METHODS OF TREATI NG HARDBANDED JO NTS OF PI PE USI NG FRI CTI ON STIR
PROCESSI NG CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] This application
cl ai ms prworntooiomsader 35 U.S.C.  119(e), to U S. Pat entrciyisbecomasican No.
61/ 088,868, filed on August 14, 2008, the contents of which are herein
incorporated by reference in their entirety. BACKGROUND OF | NVENTION Field
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Background Art

[0003] Drilling wells for hydrocarbon recovery involves the use of drill pipes, to
which at one end, a drill bit is connected for drilling through the formation.
Rotational movement of the pipe ensures progression of the drilling. Typical pipes
may come in sections of about 30 feet in length, and thus, these sections are
connected to one another by a tool joint. Tool joints are the connecting members
between sections of drill pipe — one member (the box) has an internal thread and the
mating member (the pin) has an external thread, by which means they are assembled
into a continuous unit with the drill pipe to form a drill string. Often, these tool joints
have a diameter significantly larger than the body of the pipes, thus requiring
protection against wear, particularly when drilling through highly abrasive, highly
siliceous earth formations. In particular, as drilling proceeds, the tool joints rub
against the drilled hole and/or drilled hole lining (i.e., casing). The strength of the
connection is engineered around the wall thickness and heat-treated properties of the
box above the thread. During drilling, the wall thickness above the thread thins as it
rubs against the wall or casing. Thus, the life of the pipe is predicated upon the

remaining strength of the tool joint.



rubs against the wall or casing. Thus, the life of the pipe is predicated
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casing in which it runs, and the matrix is a soft steel which erodes away easily to

allow the carbide particles to fall away.

[0006] Other prior art hardfacing materials used that are harder than siliceous earth
materials are brittle and crack in a brittle manner after solidification and upon cooling
due to the brittle nature of its structure and the inability of the structure to withstand
solidification shrinkage stresses and typically emit sound energy upon cracking as
well as causing considerable casing wear as previously stated. These hardfacing
materials are alloys which belong to a well-known group of “high Cr-irons” and their
high abrasive resistance is derived from the presence in the microstructure of the Cr-

carbides of the eutectic and/or hypereutectic type.

[0007] Siliceous earth particles have a hardness of about 800 Brinell hardness number
(BHN). In U.S. Pat. No. 5,244,559 the hardfacing material used is of the group of
high Cr-irons that contains primary carbides which have a hardness of about 1700 Hv
in a matrix of a hardness of at least 300 BHN to 600 Hv. These primary carbides at
this high hardness are brittle, have little tensile strength and hence pull apart on
cooling from molten state at a frequency that depends on the relative quantity of the

primary carbides in the mix of metal and carbide. Thus, this type of hardfacing
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(BHN). In U S Pat. No. 5,244,559 the hardfacing material used is of the
group of high Cr-irons that contains prinmary carbides which have a hardness
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aided by the pre- and post-treatments and are characterized by excellent metal to

metal wear properties and low brittleness.

[0010] Wear by abrasion mechanisms always has been, and still remains a main
concern in many segments of industry, including the drilling industry. However,
there is some limitation on the types of materials that may be used due to limitations
of their use with GMAW, GTAW, PTA, and FCAW, as well as limitations on the

types of materials which do not harm the casing.

[0011] Accordingly, there is a continuing need for developments in methods of
improving the properties of a tool joint or other wear surfaces by applying treatment

techniques and/or material in order to increase the component’s service life.

SUMMARY OF INVENTION

[0012] In one aspect, embodiments disclosed herein relate to a method for treating a
wear reducing material welded to a surface of a tool used in a wellbore operation that

includes friction stirring the wear reducing material into the surface of the tool.



[ 0011] Accordingly, there is a continuing need for devel opnents in nethods
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FIG 1 illustrating flush hardbanding of a box of the tool joint according

t o anot her enbodi ment 0019] FIG 4 is aviewsimlar to FIG 1
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har dbajpdad] accordidd is0a @AGmentary longitudinal sectional view of a box of a tool joint

with a raised hardband according to one embodiment.

[0017] FIG. 2 is a view similar to FIG. 1 illustrating a pin of the tool joint with a

raised hardband according to one embodiment.

