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Applications [0001] This application clains priority

from provisional application Serial No. 61/047, 494

filed April 24, 2008 for "Miulti-conponent Pre-form
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entirely herein by reference. Field of the Invention

[0002] This invention relates to conposite preforns,
commonly referred to as "billets,” that are used as
the input material for producing clad pipe and tubing

and ot her cl adCprse®etirsncean Related®plivdgoisor produci ng
t hese conposite perfornms. Background of the Invention
used to _fabricate pip
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for extended use in connection with highly corrosive
Paypsityt floe Pwidsetiayefr@sd Pyaluftsand & cthorts| fadPreduéing Biedform and
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anot her desirabl e property, but may contain conpl ex

and costly alloying irgdeditenheention! ack sufficient
structural or other properties to provide a practical
alternative to more conmopn all oys. One net hod of

[08D2]ai ni ngT e tycptian wekdesda campatitcuraiionps. spaymangsrefsiged to as
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othardetprbdyes, andfo thefhbds fompraducmgshest kompsdigrjenigrhe
qualities and benefits of each all oy conponent while

mtigating the di sgdvant ages. of each. Structural
conmponents are songﬁ‘%i%%ur‘g&ﬁaléedlﬁvglt%%ar and corrosion
resi stant conponents, the wear and corrosion resistant

[00@31PONENt £116RCIoRnd P ugUAb EssHicUR ipdlbrctubing ot have the bulk
structural conponent supportl‘n? the wear and corrosion
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stiugBira) tpagneriiesmsedrshios 2¢rood 4pplisfloesapay, beqinguitaplefor s
o @iReQTLEN HREL LR IR G Wb G ke b ekt ve fluids,
including liquids, gases, and slurries. Other less commonly used alloys may be more
resistant to corrosion or wear or have another desirable property, but may contain
complex and costly alloying ingredients or lack sufficient structural or other
properties to provide a practical alternative to more common alloys. One method of
obtaining both the needed structural properties and the specific special properties has
been to clad one alloy to another to produce composite products having bonded layers
of different alloys, thus sharing the qualities and benefits of each alloy component
while mitigating the disadvantages of each. Structural components are sometimes
bonded to wear and corrosion resistant components, the wear and corrosion resistant
components facing the aggressive fluid and the structural component supporting the

wear and corrosion resistant components.



enhanced | ongevity or other special properties. Stee

al l oys are strong, but may not be able to w thstand
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Seanm ess tubing nade frommld steel clad with a

ni ckel - based superal |l oy, including, for exanple,

I nconel (r) 625 from Special Metals Corporation, nmay
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nmay in tiall rica separ
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conpogjte billgt ar.e thgn assenbl ed to rﬂduce t he

cagBPEfBETE by M1 tagn 2 JRgfos o8 APPTPRYRAY raly TS frve pteqss isghat stress
reﬁﬁéﬁ&f td @E%ﬁgﬁ%w%mpﬁ daREN1 S Q&ﬁ%ﬁh@@fﬁ@é 'Je erature

onded to eac ot her by varlo
techni ques, including welding, brazing, dlffusyon '
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asgenllpdrin pr@ﬁuqeégﬁ PRTGRASELC bgiﬂﬁ Adigsentdaeromay b aestd, pypwathin
thg hfse} oy ?ﬁe rrﬁ‘!t lgeaﬂnl aﬁica&gp&@ﬁm&gléaﬂybgﬁgecﬂgtetag?%ther bg

Varf(bupfe@bmqtld:soﬁlctualutgh\@eldinlgebra@lﬁlgJ’ﬂil‘?ﬁlﬂl@ﬁ behdinger @hcapkiilation.
and one or the other conmponents may fracture, to nane
rlous a

s have been nmade
10B08I come AU dFTRE PO SN MRS b eEF i n
prbl % B FiSRls Hhe8PoRecs ATRRNGM o dANSS thahiGHeRIns WP tHE R cture
permanently, as by extrusion, Pilger milling, or other plastic deformation techniques,
can cause any of several types of structural failure. Component flow may not be

uniform, the diameter of one component may not change in proportion to the other or

may not change at all, and one or the other components may fracture, to name a few.

[0007] Various attempts have been made to overcome the limitations imposed
by the differences in flow stress of each component layer when hot working
composite multi-component billets. These processes, such as extrusion or Pilger
milling, are attractive because they enable production of long lengths of clad pipe and

tubing in an efficient manner. The components that comprise the layers in a billet



conposite nulti-conponent billets. These processes,
such as extrusion or Pilger mlling, are attractive
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good product, however, high tenperature processing can
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is Qe RhfigmiRhgduct s from mul ti-conponent preforns by
pl asti c deformation processing. Summary of the

| nvention [0010] The invention provides a billet or
[0B0Yf or m i It wemldche desiralda s dopediepotientless protdgrastiy splutions

de i r. metall.ur " PM' echpi ques..an
rofsbdleny BPERT hir kT rtthPind oo RO PP gt
prbia)em@tfpF@msti@m@foﬁﬂaro@qir&dsﬁhfg.cs of the porosity within
the at [east one PM conponent, including adjusting the
pore vol une of at |east one of the powder conponents
of the billet to provn@eyLithelpvertidiss under plastic

deformation that is conpatible with the flow stress of

(000 Ot herTicORPARRAovilS LOREARRLLSH IERnRh at REst one
porosity wthin a PM conponent that can be controlled

component or layer is made using powder metallurgy (“PM”) techniques and methods
for making the billet, including controlling the amount and characteristics of the
porosity within the at least one PM component, including adjusting the pore volume
of at least one of the powder components of the billet to provide a flow stress under
plastic deformation that is compatible with the flow stress of the other component.
The characteristics of the porosity within a PM component that can be controlled
include the pore volume, the pore size, and the pore size distribution. Compatibility
of flow stresses enables bonded billet components to undergo plastic deformation
with decreased probability of failure and for the products obtained thereby to retain

the integrity of the bond between the components.



i nclude the pore volune, the pore size, and the pore

size distribution. Conpatibility of flow stresses
wepablizz79onded bill et conmponents to undergo pPEBUBI09/041676

deformation with decreased probability of failure and

for the products obtained thereby to retain the

integrity of the bond between the conponents.[0011] In
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produced by the practlce of H@%,Inventl n frombillets

praﬁlqu EF inHntionften byletsrin athigheas POty piiidentpereY i s
co‘ﬁﬁﬂ)tnéﬁ)cl ik & tlto‘PleE FP¥IoIRIA AdvP Yt "cﬁégatﬁﬁ 'tl@elt%ﬁ‘(ﬂetd?her

t e ot her conponents or ers at make up
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flow stress, of a conponent n ontrol | b n
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and I nconel 625, a hlghly corr03|on resi st ant

ni ckel - based superal ] oy flow stresses that
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practice I nvention or 0s ty of I ncone
incompatibld foetrowblt Hiree @idstm dsl’oerehtmmo&maagj j Bgtpeattitoofithe

r edet rnined I ecr e the flow s of the
infrERHetic gOB SR Eﬁs@?léé 5 1 Pt Cetron aterhBrbe dusisio
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625 during processing should be concentric an he

stygot ratip ioflncooel (24itd garbow stee i lgss dlwesys 3. dFlewnefdheahclifizfeduring
t hese conditions. nbodi ment of

rbriee SR bt S ettt st BB el s TR PR o

diblidtedi ndBr BedecRdditioasn for exanple, wought carbon
steel, a casting, or a powder netallurgy steel. A

capsule is fabnicated fromsheet netal and welded to
[00hd bl anKIniaspesiigembegineat obie iprcEenal thamethnd ofihe

in@é&{t@h”é‘h?mgf‘ﬂilagﬁ i aﬁc)éd f %P%&défa&gfé“ wgg;%hte Qhrbbf Stocl. a

carboh s ormt e’intern r externa
castitd, ac e pofvded ractalluigy sgel. Theamskantibyiceted fiven dretmetal and

wiidiodhe ?%?Q/ngﬁeétg%tﬁw%%%% | fﬁﬁ/gqr%g%? Bilapulgy covity,
dpPRERE 6RWHRALE {Helc8oRste®Nis to form the internal and/or external surface
of clad tubing. The assembly of the carbon steel blank and the capsule is vibrated
while the annular cavity is filled with an alloy powder of spherical particles of an
alloy having a desirable property, including, for example, a corrosion resistant alloy
or a wear resistant alloy. The powder is vibrated to maximize its packed density,
which is typically from about 62 to 72% of theoretical full density. Full density is the
density of the material in the absence of pores between the spherical powder particles.
Thereafter, the capsule is evacuated of air, water vapor, and other gases, heated to
further remove the gaseous impurities, and sealed. The sealed capsule is then
subjected to hot isostatic pressing (“HIP”) to consolidate the powder under conditions

of temperature, pressure, and cycle time. The specific temperature, pressure and cycle



al l oy having a desirable property, including, for

exanple, a corrosion resistant alloy or a wear
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its packed density, which is typically from about 62

to 72% of theoretical full density. Full density is

the density of the material in the absence of pores
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eformation and yield the desired product. [0015] "It
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adpveniethe othRdr EdthforRMBNFor EXenOWdRoBIRA & Thcdngl 625 alloy can
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boyprehanadyang pgstedh it a MEaEeht ORprsh eleve andithey ifigleaisedy treated to
| ] e e Far.. ,

oS Mol c Pt R B8 TRRACEH Thor R SRS mAn R OY B
accomplishedmocuglitions tebaid the eemporames whidngvoidingl&stheed,
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bonding conditions can be altered to achieve the desired target density. In a further
alternative embodiment, more than two components can be used, at least one of which

is a powder of adjustable porosity. Each of the components can be made using PM

techniques, if desired.

