Thus, the first elastonmer portion 52 flanks the second
el astomer portion 54 in a simlar manner to that
di scussed wth regard to FIG 2. [0046] In another
CLAMSdI nent, the second el astoner portion includes a
siggle | a ernﬁﬁssing t hrough the cross-section of the
1. sed SYSCMEGPMHXSHA e, FIG 23 includes an enbodi nent
Si T NIGH S8l hAGRE d dddiBbtipl @stnaidngi scussed wi th regar d
to FIGS. 4 , 10, 13 and 17. As ilfustrated in FIG 23,
t he seala gealiinielfade Haxingi o oeimase engageveni portisns; and

a second. gl astoner port.ion,.54. The second el ast.omer

Sort on Sl AlavHIBe BoupRGisPsag oty Bihsed] et aBerans
first elpsicennd él&@@mé@b@ﬁioﬁ@i%e@ Eidn@_t 1198 asdaPBterface,
outer |ayer 178. The second el astoner portion 54

whesrireriae st a’ii‘t;dntsepgn@h@aﬁ@fjianrécéa@@_ g rt%_ePﬂ@@?ft'tﬁﬁ that are
diff%r@ﬁ?frg% ?ﬁﬁ%Hﬁth@?al 12. O her _enbodl ment s i ncl ude the

ace Sea avi'ng cross-sections simlar to those

di scussed with regard to FIGS. 4-21 . [0047] Each of

t he above di scussed enbodi nents of the seal 12 ma

. . ) ray
2. i néhadysteny ot sl Natyhatewr thel ratesiRk PEORSRES comprisé hardness,
: - [Qn UGl b di | i :
cnefEA TSR0 bR e Bt ftafneness o
presslast onaicohmimatgpnathdrddfer ent har dness, stiffness or
glass transition tenperature. Further, enbodi nents nay

i ncl ude combi nati ons pf the_enbodied cross-sectipns.
3. ForTiexapdibf ofBIafPPANABIRIN A kikd@Sa oI SSorEES id @ffective to

including a profile simlar to FIG 2 at the Inner
seaf &t ea 3empentute @boye- arafiestive regdalidgnigmpgsavie | ¢ the second

imlar to FIG 6 on the outer face 58. [0048] Wile
eIa{tR@elrlp\%tmr].on may be susceptible to various

nodi fications and alternative forns, specific
enmbodi nents have been shown by way of exanple in the .
4. dr aMieng¥stamdohelan teaynafeiicthiebserdng elasi@nmerheerépn.is effective

to E@éﬁe\é?ra tlehp%?&wéj t?e%w a glass transition temperature of the first

elastomer portion.

5. The system of claim 1, wherein the first elastomer portion comprises a
hard elastomer and the second elastomer portion comprises a soft elastomer.

6. The system of claim 1, wherein the first elastomer portion comprises
hydrogenated nitrile butadiene rubber (HNBR) and the second elastomer portion
comprises nitrile rubber (NBR).

7. The system of claim 1, wherein the first elastomer portion comprises a first
hardness of greater than about 90 Shore A Durometer, and the second



understood that the invention is not intended to be
limted to the particular forns disclosed. Rather, the

WO pwessidveh is to cover all nodifications, equiREI/E81088/075620
andal ternatives falling within the spirit and scope of
the invention as defined by& he fol |l owi ng appended
clainms. CLAIMS 1. A system conprising: a fluid seal

elagtaieh PRI BPmREEES angeguibhetnsee s B pBSS 80 Shore A
Dureh#géener portion di sposed along the seal interface;

and a second el astoner portion disposed along the seal
interface, wherein the first and second el ast oners

B ancniterysin g B g1 pdret b 10 Ry a5 #8°sccond

elagrBiner ipaktid? IDGHerdongsriseoapaldifesialt diness 90 Shere aburometer,
resi stance, porosity, responsiveness to tenperature,

responsi veness to pressure, or a conbination thereof.