[0018] FIG. 3 is a view similar to FIG. 1 illustrating flush hardbanding of a box of the

tool joint according to another embodiment.

[0019] FIG. 4 is a view similar to FIG. 1 illustrating flush hardbanding of a pin of the

tool joint according to another embodiment.

[0020] FIG. 5 is a longitudinal view of a stabilizer hardbanded according to one
embodiment.
[0021] FIGS. 6A to 6D illustrate use of a friction stir processing tool in accordance

with one embodiment.

[0022] FIGS. 7A to 7B illustrate modification of a hardband weld in accordance with

one embodiment.

[0023] FIG. 8 is a schematic of one embodiment of a hardband.



enbodi nment. [0021] FIGS. 6A to 6D illustrate use of a friction stir
processing tool in accordance with one enbodinent. [0022] FIGS. 7A to 7B
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[0026] Friction stir processing uses a combination of rotational and orbital motion
applied to the surface of an object to be treated. A rotating member is conventionally
applied to the surface and is moved in an orbital fashion until a plasticized state of the
material is achieved. The rotating member is moved along the surface to treat the

material by changing the material microstructure.

[0027] Friction stir processing is similar to friction stir welding, with the exception
that in welding two materials are being bonded together whereas the materials have
previously been bonded together in the friction stir processing of the present
disclosure. Friction stir processing generally involves engaging the material of two
previously adjoined workpieces (i.e., previous weld) on either side of a joint by a
rotating stir pin or spindle. Force is exerted to urge the spindle and the workpieces
together, and frictional heating caused by the interaction between the spindle and the
workpieces results in plasticization of the material on both sides of the joint. The
spindle is traversed along the joint, plasticizing the material at the joint as it advances,
and the plasticized material left in the wake of the advancing spindle cools and

solidifies to form a treated weld.



previ ously been bonded together in the friction stir processing of the
present disclosure. Friction stir processing generally involves engagi ng
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that when treating a wear resistant layer previously deposited on an outer surface of a
tool, the pin or spindle of the friction stir welding tool is oriented perpendicular to the
previously formed weld. Depending on the component being hardbanded and its
configuration, one skilled in the art would appreciate that either orientation of the tool

may be used.

[0030] The types of material that may be previously hardbanded, and thus may be
treated using the friction stir welding methods disclosed herein, may depend on the
desired material properties for the particular application, such as hardness, toughness,
casing-friendly wear resistance, etc., as well as the type of wellbore in which the tool
is being used (cased or open hole). However, in particular embodiments, the
hardfacing alloy previously welded or bonded to a base tool material may include
ferrous alloys, such as steel. Additional elements commonly found in ferrous alloys
include, but are not limited to, chromium, molybdenum, manganese, silicon, carbon,
boron, tungsten, titanium, niobium, tantalum, vanadium, nickel, cobalt, zirconium,
and rhenium. Some of these alloys used in hardbanding may be described as “high

melting temperature compounds,” or compounds having a melting temperature greater



configuration, one skilled in the art woul d appreciate that either
orientation of the tool may be used. [0030] The types of material that may
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stirring pr@sRssl mhyBe m&wswsgyb@nm fo€lh RYEWEHIIND point) e yits ebaRphited) nay
have a hardness ran I&Qe from45 to 55 Rockwel | C. However, follow ng the

s

friction st& rRkedwsHo&essSuehhehpaged meays refultt lomyethe ¢hange|ing theatesterzl may

b st 2SR ot SARa OB SRl D Reh Ol ApBR 0 0 7°

m cr ost r uct preéipitateesuchtab carbitesyr Ahsthércyipagimendf the fidaionsstiating & aliniquestod
produce fine precipitates such as carbides). Another byproduct of the
friction stherireint dxlaseigeRayber hdehidiornp YF SHIEcUFPIEMSShé ca IPEHEEL i on

in the surface.fqugppess, i.e., reduced asperity heights. [0032] The wear
reduci ng mat g&n;/ sg%?r’ay have previously been welded to or deposited