[0016] A wrought or cast blank that is to be clad on two sides with different
powder components may be used in the practice of the invention. The components
may include metals, alloys, plastics, and ceramics and composite materials. The
bonding step, and even the encapsulation step, at this stage of the process can be

skipped and the components bonded by plastic deformation if the target density has



densification of the powder layer if the presel ected

density has al ready been achieved. Alternatively, if
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density, then the bonding conditions can be altered to

achieve the desired target density. In a further

al ternative enbodi nent, nore than two conponents can
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adj ust abl e porosity. Each of the conponents can be
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practice of the invention. The conponents nmay i ncl ude
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folMRiGRb X Qlﬂi'%z@tﬂlilf?s@ >nt hol low billet, of a comon
Ostrggﬁura? materi a @fad with a material having
sonewhat specialized properties, often wear and

corrosi on resi st 8ncéDe@mption ofthedamyegss can be HI Ped
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det er mg.ne orosity . characteristigcs corre]ated to
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conigerationk ethefelbeving dgtailed Aesagpiinmoeies inygatipraigken in
coFil3) e G ShaaRits B a I URANURS P e

exiempity embodintntshendianiidch:i n whi ch the sanme are

acconplished will be nore readily apparent upon
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coRfFoRBRARY PG AbRIYr AL bilM ipfdpatddliH 8bdoRd B R Wethehs B cARS;
exenpl ary enbodi nents, and in which:

[0020] Figure 2 is a longitudinal axial cross section of the perform of Figure 1
illustrating the internal solid layer or core of the hollow preform at a controlled

fraction of porosity;

[0021] Figure 3 is a top plan view of the preform of Figure 1;
[0022] Figure 4 is a bottom plan view of the preform of Figure 1;
[0023] Figure 5 is a longitudinal axial cross section of a representation of a

hollow composite preform or billet of the invention having inner and outer layers of
components that are at a controlled fraction of porosity sandwiching a fully dense

component;



[0019] Figure 1 is a perspective view of a
representation of a holl ow bi conponent conposite
w@e@posazror bill et prepared in accordance w t hP€TES2009/041676
invention; [0020] Figure 2 is a |ongitudinal axi al
cross section of the performof Figure 1 illustrating
the internal solid |layer or core of the hollow preform
[0824]a contFighilearis hrlawgdifudimabdxiglaresistotion[ddA2dPresangitioa oB an
is a top .plan view of the preformof Figure 1; [0022]
enﬁﬁlgﬁy}aéﬂﬁblr@ng)os@ttt ta%t%ﬁﬁpéw%fpow@@r rBpgrymypacked
AR Friori@BAThe B Wl feuRidet ofla bOMELS udi nal axi al
cross section of "a representation of a holl ow
conposite preformor billet of the invention having
[002Fler andFigutcelis adgmgimdohl oapoess segiondia raprescatatian of an
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org amelaee isesmame oy Goush B e o BV St P i
ded¥itPhnECHrRsiSo EGHE-B0t, facRati®DeS liaki on of an
encapsul at ed bi -conponent billet after filling with
owder to maxi mum packed density and prior to )
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deakities arid fol IAAST $620Mtqabwterouizbt comditiouny patkEdaeastidiy rate of
and prior to baking-out, evacuation, and sealing;
4Pg098dEi gure 8 is a graphical representation of the
results of conpression testing (true stress vs. true
(082712l n) fEEuRs GYGL! BRERY allBF §7Lihodlih OdhecbeRoRstress at
various densities and for Al SI 8620 steel in w ought
vagionslidlatong densitiqs7or G-cadifferens straan rateseand cofifigmgpibat HIPing

s d 89271 E 9 d Lot for | | alloy .
g G B it Y eAsrit R a6rrSerR 0B Bp R ranRisgs0F 8RS figoHcion:
densities for three different strain rates and

[00281f i r M5 Fibade 101iPa pibt bR dRAelio 62MeiDflbwWeEssekeqirst Rsative
decreases the stress required for plastic deformation;

dqneitp oy Ingaggk alloy$2p svith jsprect BrAKH steebi429 abvariguslensiticy for
thg%g%ﬁ@%ﬁm?Q@BnSt relative density for Inconel alloy
Wt [

espect to Al SI steel 8620 at various
densities for the Inconel alloy 625; [0029] Figure 11
[0D29]a f I owr igin@drlasm dowt hiegrstmegshosteshe thetmbthdd of thiechavention
folr Hgtgr%ihgl% the desired fraction of porosity of a component and fabricating a bi-

component perform;

[0030] Figure 12A is a flow diagram of the steps of one method of the
invention for creating a composite, multi-component billet and extruding the billet to

produce clad pipe;

[0031] Figure 12B is a flow diagram of the steps of an alternative method to
that of Figure 12A for creating a composite, multi-component billet and extruding the

billet to produce clad pipe;

[0032] Figure 13 is a highly schematic representation of the steps of

assembling and processing a bi-component billet of the invention;



for determning the desired fraction of porosity of a
conponent and fabricating a biconponent perform
wQ 0@30322F gure 12A is a flow di agram of the ste@EEUSL009/041676
one nmethod of the invention for creating a conposite,
mul ti-conmponent billet and extruding the billet to
produce clad pipe; [0031] Figure 12B is a flow di agram
[0083]t he stEipsredf ian hidhlesdhainateropedshodtidroof dnadlteafative to the
Figure 12A for creating a conposite, multj-c onent
stensiaf iguin g3 ExvhisaithigPaHieT Ppeient B IBFHdy sy 1% pPLse;
“hgggﬁhh%hgﬂ&g: dnSpt@ highly schenmatic representation
of the steps of assenbling and processing a
bi - conponent billet of the invention;[0033] Figure 14
[0034]a hi ghfigusdiiasatilE meappfekeptiertarolor bfconel adloy 62hahawieg

to.the st of Fiqure 13 in whicgh.the.powder .
tng s SRE St sty cdlnieRr e s i TR B deasindpere
fradtiehfiehd conponent ; [0034] Figure 15 is a H P map of
the prior art for Inconel alloy 625 show ng the
rel ati onshi p between pressure, tenperature, and tine

[033Ih r el dtiBvie l@enaipta taksa font ihaeriopmf of Haw sroggmpinst
pr@e%kﬁhg téng%\érétmae Bl Qb RKEQ ahk %Q%i&&eauegé endfd lgf:oxfe'l Mby 625
stress a t np t ar 2l

I NSt processi ng tenperatur or carbon ste
anargl sheaed aushoal thoysge o€ flodi sagsd congraebilay fayoa2Eusion whsre

shaded .t o _show t he nge of flow stress conpatibility
OIFQ?Y%B-f &a@@@i%w%{%ﬁ%%% Cﬁﬁverstesﬁ- the billet is to
be fully dense carbon steel. [0036] Corresponding

[008§]ET eNcCec&ahascdif forbRfld ChbRickN MARRRNMEHBE RBMbDarts
t hroughout the several views of the drawi ngs. Detail ed

thpegbeutphé gavefab@RWs of the drawimgs.i on can best be
understood with reference to the specific enbodi nent
that is illustrated iﬁd%@? Sg%wﬁ€&§ and the variations
descri bed herei nbel ow. fﬁe Yh&"Thvention will be so
described, it should be recognized that the invention

[0037]not | rTlenidechtion che bedt vt iaderstood hétheafaamhicerenths specific
illustrated and dgfcribed.,Cn the contrary, the

erpbpdament dhatihiugigaied m the dravdpgsand\ iR varabigns flessiibeshs |

he@®tflbelow. While the invention will be so described, it should be recognized that
the invention is not intended to be limited to the embodiments illustrated and
described. On the contrary, the invention includes all alternatives, modifications, and
equivalents that may be included within the spirit and scope of the invention as

defined by the appended claims.

[0038] Figure 1 shows generally at 20 in a perspective view a representation
of a hollow, cylindrical bi-component composite billet of the invention. Billet 20 has
an outer surface or sleeve 22 of American Iron and Steel Institute (“AISI”) 8620 steel
in wrought condition at full density. The sleeve is tapered at one end to form a
conical section 24 for entry into an extruder for plastic deformation (not shown in this
view). The conical section is chamfered to a flat top surface 25. An inner core layer
26 of Inconel alloy 625, a high nickel content superalloy, is shown in dashed lines
within the sleeve 22 and has been metallurgically bonded to the inner surface of the

sleeve by hot isostatic pressing (“HIPing”) or other bonding technique. The HIP



equi val ents that may be included within the spirit and
scope of the invention as defined by the appended
W@ b@bs227¢ 0038] Figure 1 shows generally at 20PCTIUS2009/041676
perspective view a representation of a holl ow,
cylindrical bi-conmponent conposite billet of the
invention. Billet 20 has an outer surface or sleeve 22
co@ﬂltﬁlﬁﬁ hinedbtch I‘cﬂﬂi’trdikbd é@tﬁeﬂe dr ma?linltall{irgde(terﬁdlﬂd f)ra%o&ﬁﬁl@f
steel. in mwou t condition at fu ensi t The sl eeve
PArasifyAp dicets! ideOBay @il IRconeorhal (b FpY ATeses of B sisavg 2 and

th@@&re)%'a% 9% tiHrd fo?ﬂf‘cfce&ﬂ{g pl astic deformati on (not

shown int view). The conical section is chanfered
to aflat top surface 25. An i nner core |ayer 26 of
[0[)&%]0 nel af 1gm3e 2eshews gremdrgly afi 26k die obettod ihigusepem lingdydinal

hown. | es wthint eeve nd  has.
crp RO ety R BReelt o rheS: RhEro Gnf fisd anghR nner
cor&126 Sdf%ﬁﬁlll?)deﬂsét allo§ @36 Atrh€ hcR fifédWratn il Bicraitor sReve 22°
ot her bondi ng technique. The HI Pconditions have been

indisptertd sleayetipa Elbadcaspeompangni Hlemﬂ@chlétr@s fiavayin the inner
colrg g%cc{lbﬁ 6 nfiﬁgt{ecEﬁAﬁcttP{e% ]:)Jl)v&eli] ?ass l%en%oﬁ? rl]?iﬁ ea rd tﬁé d%tﬁ 1nd1c(fte

ncone ow stresses O eeve

thé b@ns@)ﬁdzﬁloaﬁs & €patinpdhkib), evHic ispé @Cyezsﬁrao’n@n of pO2ity is
gure_ 2 shows generall at 20" the bjllet of Flgure 1
retahnqdo Agediagiiome Rypuly @é@@.péﬁdetm@p%bh@omwéemp ing

