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begi n® to aggl onmerate and to resolution. Figure 1 discloses the relative
.concentration of gamma-prime with reference to tenperature and time. It can
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Table 1 illustrates the nom nal chem cal conpositions of Inconel 713 and }
-I-nconel 625. Those skilled in the art will understand that those alloys are
“manufactured by a particular source, and that correspondi ng alloys can be
obt ai ged from ot her manufacturers under the UNS Nunbers NO7713 and N06625,
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- 2.8 Fe 5.0 nmax IABLE 1 Cr 12.00 -
14. 06 M 0. 50 max ' : Fe . 2.50 max
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at which stress relief occurs. The welding caused precipitation of gamma-prime strengthens the alloy, while

the alloy is simultaneously attempting fo stress relief. Strengthening is accompanied by a reduction in

~ ductility. The combination of the inability of the part to siress relief, coupled with the gain in strength and

50 lost ductility are among the factors believed to be responsible for post weld heat treaiment cracking.

Cracking, as is known to those skilled in the art, is a strong function of the hardener content (aluminum plus

titanium) of the alloy. During weiding, some portion of the heat-affected zone (weld site and adjacent area)

is heated into the aging temperature range. As the metal within the heat-affected zone solidifies, then the

aging metal may form gamma-prime and become subjected to welding stresses. The combination of

s6 welding stressés and increased concentration of gamma-prime is thought 1o be a'cause of hot cracking in
the heat-affscted zone of the alloy.

Figure 2 discloses an apparatus for practicing the laser cladding or welding of the invention. The

substrate 10, as best shown in Figure 2, is comprised of a nickel-based alloy having a gamma-prime phase,

5



“duct | I|ty The conbination of the inability of the part to stress relief,
coupled with the gain in strength and so lost ductility are anong the
factors believed to be responsi b% i wel d heat treatnment cracking.
Cfacking, as is known to those s 'Pled Inthe art, is a strong function of
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fromthe cone 26. 2 powderﬂrﬁhidssfafeond t el pscage-g29mbsron, 20 [i ncl udes an

-openi ng through whi ctrstroudirmg—gas doct—50—Tommmo-— 1 de ©s. The duct 50

serves as @ sQuULC %ses PRt OT o BmStly QUding R et gon, o WD
used j n.nttt@b'ﬁ# P LGS o) iﬁgmﬁuﬁﬁ.a uréﬁ m& ép@ {%gﬁt ﬁg n for
% il B&ehd, Ganto ih

.shroudi gg oc mg{%wam&e.fs 9:55 wi Il
~under st Fba th&J é?ﬁat for dxidig & de étp@%é' 9%1an uld 36 tﬁ t an
. Cl rcurtstaaat‘cealdawehw 27 & By Ehdmnl tﬁﬁ Mathsrshrad.d 164THRS Fow rate; the: pewder
mm O adeble pess brid tmoﬁrb&%ﬁcle size ar& séinohRat var&bl&ﬁeﬁaﬁhﬁ@upon the powder feed mechamgh d
Deposb t chbegick W dt h = 1,27 - 6,35 mm Shroud Gas Fl ow Rate (Argon) =
0,17 .- 0, 453I|e|S/e ftivat IaEaaﬂhdﬂia@ ofthess pradigitatofr Igaidhable alioys) wilkd érticlesOof ke nrainal |
: composition, can be done without the previously noted cracking because of the lower and localized heat
input which occurs through laser processmg The laser produces a very narrow heat affected zone.
Furthermore, the molten peol, produced by the irradiation of the substrate and into which the particles 40
55 are dispersed, rapidly solidifies upon the beam being withdrawn. The result is, therefore, a smaller volume
of material having passed more rapidly through the gamma-prime forming temperature region than was
heretofore possible via conventional fusion welding techniques. In other words, a smaller fraction of gamma-
prime is formed because the alloy in the molten pool is not maintained at the gamma-prime forming
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Powder Feed Rate = 0.10 - 0.40 grans/second Laser Power
=1.0 - 5.0 Kilowatts 40 ° Travel Speed .=
25,4 - 254 cm Powder Particle Si Z|9°0349661‘|31 80/ + 325 resh Table 2
di scl oses certain oper ati ng paraneter ranges which I have found
~advantageous in welding 45 |Inconel 713C substrate wi th Inconel 713

