METALLI C SEAL FOR USE I N HI GHLY- CORRCSI VE O L AND GAS ENVI RONMVENTS
BACKGROUND The invention relates generally to netallic seal assenblies for
use in sealing conponents of oil and gas wells. In particular, the
invention relates to a seal assenbly for use in a highly-corrosive well
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Wells are generally categorized as being either “sweet” or “sour.” A well is
categorized as a sweet well if it is only mildly corrosive. Conversely, a well is
categorized as a sour well if it is very corrosive. The presence of several different
compounds can make a well a sour well, such as hydrogen sulfide, carbon dioxide,

chlorides, and free sulfur.

In particular, equipment exposed to corrosive well bore fluids must be able to resist
stress corrosion cracking (SCC). Stress corrosion cracking (SCC) is the unexpected
sudden fatlure of normally ductile metals or tough thermoplastics subjected to a
constant tensile stress in a corrosive environment, especially at elevated temperature
(in the case of metals). This type of corrosion often progresses rapidly. The corrosive
environment is of crucial importance, and only very small concentrations of certain
highly active chemicals are needed to produce catastrophic cracking, often leading to

devastating failure.

~ Sulfide stress cracking (SSC), or sulfide stress corrosion cracking (SSCC), is a form
of stress corrosion cracking. Susceptible alloys, especially steels, react with hydrogen

“sulfide, forming metal sulfides and elementary atomic hydrogen. Atomic hydrogen,



of stress corrosion cracking. Susceptible alloys, especially steels, react
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deepwater well, especially under high pressure and high temperature conditions.
BRIEF DESCRIPTION

A technique is provided for sealing components located in highly corrosive
environments, such as sour wells operating at high temperatures and pressures. A seal
assembly is used to form a seal between components. The seal assembly is comprised
of a base metal structure with a softer metal layer over the base metal structure. The
purpose of the soft metal layer is to deform and, thereby, form a seal against a surface
of an opposing component. The material of the base metal structure is chosen to
provide structural integrity to the seal. Ideally, both materials should be selected to be

compatible with the corrosive fluids.

Preferably, the base metal structure of the seal is comprised of a corrosion-resistant
alloy. Examples of some corrosion resistant alloys commonly used in the oil and gas
industry are nickel and cobalt alloys, such as UNS N07718, UNS N07716, UNS



Preferably, the base nmetal structure of the seal is conprised of a
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throughout the drawings, wherein:

FIG. 1 is a cross-sectional view of a seal disposed between a wellhead and a wellhead

connector, in accordance with an exemplary embodiment of the present technique;

" FIG. 1A is a detailed cross-sectional view taken generally along line 1A-1A of FIG. 1,

in accordance with an exemplary embodiment of the present technique;

FIG. 2 is a cross-sectional view of a seal disposed between a casing hanger and a

wellhead, in accordance with an exemplary embodiment of the present technique;

FIG. 3 is a cross-sectional view of the seal of FIG. 2 activated to form a seal between
the casing hanger and the wellhead, in accordance with an exemplary embodiment of

the present technique;

FIG. 3A is a detailed cross-sectional view taken generally along line 3A-3A of FIG. 3,

in accordance with an exemplary embodiment of the present technique;

FIG. 4 is a cross-sectional view of a seal assembly for a swivel device, in accordance

with an exemplary embodiment of the present technique; and

FIG. 4A is a detailed cross-sectional view taken generally along line 4A-4A of FIG. 4,

in accordance with an exemplary embodiment of the present technique.



FIG 3 is a cross-sectional view of the seal of FIG 2 activated to forma
seal between the easing hanger and the well head, in accordance with an
exenpl ary enbodi nent of the present technique; FIG 3A is a detailed
cross-sectional view taken generally along line 3A-3A of FIG 3, in
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In addition, in this embodiment, each leg has a first seal band 36 and a second seal
band 38. In addition, the seal ring 30 is formed so that the first and second seal bands

| 36, 38 have a conical shape in this embodiment. This enables the seal ring 30 to form

a seal against a conical sealing surface 40 of the wellhead connector 24 and a conical

- sealing surface 42 of the high pressure wellhead 22. The seal ring 30 has a rib 44 that
is received into a recess 46 of the wellhead connector 24. The recess 46 forms a

- pocket between the wellhead connector 24 and a shoulder 48 of the wellhead 22.
“When the wellhead connector 24 is secured to the wellhead 22, the rib 44 of the seal

_ ring 30 is captured in the recess 46 between the wellhead 22 and the wellhead

connector 24,

In the illustrated embodiment, the seal ring 30 is manufactured to be resistant to
sulfide stress cracking (SSC) and stress corrosion cracking (SCC). In particular, the

. seal ring 30 is manufactured to satisfy the requirements for “HH-Sour Service” as set



sealing surface 42 of the high pressure well head 22. The seal ring 30 has a
rib 44 that is received into a recess 46 of the well head connector 24. The
recess 46 forns a pocket between the well head connector 24 and a shoul der
48 of the well head 22. Wen the well head connector 24 is secured to the
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covered with a metal layer 52. In the illustrated embodiment, the metal body 50
comprises a corrosion-resistant alloy (CRA). Corrosion resistant alloys are well
suited for service in extreme environments. These alloys form a thick and stable
oxide layer on their surface protecting the alloy from the corroéive environment.