[0032] The wear reducing materials may have previously been welded to or deposited
on a tool surface using a variety of conventional methods such as GMAW (gas metal
arc welding), GTAW (gas tungsten arc welding), PTA (plasma transferred arc),
FCAW (flux cored arc welding), thermal spray, etc. Due to the phase transformations
(to liquid state, then cooled to solid) that occur during such techniques, the
microstructure can possess undesirable characteristics due to precipitation of
unwanted phases or structures, grain growth, and create of residual stresses. Thus,
one or more thermal treatments may have been performed on the welded material
(including pre- and/or post-heat treatments) to relieve some of those residual stresses
and minimize cracking. However, in accordance with embodiments of the present
disclosure, the wear reducing material may then subsequently be friction stir
processed to achieve an improved fine-grained microstructure (with improved

material properties).

[0033] In order to treat or stir high melting materials (if used), referring back to FIG.
6A to 6D, the pin 66 and the shoulder 64 of the friction stir processing tool may be
coated with a superabrasive material. In one embodiment, polycrystalline cubic boron
nitride (PCBN) may be used as a superabrasive coating on a substrate material being

used for the shoulder 64 with the integral pin 66. In a preferred embodiment, rather

7



on a tool surface using a variety of conventional nethods such as GVAW (gas
nmetal arc welding), GIAW (gas tungsten arc welding), PTA (plasm

t ransf er rw0 2ar0o019735CAW (1 ux cored arc wel di ng), thermalpcyrsagog/osiceas Due to
t he phase transformations (to liquid state, then cooled to solid) that
occur during such techni ques, the mcrostructure can possess undesirable

characteristics due tq, precipitatiaon, of .u nt e hases or ruct ures,

G ai ' or ove it e dpe S sl e i BE TR B S5 e ot b ALY e
treatments fyayedayshbaensRaNdR) BE PimbieomglofRey stk | ibic( ibBEdnU ditide Pr e-
and/ or post-heat treatnments) to relieve sonme of those residual stresses and

m ni m ze crthempselyes, Fhenviban beingaeatedd aheds wititdble idroesenrthe nethedseofpthesent

di scl osure,_the ar reducin terjal r t hen suhsequen fri;ction
Stir orocesuety SRRloh@ e AT ShlsFipiTak o, e, 2eRRE ST Yo bk Y ¢

i mproved net,ez4,e09, p7 2P®2S7, e U 0BaEnt! Pulslicd@on tNo, t 2@BY0032341,1 Whidh Odie
melting materials (if used), referring back to FIG 6A to 6D, .the pin 66
and the shotsrigaed wahgprosent apsigraciapd herein inspipered byyrefgencetayhaieendisety ed wit h
a superabrasive material. In one enbodi nent, polycrystalline cubic boron

ni tri d@OB#PBN) nRgfetrngused ts FAGSupermbriasonee exmaple ngf and@avishobs ttoat en

material bein sed for .the.shoul der 64 with the integr in 66..1n a
bref er red cHEOEH oI BIPRAENGA St PHY Ok BT HEAES ek B, n 66
(whi ch may ©fctiBR ¥tinglocBinkt 8Bk | As SHWIER MIAS) 1tdha Bhavbdem: 1818 8:9m med of
pol ycrystalline cubic boron nitride thenselves, rather than being coated.

Tool s sui t afipe 1fois illystrated mhachrbahedeoxof2 tdhehpread enft thdi &gl oingr ¥4 leaf ik ncl ude

and 0. 5. patismeuBielsd v RO RETemuberot 253 W e rafsddderren b e "

present asshgfifeciadingahRkads 20 entheah@b@d1dyo et Heqiis @ 8intayt Beihieadnd intet Y.
[ 0034] Referri&?. now to FIGS. 1 and 2, one exanple of a downhole tool, in
i

particul ar,bax Hrilihe pin p8 forarsnthe endof p4sillpe, syeloes dbdovihetp HERg BRI hat i s

treated wt AU aN i i i . 4. -Fl. nd 2,
a tool joi n{f Jigé ﬁ%‘#’ %g rt;ﬁlfelfde%ge%ﬁ%ﬁi tggelt{l%uazltﬁ %{gﬁﬁ%ﬁpﬁggﬂg %@aﬁ%‘n gt t he
end of the @hédwelpi pe 14 that is internally threaded at 16. |nternal
threads 16 of box 12 threadedly receive a pin 18

