HI GH STRENGTH NI CKEL ALLOY WELDS THROUGH PRECI PI TATI ON

HARDENI NG FI ELD [001] The present disclosure rel ates
w@ewenzddby to the field of welding of steel stPUDUSI00%013106

and conponents. Mre speC|f|cﬁ1Iy, t he present

di sclosure relates to wel ding of steel structures and

conponents with nickel based weld netals that undergo

pr eci pi t at | (IGKrSTERENGTH NICKEYLALLOY pYVELDSrance
joints. BACKERRMNOGH PWWWI‘CWH&REEIEWG

conveni ence,”various welding terns use
specification are defined in the d ossary of Terns
bel ow. GLOSSARY OF TERMS [ 003] CRA: Corrosion
stant alloys. A specially formulated material used
for conpletion conponents |ikely to present corrosion
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st A bABpG0Rs . MRk SREIEIN I raRAP diicfifire relates to
wéf(ﬁﬁgto?obt@él dtArthRstard cH@pdhests WRRMicRaUBAYRESWeld metals that
ResiStance to fracture initiation. [007] Fatigue:

urikkes g6 peeuipitatoorf hardening torebhieveyitgh pekr foamiiange j$1063]

Fretting fatigue: Fretting involves contact between

surfaces undergm ng srml | cyclic relative tangenti al

| 0 stance is resistance to

e ret-a arts or netal parts with
hoI es. [009] Y| eId Strength Ability to bear |oad

[%WOMFOQGJO%"\/@H{&&QV\BM&QJ “Feﬁ%lf%ﬂe Ehk UPeedlinthid pddification are

Friction's fction Stir
doMred indthe A5188d4rgl oF tidrmsjbelewng process for creating a

GLOSSARY OF TERMS

[003] CRA: Corrosion resistant alloys. A specially formulated material used
for completion components likely to present corrosion problems. Corrosion-

resistant alloys may be formulated for a wide range of aggressive conditions.
[004] HAZ: Heat-affected-zone.

[005] Heat-affected-zon'e: Base metal that is adjacent to the weld line and
that was affected by the heat of welding.

[006] Toughness: Resistance to fracture initiation.
[007] Fatigue: Resistance to fracture under cyclic loading.

[008] Fretting fatigue: Fretting involves contact between surfaces
undergoing small cyclic relative tangential motion. Fretting fatigue resistance is

resistance to fracture in a notched metal parts or metal parts with holes.



wel ded joint between two work pieces in which the heat
for joining the netal work pieces is generated by
wW@bkwng7seg7 a rotati ng pin of a_%_ool bet ween t heP@IDK2008/013106
pi eces. [013] FSP: Friction stir processing. [014]
Friction stir processing: The nethod of processing and
conditioning the surface of a structure by pressing a

[08SYV t oW iekD Stresigth hAkility tocleednoadinithalt defortmagiong a
pin into the structure. [015] Weld joint: A wel ded
joint including the fused or therno- nechanlcally

[04104 er edSreFektiamdtit.he base netal in thé "near
vicinity" of, but beyond the fused metal. The porti on
of the base netal that s considered within the "near

[0 ni tKSWotFrigtion sdeweldingd varies depending on
factors known to those in the welding art. [016]

[fk\i‘é{l g. n&ﬁ l'.lff@gﬂ/] I{ggﬁl}q{gt ;&n‘g&ﬁ‘g s%aéggﬁﬂsip ?]Ig;%gf:ss Yor creating a
wpﬁi ?%@Pw&h‘:{ﬂ' é%cﬁﬁtt ?ieclegn i lvlzd]ﬁng fie gjrrﬁggtef'br bining the metal

wokk bacRs fik piehbratél® Ptﬁlﬁﬁgirfgga rendiapcpiason dobhbeﬂwdeﬁ the work
[018] Carbon equi val ent paranmeter used to define

plee¢dabi ity of steels and expressed by the fornula
CE=C+Mn/ 6+( Cr +Mo+V) / 5+(Ni +Cu)/ 15 where all units are
in weight percent. £019] Hydr ogen cracki ng: Cracking
[0184t o s Frigtionstinprecessibgequent to wel di ng. [ 020]
TMAZ: Therno-nechanically affected zone. [021]
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[015] Weld joint: A welded joint including the fused or
thermo-mechanically altered metal and the base metal in the “near vicinity” of]
but beyond the fused metal. The portion of the base metal that is considered
within the “near vicinity” of the fused metal varies depending on factors known to

those in the welding art.
[016] Weldment: An assembly of component parts joined by welding.

[017] Weldability: The feasibility of welding a particular metal or alloy. A
number of factors affect weldability including chemistry, surface finish, heat-

treating tendencies and the like.

[018] Carbon equivalent: A parameter used to define weldability of steels
and expressed by the formula CE=C+Mn/6+(Cr+Mo+V)/5+(Ni+Cu)/15 where all

units are in weight percent.



at nospheric pressure and | ow tenperature. [024] CNG
Conpressed natural gas. Natural gas in high-pressure

W@ opazsgoTont ai ners that is highly conpressed ¥CTUs29n8/013106
not to the point of |iquefaction). [025] PLNG
Pressurized |iquefied natural gas. Gas, mainly
nmet hane, |iquefied under noderate pressure and | ow

[0aSiper Hydrogehi gfsvkinhgnpErazkingethabaccuisGn tHe0R6]d Sabtequent to
Steel catenary riser. A deepwater steel riser

weldinnded in a single catenary froma platformand
connected horizontally on the seabed. [027] TTR Top

sionJriser, Ariser on . offsh rigs which is
[oéﬁ ced%mihgh&ﬁmpomﬁﬁmmlﬁ?lk %&éﬂe “88€ure on narine
ri ser pipe. [028] I nvar: An alloy of iron and nickel
ci figal des ed ow coef I Gi.ent
(ORAET i TR R SRy adfRited aB2CRALIOEIRY, fheyiojpt that has

e%_Pr@gleH@@tf Sth éﬂ%{nﬁ?g#& va %&ﬁla%ﬁc ABfbrhBftfont €. [ 030]

e ass pi pes, and fittings
used to control the f|OMIOf.OI| and gas froma well.

[022] O3 1ITMAZ- IR0 WK hardesteBidH in alheldifientoment
installed at the well head to control pressures in the

annul ar space between the casing and drill pipe or
[028hi ng ING:: nd_iguéfi¢d mgturabgps.etGas), maindy wnethaneeliquefied under
operations. [032] OCTG GO Country Tubul ar Goods. A
atmasphepe presqureanshlow tEemperBiusg, pl ai n- end casi ng
liners, pup joints, couplings, connectors and

BT R ey B et S50 N s 10 maReREtpUFs surface
C(%ltXl?lefSt t‘ﬁg%{f ﬁnéwy'&nﬁ 1%%%(? thﬁ\g%l% Hﬁﬁ% {he. ﬂ%ﬁﬁto@{)héf@éf%t?on)

nor e. posi-t
anchors or dynam c positioning. [034] Jack-up rigs:

[0¥BPi | € FIENG: i npr&¥satizod Miqddtied abhaal ake GBS maRdy | Methane,
liquefied under moderate pressure and low temperature (higher temperature than

LNG).

[026] SCR: Steel catenary riser. A deepwater steel riser suspended in a

single catenary from a platform and connected horizontally on the seabed.

[027] TTR: Top tension riser. A riser on offshore oil rigs which is placed in
tension to maintain even pressure on marine riser pipe.
[028] Invar: An alloy of iron and nickel specifically designed to have low

coefficient of thermal expansion.

[029] Duplex: Steel consisting of two phases, specifically austenite and

ferrite.