3. e - cliai ; r Qi ki QRS
% por-lﬂbgﬁ)%lféhe??f Qé{rﬁ\}é oe]rglg\é‘?%g%l @a%gﬁgé?@téhrtghg%gve ar?f the
firstebfestdmee poeidn ng dooupeeat degreet dhenwecaboveelaaseoomd glass

ortion. 4 . The systemof claim1l, wherein the second
trarfSiioey GRSTRbHE PG SCRMIERIATEIY JOSRN at a
tenperature below a glass transition tenperature of
the first elastomer portion. 5. The system of claiml1,
10.wherhe rsystean f ofr staimal dstwineneinpdhe i finst cdagtonsesand hitied second

| ast omer an n | ast oner portion conprises a
clagne S B AVE AT e So RS c A 1 wher 8 n- ¢ he
first elastomer portion conprises hydrogenated nitrile

but adi ene rubber (HNBR) and the second el astoner _
11. porkheonsystemr iof eslaimt rli, | wheigibethg NBR) . efastorner ssompiges a

I
DU et eF i b fBEher <onfitisisod capasT™
elagibaree nfatBralonet er, and the secondel ast omer portion

conprises a second hardness of |ess than about 80
Shore A Duroneter.

12.  The system of claim 1, wherein the seal body comprises opposite sealing

surfaces that are symmetrical with one another.

13.  The system of claim 1, wherein the seal body comprises opposite sealing

surfaces that are asymmetrical with one another.

14.  The system of claim 1, wherein the seal body comprises an annular seal,

a face seal, a S- seal, a T-seal, a Metal-End-Cap seal, or a combination thereof.

15.  The system of claim 1, wherein the seal body comprises a sandwich
arrangement of a plurality of layers disposed one over another, wherein the

plurality of layers comprise the first and second elastomer portions.



8. The systemof claim1, wherein the first el astoner
and the second el astoner portion both conprise a
wha00dsswg7 of about 90 Shore A Duroneter. 9. ThRCHYS10081075620
of claiml1, wherein a first _glass transition
tenperature of the first el®stoner portion is about
ten degrees or nore above a second glass transition
temperature of the second el ast gner rtion. 10..The
16. 5y St EIET aPnClaMurler o MOGTHE 11 Stoab| DA RIMRHIRES, e nest
arr&Rediehtelfas pRif@y ©f BRIstSReCANHDRE(reBds&ihsdardly intd a base
The system of claiml, wherein the first elastoner
elagiomsr inoeiiomabugduageahintedacs. ithe base alarioet gadion comprises

S r_CONpLise . I [ er i :
the 8° SRS & BRBA"End RV CAl) B HRRINELRpRRytdrbrise the
secondRIasiePeppparint € seal i ng surfaces that are
symetrical with one another. 13. The system of claim
1, wherein the seal body conprises opposite sealing
sur t ~Ar&,:as yymret i | ne t ; )

7. he & opataty of I Clel8h e Nl o gRf fprckd. 2 nest
arrageammilaira gleality af EasomeaportianSrecsested anelind@ahother into a
I\/Et@g- End- Ca se:rll, or a conbj nfationt ereof ., 15. The .
basgy glastarBer POSIN Alonghdheispaf Hateglase. Abeyoassnelasiargen portion

, ol . ) . . .
o B Par g G e el P ehestoiePSiitions
contiger iheesechadfelagtomeng@odimond el ast oner portions. 16.

The systemof claim 1, wherein the seal body conprises
a nest arrangenent of a plurality of el astoner

18. POrtHORGsteRt &F SQdins eRaRERNY thBt S haHe cBhRHis88®s sandwich
portion along the seal interface, the Dase el astoner

arrangemest. Gonpsl egengament.r et aercombitationphereen of ampltnabity of

T T T
oppokite SkRJ oftthe\scabbpey, 8% eombisktion thargefrent of a

plurality of elastonmer portions recessed one into
another into a base el astoner portion along the sea

i nt t . .0 ' ' he. . .
10, P SFferi SRS, ShADHENE' BEFLITE, ORI 56ch g e

fluickbealt omer portions

20. The sealing system of claim 1, wherein the fluid seal is disposed between
a first body and a second body comprising a christmas tree, a casing hanger, a
casing head, a casing string, a tubing hanger, a tubing head, a tubing string, a

running tool, a blowout preventer, a valve, a well, or a combination thereof.