[0035] The box 12 and the pin 18 are enlarged and have outer cylindrical surfaces 22

having an outer diameter greater than the outer diameter of the drill pipe 14 onto
which hardbanding 24 is deposited. In such an embodiment, the outer diameter of the
coupling at the hardband 24 is greater than the outer cylindrical surfaces 22 such that
the hardband preferentially contacts the borehall wall or casing when the tool joint is
employed in a drill string. One skilled in the art would appreciate that when selecting
the outer diameter of the hardband 24, care should be taken, with consideration as to
the borehole diameter in which the drill string is being used to reduce adverse effects
on annular flow of drilling fluids through the borehole to the surface. For example,
such thickness of the hardbanding may range from about about 3/32 to 1/4 inch thick
without detriment to the alloy properties and may be deposited in single or double
layers. Thus, the friction stir processing methods may be used to treat / stir a

previously formed weld.

[0036] Referring now to FIGS. 3 and 4, another embodiment of a tool joint 30 for
drill pipe 34 is shown. Tool joint 30 is similar to tool join 10 of FIGS. 1 and 2 except
that tool joint 30 has a reduced cylindrical portion 46 formed by either the removal of

a circumferential band of material from the outer cylindrical surfaces 42 of the box 32

8



havi ng co-acting threads 20 to the threads 16 so that the pin 18 may be

threaded into box 12. The pin 18 forns the end of a drill pipe, such as 14,
so that awetwiongyms joi nts of pipe may be threadedl y seeorasaogsicher and
di sconnected for drilling oil, gas, and other wells. [0035] The box 12 and

the pin 18 are enl arged and have outer cylindrical surfaces 22 having an

outer dianeter greater than.the outer .di. ter of the drill pipe,14 onto
“hi oh har doSBRGTAS Py Ve preReL formied SuBTRSSE wresddevir iBoRaBnd

di ameter ofyp 'Pﬁr&ﬁhﬂlh% 9 iPveldb® (drarithand d%go§it%d)3fn&ﬁis%baée!’§%ﬁh£thﬁe QUHRE
cylindrical surfaces 22 such that the hard andfgkgferentlally contacts the

borehal | wadf ther welils denpsitgre hardfacingydd sjlesitantially | witedhé outer dpyilindriea r i ng.
One skilled ipt rt wou appreci ate 4 hat .when .sel ect | t he..qut.er

i ameter  of st A ofile BSO3 BB HEh 38 SRR AEHER LBP O as <o
the borehol @héh aMasiehariPan®MCiy debifeddbn hnotiht dMightédal REhIG tb SIRbthicknER@fCe
adverse effects on annul ar flow of drilling fluids through the borehole to

t he sur f acethehgrdband@p|shows ue K1ER; tlapédsmay be Hempeaddss agoatdgint dhge from
bout about - I | ] i i t .

o 20oul a2l S MBI N b IS TELnk uL 08 ) hO v
friction stihe optepe@dsiesndg2. et hods may be used to treat / stir a previously

formed wel d. [0036] Referring nowto FIGS. 3 and 4, another enbodi ment of a

t ool jgi(m] 30 f oReffridd tPFRE. 34 al statiliRUs0 I&Qﬂrdmgitetthéq)rés%nﬁidrguogqﬁreti@ t ool
join 10 of FIGS. 1 and 2 except that tool joint 30 has a reduced
cyl i ndri cal illpstratedn Stbilizasr iddhasyanedlongated: ¢ydindeead \oalpipstlike bodyciirhaviegiai al

band of materigl f,r,om out er..cvlindrical rf.aces 42 of., the X.. 32and
Phe orn 3. B St ie Br Bh kA R EER R DiBE s aRa ol i e
32, and theshpssibapskiabili4dr fibs I&kefdiag oubl4teirsa Bﬂﬂp@i foedabilizidghihe space
so that the surface of the weld deposited hardfacing Is substantially flush

with the oudrdl pipplin gayalhgre émtﬁh@wghzl{@ﬂbwgow@ Brveldedetopir ptiggwisene

ith the | | _ f PUggus
desired, anaRsneoh a8, Hufinl St m Bl SO TR ey 24

shown i n FI gadnticulatyshitdfaytr&ging daribaddddrtood jolies draiodtaljildiens, it30ays be bfpdied a
iml t hi ck f hardband 44 o} ited th d be flush with
stmiar It((:) z{]nej\lsssurf%ce hg\ging %gen hardggr}/ded%r%%?ci)fgéed? such e?sr I'(I)l? c&?ars, s%\ructulrjaﬁ w

members, process components, abrasion resistant plates, and the like.