[030] Trees: The assembly of valves, pipes, and fittings used to control the

flow of oil and gas from a well.



shal  ow waters | ess than 100 neters deep. [035] TLP:
Tension Leg Platform A floating offshore structure
wheod/o7890posi ti on by a nunber pof tension-mai nt BCTIUIZP08/013106
cabl es anchored to seabed. Cabl es danpen wave action
to keep platform stationary. [036] DDCV: Deep Draft
Cai sson Vessel. Deep draft surface piercing cylinder
[031pe oBOPoaBlw QuaPreveitar.| Yhevehhipmiernitiastatled at the wellhead to
deepwat er, whi ch accommodates drilling, top tensioned .
cotitend ipressugesdinythecansiudar spase bebsegn theneasing, and @rdk pipe or tubing
Narrqw. . fl exible.tower,s and a pil ed.foundation
i QRiling, AR R G RB SRSFRET | | ng and

producti on operations. Designed to sustain significant

er al ecd.| d\a tynl .
1053 e QERG 21 ESR A IRIAr Gosfl” I ErmppIRAL o'oY rbing
- i | Rablings, RondestorPanSpriiReadaiiil pipe.
PP e L P e o B pip
shi p-shaped fl oater, enployed to process oil and gas
[033] f orSeneirfulimeysiblest aNbbife dfilting plapforar with floats or pontoons
t ransshi pment .@LQ39] FSO Floating Storage and
subni¢rgadito give stability avhile aperajing: oUaed inidecrer, watstmadpyn to 360
for oil, co nI.I){ used ere. it is not ossi.gl e. or
mgters OF BHiret & qp4yn RESIHON Ryenahors REAXRARIS Pasigoning.

production Iol atformw Il transfer the oil to the FSO
[ ill be st ti.| K ' .
(0435 e cackup 8s: SobBls fling TbABHE i fth ek BERBIE tees used in
sh-éll‘l%w Watér@tl&@gﬁaﬁ PO nRaE tly moor a floating

atform attached at each of ‘the structure's corners.
[041] Unbilicals: An assenbly of hydraulic hoses which

033] al spLPNciTesisionl Ees rPlatformablie floatingpodffShérebsthscture held in
used to control a subsea structure or froma
padition dryma mumber exfstensiopomaintaiping: cables sochored to seabed. Cables

support/supply ship for _carryi.n assengers and
d%ﬁﬁmﬂ@ye%gﬁﬂﬂoﬁ%ﬁ%@rmﬁ' Egg%‘g’ose to shore. [043]

Preci pitati on hardeni ng: Techni que used to strengthen
[d&%l]l eakf)f)CV: Deep Draft Caisson Vessel. Deep draft surface piercing

cylinder type of floater, particularly well adapted to deepwater, which

accommodates drilling, top tensioned risers and dry completions.

[037] Compliant towers: Narrow, flexible towers and a piled foundation
supporting a conventional deck for drilling and production operations. Designed
to sustain significant lateral deflections and forces, and are typically used in water

depths ranging from 1,500 to 3,000 feet (450 to 900 m).

[038] FPSO: Floating Production Storage and Offloading vessel. A
converted or custom-built ship-shaped floater, employed to process oil and gas

and for temporary storage of the oil prior to transshipment.

[039] FSO: Floating Storage and Offloading vessel. A floating storage

device, usually for oil, commonly used where it is not possible or efficient to lay a



materials that relies on changes in solid solubility

Wth tenperature to produce fine particles of a second
wWeb@se789hi ch i npede the novengnt of di sl ocat i BCEUSI08/013106

defects in a crystal's lattice. Since dislocations are

often the dom nant carriers of plasticity, this serves

to harden the material. Also referred to as age
pipaslitentonthe $harei pThaiprodudtmndplatfogmt will drainkferi the @il &s the FSO

a heat treatnent or agipng at,low tenperature tQ

whersi it Willthe storedaintdp '@flkﬁrr YEIVES and eonnegifde the FRQ tgoffload it.

in this disclosure, precipitation hardening does not

ST LB 8 A SR eSS platto
o Q48 B Gl Rt 1 @ yield strenoth o

(EBW: A welding process in V\,hl ch a beam of

[0419D- VAl pbilivals! AR’ £38mbsy %Wﬂiyd?ﬂxll@hbé‘t% WS kah flso include
being joined. The workpieces nélt as the kinetic

electeicgy catiles be optiedibarssused torcontriod ansabhsea stwuttaat oo RENV from a
igpact and the filler nmetal, if used, also nelts to

pla ﬂnmwrﬁtie]t he wel d. Pressure is not applied, and a
shleldlng gas is not used, though the welding is often

[%&Tt he Ty dlr%{%ﬁ%g a(r)nf %u¥§§&§e? tfyséfnpo grtmcgé'flﬁﬁegzglags%ngers and
S"(‘?hb%%% ’f/ﬂlif'(ﬂro% i gggﬁﬁelfégﬂorlt o join nultiple pieces

oug use o aser. The beam provi des
a concentrated heat source, allowing for narrow, deep

I\/b!ds PR clpitdtior! Khrikninges: TeE@ﬁuEEﬁ%d\E@Q&%ﬂen malleable

t steel 'structures are wel ded h steel al so

matfrialg eohtt elies drechangesbimssslid solubiloty- meté)npmhmre to produce
netal s. These steel welds are generally iron wth
fing partides ohvacsesand ahasedwhisht isnpededthg rn@%@ﬁnbpﬁéislocaﬂons or

I nat |
dteeR e TS JuinsocSnes distoatipns or€ oD 58 YapdPanf Rlriers of
plqgt\f&h? ptﬁ?s E&VE%‘ 5 hab @ RIS mddrt/ V&Q s%”ﬁc‘féﬁe@rtg atsh(%e hardening.
result” of” conpl ex I nteractions of € properties
Pidetpitaim Shfaﬁdﬁmng hgpically dfivolees dTEHe@t ,trédithenbeor aging at low
temperature to facilitate formation of precipitates. However, as used in this
disclosure, precipitation hardening does not include a heat treatment or aging step,

but occurs in a weld upon cooling; i.e. in the as-welded condition.
[044] X65: A line pipe steel with a yield strength of 65 Ksi (65,000 psi).

[045] Electron beam welding (EBW): A welding process in which a beam
of high-velocity electrons is applied to the materials being joined. The
workpieces melt as the kinetic energy of the electrons is transformed into heat
upon impact, and the filler metal, if used, also melts to form part of the weld.
Pressure is not applied, and a shielding gas is not used, though the welding is

often done in conditions of a vacuum to prevent dispersion of the electron beam.



thermal cycl es associated with the wel ding process.

The performance of nost wel ded structures (e.g. |oad
whempioregonbi | ity, fatigue, environmental crackpegyysi088/013106

controlled by the properties of the weldnents, which

consi st of the weld and the heat affected zone (HAZ).

Al t hough the properties of the weld can be controll ed

[0d6] t he Ideser dreani welding=(IBWE: aA whishng process nsed t jdin multiple

performance is dictated by a copplex interaction
piseeselemetad shronghdhgwisg of @hlassrs t Hiekeam prevideqalconcentrated heat

rocedure. Historical,l t.s ructures are
sl aitonging Jo BT drs RLR Rt F1Eh MO tES Tera s

The primary reasons for the use of iron-base welds

have been their |low cost, the ability to match the
LONGREILT NEEDe base netal through alloying, and

extensive use in the industry. [048] Although

deficiencies in weldnent integrity for many | and-based
[047] uct Mast apeel | stawdtures @ae Weldedc ovitlodsteeld (alspouwefierred to as

enhanced redundancy, such an approach is not practical )
fegrousthased o fronchasd) weld aneials. da—gﬁ%ﬁa?@le @%@{ﬁ generally iron

er Qnen i ghty .1.S,.Chi.LiCalo. .
Wil BT WA Larb B ditalel 2 b e o bRE flaying.slpments, such
ad M NI 00 &1 EARbidafidns & oLt The Tdughtess BRd r8di8G4l stdesses that

of the structure. The joining of nmetal parts such as

arei deselaped t imbebeseo féwous pvpldsiwednifeats airé, thgasesultd of complex

_geothermal wells and the like is |largely perforned b
inferactéons ehahe arepesties ofithg hasediter), dic tyreepf swerlqcmgtaisand the

g SYUES sSoctiisd: WHRABeRAYEDS sRBGrss,  THSdrs butfple of most
wiRleld! &eu reti‘ V@t.§elloaﬁ’9$ &bili ,Sf'%%@e,e ehbﬁ‘rohﬁ’i'eﬁfal cra%king) is

jolrning o errous cofponen parts. |[049] Suc

cdmfdlw&bﬁmﬁrdpﬁrﬁés pbithe sveldmpenis| whi¢taeensisiceptiabiveld and the
properties, however inprovenents in strength,

hm wgfestasszenwl(HAZdgrAktjough theepropediasmf ﬂwu{vgldfqm b econtrolled
by e, deiet Rfhs o Ainpe) FBraaiet thegeint BRRBRBante s dictated by a
APy R GARln BB Rhcl 13156, AEISURE i 1 weld procedure.
HiodEd1ly, shosissiesl sthadtufessatktjdidedoby tfision aneldaie dsiighi@on-based

hangi ng off the stern of the | aybartge.
weld metals. The primary reasons for the use of iron-base welds have been their

low cost, the ability to match the strength of the base metal through alloying, and

extensive use in the industry.