QronsS !t t n
R o A PG ery e P, LR o e kPR e
flalv atness ienhibhead bjutlmrpos«ldeemrn}ibmenn undlicrpaineg plhlsmcsieﬁzernmtwls atathat
fully .depse conmponent. The hatch | ines. drawn in the
sl e RO Bvones TG ey ORa bt o) e S steess
exBRERd HYIBOHthEalRthonafbr BRpHRings Al &@lte@as"s&ﬁbly, which in
consolidation is to a partlal density, which is to say

Figutfer2ais bitsn slo¢ vepdyr efsivtoyghtsAlSeéBa2thetdel. The fraction of
porosity can be pre-determ ned by conputer nodeling

Do g TR 8 vuf s} B RGP Lo BLSRH P )

tht BilcpoREighreCIoNKgME B illusichessahé gt Bp asifice ﬁﬁf@mm&dl @reeaé 22
t hat fre eterm ned fraction of porosity,

(Figurey) mposmpdiate; the penicel skegye suikace %w%theékaétwrﬁm igthe
dﬁﬁ, ﬁ% ot her conponent or conponents in the billet
ly, which in Figure 2 is outer sleeve 22 of
wrought AI'SI 8620 steel. [0040] Figures 3 and 4
[0041r esent Dt tha grdabuc tiomo frhakti- My eed fububs pestuctsetiago-of

cxoB for G s co ol e ol et wikpineoeest o st |1
deformation, the materials enter the plastic deformation process in the form of a
multi-layered, cylindrical billet which is shorter in length but larger in diameter then
the dimensions of the finished product. The individual layers or components are
chosen for different reasons. One layer may be selected because of the structural
strength it provides the finished product, another layer may be selected because it
provides superior wear- or corrosion-resistance. Another layer may be selected
because it has superior electrical- or thermal-conductivity. The cost of the materials
that make up the layers within the billet is always a factor. The choice of Inconel 625

and mild steel for the illustration of the invention should be considered in the context



(Figure 1) internediate the conical sleeve surface 24
and the flat top surface of the alloy core. [0041]
woeoonge2rhe production of nulti-1ayered tubul aPCT/US2009/041676
products via coextrusion, co-drawi ng, co-rolling, or
ot her hot working process for plastic deformation, the
materials enter the plastic deformation process in the
offth¢ mveitich andlitsi bréalytes Rapplicatl dnrid aivaaktylif lcb@pondiis; plakisc
shorter in length but larger in dianmeter then the
dedprmation BrRSCHES-1aRe PFORCHIdSEr80tt . The i ndi vi dual
| ayers or conponents are chosen for different reasons.
(0098 | ayermgaae PRpREURELEALPLRARYISELBHint A 0 BIEYSIM S, which
strength 1 U provides the finished product, another
is hagmgitudam!| pealgudss ctadnid edwdewicompositd bilst shapargengrally at 28

ar- or corrosjon-resist e. Another layver may be
onifine g o SRl PR ol Sl R oo e of Rer oot that
art B4 ERtrotied ﬁ'd@ﬁngdﬂ@brosﬁ?%amEhiﬁ% atffigy B@HsE codpSncnbREer 36.
make up the layers wthin the billet is always a

Sandpidy layer3é ig Hbistratedto b By degsssodid dtrpetuenl yeeand egn
' \ ; e .  dor ed
o et SR O o PR NPT A dresfng) I8

sadpplchedby powll@ layeradl eid/3mdn teripanand sutcphdficeCof the
def or mati gn processes, and product configurations. .
strugtyaljlayer §frtae Bovdsslaant histizicd py eingitn aRardsthotnselitated
‘ . i . : . ol - ‘
co i anlt B AR b B oL ol Bfrbi, IR rRELRLE BPS®
pradet@imgtibtohpaavidga flowestressndtio nbmpatitdy eiith 2 ofitie sBO¢tural

respectively, of powder c onents that are .
Loy b Riepesant by dior BRrkéee ot st _eiogﬂam-h H@O_aﬁ?tﬁpff {he inner
arfdENRE 15RAPORABIpRY fowdE mPANIW fldtdrR¥&hat3®e fr8m the same or

illustrated to be a fully dense solid structural |ayer

diffagntmaterinlsl Fdeexanple,ereinialer, comtdoengimrise Anepask 6281 {8t corrosion

8620 steel. The structural .Layer .36 i.S ndwi ched b
re OB T BPPoss i i st B o PR, il oD EHAEIS S wihe
reSistahedRy iRbné hgesdnducdddforionray&int 38 otheP 811ROMARE othayRY &,
illustrated as being in a partially consolidated

agaBndrPending an theaopaiicsangsfedet er mi ned fracti on of
porosity, the fraction of porosity predetermned to

vi de . ' [ j it

0BE8) 1 % Ut LSO 40 SRTRRLLS, Wt el o o

plpdedsi tle Whétaonfguration &ecded hat depofdibgen therspplicatidn of the
out e (5 rs ca [

ergpab gt G5 R N BRI A FFR b Dot BT PR B el Provsure
to%ﬁ?%éééﬁg%ﬁéﬁ%elﬁ@ﬂ F p&RVinFindREPEWESE bRPBAGIs R2R0¥RE flow
stresses compatible with the other billet components for hot working plastic
deformation processes. The preform 20 shown in Figure 1 has the corrosion resistant
alloy placed on the interior surface of the hollow billet. It should be recognized that
the corrosion resistant alloy can be placed on the exterior and the wrought carbon
steel on the interior of the billet, depending on need. For example, clad steel heat
exchanger tubing in which a corrosive fluid is used as the cooling or heating medium
might call for the corrosion resistant alloy to be clad on the outside as the exterior
surface. The preform can be formed with corrosion resistant alloy or other special

alloy on both the inside and outside surfaces of an alloy chosen for its structural

properties, again depending on the intended environment of use, Figure 5.
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resi stance. The conponents can al so be different,
i ncluding, for exanple, a wear resistant alloy in one
wo ag0en32mgl a corrosion resistant or other all opCT/NS100®041676
ot her | ayer, again depending on the properties needed.
[0043] It should be recognized that structural |ayers
and powder |ayers can be placed in the billet
[00441f | gur atlt Sm)uasalﬁtebdﬁdo@ﬂﬁhdiﬁmhdb@\gd@ﬂaﬁdﬁecan be prepared as
Sd?ppllcatlon f the end product, so | ong

Shottierit ¢ bilie af%e eff 1 rﬁ%akacem@%%léh&t@f‘é aSS&HﬂPIY The

taflCLAGHI: calpv% 1rEATD B d&{sg(}tdlﬂ?&dﬁ{ RO WstleBses
e po er Cco onents to provi tresses

dasmxbatd thbee amhithtet] I’mg thot ¢’cenpdm|ehﬂ atvagcouspenents I prephctd in

st e R e TR Bl BT A S Piset b Rerplcft

coRlARAS tPR ol Rirfht &‘JﬂsHTcaﬁéH ff'caG@oneghshéwaJmergr\ytéogtéﬂ eff -
I't should be recogni zed that the corrosion resistant

pralbar@xyb@aw targetmeael@d tlom théeorsiitiansisbeuld e sclh@temgcm target
arbop.steel .on.the int rlor of th
denﬁlt ezggern?_.to\z,el}é 1f tﬁl{ﬁet den(’s g(llaassk)eeeéll regch 8& teg(n dnﬁi cani?Bl ng
pdrforidbd B3 pRsEOaBEhatRdnf inulBich Svdns ed c@fﬁpbﬁ'&tsﬁj&@bme GulBf dense
heat i ng nedlun1nught call for the corrosion resistant
inghg wdw o glagtigdelprmation, mgtudlingeexiysione ext eri or
surface. The preform can be formed with corrosion
[Ob§§]' st antlg@lule%yreg Fos At 8dne Ift% aﬁél} (919&1:1 Iarc%g' ?ectlon an
I'nsi de and~out si de surfaces-of an a osen It
erslhadiratntrod Ithqjyiememonetﬁ bilég af Elgﬁeqselmdrﬂgpm td heatnrehetmdéﬂ’

ment of us i gur 044] | ould .also b
Tlalegtehatrﬁ%zlé AngRaaH by &35%1? 1?%5@?@ %&rﬁ%g glapé%veagf a
rn§t91 hda fd)trboﬁtatnﬁng Fheapomdef SSmpRRAMPI é/dl%é’crenpﬂhb @511(1 Geel

pl acenment in the | et assenbly. The target density
cmnwr@ dnddon Ipramdn@ a spacé thlat caménsavayuadﬁbén@pwg%dn t he
I esses £ %%/ b g 4 %X tpef
0086%8?1 Bl 524w é‘FlPBliﬁ éesd SHEPYIF &2 1S Tt o SE%FWS PA“Eiflance
cotnﬂghﬁh&% fodl €btthiyrs @B belict.f BisuRM HRAGI AN 4 havin been
typically be perforned at conditions to avoid furt