[0038] Thus, while the present application is directed to the general use of friction stir
processing to modify or treat a previously welded or deposited hardfacing alloy on the
outer surface of a downhole tool, one skilled in the art would appreciate that the
hardband may take a variety of shapes and forms, and may be formed on any surface
of a tool. For example, in one embodiment, the hardband for treatment in accordance
with the present disclosure may be raised from the outer surface of a tubular member.
Referring to FIGS. 7A to 7B, a friction stir welding tool 65 (having shoulder and pin
components as described above) may be brought into contact with a hardbanding 78
located on joint 70 of drill pipe 76. As the tool 65 rotates and is forced normal to the
surface of the hardbanding 78, frictional heating generated from the rotation of the
tool 65 softens the material of the hardbanding and surrounding or adjacent joint 70
material in the vicinity of the rotating tool 65, thereby inducing a plasticization and
commingling of material from the previously placed hardband 78 and joint 70 to form

are-weld 79.



the outer surfaces 42. [0037] Referring to FIG 5, a stabilizer 50

according to the present disclosure is illustrated. Stabilizier 50 has an
el ongat edwoybiondpizsal or pipe-like body 52 having a pi nPeTAISa00d/ 083545 56 f or
connection in a string of drill pipe (not shown). The stabilizer 50

possesses stabilizer ri bs 58 extending outwardly from body 52 for

stabilji z] the drill pe | n bore ot sho Har d Ion 54
s el 083 or Morayed 43S alsh BB e osE a6t e Ahclose 1he kR o e
the met hOdeanloﬁ @%n%gestf%'a{méﬂts @&W %rehﬁn%)eiﬁé '&H}@rﬂaydb'aﬁatl%glofn%a&r gating
har dbanded t ool ints and stabilizers be applied to any Surface

havi ng beerachem den coe dramdlfeap@des depdnding, doi bxanmit | e ¢he widthietf vhal

nmb abr asi Si st an s,q,and the |ike.
(00381 Thudaigsh  ERERRA SR GR0! Thus P51 S1e8bs Palh Brernd niTSehn S use
of fricti omvaflAHle BHEERS Stirngrob&ssii@diobl) MiiltipleCidsséd HF Qutiap UM, ¥8b hed e
deposited hardfacing alloy on the outer surface of a downhol e tool’, one

skilled in ReHermed, suﬁua&shawpirlécﬂ@t & Iuring sush nnliipls daesepmspmeaaebodiments ety of

n-one emoditnanpe ik TRLIOE ol AHIER P ERELRH: 765 BurdubBBlppriviie™

present di m%faﬁome&ﬁ)rf biteech fieofuliipe: pask@ Furthac enofkkitled b thedrt
menber. Referring to 7TA to 7B, a friction stir vvel di ntg tool 65
(havi ng shdﬁﬂl&%@p@rﬁeﬂaﬁthatc@mﬁéﬁtsgﬂw RIESH 198 fobe dp 'adiateght i nto

contact W t; R,a@ vA ] f.dr p t he
tool 65 rot gt S arlllg g#e@?%aegb nor gltsgr?)te hsgwggrd%g%% o(g Halv nghdéfﬁgﬂt@odi aﬁ‘; 78,
frictional rhaetialmgxgdtheretidhd from the rotation of the tooI 65 softens the
mat eri al of the hardbandi ng and surroundi ng or adjacent joint 70 materi al

in thqov4e] ni ty Mirthehen’ RcRtd Hanh&Ohaffbandingy edither otutddNFom SdrShtigiiazat i on
and conmm ngl i ng of material fromthe previ ously placed hardband 78 and