However, the metal body 50 may be comprised of a metal other than a CRA.,

Examples of corrosion resistant alloys that may be used for the metal body 50 are
nickel and cobalt alloys such as UNS N07718, UNS N07725, UNS N09925, UNS
R30006 and UNS R31233. UNS N07718, UNS N07716, UNS N07725 and UNS
© N09925 are generally classified as precipitation-hardenable nickel alloys. UNS
R30006 and UNS R31233 are generally categorized as cobalt based alloys. These
.. nickel and cobalt alloys and others (not listed) are intentionally alloyed and heat

treated to provide the corrosion resistance and strength. The combination of elements -
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The illustrated enbodi nrent of the seal assenbly 54 conprises a seal ring 60
and an energizing ring 62. The seal ring 60 is provided to forma seal with
the high pressure well head 22 on one side and the easi ng hanger 58 on the
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hi gh preszibjrlg Welég%ggazg. The seal ri ng 60 has a netal body 70 with a
metal | aydf-17 508 ob Pt 310hNALH MR8l Brprovidestihe shemjgalyeomposition he

|11 ustr at of BEPRASIRNT The RISNR dobdpkiSEd 6f G PEROGHTBR harbd) SR Youl 26T 72
conprises tantalum The energi zi né) ring may al so be conpri i’ a
“netal bodyilispahmalyhéeram, | taygstendingiiels @dd ditsriuhhend otheaekmeniAswith tthe t he seal

assenbl | la 72,1 ed to faorm | and the netal
biZy 70yi 2%%@%3%‘3& IF%’ g‘%‘%%’? ¥ u%éﬁk)y ﬁéfgéll%alﬁ%aféram#%r B m'ts‘ﬁg’yifﬂ%"e leg 64 is
driven agasetsbuchhe agaliosn@ritemading 38 UNSING IF0soug.er | eg 66 is driven against -
the wel |l head 22, the netal layer 72 forns a seal with the well head 22 and
wi th the g¢asing hanger 5 n.the jllustrated enbodi nent, the high pressure
vel | head %fﬁ’é‘ﬁ% %‘ﬂ‘&‘g‘@é{éﬁ’ %&G#-a% Je F‘““Sg“\h%?éheﬁpeﬁ’@ﬁsﬁ fae wolbhead é&%ﬁ@@gi vel y,
formed t heoas Presdfid. Mk dhis RV d2theSw /0 and is
def or med intpﬁbt heI Wi ckerss'}%, 7116 formﬁg{eg&é%sgﬁ.gﬂf tﬁh%gglg%?%ggogﬁés nmet al
body 70 oProviiedite seaken annstnssiddictvesn dinbwylliedd 22 afida wesinghanger 58. The

COrrosi on; i t » such as a.nickel or cobalt alloy. The
ener gi zi négsggn%}lg% Sﬁg%/ hg%ﬁst%%?@?%wggnﬁ 0?8?%"&@8?15@3@? gTPH’n eé(‘fql“g?‘yd( CRA) .

Ref erring2)enerally to FIGS. 4 and 4A, a swivel seal assenbly is presented
and represented generally by reference nuneral 78. The swivel seal 78 is

provi ded | .the anpulus 80 between an_inner nenber 82 and an outer
menmber 84&&1 ﬁﬁfa?%e‘r?mﬁ%“f’?’ﬁ?te‘g F?’T’E’ﬁpg’ Yheomprisey a sealsiag @oendeg out er
menber  84deddeNAns BHLE2! THE &bal BAELS0 : t i th the
swi vel seal I?gffls;‘lgérrbgy 78, Thae sgal §36(Gj%rts)te;llrar%? ?@gﬂﬁggﬂs‘ga &%@réﬂgh&ﬁgat have
seal sur f4elheadd2 ppone side awdrih¢ gasingchangerf & on thesotladr sitpathesdbytshatimgeal pads