regenied fripwane biler prieide sriphsiethaltheughdt Swplt ba scegniged thfft

ca! E}lﬁ@ﬁa%%%gggeg ?geyél%lﬁ g?)gllegg > 0&1¥ent}0g?1npc{gpe%51 ggﬁiél Eénol% useful in

asistigf thatekiradiyn oi cﬁthé@rrgmsmdg nﬁ:hmylué\ aSorhe extruseacthethiques,
then ondi ng can be perfornmed by plastjc defornmation,

inclydiggihydras ﬁ@xféwalorb&ﬁﬁ ]é(ﬁF%ulﬁ»‘et@% repsplgitp e geaerd- Gapsules

ty RQU%M%BV fbdﬁllg]g‘éiu!nﬁ fmg[(ﬁ'ﬁ% hHathek B%%iﬁgﬁer the extr%%lon

xtrusions. Flg resents gene
oranticeriptastio dgfotragtionateclonqes secti on an

[0046] Capsule 40 has internal walls 44 providing an annular space for
containing the powder 42. Powder 42 enters the annular space through a metal port or
tube 46. Typically, to fill a billet capsule with powder, the capsule is placed on a
vibratory table and a hopper supplies the powder to the port 46. Vibration enables
powder packing at maximum density, which typically is form about 62 to 72% of
theoretical full density for a spherical powder, which full density is the absence of
pores. The filled capsule is transferred to a bake-out station, including, for example,
an open-top oven heated to 550 to 750 ° F and evacuation system. During bake-out, a

vacuum is pulled at the port 46 to remove air, water vapor, and other gases present on
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enbodi nent of the bi-conponent billet of Figures 1 and
2 prior to treatnent to HHP. The billet 38 is
wepmap3iat ed by a capsule 40, which is a ful | pCHERRE9/041676
thin layer of a nmetal used for containing the powder
conmponent 42 adj acent the solid steel conponent 43 and
for providing a space that can be evacuated of vapor
thapdwaarind wittah 'tlre:g:agﬁﬂ@ olise éwaputtéd linﬁSt is ﬂm@ssahled 40ddr Sacuum
but one aof sever otentlal conf| tions for
bYeIHPRING &b 40g1nd tta& 4@1 is rerpoved; agd el e aaps drandis
sehay, %ng been renoved fromthe blllet prior to
exttusion, although it should be recognized that
capsul es sonetinmes remain on billets in conventiona
[0p4dcessi niggaed n@amsetms gefally at 46 asd instongigndited cross section an
tru5|o or _other processing., technique. Sone
crRdiTIS G (R R e o R GO I e e P PTRKE HE on,
trdayb@ad UifdsRaUbone tﬁéﬂlay@r@%uh@mh@la{aﬁ) HE8RITh thiaasul. eBillet
typically are renoved by machining or pickling,
46nk @twmsula@ﬂ@m é sigiilag maapcry wish axensy @mndrpr@‘flﬁ@ﬂrlné@mgd@é
[ [ t.ern
0§ g ol RS WG s Ao PRANG 4% 320l B o
pavaise Giyed 24, r&@%&iﬁfelyﬂr Anaet a@ﬂds)utdﬂ poadaubpdrs paces0 bmﬁugéh a
a netal port or tube 46. Typi.call to fill a billet
de@a%@maélam P pioigraisediip éo@%%‘kﬂ ‘é“% § 135F%1ée& shAuld also be

AL 0070 oy BOPREI AR, 5 05 RAIS i
damaewahalmrdelﬂbsdmw salid cdmpoylpntq&idryo elmapmﬂmombmdtcaﬁ thehde
ful l nsity for a spherica

72% 0 heoretlcm
%@%ﬁi i@@ﬁ%ﬁ?@@ﬂgaqﬂéﬁgF? 8-t he absence of pores.

The filled capsule is transferred to a bake-out

0848t i on, Fl GrloWdis QG Qiihoﬁlh% RE osuBo ORBIrERRNA¥EM for four
[hegted to 50 to 6E'F an vacgatlon system DU?lng !

sapygpkes-od lmcongl @é@ﬂupmallgy Pl ceolidatedhte yioying density levetrove
comrpélred thl? %ul%r Rk A?ﬁ%&b ?&%Bu F3kal eg%i% laﬁ@ El st?a%\l’\pa%e of

capsul e vacua

4 p@@b@dldu rIdl%rfOMHﬁbeﬂ BY5 Sanp1Ey dig at HREJLBitREAf 83%@92% 90,
renoved and wel ded shut to ensure hernetic sealing.

andg9P7p ofpepigrieccrdengp: e“é@ﬁf%@esg enlptied geast frge alfvani Ao produce
t f
o S e i TR 180620 pEFHBBWEELR: #g 6 cytindrica
steh'lh]l@sst gt (AEST3 0t peagishitaél. bmcb(ﬁ)ﬁl Xt henchdyegth, 0.8625 insh wall
mlar to Fi ure 6.1in t$ &ﬁgard Billet 46 i.s
th ek di hg CeRpuf 25 WPRALAUTgHERE (6 Gacg thaf girdmum pasling
ddRERY b 8ot DABRE AR ed. These capsules are subsequently evacuated, baked-

out, and secaled.

[0049] The four density levels (83%, 92% and 98%, and 99.9%) were
identified as being appropriate for characterizing the pore fraction and flow stress
relationship. This characterization allows identification of the ideal target density
level for the simultaneous processing of alloy 625 and AISI 8620 steel. The “HIP
6.0” process software, entitled “Software for Constructing Maps for Sintering and Hot
Isostatic Pressing” (1990), which was developed by Professor M.F. Ashby at
Cambridge University and is available in the public literature, was employed to

determine the HIP conditions to achieve these varied density levels. Those HIP
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| oadi ng and vacuum ports 48 and 50 for the inner
powder | ayer 52 and the outer powder |ayer 54,

w0 e@pasivel y. I nner and outer powder |ayers 4BCEHOS2089041676
sandwi ch a dense netal |ayer 56 as discussed in
connection with Figure 5. It should al so be recogni zed
that netal |ayer 56 can be prepared by powder

proedssing pri@yhcsss aempédlﬁ@d inyTacMamIs ecloal, bl ae detekhined EnseHIP

sol i.d._conponent prior ncapsul ati on and can then pe
MpRsSHNEef tpcshf‘dm@rmgseawd% Heﬂ%@ e nafteaifape dtgﬁﬁafrgless steel

C&%ngé Should GeBI08cd fofh (HE @@ﬂoﬁmg\d e}allql% 8%&#@ ﬁgchlmng
onpression testing for four sanples of 'I'nco
superal l oy H P consolidated to varying density | evel s,
[085MNpar ed Tahlk If HIR gondarmme fox (8 d@6ROtavged dghvity $estiglateadtusing
stral rate of 4 per second. The four
prlfgﬁﬁéq%eg% %ﬁ?‘nﬁf’%}shtﬁrla four densities of 83% 92%
nr~| 990 094 of nnra fraa HanC|f\/ Frue—-stress—is

IOI 0@&@&1@9_@&%“ tTé{ﬁ &htusd n. TOPPés@&Péce the sanpkes
fgr mechani cal testlng al gy 625 netal powder is

fi|l | edPdnsity cylfi ndrical staifnl ess steel (Al SI 304)
cap &}Jt eore&l WP || neh adFX 6 inch L&R¥WN, 0[0625 (histh
wal ness The capsul ¢s are vibrated durin

fl = V=T oancihyr A + h~t A o nanl o A~ AN g
1 I 1 Ily 19 \J CiToWl © LAY A > " I murnr Puur\l Ily UCTTOT Ly \JI

abhout 0885 is achi ewgdo Thege cappgbes ane 1
sybsequent |y eyacuat ed, bakedout, and seal ed. [0049]
The Tour_densifjy Tevels (839 92% and 989 and 99. 9%
were i d@8tified as HEPhg appropriddPe for 1
characterizinglthe pore fradtion and flow stress
rel ati ogghi p. This c1b766acter|zat' 'l ows
identifi'cationfof the'rdeal |target density Ieve]I f

or
t If 1l t A~ nrococ n‘ Al l v, GO0 1 Al /\l (ad] QQ”()
A>3 \Jl llul L ullbUL\J l \J\JL&\J\J' lly \W A} Aur 1 \Jy VaJ (TR AV | I UUN\

stleel . othe "HI P 6 019pooces< sof tneuce, ertltled1

"S$of tware for (:onstructl ng Vaps for Sintéri ng and Hot
| sostati ¢ Pressing. (1990), which was devel oped by
Prof essor MF. Ashby at Canbridge University and is
avai lable in the public literature, was enployed to

ermn
088 £y "Ry A SO BT e B A IR R wsing
a dgfemdtioadilatonkadylte déternviab dw, flandtrases ateA ISt Bﬁmes:teél rm) m

Wik comisongnd SpeC2t d it B B el ST eparession
(UEHEONE LR BT E30lAL S 8EH ahd PP BRGREBY Alloy

machi ni ng. [0050] Tabl e . H P conditions
625r twdu cThaqextamagm f@momptrqsmemﬂtlnguse&pecn@lechgl Table IT below.
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H P 6.0 nodel and data fromliterature) [0051]

Conpression testing was perfornmed at three | evels of
wa@tooaiise2rat es using a deformation dil at onet er POI/US2009/041676

determ ne the flow stresses of AISI 8620 steel in

wr ought condition and alloy 625 at the four density

| evel s. Sanples for conpression testing are nmachi ned
[0052] fr om TalsledhtTedl Shiri@ddOcormstessivch tehtigconsol i dat ed