[048] Although deficiencies in weldment integrity for many land-based
structural applications can be accommodated through enhanced redundancy, such
an approach is not practical or economical for offshore and deepwater structures
where component weight is critical. In these structures, it is necessary to enhance
the weldment integrity so that they are not limiting the integrity of the structure.
The joining of metal parts such as pipes and tubes to form pipelines for oil, gas
and geothermal wells and the like is largely performed by conventional arc or

fusion welding of steel structures or components with these conventional iron-



I n addition, conventional ferrous-based fusion welded
joints suffer fromother attributes which degrade the
worewbareal integrity of the j.Pi nts. Exanpl es PET/E82008/013106
attributes are tensile residual stress, hydrogen
cracki ng, lack of fusion defects and | ow toughness.
[050] Nickel alloy welds conprised of |Inconel 625 are
bassddvdld methts. shneohfiughors tvetdigg ltysicely sn¥aves thé-fblting of a steel
steel pipe) to yield superiaor fatigue strength of the
waldl metal to cragte Riegeintgpining of fuoemPUs sOMPAGERLS OF PaKs.
I nconel 625 alloy (about 70 Ksi) is greater than the

i.eld rength of the X-65 steel (65 Ksi) to be .
(0497 e Sushi QR hAsIGSmER Jaints upalKrRdre: SeRptabls propertics,

o ain o . . < i :
ne IR LB Bierd In b, QUi SHE BBy of the weldment
wbiald URrRePPeimprRveOf Wdl@meRE oRrfdtdfanteckalndal |@¥respondingly
wel ds. However,  when wel di ng hi'gher strength steel
stpighwre/dcamponexit 8perforpance. yi Bod examplet n oWweRlingssteel pipes for
551.6 MPa)), Inconel 625 does not provide for an .
offﬁsmrﬁmlaﬂwseﬁﬁhif@rrens-bamﬁcwel%%% thege it problarpyfibending

slfSio L PosnSTRIR e SOMmaRe Biae Bl IR Pt tayarec.

In: Eé@itibﬁ,e,c\éﬁbgnﬁ@ﬁé}' fe?%&giskéi AQSionUivetdid YoitROWRftER from other

e art in order to provide Inproved properties to the
atiihdeenthichvdegradathe mdohahical ilegrityl of thenjeantsf ®Bxamples of such
hi gher strength nickel alloy weld netal conpositions
atfrihutes are wnp& residualisiressthysinggen exackings lagkdof fusion defects and
non-ferrous substrates to provi de an over mat ched '
loyg P8¥-and an i nprovenent in wel dment fatigue
properties and performance w thout heat treatnent.- -

P RRLMBE R iy, b L5 HEZBRPIS Seld some
highcslf&hgﬂﬁa@élsa@ SY%-4Nstébl ﬁi?e) e yRild supehen fdi%\rrig%{ﬁb‘hgth of the

rom sources other than carbon to inprove wel
weldnpantt | sthesel jpints, thegrield strength of the dheedel @ fpakieyn(about 70
and structures. Mre particularly, the i nioroved_
Ksi) 1s greater than the yield strength of the X-65 steel (65 Ksi) to be welded,

which provides for an overmatched condition. The primary origin of this fatigue
strength enhancement of the joint arises from the superior fatigue properties of the
Inconel 625 nickel alloy welds. Héwever, when welding higher strength steel
pipes (e.g. X-80 steel — yield strength of 80 Ksi (551.6 MPa)), Inconel 625 does
not provide for an overmatched condition. Hence there is a need for novel weld
metal compositions and methods of forming such compositions that provide for
higher yield strength than the weld metal compositions currently known in the art
in order to provide improved properties to the weldmenf. More particularly, there
is a need for higher strength nickel alloy weld metal compositions for use in
joining high strength ferrous and non-ferrous substrates to provide an
overmatched condition and an improvement in weldment fatigue properties and

performance without heat treatment.



wel dnment properties are achieved through the use of

ni ckel based conpositions that undergo precipitation
whanoderony duri ng wel dnment cooling to i nprove PCT/US2008/013106

properties, and hence find particular application in

joining high strength structures. [052] In one form of

the present disclosure is provided an advant ageous
SUMMNIZERY conprising: two or nore segnents of ferrous

or non-ferrous conponents, and fusion welds, friction

stir welds, electron beamwelds, |aser beam welds, or

[051¢ onbiBraadiynstated; ¢ poeseut dgscﬁxmua@ providey thuse of weld metals
t , in.t | ise.
thaF e RESR GrT kP bAE AIOKEI N AbER 439 SEREIgiAR spmes from
Sy save | . .
SRR Bk A AU B9 EERGL i clORRpE prpkiTles b plfBfmbince in

joiihghkteel ddifpondilts! alkPs@elichlilesy VIloge icularly, the improved
conposition. T0O53] In another formof the present

weldsuérisproperties pareva el eanthedugin they ase of mickelobased compositions
joining two or nore nmetal structures (i npri si ngi; )
that ounderag presipifatiasy dhardemipgt dupngs &g dipient, cooling to improve

PARBHIGL B SRR Sy SR s hth srenge
st%“lﬁdtﬂl}egg' or a conbination thereof adjacent segnents of

e conmponents together, wherein the welds conprise a
preci pitati on hardened ni ckel based alloy weld netal

[052]PosiThi &k ifofthuef tHe giresértr disbRBuy ieravided dn advabbageous
al um num and.t.l t ani um conbi ned based on the total
wekingént comprésingectivwg t ot | mordasegmentsniofk derrpasedr non-ferrous

cc?r{g{a%%vtvse,lt Mg{:g‘l@@ﬁ%e §i ifgﬁpeggrg%gu %ltglatlrlg“ ‘?e%tn? ev{lelds, laser
a : : .
oA WRECHP AR B0 st SIRIEE TEBECACTSRHERY of i

c&ﬁ?&ﬁéﬂt@ OB ARE. WWheRbinSthe WéIdBcORfTiseas prdtdsitilionohardBned nickel
I ntended application, the nmethod conprising: obtaining
basedatlbybaekl mktaleothposigien incdedihgrgraatek thanbasegualdd ds4 wt% of
formed by fusio | di fricti ti | di ng, .
aluminum ar¥d titaniurnn \égmblir?egd basreldcorll (%He Stotlaﬁ v\xﬁ\ggh{ 39 the nickel based

alloy weld metal composition.

[053] In another form of the present disclosure is provided an advantageous
method of joining two or more metal structures comprising: providing two or
more segments of ferrous or non-ferrous components, and fusion welding, friction
stir welding, electron beam welding, laser beam welding, or a combination thereof
adjacent segments of the components together, wherein the welds comprise a
precipitation hardened nickel based alloy weld metal composition including
greater than or equal to 1.4 wt% aluminum and titanium combined based on the
total weight of the precipitation hardened nickel based alloy weld metal

composition.

[054] In still another form of the present disclosure is provided an

advantageous method for welding two or more ferrous or non-ferrous components



el ectron beam wel di ng, | aser beam wel ding, or a

conbi nation thereof under a plurality of conditions
Wapdoh789pT vari ous wel d metal cpnpositions; corP@l/E810n8/013106

the weld conditions and wel d nmetal conpositions to the

wel d properties; selecting the weld conditions from

the data base that will produce a weld having the
toppmhgeéa oreld diavifg prsppeifid popeetyt ors sétt efi praperties chosen for an
_intended application; subjecting the conponents t
intensledn applieating, the; sethpd quomprwgng:i @Q,talgfr@ctar éhtabgairﬁ of weld

PHORBEIC s TEahh e e bt by PR Eldineg Bbth SBE wetding,
elﬁ&t‘i’%‘ﬁtﬁérg%. Sfr@brlﬁ%ebé[’%%ﬁ q’v@lﬁF@,i S8 @mbiatiBhiREHIT under a
ar dened ni ckel Dbased alloy wel &’ netal conposition

plufdlitydifebrdittariseand fiwmin earieqs ateld enctakicovpositions;neorrelating the
and titaniumconbined and 15 to 30 wt % chrom um based |
wold congitionsrndvaveldmesal eorapesitionpia the weldpraperies; selecting the

L
S Brop 8718 A58 TSIy B85 e Sonens

tdP FslenalveRiinpe IficEORPSE Welding, retediests Kfanyeleidigg, Mdser beam
such conposi Tions, and applications of such

wehtipg,sort a combimatiin thenebfgeasdean e conrditions sdiestddotoetdrm a welded

herein will, 6 becone apparent upon. g readjng of . th
staqture, athegeincthe gy eldr GRAPTEIFst HPTESHRIL tigerigiensd nickel based alloy

CRL RTI ON 56] . The .pre [.SC ' ' .
BB P B0 R 58 AAELCRHEN 13, £MGEh Rhinum and
titARARh COnRbiReH Rindat 3 89 308K UMREmieh baaedi JHOtHY @i weight of the

strength steels (greater than 80Ksi (551.6 MPa) vyi elg
pikcipitagion) hardened evicked trasbd ealloyswehkt nmetalrecinposition, and wherein
roperties such as fatigue strength, or precipitation

pro
theaiels styength phthenweldsdp greater than or wqual tor 2hi -6 iMPa.
oys,—~such gs .l nconel are, used .t 0. wel d ;hi .
(38) ongr FSE A otheictis Bk g ELbRnil g uitgPhl high strength
: S gt I : ' o} KSi
n‘}:’gglz g{i%ga) gl\l/(\ﬁlf ch}%g(} O\E}?lg@g k)lttﬁ)gé’r \é\ﬁ{mddss o@gr%tkzlﬁgf g’}"lth such
cémpdsifions! aal aﬁ?ﬁcdﬁdms(dﬂ&l&l dbimpoyitiend iatsiemagtihgas applications
I nconel 625 includes 22 wt% Cr,
disclosed herein will become apparent upon a reading of the detailed description

which follows.