86. In thi L NE seal faces 90 have a tal layer.92 that is

used to F%?r% 16 %gg%l ﬁxfﬁ%t%egﬁg%d;ﬁ% Cegon, W&Pg’etcﬁ’é\'eﬁ]é%%qsmgayer 92

nmay be | dmagediamdithesabadsenByS488e id pésien witdn tidiggs %?és?xﬁélﬁvfeﬁﬁ&éag 90 of the
€ seal arns are

seal assg;;obly 78..Ln the ill u;irat ed enbodi ment, th ]

conpri sed o CENPGIANENRH0F isdised tornctingte dhe sael ring ey The sealfing@ hasrancobal t

al loy. | inRedéd 608hd dGutlPledl 6! e b2fe ' oLy Boii
corrosi»on;resigsta}nt mat e?llea?. In pgrsg]iggglbg&éeﬁﬁ%wm%ﬁﬁg? %’}f’r%lﬁ’t%di ment of
t he met altingydds dogenciato the skoo 68 of Sedealfringait, dlelinner\Wyg b4 isaftlven agiih@i n
features e.lnventi on hav eep il]ustrated and descri bed_herein, many
modi f | catt?%%aéﬁ%’én%eﬁghé‘&g e 94 e"ﬁ‘&ﬁ? 18 451VER geinst the Ingly pressupquwelihead | s,
therefor@2. to be understood that the appended clains are intended to cover
all such -nodifications and changes as fall within the true spirit of the

i nventio Al VS, :
' [}he se%lr rmglv%o has a metal body 70 with a metal layer 72 disposed over the surface
of the metal body 70 in the illustrated embodiment. In the illustrated embodiment, the
metal layer 72 comprises tantalum. The energizing ring 62 may also be comprised of

a metal body with a metal layer disposed over the surface.



1. A seal assenbly for a well head assenbly, conprising: a netal seal
structural body having at |east one surface area adapted to form a seal

agai nst an opposing surface; and a netal |ayer disposed over at |east one
of the metal seal structural body or the opposi ng seal structure to forma

netal -to-
seal asse

recited
any one
ni ckel

seal ass

(0]

enbly for a wellhead assenb risin

opposi ng Rati fxﬁg have \gxlcg%@ 751 6 r{gstp%ctw%grd%r&eg%erg’ T ﬁxe étgltlayer 72 is

corrosi on- I’

softer than the metal body 70 and is deformed into the wickers 74, 76 forming a seal.

In addition, the metal body 70 of the illustrated seal assembly 54 is formed of a

corrosion-resistant alloy (CRA), such as a nickel or cobalt alloy. The energizing ring

62 may also comprise a corrosion-resistant alloy (CRA).

Referring generally to FIGS. 4 and 4A, a swivel seal assembly is presented and
represented generally by reference numeral 78. The swivel seal 78 is provided to seal
the annulus 80 between an inner member 82 and an outer member 84. In the
illustrated embodiment, the inner member 82 and outer member 84 have several seal
pads 86 that are used to form seals with the swivel seal assembly 78. The seal
assembly 78 has seal arms 88 that have seal surfaces 90 that are configured to form a
seal against the seal pads 86. In this erobodiment, the seal surfaces 90 have a metal
layer 92 that is used to form the seal with the seal pads 86. However, the metal layer
92 may be located on the seal pads 86, rather than the seal surfaces 90 of the seal
assembly 78. In the illustrated embodiment, the seal arms 88 are comprised of a
corrosion-resistant material, such as a nickel or cobalt alloy. In addition, the metal
layer 92 also is comprised of a corrosion-resistant material. In particular, the

illustrated embodiment of the metal layer 92 can be comprised of tantalum.

While only certain features of the invention have been illustrated and described
herein, many modifications and changes will occur to those skilled in the art. It is,
therefore, to be understood that the appended claims are intended to cover all such

modifications and changes as fall within the true spirit of the invention.

|, .wh i h I |
¥t B Bt R, 70 oo e Aetpl 7250 BRALP S £ 56 i e,
conpri sesmtal bod 30 proered t@mippallt iy meeRRAyer 78. Wia thedincakgaabky as
[ ancl aim2, wherein the CRA.is a nonferroqus- based al]oy_ in which

YoReaeainshthe casing hapess 58 adithg otk e it Adves agawslthe wellbead um
cobaht mefall 1Q87 morﬁgq @H'Wlhfﬁx@%lﬁéﬁe?ﬁénﬁ@ﬂ @ﬁ@&émgr}ﬁﬁ {rON) -

a netal sea struct ural

body havi f% dn thedbistrainé esbofiacet, athe@@dlapisett wel %i@d AZaasletile agagnst an

2. The

body

4. A



a netal |ayer disposed over at |east one of the at | east one surface area
adapted to forma seal against an opposing surface or the opposing surface,
wherein the nmetal |ayer conprises a second con-osion-resistant alloy, the
second corrosion-resistant alloy having a greater ductility than the first

corrosi onﬁ{?@g@pant alloy. 5. The seal assenbly as recited in claim4,
wher ei n t & ond corrosion-resistant alloy conprises a refractory netal.