Al'l oy 625 bars. The test matrix for conpression

est iMgtetifl SPECP] bePhdoteticablle Il @ﬁleos\ffahpﬁfézdzl/g_@t)' e
IIl: Test matrijx for conpression testing [0053] For
gach testi ng dondi Deﬁﬁt}{ i sted i Tabl e | B, the sahdl es

wetre 1175 x +—= oC at pomat—t+at of
10 Cf‘”?%%ﬁ;'h t est sggci mens vver% held at’ this 2
ltenpg[la§,g2§ far 5 moytes and then )rrprgssed to a
n

~—+

east to the tlotal strain ofl 0.5 1t|lis inporfant to
ot eAﬂhﬁ&i he [t esti n@S machi ne vva4s rup in8strajn 12

ad A A~ Ll s AN o + i ot HE- NP~V P~
UIIL IIULC LU LIIC LaUIID alll T u ot TiAl 11 T
hr oﬁg §¥5the t est %?‘d theg data was col’l ected alfa
| alfST 6908 skl qapt Us&e &k Of [the ghanges ign the 12
tress/strainlicurve during tlhe test.|Each test
condition specified in Table Il was repeated three
tinmes to ensure consistency in the results. [0054]
Figure 4 shows the data collected fromone set of
[0083]t s co nﬁu@heldteatﬁngldoﬁﬁitm l'mtﬁd in T4bledl, tls;eesampdiesst/afra ihpated to

rate. Fromthis eV| nt that. the fl

Dl oL ée%traéwﬂ?%?l rﬁ‘ieaﬁ% UPEL gB¥o Rt o ctimear Y g this

te&%@faﬁﬁé £t § rﬁmfutb% 2R MR M dsBe ARG &R B ghéjt%ﬂﬁ’ kﬁréﬁn 3ng.s. 1t
conver sel Yy W t h increasi n% pore fraction. | ow

is smpergant of ngi¢ Hlat B Aestingeadching veasirhh il shiger cqrthl@ﬁeémOdy to keep

P iy Ba B R LRl PR s MR RAFRORL B0

rafe8 Chpturchll of tHabhRgtd in thOQRRY strdln QuEedutifg eHéatiti Eachtte
rel ati OnShI(E of flow stress with density of alloy 625

condigipntshecifipd i Eableld suas rengpted dlifieg Emgp teenshro @asipigacy in the

re&ﬁﬁditi on in Table Il and their repetitions, nean flow
ress is estimted using equation 1 below. s n sode
Equation 1 b[ 0056] Were, ea and Sb are the upper and

[0DS44er bo Lilﬁgsredf shpivasliid datstelbicted franespest of &bty conducted at

ul n of nmean flow stress usin

| PRt Pary s BaieaF T r_@PlagHS it P Howa

stidBIREUBEd 5 PlRAAdSHFRUNHEMSEy 6¥4&RedsSs e samples with

decreasing density and conversely with increasing pore fraction. The flow stress of

o —

AISI 8620 steel is still lower than alloy 625 at 83% theoretical density. These

observations are found to be consistent for all other strain rates specified in Table II.

[0055] In order to quantify the relationship of flow stress with density of alloy
625 from the true stress-strain curve at each testing condition in Table II and their

repetitions, mean flow stress is estimated using equation 1 below:

Oy = oyde Equation 1
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shaded region in the graph bel ow, represents the
integral termin equation 1 and is estinated by
woewmensxas i ntegration techniques. i > Schemat PCT/US2009/041676
representation of flow stress using Equation 1 [0057]
Returning now to the drawings, Figure 9 is a plot for
I nconel 625 showi ng nean flow stress at various
[0086]at | ve Whbes] tjd o arec thdhoger did foavee robulﬁisroa'ptasﬁast@&ns
and conflrns that H Ping I nconel 625 to | owe
re&@ﬁgm Yl %}é@f%la%fégeaﬂlﬁ@% PFess Usipg Garation lérsctpﬂﬂé?éncﬁlév

LIPS T, Shasia Oy ALk AR E IR i
shddtd:daregmnnn thelgrEplglnﬂiwgrepls:sans theentagrel efmime@atibedtand is
%}tlons The Fi urg(%»&hEQh confirnms that nean
é%?%§§ﬂwéﬂﬂwg opsega ently deformalloy 625
can be consi derably decreased, at all strain rates, by

HPing it to | ower densities. [0058] Previous research
studi es have reported t;a; for the successful hot

wor ki ng of a corros|on fe&sfest ant al | ay/ carbon stee
preform the ratio pf f %M/s,ﬂ~
than 2.3. Figure 10 '
different strain ra
the ratio of nean™
respect to the nean

es shoul d be | ess

ri-ation at three

nd 12 per second of
alloy 625 with

B of AlSI 8620 steel
wth density of allpy 6R&ww& ch level of strain
rate. The limting fati g cessful extrusion,
2.3, is also plotted |nﬁk|gurefg for conparison, as
the horizontal black I|ne I is unlikely that a
bi-metallic preformcould successfully be hot worked
above this line. This graph clearly indicates that
theratio of flow stress canj?e consi derably | onered
bel ow 2. 69’”{‘%‘1‘ ’feBF?Sﬁ’g“F%Oﬁ f”ﬁéﬁ@!ﬂg@qﬁ?”% oy 625
during H P processing. It is also worth noticing that

[obsg i nfl uenesig) no'?vl} [PHhB dFAYRg O FiduR€9 P4 pIBt Rfr ThdoRW 625
stresses is mnimal. At strain rates of from4 to 12

shptynn&l@@@nﬂlow atesalak @iyrlcs@ 5elafa‘9€e¢enhlaw$ frg three érf&mry SHAINYRAOE

ardreghtlnts AR ke RspbTes TR RBTRARR G W wissupeauivd

foFEg@tﬁ@deff&mha{tiokiS MahgRovastfds9 frdilag basm sicstvieh @én@ngs atothree
e method of the invention for determni

lewels pF et rasest iEgph data peing 1 Figuesro i aa@ﬁﬁ@a@gf thm’e tgst
re?étﬁfo% rq‘hglaﬁ%gﬁﬂe\%:% %(]phséﬁlgngg ﬂaaﬁkegﬁ) %%ﬁ%gssre&ﬁl?edstgl ect ed

accor
permanently deform alloy 625 can be considerably decreased, at all strain rates, by

HIPing it to lower densities.

[0058] Previous research studies have reported that for the successful hot
working of a corrosion resistant alloy/carbon steel preform, the ratio of flow stresses
should be less than 2.3. Figure 10 shows the variation at three different strain rates of
4, 8 and 12 per second of the ratio of mean flow stress of alloy 625 with respect to the
mean flow stress of AISI 8620 steel with density of alloy 625, at each level of strain
rate. The limiting ratio for successful extrusion, 2.3, is also plotted in Figure 7 for
comparison, as the horizontal black line. It is unlikely that a bi-metallic preform

could successfully be hot worked above this line. This graph clearly indicates that the
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the desired fl ow stress val ues determ ned based on

conponents. For exanple, the materials for the sleeve
w@ casay22and core and additional |ayers, if anyPCT/US2009/041676

typically will be selected depending on factors

i ncluding structural properties, corrosion and wear

resi stance, and cost. OQther factors nmay be inportant,
ratle péﬂd-i;vrsdgegsrbah fhe cﬁmﬂdarstﬂy dﬁwérE@blewm by talloging lﬂfet fifal

i n_accqrdance with step 62, the ow stress val ues are
de&é@é?ﬁalmfc@é shuripg 1B pEisssere. b mpdinewedh pefigipgthat ﬁ%m ly
. . - r‘ B e o
R P e o P T S Pk P Eh ey A b grisgof fom
4 tohiBseer ceampdnend|bytdatlayser baying pdsesityfad92Usef full dehsity or less

pracgtice qgf .the invention inh a cast ar forged state,
stBpfifbesifiofls fryirosonie i seprdangs ER tedhysthloogni sed

that all or a majority of the conponents of a
[00B9]t i - Com?ﬂ@fltl iRbdtha@ds ANy BRgRINEORThe dtchs 6NMhP AVWEIRIJ ofithe
~desired. IT the ratio of these flow stresses is no
inwgtentpadrterpoung thadesisepEprtimpofperdsity ot asompanent pieh,

[ CGOL. i C t.] I - r usi
ooy o B R b SRR S @ e
the desifed fldseslresOvaltibredoti@iivad kcd Srecdnpeidhis O Mo enankyte, the
practiced as desired. If the ratio of flow stres
f

1 . [ S .
tatiply ordhe plRgyor(gnsey arrbense aabpiditienahiypent < yRjFeht wil be
sclcR depchifls AP Aldtor g dhld oo BEGRECR o Ry
refistantd, emd adst.pOthes facyors may fbe impontor.etepsndigon ticldnd lmse of the

prepared from powder netgllurgy. The fraction of .
pr_aewﬁs ffﬁgfe%éerd@taémﬁm Vﬁgb%@? & RyTlewpiressriadis i detgmaned
fog ?%g)trb ds@&ai ﬁ(grﬁﬁ’éﬁeh{ﬁn SR @lIRUERR stdte, 3R HARGS-cHdt bbb gor%ed

: ~conditions of "tenperature, pressure,
state e agitNd neastreads ennsolodatesbiofull Henspty es@lidiog 8wsé ceroporentsghat

orosity.in accordance w.th. st 70. These condition
B RipRRSol ProRa MRS CiT e ‘Bl UER SorEQTyl! &% as
wiov@Bt @fld GteBll §6sHona Bolek dNat 1 1Y @ Fh )&ty QF tiR diiponents
techni que. Thereafter, the conposite billet can be

ofssmplhtoseponaet ket peayees marmed Gaminoveler.nf dastrad i Brihg ratio of

R LRt b pRhhod SR 0 AT 2R R sR o R "

act@mandd wish stap 68, @ni ¢mionali @gsHansioh of bthest@psntidnal pRstic
met hod of the invention for creating and extruding a.

dedmndien teehnigyes sandisriseth o thaas aﬂw&%ﬁﬂ%\feﬁflﬂ%e%l@e Recticed
| ea . ' .