DETAILED DESCRIPTION

[056] The present disclosure is directed at novel nickel based alloy weld
compositions that undergo precipitation hardening for joining higher strength
steels (greater than 80Ksi (551.6 MPa) yield strength) in order to achieve superior
mechanical properties such as fatigue strength, or precipitation capacity of the
weldment. Currently, austenitic alloys, such as Inconel 625, are used to weld high
strength steel, such as X-65 grade line pipe steel. The strength of the Inconel 625
* welds is about 70 Ksi (482.6 MPa) which provides the required overmatch for the
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t he required streggth in a single phase nickel alloy

9 wigh Mohd wi¥e Niuub cet%fFes1Q-6ngtet bl pad ithe hadance’ Ni.  Over
st rengt heni recipita US| ni.c we .

st R 0P ehiel O BT W R stls require

nickE By Wwefi &?&ﬂ'c'agﬁp uﬁﬁ&ﬁ%hﬁpfﬁwhwegqa}e sprengh of about 90

preciprtates forne ring cooling of th

K4 {620.8 Vi) cote Righiee O pdiich ers%mes heveélnteld ised] Rynipwitions to
wel d procedure, it has been discovered that a

achienea an bovermatgredacenditibheclt isaadvantagsous tedadlfieyh¢he required
wel d netal, has a conpgsjtjon and opefties that are ..
Stecgth A HRElS BhascoRigkel Al Whse dhe olenousse O tiengthening is
0 . he . SpaGibi Gal |y | "
BRI Bie 0 P05t G kel MR composiions
didBlioséd YhéRikOHigRér tReldPARSgtl afssfebtametOthrough strengthening
tenperature (i n sone systens) provide the ability to
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the crystal structure of the weld netal (e.g. cubic

vs. hexagonal) and its effect on the mechanical flow
[053h havdtkoughynweldmaent grppertiesnmay deeninfiensed t bgs the weld
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metal (e.g. cubic vs. hexagonal) and its effect on the mechanical flow can have a
significant effect on weldment properties. It has been discovered that
precipitation hardened nickel based alloy metal compositions can be tailored to
achieve specific properties for enhanced weldment integrity when joining ferrous

and non-ferrous based metal components.

[058] U.S. Patent Application No. 11/901,488 filed on September 19, 2007
discloses metal structures and methods of forming such structures for use in oil,
gas and/or petrochemical applications that are joined with non-ferrous weld metal
compositions or a high alloy weld metal compositions. The welded metal
structures include two or more segments of ferrous or non-ferrous components,
and fusion welds, friction stir welds or a combination thereof bonding adjacent

segments of the components together, wherein the"welds comprise a non-ferrous



structures include two or nore segnents of ferrous or
non-ferrous conponents, and fusion welds, friction
waiop/ovehTls or a conbi nation thereof bondi ng aefHUSIWS/013106
segnents of the conponents together, wherein the welds
conprise a non-ferrousweld netal conposition or a high
alloy weld netal conposition that is substantially
weld fraetaht cémposition wet al higinpalkiyt i weldofmetak ¢ampesition that is
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and/or Ta, to nickel increases the precipitates needed to enhance the properties of
the weldment.  Therefore, chemistries of nickel alloys with specified
concentrations of Al, Ti, Nb, Ta, Hf, Zr, V and/or other precipitating elements
provide higher strength welds for joining ferrous metals. The combination of Al
and Ti has been found to be effective precipitating elements in nickel based

alloys.

[060] The present disclosure provides for higher strength nickel based alloy
welds and methods of achieving such welds through precipitation hardening. The
strengthening of nickel alloy welds via precipitation hardening in the as-welded
condition has not been previously identified. ~Conventionally, precipitation

hardened nickel alloys are strengthened by an aging heat treatment that consists of
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anitotighh@&lih the nicleel ddvahtvatitous form of the present
di scl osure, the high strength nickel based alloy weld
conposi tions disclosed herein include a conbination of
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wt%, or 1.13 to 1.5 wt%, or 1.28 to 1.50 wt% of the nickel based weld metal

composition. In one advantageous form, the aluminum is at least 1.0 wt% of the
nickel based weld metal composition. The titanium may range from 0.5 to 4.0
wt%, or 0.9 to 2.5 wt%, or 0.9 to 2.0 wt%, or 1.5 to 2.0 wt%, or 1.56 to 1.96 wt%,
or 1.60 to 1.85 wt% of the weld metal composition. In one advantageous form,
the titanium is at least 1.0 wt% of the nickel based weld metal composition. The
combined aluminum and titanium in the weld metal composition may range from
2.0 to 8 wt%, or 2.5 to 6.0 wt%, or 2.5 to 5.0 wt%, or 3.0 to 5.0 wt%, or 3.0 to 4.0
wt%. In one advantageous form, the combined aluminum and titanium is greater
than or equal to 1.4 wt%, or greater than or equal to 2.0 wt%, or greater than or
equal to 3.0 wt%, or greater than or equal to 4.0 wt%, or greater than or equal to
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[063] In another advantageous form of the nickel based weld metal

compositions disclosed herein, chromium may also be present in the range of 10
to 30 wt%, or 15 to 30 wt%, or 15 to 28 wt%, or 15 to 20 wt%, or 20 to 25 wt%.
Chromium may be added to the nickel based alloy to decrease solubility of the
precipitate phase formed during precipitation hardening. These compositions also
include a combination of aluminum and titanium to assist in formation of
precipitation hardening in the as-welded form. In yet another advantageous form
of the nickel based weld metal compositions disclosed herein, cobalt may be
present in the range of 1 to 20 wt%, or 2 to 15 wt%, or 3 to 10 wt%. In still yet
another advantageous form of the nickel based weld metal compositions disclosed

herein, molybdenum may be present in the range of 1 to 20 wt%, or 2 to 15 wt%,



toughness. [063] In anot her advantageous form of the
ni ckel based weld netal conpositions disclosed herein,
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[064ded Woitlimitiag @mfpgkanimmer%lllbsaé@ﬂﬁbffeﬁw?(eikbased alloys,

onbi nat.i,on. of chroni.um | vbden an obal t .
W PSR JoB prE RN, et Ry o898 3 Wk Bt to join
0 0)
R S S Al A ot b By, suh
asdhtenelol7u8] amdsteasngiitiesli basehdllalyso saohass eMAR-M200. The
ef fectiveness of the precipitation hardening el enents.
c¢ropaditing efiIneonel Vg &mmﬁpuﬂy/%mwf/@ml%g wi%ahiee 19 wt% Cr,

O-E}inﬁéhiﬁ@? e 0838V P i Famoted oG Pubf g and 1w
oA YA AF LU 0 OO, 20w T
1256keh Wasediwald Oy s1.0sweh N, NAR-WMRR To, TeS eatp Q5itt0 hwt% B,
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718 is 6.53 wt %. MAR-M200 has a combined Ti and Al content of 7.0 wt%, and
also includes the additional precipitating element Nb at 1.0 wt%. Hence, the total
wt% of precipitating elements in MAR-M200 is 8.0 wt%.

[065] Alternatively, the nickel based alloy for precipitation hardening may be
a non-commercial nickel based alloy. Non-limiting exemplary non-commercial
nickel based alloys suitable for precipitation hardening include those in Table 1
below. The combined aluminum and titanium loadings in Table 1 range from 3
to 6 wt% of the alloy. Some wires also include other alloying elements, such as
Mo for solid solution strengthening or Nb for precipitation hardening. The
volume % of the precipitation hardened gamma phase should be between 20 and
38%. The amount of gamma phase strengthening for each of the non-Mo

containing nickel based weld metal chemistries would range from a lower level of
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elements. Additional nickel based alloy chemistries to achieve high strength via
precipitation hardening may also be designed to meet target strengths based on the
strength of the metals to be joined. Hence, when joining higher strength metals
via fusion, friction stir, electron beam, or laser beam welding, a higher strength
nickel based alloy weld metal composition will be required to achieve an

overmatched condition of the weldment relative to the metal structure for joining.