parti cl esmpbiatuer fat very Itrigethe tempaiaure Thangsl Ibeise tquitd diaMEtRNEICIA Ihd) ORIGUGCseldis
opti mum phouseeddagregs granaepareecendsi | | depend, anong ot her things, on the size
of -the cl adt.etepepied from Teble d thaFthe beseamedriel, thitknessisubsirist thicime$shiis o thel didagofa
deposi t 0013 gmesthe jhickners ofyihe clad dgpdsit e frésult éenthatttheamadsoaf the subsidteckupsiantially of
1,27 nfm B&Feﬁ’sﬁl‘? mefs of-the tmelismpepieplust neicles Thr @suting fﬁae%é!ﬂme# ¢apse theysubstratelio
powder f&&ds raa{teéf s"&anhrrép'?bm the, pqlj espestially 2 it A formaadrhepfvaq of e raplg| relative
dependi n§‘° ?Te",‘ o °'nechan| sm so chosen | believe that |aser

-

cl addi ng qw f1ecnoz °'WP’ ‘?tttF‘b I'°@§V90'F‘°tl°f‘ ke
nom ng i c@ %ﬁ%nd 0 gﬂnﬁz?twﬁg \;?p % b
because = & rlofien rﬁé h P imiﬁﬁs mg‘vegr
pr ocessi ﬂﬂ\twa tb‘ﬁw sat?rs%te b !

Fur t her NR4sBring € a SEMicieRlIquaRtit} of the &

ﬁés 0 ﬁlroY PR & t%?(% rate10
'% Etfg a&yrs"rﬁﬁﬁed ﬁ£ '
~and int ocmrabft‘aacanbes GbranyCaufiSiertt & aasure Eniplidhbs Wit 1hé3 tworc%m §f ét Ies UDon
t he beam being withdrawn. The result is, therefore, a srra er vol ume of

mat er i al clamvdé Nng passed nore rapidly through the gamma-prime formng
tenperature regi on than was heretofore possible via conventional fusion

wel di ng t.edhpiocpsedor dreventing @rackviormiation én sivkel hiley siissiratbs bavingfa gemmeERpriner phiae, | S
formed becem@eﬂ#nbehe@lelpeyf in the nolten pool is not maintained at the
ganwa2prine foreMding a subsimte§193 ipdbedGate® Baid syhsiaten 10y compuining\aanickel | atigycsubstentially

t enper at ure E¥PAM g@%é’w P gr@sanes erremma:prmophaw tepulting ffigear the pregenge phigamma-
“thousand degP¥B&merSipre per second can be noted from Table 2 that the
base materi aP) %g‘i'ﬂ'ﬂﬁ’h@ 8"'5 pfipaid supstratp rﬂ@e\, K’ng éaf"' heam &) prtkcaytingey mgiten ool 1op

tlrrestheth he mass of the

t hat
subst Pate su ,gk;rﬁrs'"arwp Vel 8‘2@@ P ) Sy S*e"iamﬁmﬁa?’e%ﬂ' s-aﬁ%rw-s'"g 2
part icles. &ﬁ\ T l&% ﬁl %Vr aSéal' Segm sa| Of ot 3 )
heat sink Whl'a?v% s@! |ﬁ& Xndé&?j? lz&ﬁg gtlf I @athnr Xth%%ma paojéfe:m% B% ause

~of the rapid re Ive notlon betvve e be erably, the
substpatg k0 933¥§§cc6r@‘h td Héim 1O inkilidin ;&L igfovidh qrsf;!&r L gahfhe-
relative mrzmachﬁﬁtme%fab&c&maﬁum n@ﬁa.rfé;psi gt earg’rla{e?mé %agnn‘rggaﬂ?red

for the rapid solidification to occur. The beam 10 24 irradiates a portion

of the def @cirochds anétdihg ton@aira 1N [2f mAUGIRCthe SIBFPT préviihgel sub&tRteadd) gvief gamma-

- substrate Dpome Breingaunstiuehte of alnaeneatibinefra ladstabnuti5sLcbyt wegghtrol t en pool i nto

whi ch3t hey becone di spersed. The beam 24 is noved relative to the substrate

10 at a #api roospreandortling tor alaim 2tay 3pinclydingt thee stere oisirovislingel substigtedi0)thedingsgrpsitar at e

10, whi'l e ®d9eformipg eonefituents ef rofmare than abquidids byywaidhtt he al | oy substrate is
melted. Rapid notion, on the order of 25,4 - 254 cm per second, is

geréral |y dAr9ess aspRrding,to 28y onecof clgims |1 thrauah 4ningiuding e son QkPrQYlS‘WEétSP'PFgm (19)

par anét ersha"i"@aﬂ"%ﬁtﬁ%%fywﬂ"ﬁr"l‘}@éss for prevent| ng crack formation in nickel