joint 70 tdreessiesprreodided hpglbpudrlgre perasalierepairables Hiusoinparkicwar, Hee scope
of the presgatndi S?(Ltﬁﬁ&i{e tst Hﬁ %%ﬁ%gteﬁgr récoi\t%ﬁ'@ St haddRSihg el%;er 0
ar d g e

process, treating Ire Ion may accorrp I'S I’n"one or

mor e passesmmpllgpeﬁehtag cither ireXahpp &r ithd Heldwtcdthé rigf lotanraFerthed) when be
treated on the tool. Thus, faor exanple, for a hardband wi der than an
performing a re-coat, the friction stir processing of a new metal alloy into the used

pipe may be performed on the same or different earlier weld type.

[0041] Advantageously, embodiments of the present disclosure may provide for at
least one of the following aspects. Conventional welding processes present limitations
on the types of hardbanding materials which can be used in hardbanding a downhole
toole. For example, using welding techniques conventionally used in hardbanding,
e.g., gas metal arc welding, the hardbanding material options are limited.
Specifically, materials that are casing friendly are difficult to weld, and result in
cracking (despite pre- and post-heat treatments) due to the stresses which arise in the
microstructure during the liquid-to-solid transition during welding. Moreover,
materials which are more easily weldable using conventional means (such as
conventional tungsten carbide containing hardbands) are known to wear down a

casing string.

[0042] However, using the friction stir treatment methods of the present disclosure,
the solid-state processing principles associated with friction stir welding / processing
may likely reduce the microstructure defects present in the original weld or deposit,

reducing the incidence of cracking. By reducing the incidence of cracking, the need
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available friction stir processing tool, multiple passes of stirring 88a,
88b may be perforned, such as shown in FIG 8. During such nultiple passes,
sonme enboaDrerwE9TRAY change the direction of rotation ofcrhis2aonb3cwhi | e

ot her enbodi ments may use the sane rotation direction between the nmultiple
passes. Further, one skilled in the art would appreciate that during the

stirring prepce . SO f the .base terial. adj acent.the previ pusl | aced
har dband i d0GioRa! Bedt RFREFSUBE JTePlneY S o8 e R POUTER HemEns)

m xed ther eifay lbe dIRRIABE] FULddi@onalllyNtheUscdsitB B@niquRah e 38 deRdsmzilotid)er
formed from conventional processes or nodified hardbands) are generally

r epai r abl e. Witishsmay rlgoa plowufosrthe theedpodingotoe be drastade at enyregjvaselocap@nt edl y
recoated w . ha i y i . r e i . hop or
EConLer o PR BRI 08, AR 0 PRI LELESRL S BLLORH NP
friction stinayplsodeshiRgalilt, givivgvd sddherafidish, andtreduchey ats@sbapind @e¢dforbe
performed on the sane or different earlier weld type. [0041]

Advant ageouir{ace Spisbngpg gr8dwe. t he present discl osure may provide for at

| east one of the follow ng aspects. Conventional wel ding processes present
li mital0043% on t Maileythesniehtibmhdhbeah describedemiithl respeli trha diamitddenunsleed df n

har dbandi ng_a, downhol ¢ tool.e. .F ex l e, usin | di t echni ques

convent | onaTpo BRI, Rosikifif et Ay teliShoi iR e by Sl bresiae

har dbandi ngthagRbgkt embediicdfRScan Be HevTkddedhichPRE hbtl dpattYiroBhesteSoft fhat ar e
casing friendly are difficult to weld, and result in cracking (despite pre-

and post - helventiawaandiselojedibereing Aiseorsingdssibe sgppec pf drg swention peould be
nicrostructH ﬁeg8§§5&ﬂﬁpﬁmkkg¥£ﬂﬁﬁ§_SO'id transition during welding.