S Eale PRERAPRL LLaTMRRMT, a0 #12 LigaRbich

gregnstbhn ddttedbarit?il, tless serdscedance witke stpe 66.oranoud flowstedsd

e . . . .
Valfues are correlated with the fraction of porosity in the components that will be

m

prepared from powder metallurgy. The fraction of porosity is determined based on
suitable flow stresses identified from the correlation in accordance with step 68, and
conditions of temperature, pressure, and time are selected to reach the preselected
fraction of porosity in accordance with step 70. These conditions can be fulfilled by
hot isostatic pressing, cold isostatic pressing followed by sintering, or other technique.
Thereafter, the composite billet can be assembled and prepared based on this
information in accordance with step 72 and as described in connection with Figures

12A and 12B and elsewhere.
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recogni zed that the representations in the Figure 1 to
which Figure 12A is directed of a bi-conponent holl ow
whrdkasz27ar e not i ntended to be excl usive, andPCDOS100®041676
contrary indicate the wide variety of potenti al
configurations and materials useful in the practice of
the invention. Using the information determned in
[086@J0or dancEigwdet 12 AFllgstreslal flow diuiesm odthesrph b theaincthal of the
. pre-consolidated and then assenbl egﬁl, into a bjllet if
inyeidionder gringradgeceiudipe pgempnsiiso iy ti-rampenrat kollgw peygorm

hagggca{rt? sPHD ogﬁnéf}gbgn g{)]\%\érsahﬂ SR8 filof dofd mAs ﬁa‘?:]ﬁllgﬁ%

ed abov own I n connection W t ur e
pob@Br cpipGiht Bingucensdideted intd aswiebdedan thiGpdrfoemi di shoald be

step qf, encapsul ating th | id conmponent, ingluding,
reg?ﬁnﬁ)@aé%ﬁlée’ emeéﬁ&mo%gtllé 6’51:?% reﬁrtggglﬂcg}eﬁgﬁrgdgg is 1reaed of
a BiLdRIneNhoB vt Cark Abt Mtddbd & bd KelBive! 4= B8R thelddBtrary
~capsul e provides an annul ar space for the powder
indigatsshewtdetvoribe dfippteatial conBpuraBonswing reaiprzals eseifig in the

vi.brat.ed .durin Pl tep. 8 to. maxi m ze, powd
ol RN Y. sl By Rof s BB R RSB0

Fig@@ 18dpoederdeapHbhdedcaliaveciconoaanes hdhciatddmbl GULD a
. The capsule is H Ped or otherw se subjected to

bilefrififlesitgn andfreatedriseiuaionbend fedawas ¢ thedepined parosigics and flow
' ' t . bri -
ol 5L AR 0ER S, ROTROSIAS R PR s,
128 .her processing, step 84. Typically, the powder
conponent will be consolidated to sonething | ess than

full density. : bl d HPed hillet is t .
1008l ed_etn Jisthsi @gﬁ,ﬂ?@f?ﬁﬁ %gg i s af paerrai B i
c [ B! ﬁ%l&ﬁiﬁp%ﬁé&%ﬁ}e, %?(ﬁ%h§§eel,(a)(iﬁl%r§dgrtéri4gﬁ‘é& dife8RoR0-

[ 0062] A conventional electric, oil, gas furnace or
suitablla do1i aobillbielat Extypsmay The capsde provides he annuldrespiiel foethe

Addi ti onal S i.ca be i.ncl ude such,.as
iR EPivat SRR TRt TSPl RE e
88 tdPREkidtl zOpow ddFPaclE AEBEsTR ané & th@flevas@akd, Maked-6i&, and sealed,

billet, to dissolve internetallic conpounds at the

asjdep@tticd @bosfintcpanegiipp yathdngwe hd dde sapsudcis H11Pghpr otherwise

> al | 0 teegl. t.he: '
supBERRTY B il P Bl B e 558 ' SHEAGY Rohe e
cotrrhpmelalp lpﬁdbw brafethé ?omﬁ@ledis&gelt)?p%tﬂﬂe ﬂﬁ@it}%ﬂs Ifbredo-extrusion or
ypi callly varyln I om one- ha our to f.our )
Otﬁ?mr%@e[sae%@}epﬁ‘*g iR the paniﬁro%ana@mawﬁiheweg%qhéﬁ‘ieﬂgo
sob¥enif§ fRS t12h AT ARLY "¥ht B&embled and HIPed billet is then cooled to

ambient, step 86, and thereafter reheated to extrusion temperature, step 88, and

extruded, step 90.

[0062] A conventional electric, oil, or gas furnace or induction heating may be
used to re-heat the billet. Additional steps typically may be included, such as holding
the re-heated billet at a high temperature for a period of time, sometimes called
“soaking” the billet, to dissolve intermetallic compounds at the interface of the
diffusion bonded surfaces. For Inconel 625 alloy and wrought steel, the soaking
temperature will be from about 900 to 1200 °C for a time appropriate to the diameter

of the billet typically varying from one-half hour to four hours.
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bill et conponents separately and then assenbling these
conponents, in which at | east one conponent is
w@arwil1ad2lig densified. In accordance with step F@T/U82009/041676
first conponent is prepared from w ought, cast or
powder. A second conponent is prepared from powder and
subjected to heat, pressure and tenperature to a
[0063]9 et frRighicO?Bok aflmodibgim idlusmtiag thelhepsseEeasparing the
nponent coul d be treated to |l ess than the target
bif ?taC@ET}PBHent? senassly and thehaswrbYnE hose CPBARAFEL fir ik Heleast

oﬁ%ﬂ%gn&ﬁ@ﬁﬁﬁ!ﬂ ??%ed e cfohfaﬁEe /i & @qn? Flrst component is
conponent s [ t1-conponen
pralwedrfrbm wofougint east tnapowdm IAas,eemmi dognpiomtensl pnbpatadérom
ested, and fitt t oget her, , ste 1. At thi
Y Brd Porcctetib e PRSI oM BEREpTB S s St R and
pdraﬁtys @t@ﬁ 89 DEhWRRBNd BEMPAEROAKI Be %eﬁ@dlﬁl)tl@&js thhd the eﬁged
. The billet assenbly can also be treated, If

fr@e@nrlédesuted lTéachpsuberig eftm@@dirqnyﬂ@rsecmdfqomoomtbﬁnﬂ, the

ﬁrpan Q0 en onaht t0o relftamu - re\{lg n%ta %l 0 e
LI USRS At L bR l5etans REftsY Ost'ep

th&twd R ?réx@\f@ﬁtémie@ Qed hddgedtaad fRetd LRe adp8 6. At this stage, the
Thereatter, the billet assenbly is heated to extrusion

bitlefrseanzhly cen epftpnelly bearaapaated wed tie seacs hisfersndbe ggmponents

ev%l:@ ? I%%Ii&{ R 8§nglh %ﬁﬁ.ﬂasspﬁl%%)éiso%% eddfftdl sﬁﬂ:’d to

rusron of a rom er as descti be
reednaset donitywehd diFfugioneoha the nifohests batoadaintaia hieglouyly

schematic way in connection wth Figure 13, Assenbly
ohtgiRedstarget dgpsity apd dHBp1I8 tw.ng RFFOTIONE RIS St %%|f01fﬂvaeﬁka9z

caBlin E&I%'bn?‘t%hxggratlfréll *I"Merg%eth%h@t adsOmByak heated to extrusion

pre eterm ned di mensions suitable for the planned
tetmipbtagtre ard ¢xarudad bvethyrwisssbndstod to ptrsst deformatidn. a
powdered steel or other netal and capsul e assenbly 94,

capsu e 93, cant a owder ed tal .95 at
0B b St Dl PRSI B T o Bty
ddséritddRe doﬁ{ecﬂém%wmr& neAtietluddate®@ R higBRScRématic way in
pressure, tenperature, and tinme to becone a solid 9

CoagItiog vatprleu@t 16 rAsseib yrcap stasirivio cihsr asireyghtion eastdieplg
gy 4 oA SR Gonds AV G SRR UBALE L

for erelathef bilket. Aﬁemm@ae dissegn il P cass el alﬂtﬁvd@'réd gtdel of other
the [ nvent| on, machi ni ng. or pi ckI in [ 0065]

mﬂa bapdsaapanl g?sspeﬁkyr%.t%p%? 9% RNtala g P desgbiptal 95 at
\F}\gﬂhﬂ)é{c}'{n@ ﬁ?lty Gfl?e%dvﬂﬁré'ﬂrkt&m Q%Ieﬁ'blysﬁ #iPed OF oth&lSvise
|nt IS ‘case a corrosion resi'stant all oy
treated at conditions of pressure, temperature, and time to become a solid 96 having a
predetermined fraction of porosity, including a fully dense solid, in which case we
have solid blank 92. The capsule from blank 96 would typically be removed prior to

proceeding to assemble the billet of the invention, either by machining or pickling.