7o 8 A B S AR I S AR

a ni ckel rengthened by the presence of a gamma-prine

p has e46r egu ll-\tdr&gssfa'&%ﬂghg cleiirS ﬁr@lﬁﬁn rov'gfhb Hﬁt r(w hatin Q)no:jnfhgl %gén‘ﬁr':' ng a
~portion of cgaldditichtdféso J@anﬂ’éﬁl}@t@ oRmEI chétfedit Sitidh g@ﬁb%frﬁgﬂa) o
-..pool. of said alloy to be or med c) dispersing a supply o
- coati ng gantgrszb@Sactoidiig Wiahybrid o‘Fahrﬁlls BQAY 7, ifchidrg M8 Istep &t StovidirhParticiosTiab) rﬁmﬁgg a
ni ckel al | gymmaprinechhrmirigfconstiiuais ok pleddinigE? Bt by @eighdt | on bet ween sai d | aser
beam $24) and said pool so that said pool rapidly solidifies and thereby
m ni m zeS Agrovedsiageerdifg ig amyname pi claines t theugh § insladingitly st oftmdving thetiaser tBam (22) A
process ac aintich tngaid poot btz syest, of frene hivedi 25¢ to PwuaSd omaekr ipinge.i di ng a substrate
(10) bhavi n% gama- pri nme

10. A process according to any one of claims 1 through 9, including the step of forming said pool to have a

55 mass substantially less than the mass of said substrate (10).

11. A process ai::cording to any one of claims 1 through 19, including the steps of:
a) providing a substrate (19) having a surface defect (12); and
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form ng constltuents of a concentratlon Iess thaTr”lO SUfby wei ght .

process according to claim1 or 2, including the

substrate (10) having gamma- prime form ng consti imﬂg(‘ “‘B Hﬁ ﬂnnt ration
of a | east about 5,5% by wei ght.gR 349 661 p10Ccess am2 or 3,
including the step of providing a substrate (10) having ganna prlne
formng constituents of no nore than about 7,5% by wei ght. 5. process
accor di egpéretumnipr gere lorig. tHealemperature hghaagghbeing menqqg at"ﬁé“ §1°e?5d%f°f [fPW' d| ng '
a subst theusend degiees|@r more Ptﬂ&wOn at | east 60% by wei ght ni ckel A

accor di ng ttagn ayoted from{Taplp 2;t ‘hf @Fﬁ@ﬁ‘gﬂ’f" B"c"ﬁ'ﬂﬁi*, Ksﬂlbﬁ?’ﬁ "? g’ d| ng
part.i cl €512 tross hedhidh s@&fn‘?ﬁ °°ft "' th "b : AY g .
accoridi Pi§eeds the '5?%"6 |"i‘f’3,t il g di i) . g sP ¥ mlatngw ng
a nomin aﬁﬁe’ﬁf‘c F'Y H‘ r"lpg'sﬁsﬁ 'H'aﬁ'g Suls ?rme nom nal

cheni ca1“ ?"[ % tb ol ho % AinPs n
the s ate 6" to 14 1nPdc8ér G5 %ﬁ@éfw Qiaﬁ\ﬂ th&lioR NY
one Of gcitwée he su 'ﬁdf L'@h §tr§qglr fonotﬁé’}ébiqlsalﬂllfgﬁ‘bﬁ toSdcBift. T bbam
havi n ma'agfe&qa%ﬁd foHﬁ'J'& FolfeR o o&%&ﬁﬂis&goﬂhéﬁfbpb‘f sﬂ@tr&btﬂ) ™o 9.
A pr Oce a$hd?9§qgra tﬂ@\ &&maﬁw tH3Eoiter pdol Ao Which tHel) bedbEe disperkedC Irhebeal 2hemaioep oOf
novi ng Gve 18 4RI subRad 10 2da rabil spéddVie ordér 16 pietonp BXRbsstb mdltisg aftb substfateoi0) wiitio ut
25, 4 t Oagdlingltnat B4uiBididnp Gliantity BLithe alioy Gubsthatp isree®d. Repidonaibm@n the adey o25et -(F54

cl ai s dmipbrsau@b, i9 gererally sufficiagt tb hesustcepplaficef vith fesgytwo Zbmipqio@barareptdiive a 55
mass msubstantially |l ess than the mass of said substrate (10). 11. A process
accordi spim® any one of clainms 1 through 10, incl udi ng the steps of a)
providing a substrate (10) having a surface defect

661 B1L 1 A process for prgyentnqg craqm formatnqg in mekelt "’é'ﬁ!bé':'béi'?ﬁse qvggp %Wﬁ Bfmf anﬁee

t enper at ur®@mey C(]j@ ﬁ%ﬂs dra 1% an?