[067] The present disclosure also includes the design of weld metal chemistry
that provides superior strength and toughness in the as-welded condition. No heat
treatment or aging of the weld area is necessitated with the weld metal
compositions disclosed herein. In one particularly advantageous form of the
present disclosure, the nickel based weld metal compositions include a

combination of chromium, titanium and aluminum. With high chromium levels,
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high performance joints. The weld metal plays a key role in the properties of the
weldments. Replacement of conventional steel weld metals and Inconel 625 with
the high strength precipitation hardened nickel based alloy weld metal
compositions disclosed herein enhances the weldment integrity in several ways.
First, the precipitation hardened high strength nickel based alloy weld metal
compositions disclosed herein may enhance the strength and toughness of the
welds as a result of their inherent microstructures. Second, the precipitation
hardened high strength nickel based alloy weld metal compositions disclosed
herein may enhance the integrity of the weldment through their effect on the
residual stress as a result of their effect on the physical properties such as
coefficient of thermal expansion, latent heat of fusion, higher phase

transformation temperature and different high temperature flow stress. The
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treating/welding non-ferrous alloys, including, but not limited to, titanium alloys,
cobalt alloys, iron-nickel alloy, and nickel alloys. In still a further aspect of the
present disclosure, the precipitation hardened high strength nickel based alloy
weld metal compositions disclosed are useful in welding high strength steel liners,

such as X-65 and X-80 steel pipe.

[071] The precipitation hardened high strength nickel based alloy weld metal
compositions disclosed herein may be welded using all conventional fusion
welding methods, including, but not limited to: SMAW (Shielded Metal Arc
Welding), SAW (Submerged Arc Welding), GMAW (GasMetal SRc Welding),
FCAW (Flux Cored Arc Welding), PAW (Plasma Arc Welding), ESW
(Electroslag Welding), EGW (Electrogas Welding), RW (Resistance Welding),



6150. Exenplary, but not |imting, high carbon steels

include, AISI W, SI, A , A2, D2, M, and APl L80. In
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stir welding (FSW or a conbination of fusi on wel di ng
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tensile strength, increased stress corrosion cracking resistance, higher hydrogen

embrittlement resistance and an enhanced overmatched condition relative to the

substrate being welded.

APPLICATIONS

[073] The precipitation hardened high strength nickel based alloy weld metal
compositions disclosed herein find particular application in joining high strength
metal substrates (ferrous and non-ferrous) where an overmatched condition of the
weldment yield strength relative to the meal substrate is advantageous. Non-
limiting exemplary metal substrates include high strength steels (X-65, X-80,
etc.), high strength nickel alloys and high strength titanium alloys.



degree of plastic deformation resulting fromthe
rotation of the tool which results in fine grain size
wavioek74987 conduci ve to inproved strength and tRCGHSEes013106
and (3) avoidance of hydrogen enbrittlenment in
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theveqalingc Ftg wanies crasiderably affctingethe phasegbalapggand thus the
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ni ckel alloys and ™high strength titanium alloys.[074]
didtles¢d herein tradyi provide mepreded joint ptopertieh ni ckel based

all oy weld netal conpositions disclosed herein may be

used in the wel ding of duplex stainless steels (duplex

[055%. oThegSkcipitationshardenedibighvaieenigtls nicked bgsed alley weld metal

corrqQsion resistance. from co%rol ed bai n of
cqrEpesHBNT ASCIREIORFTEIn BIRLs BS USTAC dobm BRIdS oy, fxample as spot
wggi%f’fl‘gq :bgatt %}&%&;k%gl £S5 répait wAANaRYEd Mbre particularly, the

nickel based alloy weld compositions disclosed herein may be used to join and
repair/treat respectively steel structures and structural components associated with
the oil, gas and petrochemical industry. The weld compositions disclosed herein
may be utilized either in a manufacturing facility such as a steel mill where the
components are made or in the field of fabrication yard where the components are
assembled. The fusion welding, friction stir welding, electron beam welding,
laser beam welding, and combinations thereof using the precipitation hardened
high strength nickel based alloy weld metal compositions disclosed herein are also
suitable for forming and repairing/treating structures in oil and gas exploration,
production and refining applications. FSW is particularly advantageous for
forming spot welds and butt welds of tubular components in these types of

applications.
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[076)per Exengplaiy) cbutandn-ligitiag estabctikes inethe dibant gaseexploration,
controlled. In practice, the cooling rate varies

pnodngnq@,rr@ﬁmw&mde@triyngh@méhg meyel precimtasionrhardenpd high strength

b o b o e i
Fk%hggp h@tﬁgilrﬁ@ a5 aht VeER r%tdalT’f‘anél'dt 'a?@z?s threaded

provi de 1T nproved |

cdl’ﬁﬁ@ﬂ?éﬂts esil drlif eﬁh rﬁérﬁCWBId Al . Haﬂ\ﬂ%@&ldhsgdif a deep water
trengt h ni ckel base oy weld netal conpositions

mdhdrdl stmrg)héncpuﬁedﬁyatmealu@ed (LDG)oamd Reessurized rL1qu1ﬁed Natural
as wel |

exanpl e as spot wel an utt
Ga&ﬁ@f GlerLCampEasse GS&QVI\@P) gontamer meéﬂéreaéaglé%r/casmg
allo S disclosed herein may be used
Jolubts %‘P‘ﬂ%gﬂd‘esg%%ﬁ%? at respectively steel structures
and structural conponents associated with the oil, gas
pety Shtal :
1573 . o b EY s bl YopIGigHS; fhe ROTOISpcLftation hardened
highnitifeagthifickel lﬁmwallo_\y weldhmatal @oaipeeitions|disslbsgdehérin are also
conponents are nade or in the field of fabrication

sujtable iorejainingeansh nepaiting staictiras sodidasaponkmss used ém natural gas

B i o R R BT i
hfﬁjfi?ﬁécp 'nﬁ?l&déloﬁ?sjéﬁr %g’g%‘l{d?g}é&l edig%ltds&i Qﬁgérlgbﬁl%gdbe utilized to

i scl osed

ertdbi® gﬁsltrbﬂ&ﬁ(ﬁtaftwh teehnologicdtdnsipafromnsiptlifes, icothpressed natural
structures in oil and gas exploration, Froductlon and
i

gase(f@NGr),gpmp&lrlmdtllcpmﬁedﬁ&Mrai gpa(]PLNﬂ)a iqyefied natural gas (LNG)
advant ageous for form ng s apd butt_welds o
and, bQ}hﬁli SORRBEHEANSBOTLALION, efseegwlsgsesof K onié fotm in natural gas
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héhlgiridgiag'gb% :ﬁg%@g‘étie’ %{iﬁﬁm’gﬂﬁ‘o@@é’sﬁig BF §ipdliried! KXW lines, gathermg
lines, expansion loops, and other transmission lines. In another form in natural
gas transportation and storage type applications, the weld compositions disclosed
herein may be used for joining/processing of materials made of carbon steels, high
strength steels, cast irons, structural steels, or corrosion resistant alloys
comprising steels, cast irons, stainless steels, duplex stainless steels, nickel or
cobalt based alloys, titanium based alloys, other Fe-Ni alloys (e.g. Invar) or
joining of other dissimilar metals (e.g. steel and nickel). In yet another form in
natural gas transportation and storage type applications, the weld compositions

disclosed herein may be used for the joining/processing of LNG, CNG, and PLNG

storage and/or transportation structures. This includes modular LNG structures,
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wowedodozdens, SCR and TTR meIQZQ[eas, t hr eaded PCT/US2008/013106

conponents, oil drilling equipnment weld areas (i.e
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should be understood that FSW may be used to form the welds comprising such
structures and components and FSP may be used to repair and treat the welds or

joints comprising such structures.

[079] In downstream applications, the precipitation hardened high strength
nickel based alloy weld metal compositions disclosed herein are suitable for
joining and repairing structures and components used in refining and chemical
plants. The weld compositions disclosed herein provide advantages in the
refining and chemicals plant applications through, inter alia, repair of
components/structures, dissimilar metal joining, joining of steel structures and
joining of difficult to weld materials, such as cast iron. These applications

include, but are not limited to, cast iron, heat exchanger tubes and low and
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usgpof theawekinsenttrequives toyghinass overhfatigeacthehdogiditsonseangt ¢hosen to
ni ckel based alloy weld netal conpositions disclosed

fayer @ weldrhaving thase #reperties; ni ng and repairing
structures and conponents used in refining and

[ g} ﬁ%r%aﬁfﬁbﬁg&%%@g ﬁl@ﬁi&st lat?l?zslngitﬁg Ip(r)esc(ff)jitation hardened
high strength nickel based alloy weld metal compositions disclosed herein, a data
base of weld properties, including but not limited to toughness,‘ strengths,
precipitation or contraction, hardness, fatigue, grain size and the like, for various
base metals is obtained and correlated to the welding conditions under which the
weld or repair was performed. Then when a property or set of properties is
chosen for weld joint for an intended application, the weld compositions and
welding or repair conditions employed are selected from those conditions that

produce the chosen property or properties.