[0065] A capsule 97 is provided for the assembly, shown generally at 98,
creating an annular space for the powder, in this case a corrosion resistant alloy
(“CRA”) powder 99, and the billet 98 is assembled in a manner described above in
connection with Figure 6. The assembled billet is HIPed, 100, or otherwise treated
under conditions of pressure, temperature, and time to diffusion bond the powder to

the wrought or previously consolidated layer and to provide the requisite fraction of
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("CRA") powder 99, and the billet 98 is assenbled in a
manner descri bed above in connection with Figure 6.
wab@asxzesbl ed billet is H Ped, 100, or other w&FUS2009/041676
treated under conditions of pressure, tenperature, and
time to diffusion bond the powder to the w ought or
previously consolidated | ayer and to provide the
poredityiisiticeCRAgRivden dhp@iibsd biflet i8 tiidnere Gidtep amdisdaked @2, and
HIP billet js then re-heated and sopaked, 1 and
Sa% tyrverllyWish Whriestiog; applied; pExteustangy 8P€workmg
lrrﬁﬁt Rieithd A%l 16y GELOMIRLIAR
%%*%cdé?ses L peloRty e L PeNiB i e ?%ge%’s@%s higymed
andriggutefldimbchtemnttiatfagially deBsd llaylerc]ei)Béscdnheet fuﬂardbnm 195, on
dens 103 becomes ful |y den se, 5 0 ssing. .
Do PG Hbe SXT IS Gy i1f e rioh ! Pl B85 Siifigion i
a Hir@WEarkion E}h@ra%i(l(‘fé@ﬂ PRollow Bi- éynﬁlﬁ)%meamétq@a QR atzmpﬁomng
ram 106 of ol | bi - conponent 'billet 102 on

memqmploertth@ugla Al r:>etru81ca180rtfmeddgl’qo frmeslad pipie dA4.or i f i ce
110 to formclad pipe 104. [0066] Direct extrusion is
10858101 BRI ERlio i G BEENY o AL RSALIUE S dilques for

plidtichictdimationy ehat @ bt Qs 1@%Uﬁ@ecﬁoﬂ afithehy indtntidhap §oduce a
Sone of the processes for plastic deformation useful
varigty qféhbveéc e dbthg M@Cqsﬁﬁﬁefﬁf pPlasiiG %?Wowwékm the practice

ofThé lﬂv@&uﬁﬂﬂclﬂﬁ% B er%‘i‘lﬁ cﬁg”ﬂldra‘ﬁ%f:t ﬁf&tlﬁ&i§éc‘f’ MW wing,
Mannesmann m , several others s u also E§
Msondsafhe mlkiulnghmalgshvasral othas ssmdd alsy bastitabéxy aithaighmot

resul.ts.. [0067] Plastic deformation may be defined as
negEssprily it QYRS ESHE: i n t he shape or size of an
obj ect due to an applied force or strain, including

[0bsTSi | € TPRGR, dcFQRRIIES BlayDeldefif&d assdaﬁ%vera%ouhaﬁge Arthe
torsion. |If the material "subjected to strain

shitp@ien Ureees, antabgast flucstol anmpphed) g5l @rmam, thefusingatensly faesge
%1 $0 s%)é%grcg %e rOQ ndﬁn 0 ?ormgrguﬁsth 1?1%413 e% t& Csjtra e
é) lﬁ ess % % a% Been escri e ure

friddurks, alsdnumuﬁfts dheagiceRRRMAtio B4V 1En BItedud. f(@ﬂiemfahe issues
dlsproportlonal flow, can also be understood in terns

ingfeafing clagwpnlent RIDRER Wy besp dessabediny fpiluies dl@rt@rffacture of the
slééef%% B BSEr ‘hg ﬁlﬁﬁ‘oﬁﬁ Bﬁalgglﬁp&lnbﬁ&i Aol Rhf 91'55 Ye uhdistbodl

astic or mat 1 on one conponent are exceede
offghé mmp(mehisélaomgedso rafivally difémént eecsppnes itathe saatnidppbed.
n succ ly.be subjected to plastic
TR G piqs G oy tb%@aetle OROGBREC fidiectisg prior o
tnl BR8] TH &%xﬁloyprbéd@s D98 S GRSTBCL Ful B SRR Hustic
an alternative to
deforrnatlon to provide a product that does not fail.

[0068] Figure 14 is a highly schematic representation of an alternative to the
steps of Figure 13 corresponding to flow diagram Figure 12B, in which the powder
component is partially densified prior to contact with another component. As in the
case of Figure 13, the assembly may be started with either a wrought or cast steel
blank 92 or other dense metal, or a powdered and at least partially densified blank 95.
However, in the Figure 14, the corrosion resistant alloy or other alloy powder 112 is
encapsulated and densified separately from the assembly to form a blank 114. This

blank 114 may need to be machined on its interior and exterior surfaces prior to
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steps of Figure 13 corresponding to flow di agram
Figure 12B, in which the powder conponent is partially
walewsilgizesl prior to contact with another conmpoPENUS200&041676
in the case of Figure 13, the assenbly may be started
with either a wought or cast steel blank 92 or other
dense netal, or a powdered and at |east partially
asskanisily foly @dstiigain khOilletHole Vidie bililoy 114 és thegostéonkiy HIP&d or
corr.osi on reS|stant al l gy or ot her aIon owder 112 is
ot BRTRAR SRR ISP G IS P BESUEH FBRBIYISG pRshilingelo diffusion

b&%%ﬁé‘f&kégstaﬁd {Pf R RnR 'té}g& dbhsit fBlP't PRARK %&41 oultf6A

chined on its Fnteri exterl r surfaces
repognareditioe slsembi der bayenestld hgve aireadlyebd:nnl Hredght kbtargEhdensity

et 114 i onal | H.Ped or ot her
win bttt HBar Bk aRarsThentt s VanbbErape fesired i
erichpRilatd BeBirfd: u@ému&%@ 1es 1h!%efab@w&6v§e@&ﬂnﬂdaeﬁe %ﬁ@ td hen

target density for the powder layer. It shoul
prpeaﬁdgﬁm heeidng #nal sopkie g podaxtrusicy efrhmomlldadmd\ﬂee mmm@yts If

ht to target dens i rst ted t
i gBhgiiRain bikuk BLER R PRt e g 3T SO 8
digkasibh Bgndlﬁ% eMnga Bﬁl‘kﬂt&hﬁlgttﬁl@ frbétidn@df pofosay 6115?\@21{6&11@1 €oaking,

i nterface between conponents and to then proceed to
aneextrupign aredthe s #igindnegrreddr usi on, which will bond the
conmponents. |f desired, bonding can occur at 116, the

ditio '

RSSO0 RN FRORRECH Bk 1R Bl i
ap@ﬁedtmm vargpty sioaktiahgeraand aaat Ithemmplastax @)mﬂmeem&rmpa&img]on
ure 1 0069] It should be r ni zed .t hat, the
thBP wertsy 5&51{%1 ﬁ*l? i) Btk i e 80 %F%Séafyt%ﬂ%equwalem

re¥iifs! Phdfofths BB corfrRERIA With 8RDrhdRE BPRcAR{drfion and for
conponents, depending on the properties desired in the
prbflurang grddpetor tubiinguearghllpean hedesyhed dsycompokite multi-

Iet reu Pr ef connection
e aRlbeaRhd Rt e pishp RS RTE R el beks
mddPRof frwb lébhd&ﬁtrm&f@k by di¢RrenP et 806 ysDaa nAsti-¢ @@dnft e

mul ti conponent hollow or solid cylindrical blocks, and
stiugiiresathicye mpe by inchusiep eddifiona cordestrieddecrs pbdrffergnt alloys or
t
otmﬁgﬁcag%oo%n%ﬁﬁée Iingtfall@"g caFBoer{a%n 5 p%’tlc%ga{r%{ ?Algal
chaeididristieral Thapadditivha lhygyetan hafreﬁnfeﬁ & syttinatlhyays’ o
ot hﬁr mat er ilif‘gl s to enhance met al | UI‘%I cal bondi ng or
typispily atgipacehpetmsan e sleaprad sairi Muyldgompppang structures are also

inge‘rf]lgé& iood%%fl}x&’é’aelhﬁxxlﬁﬁgc ifiéfa Js%f%{]e a{'sid%c‘?f%la&‘}’r{er s"

typically are p bet en t eeve and core.
colhédtionoaftpligeretS.st ruct ures are al so

[0070] The invention provides a significant extension to the material
combinations that presently are suitable for producing clad pipe. The invention as
described herein expands the range of components by adjusting the porosity of at least
one of the PM components of a composite billet. The invention has been described
with specific reference to preferred embodiments. However, variants can be made
within the scope and spirit of the invention as described in the foregoing specification

as defined in the appended claims.
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intended to be included in which nultiple |ayers are

sel ected as described in connection with Figure 5.
WO 0@90322The i nvention provides a significant eRCENS1009041676

to the material conbinations that presently are

sui table for producing clad pipe. The invention as

descri bed herein expands the range of conponents by

adj usting the porositWwhat Isatlainedds: one of the PM

conponents of a conposite billet. The invention has

been described with specific reference to preferred
l.e”boﬁ'nﬁﬁg%mrpbﬁé’iﬁ\é QbiXARLARL 31 £30 1hG MBI LoinPoddif:

scope an the invention as described in the
infeo-mmgaillwglyslmded |s¢1dtﬁrstrandsse¢jmﬂ|cnaqbon¢nt$ erehil@ppe Adednd

cl aj ps. What : npanent cl ad
sebpi] B0 RAGPFy PPt BB e bt RB b AU ctein at
1chdhbRE of R d@fitst &Rl dkoRPOIRSbneARINs b bbRtvoRite 8R&RPhan zero, the

conmponents exhibiting first and second fl ow stresses,
pare g@lelmeupwgdeyermmﬁdrte ppoide carbestiigiloefesreompatibla mdth
th\M?l In a&ft t%tro eo%fn aid first and second

%’ HEpt & f) SRENBT une greater than zero, the

pore vol une predetern1ned to provide a correspondi ng

rom1stress conpatible with the flow stress of the

2.0t heFhaedmpbietef Claim fieherqin ghediillgtas a bellasy hi-pampaisat &iflef,
kB ShhrLR G S lallor SRABIRE LU L v
basecmumyepuwdes partinily k@lsbhdacd @l d donsippudied?s péfill édnkity or less.
consolidated to a density of 92%of full density or
| ess. 3. The clad billet of Caim2 wherein said
3. densr i 015(?5‘19@[5 f 198 Q%&clﬁg’al& g“r%geg bn dR08R3 Vo 92%
4. The cl ad bl? let of daim1l n sal pore vol une
m%hﬂdmmnWess t han from about 62 to 72% of theoretica
full density for a spherical powder. 5. The cl ad
billet of Caiml wherein said billet is a hot

4.1 sostid d1&Abil¥t HrEaRed whetdi®tai@dporeS@ilEm® Rt R4 HHAR floPn
determ ned by hot isostatic pressing conditions of

abouhe? tot Bfipef ﬂa@qneécalefmldj derrsets derresphericatipewdetad bi | | et of
Claim1 wherein said pore volune, concentration, and
di stribution wthin said conponent provides conpatible

5.F 1 ovllsd dlesbilloes VEein $@ihdrdin k&l billet is a hot isostatically pressed

billet and said pore volume is determined by hot isostatic pressing conditions of time,

temperature, and pressure.
6. The clad billet of Claim 1 wherein said pore volume, concentration, and
distribution within said component provides compatible flow stress between said first

and second components.