21. A method, comprising:
providing a seal having a plurality of different elastomer materials bonded
to one another and the plurality of different elastomer materials exposed at

different portions along a seal interface having one or more engagement portions.



conprise the second el astomer portion. 18. The system

of claim1, wherein the seal body conprises a sandw ch
W@eooangwent, a nest arrangenment, or a conbi nak¢DHS2008/075620

thereof, of a plurality of elastoner portions

extending to the seal interd&ce, another seal

interface on an opposite side of the seal body, or a

20 SRR B, et AR e
witt bké @r ﬁﬁﬂb se%@nd Eraismat hiesys biAPthedeil Mtdrfaddier ei n

the fluid seal is disposed betweena first body and a
second body conprising a Christmas tree, a casing

2o mInGER T ERR: wherBl A S cobdlinithpting andior

sanda@dhing theofikit elasRvesIt efatedalv Befeerd thel bne 6r anore second
conmbi nation thereof. 2 1. A nmethod, conprising:

elagiper datgrialsseal having a plurality of different
el astonmer materials bonded to one another and the
plurality of different elastonmer nmaterials exposed at
24.di fTher eethgabiof iodHim al owgeaensembwdm@embasalrtmnhm«gsesnletegrally
or re enga ort ons nmet hod of c|a
forrainocpsea R JuPrRBRING! Sareal ChslanahavateHas: Rala single
struttdrB. one or nore second el astonmer materials along the
seal interface. 23. The nethod of claim 22, wherein
surroundl ng conprises nesting and/or sandwi chi ng t he

f| r. mat bet h one or

5. s et i BhE R Wharah 85 ahfondliie, Bomprsss vHicanizing
andlmr wﬂpﬁés@,.d@f Mdih@qhé fpmraml of%ﬁ@n"én‘@%étﬁh@@h@étbbﬁals to one

formng the seal with the plurality of different

anogherst omer materials as a S|ngle structure. 25. The
nmet hod of claim 24, wherein integrally formng
conpri ses vul cani zi ng and/ or conpression nol ding the

26.pl ux adthod, cn‘ombﬁgf%ent el astomer materials to one
anot her . onprising: sealing first and
&ﬁ%n%@bﬁt@é‘dvﬁqqq’ng qth‘%?t Wih é’sftréh@ﬁswqu Rentien oha multi-

eIaéYHHe'r%leﬁP(ﬁ@ﬁWgra first range of conditions within a fluid system; and
sealing the first and second bodies with a second elastomer portion of the

multi-elastomer seal during a second range of conditions within the fluid system,

wherein the first and second ranges of conditions are at least partially different

from one another.

27.  The method of claim 26, wherein the first and second ranges of conditions

comprise temperature, pressure, chemical attack, or a combination thereof.

28. A seal comprising:
a first elastomer portion; and

a second elastomer portion bonded to the first elastomer portion.



seal during a first range of conditions within a fluid
system and sealing the first and second bodies with a
W@ e@onssoet ast oner portion of the nulti-el ast oneCT/EEENNS/075620
during a second range of conditions within the fluid
system wherein the first &%l second ranges of
conditi ons are at | east parti ally different from one
her. 27. The rein the

9. and o 650 e 2o thEoRE: eoie! EGRIRTSePEBRBERTH i Second
elaﬁbﬁ‘%‘i%ﬁiorﬁd@ﬂ‘ﬂéé"geﬁbFaﬂl9‘bonﬂhué‘u§@ﬂ@aé@t ion thereof.
. A seal conprising: a first elastoner portion; and
a second el astomer portion bonded to the first

30.¢ o T b el 87 G Bnat Wore TR et st Bellshtian 260 Sibpnat sea

porfér br@ﬁoﬁlgbeﬁéo@slﬁbbﬂd@di key on@RIbfHeRUs surface. 30. The
seal of claim 28, wherein the first seal portion and

the second seal portion are honbgeneously bonded to
on e Th 1) W
31. el'rfengégll of clﬁ n]ro2r2]3 andesrgweth;éfegrgs&]% éﬁrtlo‘f’{” &(;r’%ﬁ'%rsleﬁond seal
portrcm amvaledmtzeddmenemmbttm*r. 32. The seal of claim 28,
wherein the first seal portion and the second seal
portion are bonded to one another via el evated

32.t emagy Qéé.llr&sclaﬁh DRALAErBIPERHiRS se@NPokidh AR tRELeELRA seal

of a cataly
portion are bonded to one another via elevated temperatures, elevated pressures,

and the introduction of a catalyst.