[083] As will be readily appreciated, the work pieces described in the above
embodiments need not be formed of the same base metal. Similarly, the weld

metal composition need not be formed of the same metal as the work pieces.
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treatments are typically needed to generate desired microstructure in traditional
precipitation hardening. In this experiment, the concept of Phase II wires was to
increase amount of y’ formers (Al and Ti) to precipitate this phase upon natural
cooling from welding (as-welded) to avoid the need for subsequent aging or heat

treatment. Cored wires were produced for flexibility and quick turn-around time.

- Welds were made with temper passes to aid in formation of the y’ phase.

[085] The compositional results of the eight experimental samples are

included in Table 2 below with all percentages in wt%.
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[086]

The properties of the weld metal (as-welded condition) in a % thick

plate joint of two of the experimental nickel-based alloys (wires 8 and 9) are

shown in Table 3 below. For a 3" plate thickness, the combined Al and Ti

concentrations had to be greater than or equal to 3 wt% to provide an ultimate

tensile strength of 119 ksi (820.5 MPa) and greater.




cooling fromwel ding (as-wel ded) to avoid the need for

subsequent aging or heat treatnent. Cored wires were
w@ewdozssd7 for flexibility and,gui ck turn-arouneCT/U8®08/013106

Wel ds were made with tenper pgsses to aid in formation

of the g ' phase. [085] The conpositional results of

the eight experinmental sanples are included in Table 2

bel owlabld3alBxepgplapnTensik Propettiés-for SEiduted Weld Metals

2. Exenplary Nickel-based Alloy Weld Wre Chemistry
Winge] Lohe properties of [the%w&Bd H@Sékmlc Jokdongad” | % Red.
IR8ndiltion) in a 3A" thidkkgdate | oint of |two of theArea
9 expel iPokymhet|Lon#0513400s€d0dld oys| [34.8es § a0 9) ard0

shown paft #FXN@6Z. Wsosw. |For a 3A' pl ate tlhi ckness, [the
g conmbii il 1R H0J0035aNCErdg Al | onsidperl to [y great ef 35

than |aneg98lob, W0bHe (| Qo ovi dejgyp ul tijngt e tens)be

stTrenNdbd=q: \04 S5 MPa) @nd greatjer. - - _Tapte
3 Erﬁje? ‘Ylewﬁﬁelrém Prioperties| for Sel gcted Wl d
Met al|s” | B

S

ts |[have attenpted tq discloselall
f or ng °¢

pl_i catl ons af the digsclosed qubject mafter
t hat ‘Pﬂgi hﬁamﬁﬂm’ f oresee Howevdr - there iay

be unforeseeabl e, i nsubst anti al nodifications that

[085}=i n Applécmis/hienatemplid ® diseloge adleformdi s applications of the
has been described in cqgnjunction with specifjc,

drészl«gspd anbjecbmaster Haateenuldibe fegsenably dprespen- H\Wever there may

TS TR BRI HATTR L by Wi
tﬁegél%%ﬁtrlﬂSHS%E'lﬂl 'Hyénvﬂersbﬂ%d %€ B8AfunCHoA WA sp&cific, exemplary

rit or scope of the present disclosure.
fodamothbreds, Mt is beideneshatt meing cdlteyations, smodiferatiedst and variations
enmbrace all such alterations, nodifications, and
wilkrieaapparentoto thaseatkilied d@tthﬂlaéﬂlmé@éht ioft therfor¢gning description

| 1 d
wihoub3hERLRR HFRIBAPIY B IcOPPLY O ORER! G ookRarg  Acgordingly,

tHét @%{s@r?tr &E@ﬁs@% [ SCinéiieto &m sz‘ceeﬁl'i %EEh Siehations, modlﬁcatlons

osure 1S not I nconsi stent I's 1 nvention and

ah®Wadhtions 61 theéiabovedetdiledvddsefipiosh i ncorporation is
permtted.

[088] All patents, test procedures, and other documents cited herein,
including priority documents, are fully incorporated by reference to the extent
such disclosure is not inconsistent with this invention and for all jurisdictions in

which such incorporation is permitted.

[089] When numerical lower limits and numerical upper limits are listed
herein, ranges from any lower limit to any upper limit are contemplated. All
numerical values within the detailed description and the claims herein are also

understood as modified by “about.”



[089] When nunerical lower limts and nunerical upper
limts are listed herein, ranges fromany lower [imt
w0 009/98%0pper limt are contenplated. Al nunmePCTEHE2008/013106
values within the detail ed description and the clains
20609ERI385/2 al so under st ood aspgwdi fied by
"about."2007EMB65-US2 - 26 - WHAT IS CLAIMED IS: 1. A
wel dnent conprising: two or nore segnments of ferrous
WAILA ramnF yrponent s, and fusion welds, friction
st ?OI;ASH s, e gﬁ!gn beam wel ds, | aser beam wel ds, or
a conbi nation thereof bonding adjacent segnents of the
conpenent @\ {RethEe coﬁé‘ﬁﬁﬁiﬁ%ﬂtﬁ@ 6r ¥RIrelSeSMBREs! Sfefefrous or
preci pitation hardened ni ckel based all©oy weld netal
now-feeus componentsdamd fugiaatvelds; fidctian stigweldss elettrénkiedin
of conbi ned al um num and _titani um based on the total
weldsg lasepbeamaveldsxer a pambinationghergof popding adjacent segments of

EBRReAFSY (ngeiheh SFTin £ roTds ©Gpe a PRI Rardened
mt%ﬁgﬁi)asteﬂ. a:i}og/ Og'f:fﬂ’ metal EBﬁm&%ﬁ?hWﬁkllﬁfing gfédférﬂfhﬁﬁ 'd#iequal to 1.4

conbi ne um num an Itaniumi s eater than or

welef cérabihed aMifinyim ahdeitasiugibasedodn tHeatoral Iveilght of the nickel
the titaniumis at least 1.0 w % based on the total
bagsidgitoyoweldhmetdl slompdasdsay al | oy wel d net al
conmposition. 5. The wel dnent of claimlwherein the
alumnumis at least 1.0 wt % based on the total weight

of the ni gely, ﬂgfegﬁt%lflff’%(m %ep&h%a 88%?§&51%in§mt and

The wel dnment” o m urther 1nc I'ng chromum a

titdmiti® iS @revtdp AR egual L2 0048, Wei ght of the ni ckel

based al'l oy weld netal conposition. 7. The wel dnment of
claim1 further including greater than or equal to 1

wt% Mo. 8. Th I d t. of clai 1 ther, | | i
gr e(;t”er t Ahe \)S@l\geg}ﬁpgﬁ)rtltc@?@ fw Iegc]:in g rcom rlné glulflrﬂlmqgl and

titanium is greater than or equal to 3.0 wt%.

4, The weldment of claim 1 wherein the titanium is at least 1.0 wt%

based on the total weight of the nickel based alloy weld metal composition.

5. The weldment of claim 1 wherein the aluminum is at least 1.0 wt%

based on the total weight of the nickel based alloy weld metal composition.

6. The weldment of claim 1 further including chromium at 15 to 30

wt% based on the total weight of the nickel based alloy weld metal composition.

7. The weldment of claim 1 further including greater than or equal to 1
wt% Mo.

8. The weldment of claim 1 further including greater than or equal to 1
wt% Co.



w % Co. 9. The weldnment of claim1 further including an

additional precipitating elenent chosen from Nb, Ta,
woiRQ09/Arg90%/, and conbi nati ons thereof. 10. The Mel/UNM®NE/013106

of claim9 wherein the additional precipitating

element is at least 0.5 wt%ased on the total weight

of the nickel based alloy weld netal conposition. 11.