6. The seal assenbly as recited in claim5, wherein the first

corrosi ondr esi atsesttas@ibdy for & wallneidfagdehdiss chaghénal | oy in which any one or
the sum of the specified anount of the elenents titanium nickel, cobalt,

chrom um and .nol.ybdenum exceeds 50% (nmass fraction). 7. nmet hqd of
manuf act uft i%aléeglesé‘f“f’“liag]r‘?ﬁéﬁ’ g?‘ﬂ’ég atn’ﬁ@éﬁ iOHF ﬁbrf%lcer?é?aa?‘?af’@dftﬁ Féﬁréatfﬁ e seal

st ruct ur e gkt Bfopiosingdstfaceiadsur face configured to forma seal against an
opposi ng surface; "and

a metal layer disposed over at least one of the metal seal structural body or the

opposing seal structure to form a metal-to-metal seal, wherein the metal layer

comprises tantalum.

2. The seal assembly as recited in claim 1, wherein the metal seal structural body

comprises a corrosion-resistant alloy (CRA).

3. The seal assembly as recited in claim 2, wherein the CRA is a nonferrous-
based alloy in which any one or the sum of the specified amount of the elements

titanium, nickel, cobalt, chromium, and molybdenum exceeds 50% (mass fraction).

4. A seal assembly for a wellhead assembly, comprising:

a metal seal structural body hai/ing at least one surface area adapted to form a seal
against an opposing surface, wherein the metal body comprises a first corrosion-

resistant alloy; and

a metal layer disposed over at least one of the at least one surface area adapted to
form a seal against an opposing surface or the opposing surface, wherein the metal
layer comprises a second corrosion-resistant alloy, the second corrosion-resistant

alloy having a greater ductility than the first corrosion-resistant alloy.

S. The seal assembly as recited in claim 4, wherein the second corrosion-resistant

alloy comprises a refractory metal.

6. The seal assembly as recited in claim 5, wherein the first corrosion-resistant
alloy is a nonferrous-based alloy in which any one or the sum of the specified amount

' of the elements titanium, nickel, cobalt, chromium, and molybdenum exceeds 50%

{mass fraction).



di sposing a |layer conprising tantalumover at |east one of the at |east one
surface configured to forma seal against an opposing surface of the base
seal structure or the opposing surface. 8. The nethod as recited in claim
7, wherein machining a netal to forma base seal structure having at | east

one surface configur to forma seal against an opposing surface conprises
nachiningga cog98%ﬁ5ﬁ%?g “@Fﬁwwgéﬁﬁﬁy“¥%”¥6¥n1a base seal structure having
at | east one surface configured to forma seal against an opposing surface.
9. A net hagchhingamudtaiad drmngbae sedbiruaasbaviag Bideastagd$surfadg canfiguredt
corrosion-resistant alloy to forn%a base seal structure having at |east one
surface ¢ P@&ﬁ@ga%amﬁa APRPSEEIIAaf st an opposing surface; and

di sposing a | ayer of a second corrosion-resistant alloy having a greater
ducti | i tydispeting § @ayki e@h}f»m;g B5ta0in o0&l StiaRt oné bOYheOst 184st loRastrfaee of the
at |l east one surface configured to forma seal against an opposing surface
of the baseigured fe forpca spebagginst ﬁeom%@gisn@a@mfﬂxgl@se sebstruptise gethod of

manuf act ugi ng: as recited in claim9, wherein machining a first
( Béﬁé)gmgsé&‘ : ;
corrosion-resi Stant alloy to forma base seal structure having at |east one

surface configured to forma seal against an opposing surface conprises

machi ni ng8.a ni Bieelnetbed entralted bedaid &) Whsreinondcbmmgea batd te &ain sbasact ure

havi ng at | PaslodBh Sty 8 RafBld QRS S0l S £53'a 304 A8l OPPOS N0
opposing surface comprises machining a corrosion-resistant alloy to form a base seal

structure having at least one surface configured to form a seal against an opposing

surface.
9. - Amethod of manufacturing a seal, comprising:

machining a first corrosion-resistant alloy to form a base seal structure having at least

one surface configured to form a seal against an opposing surface; and

disposing a layer of a second corrosion-resistant alloy having a greater ductility than
the first corrosion-resistant alloy on at least one of the at least one surface configured
to form a seal against an opposing surface of the base seal structure or the opposing

surface.

10.  The method of manufacturing a seal as recited in claim 9, wherein machining
a first corrosion-resistant alloy to form a base seal structure having at least one surface
configured to form a seal against an opposing surface comprises machining a nickel
or cobalt-based alloy to form a base seal structure having at least one surface

configured to form a seal against an opposing surface.
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