Mor eover, nateria Ichare nore easily wel dabl e using conventional neans
(such as conventional tungsten carbide containing hardbands) are known to
wear down a casing string. [0042] However, using the friction stir
treatment nethods of the present disclosure, the solid-state processing
principles associated with friction stir welding / processing may |ikely
reduce the mcrostructure defects present in the original weld or deposit,

11



reduci ng the incidence of cracking. By reducing the incidence of cracking,
the needfor additional heat processing treatnents, such as pre- and/or
post - heatwonresvarersss nay be elim nated. Additionally, tRreTaSo@eDHSIcAT
techni que nmay be | ess hazardous, which nmay also allow for the hardbandi ng
to be treated at any given location, including at the rig site, allow ng
for better rebuild service. Lower asperity heights may al so be achi evabl e,
giving a snoother finish, and red CLAJM® apparent need for surface
finishing or grinding. Wile the invention has been described with respect
to a limted nunber of enbodi ments, those skilled in the art, having

benef i Whafischiimedii scl osure, will appreciate that other enbodi nents can be
devi sed which do not depart fromthe scope of the invention as disclosed
her ei n ccpr | i y by
t he atta@he ﬂt@%ﬁ%r&%ﬁ@%ﬁ r%{héélc Iﬂa&\{gpwfﬁgg\wgg#}a& fOfalt reagcliﬁglla wear
reduci ng mawelttioad opehtited cérapasiagtr f ace of a tool used in a wellbore
operation, conprising: friction stirring the wear reducing material into
the sur f aceTighon fTing dhe wear rqdpeingspaistialontothe syrace opffisrieph fri ction
stirring conprises exerting a downward force onto and rotating a friction
Stir prooespldietthd of AaB 1WAk filcfibh @iFnai6RbrisU MRl ddifbd 1601 e ©
the alloy and t ool surfaace and creates a p?astlm zed region 1n the alloy
and t he toaointo 3nd itatingst frmdioofstlcpmcmsﬂng mhéo generdte éridimmdy laamk merhahbtaye

f based 4. Th t hod t
TRt et ng hif Bl A0E anl ol Surtice AU gTHET 3D %OSF&HZ%@?&I%&V@E&%Q@P s,

The met hod @ tglai m 1, wherein after the friction stirring, the weld has a
reduced average asperity height. 6. The nethod of claim1l, wherein the tool
conprises at |east one of a tool LOI nt, adrill collar, and a stabl lizer.
7. The mdt hble wethed af ehaim 1,hereinihe hardfacing alloy comprisestd fepongbasedallqear
reduci ng materi al

4. The method of claim 1, wherein the hardfacing alloy comprises tungsten carbide

particles dispersed therein.

5. The method of claim 1, wherein after the friction stirring, the weld has a reduced

average asperity height.

6. The method of claim 1, wherein the tool comprises at least one of a tool joint, a drill

collar, and a stabilizer.

7. The method of claim 1, wherein prior to friction stirring, the wear reducing material

has a hardness ranging from 45 to 55 Rockwell C.

8. The method of claim 1, wherein after friction stirring, the wear reducing material has

hardness ranging from 50 to 70 Rockwell C.

9. The method of claim 7, wherein friction stirring increases the hardness of the wear

reducing material by about 5 to 15 Rockwell C.
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has a hardness ranging from45 to 55 Rockwell C. 8. The nethod of claim1,
wherein after friction stirring, the wear reducing material has hardness
rangi ng fwormbmi1dms70 Rockwel | C. 9. The nethod of cl ai FCT/USMVLOE3I6AS
friction stirring increases the hardness of the wear reducing material by
about 5 to 15 Rockwell C. 10. A nethod for inproving the properties of a

wear reducin terial on.a tool used in a wel]|bore gperation,, conprising:
per f or mi g AtmBad for dmproiik te PLpePIsR O vt TSQUSRE TaatKISel s (OB} IR o
welding to @eﬁw&@ﬁ@a@én,wﬁpﬁgﬁ%; a hardfacing alloy using netal gas arc
wel ding; and friction stirring the wear reducing material into the surface

of the t ool performinghat legst prschest tredtaieni aroat 1¢agsk @ hertiopofpre teplag: perform ng at

| east a sec . t t l.east ortiQ f the tool. 12. The

met hod of c](’z'glli(a H&%g,a S\R/\lﬁg(?ee‘lgﬁﬂ% hogﬁl% %ﬁdéf e %lﬁ)é’p %énﬁm%afe) atsr%%}”e@t‘;%?%gpri or to
t he wel di ngfriclidn silitidgeé o4t reflucth@indietial inwh @k sinfadehd tiad tobeast a second heat
treatnment occurs after the welding, prior to the friction stirring. 14. The