The wel dnent of claim lwherein the nickel based all oy

wel donet alrhe Qylasicht 81 clafmCh fieHer 1ﬁ&ﬁﬂiﬂkﬁ_ S('ldl?llaﬁal

MAR- M200, "and conbi nati ons t her eof he wel dnent
prekipitating eledrenechoseherotn Vb, B4, 1) dirhVoand lte mishatienst thereof.
is greater than or equal to 551.6 MPa. 13. The

wel dnment of claim lwherein the two or npre ferrous or

ot oet8" & ShaFIBRER AT ofiuBid e he piuiondpEHipTatng
elgﬂ{fg?% ﬁtlggt d@‘Wt QseﬁEOrF albtqtl%éig}é%égﬂeqlcl&éﬂl%s lloy

a titani um oy, a nic oy, a

weRbgétaldompositiar.on- ni ckel alloy, a stainless steel,
- and a duplex stainless steel. 14. The wel dnent of

claim13 wherein the high strength steel is X-65 steel

et hbr of TheRIAgienh Bt Flamoh vierela the ARt BAseelcgigy wefd meta

W o o lghncor

conditions include rotational speed, |oad and travel

speed of the friction stir weld tool used to affect

t he W&l d. The widldmemnt dfrelaimoF whieséimtie yiedd strangtheof the weldment
_wel dnment exhibits gne or _nore of increased fatigue
isrgreptst thaneor ¢anal &3a8.66MEP@hness, increased tensile

strength, increased stress corrosion cracking |

resi stance, higher hydrogen enbrittl enent resistance,

?\rl‘\g i §CT eGREvAQURIRRbE BRIMCP WekdiRthE B8 Tor YiforeXefrds or
non-ferrous components are chosen from a high strength steel, a plain carbon
steel, a cast iron, a high carbon steel having a CE equal to or greater than 0.48, a
titanium alloy, a nickel based alloy, a cobalt based alloy, a iron-nickel alloy, a

stainless steel, and a duplex stainless steel.

14.  The weldment of claim 13 wherein the high strength steel is X-65
steel or X-80 steel.

15. The weldment of claim 1 wherein the method of forming the fusion
welds is chosen from SMAW, SAW, GMAW, FCAW, PAW, ESW, EGW, RW,
and OFW.

16. The weldment of claim 1 wherein the friction stir weld conditions
include rotational speed, load and travel speed of the friction stir weld tool used to

affect the weld.



or nore ferrous or non-ferrous conmponents. 18. The
wel dnment of claiml1 for use in welding structures in

w0 b@9o74997 gas and petrochem cal industry, the PCT/US2008/013106
transportation industry, the appliance industry and
the construction industry. 19g.The wel dnent of claim
18 wherein the structures in the oil, gas and
petrochem cal industry include high strength

pi pe{j nesTheteglimeat 6N ekaim! I HBEfin HRPweRTAEM exhiBi®d Sne or
t hreaded conponents, |iquefied natural gas containers,

mpreof increasdd fatged resistaratey irdreaged tooghrdsacinsrealed pensﬂe
water oil drill strings, riser/casjing joints,
stygngth.Hasxeasef, stpﬁSérﬁorrqsuwnaiCK% reglétqm@m higher hydrogen

bR st T i A v
%ré/\?ér[—{{[ﬁrﬁ n-¢d #96}% 4N the structures in the

| gas an petroc en1ca ndustry are used in oi
and’ gas well conpletion and production structures and
components. 2 1. The vwel dnment of claim 20 wherein the
oi | h&d gFbewedlimentpf elaimnl ﬁndlssrl@dmldmgrﬁtmqtur@smmé@e oil, gas

e RS S B oA A Rl s iche iy ang
ﬂpﬂ oducti on conponents, downhol e tubul ar
th%%%ﬁlg, ol plﬁgélines, oi | storage tanks, off-shore
production structures/conponents, topsides, deck

superstructures, drilling rigs, |iving quarters,
hel | tcksThamxliineat of claemdef whertis dpm$tyuqmwsn§he etldgas and

p%é‘cﬁéné%%ﬁaééwﬁadéﬁa‘iﬁﬁé@iﬁ RO S A BRD I, toP
tCBF]]i g‘sﬂs%gg%ﬁgggh %é['rg% %nts”ﬁgg%fgec? BE%E@ ageq‘samnlldlb% pressurized

§ETie SRR $abcBhitainds kddep Whiter ofildrsil @m’f}gs sPeRbigybints,
tovvers FPSgal I(::SOals hi ps, p;md trzgl)nkersS 2 1:I'ltswe ke

meLh‘hadquuqﬁmeha iflove lihesytgattesring lieess tianemissoorplines) ishipping
are chosen from dupl exes, mani fold systens,, trees and
v@oFs, {rans{eming GeMBRBRR(SofOFIES ARNS ARHERBRRSIORAOOPS.
structures are used in oil and

20. The weldment of claim 18 wherein the structures in the oil, gas and
petrochemical industry are used in oil and gas well completion and production

structures and components.

21.  The weldment of claim 20 wherein the oil and gas well completion
and production structures and components are chosen from cast structures to flow
connections, subsea components, casing/tubing, completion and production
components, downhole tubular products, oil pipelines, oil storage tanks, off-shore
production structures/components, topsides, deck superstructures, drilling rigs,

living quarters, helidecks, umbilicals, tender and supply vessels, and flare towers.’



gas refinery and chem cal plant structures and

conponents, and wherein the oil and gas refinery and
w@e b@oiozsab7 pl ant structures and conponents are PCIDES2008/013106

fromcast iron conponents, heat exchanger tubes, and

| ow and hi gh tenperature process and pressure vessels.

25. The wel dnent of claim 24 wherein the | ow and high

tenperature process and pressure vessels are chosen

f r onp3st eamhe vaslifient Padain 24 wlickain thefodf-8hog prebastion

26. A nethod of joining two or nore netal structures
steaetprasdiomgponents,ardi cipsemdiromm janketedsplgtforms, mpbile offshere

non-ferrqus coggonenis, i on, wel di ng,

Ql.. and f . .
drifling Wi, sanngsdPpoRs, TISEis, SHBssaasHilREl migSuhmersibles, jack-

[ [ & D) agdl.acent

uBEEL AL PRGES SRRl BB E RS TR OMIPR Hhankrrse
conprise a precipitation hardened ni ckel based all oy
wel d nmetal conposition including greater than or equal
t o g28at eThthleeldnrenegfialaitd Il wherdifithé sulisebicoatbonents are
al um num and titanium based on the total weight of the
chossrdromwlexss) manpkold systems, weesand BORS. 27, The

nmet hod of claim 26 wherein cooling of the welds occurs
under anbient conditions or using an artificial neans

for bpcr eé}‘gxie%lhgi%n‘f 8Pl | %%e&ﬁgttﬂ@ ﬁ‘g{:tﬁ?es a?r@-usé'{i‘j% oil and

et hod of alm 26 wherein the co inea um num an

ghd icditieryahd cBéRddal pladtvirueturesiaad compdnehts a2® whebein the oil
met hod of claim 26 wherein the titaniumis at |east

and gaswefinesy eud chenhiealtpdant] stusiteries and componienisaare shosen from
all.oy weld netal, co sition., 30. The netho f clajm

5% IR APORTE oA E R AnEs? Bibeoand 10 AR hogh fraferaue

pf&%s§ Qﬁfbre\@?ﬁg}?es lg-t he nickel based alloy weld netal

conposi t fon. nmet hod of claim 26 further
i ncluding chromumat 15 to 30

25. The weldment of claim 24 wherein the low and high temperature
process and pressure vessels are chosen from steam cracker tubes, and steam

reforming tubes.

26. A method of joining two or more metal structures comprising:
providing two or more segments of ferrous or non-ferrous
components, and
fusion welding, friction stir welding, electron beam welding, laser
beam welding, or a combination thereof adjacent segments of the components
together, wherein the welds comprise a precipitation hardened nickel based alloy
weld metal composition including greater than or equal to greater than or equal to
1.4 wt% of combined aluminum and titanium based on the total weight of the

nickel based alloy weld metal composition.



wt % based on the total weight of the nickel based

alloy weld netal conposition. 32. The nethod of claim
wQ@eoobradber i ncl udi ng greater than or equal toPdT/Ws2¢08/013106

Mb. 33. The nethod of claim 26 further including

greater than or equal to 1 w#fp.Co. 34. The nethod of

claim26 further including an additional precipitating

el ement chosen fromNb, Ta, H, Zr, V, and

combpnat i qg rh&ROET.clAE2E Wherbin @ﬁﬁintgl ¢fthk welds occurs under
precipitating element is at |least 0.5 wt % based on the

ambiait contfunsalr using mi aRtificiblmeansafdrapcreasigrthe aboling rate of
corrp05| tion. 35. The nmethod of claim26 wherein the .
WRMs. based all oy weld netal conposition is chosen
from I nconel 718, MAR-M200, and conbi nations
t hereof. 36. The nethod of claim26 wherein the yield

strength qhethehoaldtlaith 96 %@ﬂe‘f’émtthé%oﬁ{blﬁé’dl dlunbifum and
551.6 MPa. 37. The nethod of claim 26 wherein the two

titanivmrie greateothan@r eqaal foe3 mats conponents are chosen
froma high strength steel, a plain carbon steel, a
cast iron, a high carbon steel having a CE equal to or

O 08! R e M 25 Vet e 13: tJ6RtEd 0 wive
b§§e?ih(5}{ ﬁl%stoﬁl %?énggf';{)‘%l% rﬂb’l?él?ﬁgéc& Iﬁlglﬁil Srcld phéal con?lé?mir iBA.

od of C erern strengt ste
X-65 steel or X-80 steel. 39. The nethod of claim 26
wherein the fusion welding step is chosen from SVAW

SAW 3GVAWT he@aethopaf/clEsy2 6 mdwreirthe alemarm isiat legstel .0 wit%
nmet hod .of cl.ai m erein ction,stir, wel
b@%ﬁé‘porbmmqlmgﬁhefm ﬁl&éﬂ?‘&ilé@ﬁs‘i a|1 fféf‘gﬁ m?takemaﬁaﬂgon
travel speed of the friction stir weld tool used to

affect the weld. 41. The net hod of claim?26 wherein

the wgl ds TgwehhsihodUTe14iin 28 Ferthér including chromium at 15 to 30

wt% based on the total weight of the nickel based alloy weld metal composition.