7. The clad billet of Claim 1 wherein the ratio of said flow stresses of said first

and second components is not greater than about 2.0.

8. The clad billet of Claim 1 wherein plastic deformation is hot working.
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and second conponents. 7. The clad billet of daiml
wherein the ratio of said flow stresses of said first
wa@p@9asend conponents is not greater than aboRCT/RSDN9/041676
8. The clad billet of Caim1 wherein plastic
deformation is hot working.9. The clad billet of Caim
1 wherein plastic deformation is a tube production
9. gr OCHSsscla®bitlet @Ching gmtﬁaeeug plastic @f&'ﬂiﬁﬂleﬁioinﬁga t)fbetj)ﬁ@hicfi@n
irect extrusion, indirect extrusion, Pil mllin
Pragrss Meped framihe sroup NS ES of feavapglirsel ¢ Sl@rﬂ, edgech
[ I | et for clad pipe or
eXt\f\tilij11 Pﬁ’glmﬂ ?hﬁllﬁg Arﬁl ]\é[h@l E{u?g Fl@'ai m wherein said
billet is externally clad, internally clad, or clad on

ot h_si des. of | an said ¢ nent ai d. pore
Gt ohe grbfler SRS s Ris o0 BMRE Neprdloan 48t it Porer
wBihber one of said components providing said blank. 12.
The clad billet of aim1l wherein said component with
sai d pore vol une greater than zero is selected from
Cgrer"g%ei cg%d ﬁl(l)lgfs Q llﬁfg il \9v V\%rgln ({]t?e ﬂt Sﬁg%ttc]ll‘n%ll}/ 8121 1r1]1ternally clad,
orellRCd bt kidps OPEPIahIE SaidlddaTpFREnt FiEHRId p&ES voRIAEE greater than
conmbi nations thereof. 13. The clad billet of Claim]1l
zojh Bios 1 ding sl clad apd fiermthagiops o sidi cqrapencpisi e dige saiddrank.
than zero is nickel-based alloy and said ot her
conmponent is steel alloy. 14. The clad billet of Caim
121 whBtieadlid bidliedofollamn bivHeedin s&d bompdsdnt wvith sdid.pofe edlashe

billet having a structural conponent bonded to wear
grgsteiigpR gap éﬁsqlf‘ééqut{f%f D FRrR FOTrit AL Pﬁpwp%ﬂepwxﬁlbltmg

co%%ﬁ'?@@&anc%aévgarggé’fg%cenﬁf&%{hu EQ¥rRhl 193}{)&85@3 AReRkI

having a predeterm ned pore-volume greater than zero
propertied, abd dorhbinpi@wsitieed. f | ow stress response to
plastic deformation sufficiently simlar to the flow
stress of said structural conponent to retain said

1ondrif digd bikkASt 18ing ¢ WHerEA 58 cdBporftniRAth Q8 dffdke volume

producing a clad billet for plastic deformation, said
grestehiban ecaps hiskalpasdrealloyapd suifl othey compunat isgtes! Allayst
billet conponent; b) providing a second bill et
conponent adj acent the first billet conponent;
14, The clad billet of Claim 1 wherein said clad billet is bimetallic.

15. A clad billet having a structural component bonded to a wear or corrosion
resistant powder metallurgy alloy component, said powder metallurgy alloy
component having a predetermined pore volume greater than zero correlated to
provide a flow stress response to plastic deformation sufficiently similar to the flow

stress of said structural component to retain said bond after plastic deformation.
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c) adjusting the porosity of one of the billet
conponents to a predeterm ned value correlated to
wee@dusr7a fl ow stress in response to plastic PCT/US2009/041676
deformation conpatible with the flow stress of the
ot her conponent; and d) creating a bond between the
first and second conponents. 17. The nethod of C aim
1616 wWhetiehda fohprosiueipg afclgaralétdbnglagicf def@&inabibh,| satd method
conmponent conprises the step of providing a wought
copylsHg 8¢ 8ePs ®ff ank of predet er ni ned di mensi ons and
flow stress in response to plastic deformation. 18.
The nmethod of Claim 16 wherein the step of providing a
secand biprberdingonipcheititt @adimoent the first conprises
the steps of: a) welding a capsule to the first billet
to create an annular cavity; b) filling the annul ar
cavigy W Bviafle LM BillcMRRMpon8isti adfR8%t tR fidy videwder ;
and c) vibrating the alloy powder ile filling the
cavidompoage; d) evacuating, baking, and sealing the
capsule. 19. The nethod of C aim 18 wherein the steps
of adjusting the porosity of one of the billet
conmpgnent &lj@idg eiceirodi§ of odaeBdtHeeiNg @Bmbbeeni folaet
conmponents conprises hot isostatically pressing the )
capsiieéeterarined ylegerelaghiodreduss adflovppteass ireichaise to plastic
condj tei . Of T, e saj
bond AoisR sohRAL Ahifife A0 BERTTHCohS. hBhE L
met hdyd of cr&taigra o dfogtvtdea the spandsicoond densinems of
dissolving internetallic elenents forned at the
interface of the billet conponents.21. The met hod of
179 al MZQMhELECMihNS wildehn Ale s%pc‘?@rx iAthol D RE 5iBE &nldofient
el ements conprises heating the clad bill'et to an
coaxtrisesihe ntepexfperadiog e vanagzhd catbon gtethidaidi o ppedet@thinethe

.net hod of aim?2.1 further c i.Si ng the step of
i S v CL R e raplgy s " ©P
predeterm ned extrusion ratio. 23. The nmethod of C aim

16 further conprising ultrasonically inspecting the
1§. nt ebfrd mythod of Qi dhdyvhepan thy sient plgurovidmgpy ssders hifetc| ad

cﬂ&%e&rad}a%gﬁtqge ﬁl%?.@orﬁl]g’rlis%g tﬁehs%epséto?p s of:

a) welding a capsule to the first billet to create an annular cavity;
b) filling the annular cavity with corrosion or wear resistant alloy powder;
and

c) vibrating the alloy powder while filling the cavity; and

d) evacuating, baking, and sealing the capsule.

19. The method of Claim 18 wherein the steps of adjusting the porosity of one of
the billet components and creating a bond between the billet components comprises
hot isostatically pressing the capsule for a predetermined time at predetermined
conditions of temperature and pressure to create said bond and to produce a

predetermined porosity.

20.  The method of Claim 19 further comprising the step of dissolving inter-

metallic elements formed at the interface of the billet components.
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a) providing a wought steel blank; b) welding a
capsule to the blank to create an annul ar cavity; c¢)

wo dobi1sz7¢ he annul ar cavity with corrosi on or MeBIS2009/041676
resistant alloy powder; d) vibrating the alloy powder
while filling the cavity; e) evacuating, baking, and
sealing the capsule; f) hot isostatically pressing

21( " H P iagthpd bhelatmQapshdreh etk agsefdisypldiig Bit@aehctbllia rel@rnents
and, al ] oy powder at a pressure and tenperature and fo

comprispphestiag élteecrl%ﬁ hidgt tPé‘nr?F‘Wfil%teﬁlPﬁE?rt‘fbr@lale spakingide bilket
alloy correlated with a predeterm ned fl ow stress and
to bond the all oy powder to the steel blank; Q)

2% ool Tiegmtthed efiChpa R dtieberasspnising thosteponubecpagandr e

em)w the assenbly fromthe capsul e; h)
eXﬁI@ﬂWSﬁ@hl et rBEARITESH SRERIED FHBm ¢ he | nt ef f ace of
Hl Pped conponents; and i) extruding the H Pped
conponents at a predeterm ned extrusion ratio. 25. The
23ret hbe: wéthall af fladm IHfertedrronipeisiog effraspniexliy wdpasyng He
inﬁe[ggpyegftﬁgggg({)ents conpri ses heating the conponents.

24. A method for producing clad pipe or tubing comprising the steps of:
a) providing a wrought steel blank;
b) welding a capsule to the blank to create an annular cavity;
c) filling the annular cavity with corrosion or wear resistant alloy powder;
d) vibrating the alloy powder while filling the cavity;
e) evacuating, baking, and sealing the capsule;
f) hot isostatically pressing (“HIPping”) the encapsulated assembly of
steel blank and alloy powder at a pressure and temperature and for a time
predetermined to provide a porosity in the alloy correlated with a
predetermined flow stress and to bond the alloy powder to the steel blank;
2) cooling the encapsulated assembly to room temperature and removing
the assembly from the capsule;
h) removing intermetallic elements from the interface of HIPped
components; and

1) extruding the HIPped components at a predetermined extrusion ratio.

25. The method of Claim 24 wherein the step of extruding the HIPped

components comprises heating the components.

24