met hod of claim 10, wherein the friction stirring conprises at |east one
stirring !pable miépd?ﬁéla%tlﬂo@r@?“}ﬂn&?rﬁfﬂ, wherein the friction stirring

conprises afef Ao 4MsPl bdcbh@HeRFRGETent 5B at E?ﬁ a Ohﬂﬁldoﬂfle floftl m 10, wherein

friction stirring conprises exerting a downwa rce onto and rotating a

friction stir processing pin to generate frictional heat such that the pin
enters tHe. Bhd oypthmddbfidam $Qrwhereinahel at teasit @® leap kragttvicot pewiry pgooto tha t he

al l oy and thel tool. 17. The nethod of claim 10, wherein the hardfacing

al | oy corrervgélglga ferrous based alloy. 18. The nethod of claim 10, wherein
the hardfacing alloy conprises tungsten carbide particles di spersed

t her ei n. 13, The method of claim 11, wherein the at least a second heat treatment occurs after the

welding, prior to the friction stirring.

14. The method of claim 10, wherein the friction stirring comprises at least one stirring

pass.

15. The method of claim 14, wherein the friction stirring comprises at least two stirring

passes.

16. The method of claim 10, wherein friction stirring comprises exerting a downward
force onto and rotating a friction stir processing pin to generate frictional heat such
that the pin enters the alloy and tool surface and creates a plasticized region in the

alloy and the tool.

17. The method of claim 10, wherein the hardfacing alloy comprises a ferrous based

alloy.

18. The method of claim 10, wherein the hardfacing alloy comprises tungsten carbide

particles dispersed therein.

19. The method of claim 10, wherein after the friction stirring, the weld has a reduced

average asperity height.

20. The method of claim 10, wherein the tool comprises at least one of a tool joint, a drill

collar, and a stabilizer.
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19. The nmethod of claim 10, wherein after the friction stirring, the weld
has a reduced average asperity height. 20. The nmethod of claim 10, wherein
t he t ool worproeessat | east one of a tool joint, a dril lpcraisb@aw/osmasl a
stabilizer.21. A nmethod for inproving the properties of a wear reducing
material on a tool used in a wellbore operation, conprising: depositing a

har df aci | ] f f l. b her nal : dfricti
st rringtrs Mol BedmBity il BiomkiteR of  Menb P s R opd elfed b e
met hod of chélybredperiitsy, €dmpiisigg:f ri ction stirring conprises at |east one

stirring pass. 23. The nmethod of claim 22, wherein the friction stirring
conpri ses alepPpatBg ahogslfacing #llaypnyasisese obatool R thesmalbwras aed ai m 21, wherein
friction starring.c. i i r and rotating a
friotion st eis ST a e e P dBbE SRt hat “the pin
enters the alloy and tool surface and creates a plasticized region in the
al | oy andéd2tHe methlod ofxlaithhal, vdtelnad thd fradt@nrstizdng vdrepréden at keastharedftadngg

all oy conprises a ferrous based alloy. 26. The nethod of claim 21, wherein
t he hardf adi®iyy all oy conprises tungsten carbide particles dispersed
therein. 27. The nethod of claim 21, wherein after the friction stirring,

the wel d2hapheAmb@dd QFE1AMEI B GeASRHE Firictidfistfting &ftnprifRes atRlaftodhoodtirah@l m 21,
wherein the tool conprises at |east one of a tool joint, a drill colTar,

and a st abipassesr .
24. The method of claim 21, wherein friction stirring comprises exerting a downward
force onto and rotating a friction stir processing pin to generate frictional heat such
that the pin enters the alloy and tool surface and creates a plasticized region in the

alloy and the tool.

25. The method of claim 21, wherein the hardfacing alloy comprises a ferrous based

alloy.

26. The method of claim 21, wherein the hardfacing alloy comprises tungsten carbide

particles dispersed therein.

27. The method of claim 21, wherein after the friction stirring, the weld has a reduced

average asperity height.

28. The method of claim 21, wherein the tool comprises at least one of a tool joint, a drill

collar, and a stabilizer.
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