32.  The method of claim 26 further including greater than or equal to 1
wt% Mo.

33. The method of claim 26 further including greater than or equal to 1
wt% Co.

34.  The method of claim 26 further including an additional precipitating
element chosen from Nb, Ta, Hf, Zr, V, and combinations thereof, wherein the
additional precipitating element is at least 0.5 wt% based on the total weight of

the nickel based alloy weld metal composition.

35.  The method of claim 26 wherein the nickel based alloy weld metal

composition is chosen from Inconel 718, MAR-M200, and combinations thereof.



i ncreased fatigue resistance, increased toughness,

i ncreased tensile strength, increased stress corrosion
w@e@ekiarg? r esi st ance, hi gher hydrogen enbritt | RPOEDS2008/013106

resi stance, and increased overmatched condition

relative to the two or nore fgrrous or non-ferrous

conponents. 42. The nethod of claim26 for use in

wel ding structures in the oil, gas and petrochenica

i nduggry, ThienéthddoT4ind Qe&vn&@hﬂ&hémem@&ea oPfheswelds is

i ndustry and the construction industfy.43. The nethod

grefater| thamod 2qualeoeisl.6 MPa&t ructures for use in the oil,
gas and petrochenical industry include high strength
pi pel i nes, steel catenary risers, top tension risers,

or cadir i 2dBO PR oL A1 7 o degé‘li‘ftﬁéﬁ%vﬁwp@r"e”%?%%ro?’

n&‘ﬁ-‘f?ﬁﬂg% go@gbhé%%tﬁ?é E??senrquérﬁngz{s high ﬂxﬁ:nlrgﬂk o | ap lam carbon

steeRavAsSHEOA A highesarbeh isteel h@vmg%@E&quﬁl tonef glraatemghan 0.48,a
conponents, storage tanks, and expansion | oops.

titeiméumvet ooy a@nclcelénam:dlallqnea eobalt basedtalloy: aneon- n@kehgléoy,
in.the oil as etrochem.cal industry are used in

stgmle%eedagntg@qup pIless ?%FAd production structures
and conponents. 45. The nethod of claim44 wherein the
oil and gas well conpletion and production structures

and g@npoThethethod offtdsien3f waisreiasthe ﬁ%hl strenmgth steel fis XW6S steel
connect i ons, subsea conponents, casing/tubi ng,

oc XAB0 steiebn and producti on conponents, downhol e tubul ar
products, oil pipelines, oil storage tanks, off-shore
production structures/conponents, topsides, deck

supe t r u"i‘h% r{ﬁ?ﬁl}(@ (%fJ élélﬁg%é'v&?eref tl‘k'iﬂ 18H%élﬁfrf%steg is,chosen

hell cks er an y vesse

flonRSRMA WES AW AEM AN, FEAWIPATW CEswn BEWHRNE] 4hd OFW

of f - shor € producti on structures/conponents are chosen

fromjacketed platforns, nobile offshore drilling

units, casings, tendons, risers,, subsea facili tlg,s,

seni 48ubndheimethed of claim 26 wherein the friction stir welding step
conditions include rotational speed, load and travel speed of the friction stir weld

tool used to affect the weld.

41.  The method of claim 26 wherein the welds exhibit one or more of
increased fatigue resistance, increased toughness, increased tensile strength,
increased stress corrosion cracking resistance, higher hydrogen embrittlement
resistance, and increased overmatched condition relative to the two or more

ferrous or non-ferrous components.

42.  The method of claim 26 for use in welding structures in the oil, gas
and petrochemical industry, the transportation industry, the appliance industry and

the construction industry.



jack-up rigs, TLPs, DDCVs, conpliant towers, FPSO,
FSO ships, and tankers. 47. The nethod of claim 45
WoL@Pe7890T he subsea conponents are chosen fr onPCT/US2008/013106
dupl exes, manifold systens, trees and BOPs. 48. The
nmet hod of claim42 wherein thg _structures are used in
oil and gas refinery and chem cal plant structures and
conmponents, and wherein the oiland gas refinery and
chenygal iRMhethodWH dl4igs 42Reh&GeiPMR RS nAES foNBRER the oil, gas
fromcast iron conponents, heat exchanger tubes, and
ahd \petrﬁdhémt;:lal irdlystnyahclude righe strengthpipelasesy steel eatemary . risers,
49. The nethod of claim48 wherein the | ow and hi gh
topRtapsioa risess,fheradsd campasentss liqueljed satusalgas OGBS,

o5 R A L B
rﬁ@ﬂézﬁsﬁﬁ%ﬁgﬁtscmolﬁ% viPmBhe FHAG 1ie¥ e thdiiyd Hfﬂes?,‘ transmission

speci roperty or set of properties chose or an
lines$,shilsysing webdets) tttamsferting oveipundnts) spwrage tapks pdricaexpangion
a data base of weld properties for nickel based welds
léapsored by fusion welding, friction stir welding,

el ectron beam wel di ng, | aser beam wel ding, or a

conbi nation thereof under a plurality of conditions

and f,nom i AN ‘ fsl ;
The darq d3ie oo LLIah 35 FRERERtY MRNEC TR inflfl oil, gas

ane lpetridEdifidal asdusts! £6tused in bil andl ghsooelticompletidr amd production
thé data base that will produce a weld having the

sprncimees andecormponerits.pr operti es best suited to the

i nt ended application; subjecting the conmponents to

fusion welding, friction stir welding, electron beam

nder3the TR RCRRRY " Gufth 38 syftrst GRTHHL B bRE RN Udip1ction
anll ‘pr6dtition structures and components are chosen from cast structures to flow
connections, subsea components, casing/tubing, completion and production
components, downhole tubular products, oil pipelines, oil storage tanks, off-shore
production strucfures/components, topsides, deck superstructures, drilling rigs,

living quarters, helidecks, umbilicals, tender and supply vessels, and flare towers.

46. The method of claim 45 wherein the off-shore production
structures/components are chosen from jacketed platforms, mobile offshore
drilling units, casings, tendons, risers, subsea facilities, semi-submersibles,

jack-up rigs, TLPs, DDCVs, compliant towers, FPSO, FSO, ships, and tankers.

47.  The method of claim 45 wherein the subsea components are chosen

from duplexes, manifold systems, trees and BOPs.

48. The method of claim 42 wherein the structures are used in oil and

gas refinery and chemical plant structures and components, and wherein the oil



wherein the weld conprises a precipitation hardened

ni ckel based alloy weld netal conposition including
w@e@aneso0t han or equal to 1.4 w % of conbi ned BET/IBEI0081013106

and titaniumand 15 to 30 wt % chrom um based on the

total weight of the precipitatj.on hardened nickel

based all oy weld netal conposition, and wherein the

yield strength of the welds is greater than or equal

ah@ ga8 *efind®yaand chemical plant structures and components are chosen from
cast iron components, heat exchanger tubes, and low and high temperature

process and pressure vessels.

49.  The method of claim 48 wherein the low and high temperature
process and pressure vessels are chosen from steam cracker tubes, and steam

reforming tubes.

50. A method for welding two or more ferrous or non-ferrous
components to produce a weld having a specific property or set of properties
chosen for an intended application, the method comprising:

obtaining a data base of weld properties for nickel based welds
formed by fusion welding, friction stir welding, electron beam welding, laser
beam welding, or a combination thereof under a plurality of conditions and from
various weld metal compositions;

correlating the weld conditions and weld metal compositions to the
weld properties;

selecting the weld conditions from the data base that will produce a
weld having the property or set of properties best suited to the intended
application; ‘

subjecting the components to fusion welding, friction stir welding,
electron beam welding, laser beam welding, or a combination thereof under the
conditions selected to form a welded structure,

wherein the weld comprises a precipitation hardened nickel based
alloy weld metal composition including greater than or equal to 1.4 wt% of
combined aluminum and titanium and 15 to 30 wt% chromium based on the total
weight of the precipitation hardened nickel based alloy weld metal composition,

and wherein the yield strength of the welds is greater than or equal to 551.6 MPa.