t hougand deg? pe 'E?raﬁ'l!? @?) tg@ H?ﬂﬂed f“l‘d %’3 t':‘f)ee I,jao glf'LE' é’?% Yt he
base materi '&elgn'ysg'e L AP LIF° 1 er 0

times the t ﬁ% %f gAl@gubgt?a?%) ﬁb} W|thT£'Eer%§ﬂ1ln {24 §nJ~ &%mJ Qﬁ\oﬂ@rsp%opcff the
substrate s mass of the nolten pool plus
arti,cles. ; l f JaRi w & saidlsabices o) Gormikingla a
Iﬁeat zgl nk mcgﬁi 2 ,fgf‘g&!:"g@%?“?‘ﬁ Ja%ﬁg%gsg@ﬁ??dah y asq?t i s@fm?)r rrrg‘g ‘B%cause

of the rapi g reﬁécaﬁd MBid Veikive mdtish \aeﬁeertéwu lagsrrBean d24) land B&0 pool Ro afiaz rsait lpgol t he
substrate 1Qad‘HWé?>ﬁd|ﬁé§|aﬁd ihdieby Mintmitds RPmatios oflghminia-paimed ¢ereinoand fafijesnt théveto.
~relative notion between the substrate 10 and the beam 24 which is required
for tshe2r ampcssslacabidiigoa tciatom 1.t iscl@ingune stdthef doeyiiing Bsubstate; (19) deving: gamme-RIBEt | on
of the deffentingldnsiitenté ofraneneentraion isss hao1d.Cohpweightd of the all oy of
substrate 10. The particles 40 are then blown into the nolten pool into

whi ch t BeyA brecesracerdingele slsim 1Phé. indudingthe tep phRrevirinet sHoskate (1@ '?ah'ag W rate
10 at_a rapime fapinggorstitupittie® coprepfalionsi Rt absyisre %‘ﬁ'qhﬁg of the substrate
ol ot G prermsbraraun Sl o Pk SJaY ot Y Sy Bl BB REE bimh
general |y 'm‘eff?'&' rpnstityentsy J'Péméeotl Tbﬁ fide Awb‘fﬁe'? jiese two conpeting

paramet gr s, gess {é‘%’@ ]lo aﬁA)} Q\e%? §I§|§xsf1q{1ro h&Y FRLAIRPNG SBE br roVidiy 4 QUbstraid ("1‘05)C kel
r

al | oy, subs,]iaf: rime phase, conprising the steps of:
a) prov dlng ate to betreated said substrate ([err])
conpr i Sigga %ro@é& I‘a@éortﬁiﬂ {3Yany %h& beddimak |tUrou§dhr5? @lubifg 64 shyp df pRviing petices @) a
ganme- pri NiviRg gaims-ginvd foiniig dohditiektle presence of gamma- prinme formers; b)
irradiating a portion of said substrate (10) with a | aser beam (24) and
causifg7a Nplot&s aprlingas cigiti & inaludityths etetef praviding Bartidiés (40) having:d nadiinapehemicAlg a
supply of ee@biifvy cpreeshinding sutstebijatlyotthe nomiral chemiselicomsasition pfahe Jubstiaty (19}0)
conprising a nickel alloy; and

8. A process according to any one of claims 6 and 7, including the step of providing particles (49) having

gamma-prime forming constituents not exeeding 7, 5% by weight.

50 .
9. A process according to any one of claims 1 through 8, including the step of moving the laser beam (24)

relative to said pool at a speed of from about 25,4 to about 254 cm per minute.

10. A process according to any one of claims 1 through 8, including the step of forming said pool to have a
55 mass substantially less than the mass of said substrate (10).

11. A process according to any one of claims 1 through 10, including the steps of:
a) providing a substrate (19) having a surface defect (12); and
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d)- effecting rapid relative notion between said | aser beam (24) and said
pool so that said pool rapidly solidifies and the VBRI mrmat'i on
of, garma prinme therein and adj aCprsgg%gpbq 30 H“Mlmlmmsmmu rding to
~cllaim1, including the step.of providing a substrate {10) Maving* -
gamma-prime formng constituents of a concentration |ess than 10, 5% by
wei ght. 3. A)jirfadiaigat bast arpdiiog of aidalebt 2 with ths, lasbnigdati ((24) Gpr chieing salg pad to
provi ding a ubsbd.ate (10) having gamma- prine formng constituents of a
concentration of a | east about 5,5% by weight. 35 4. A process according to
cl alun 2 18r ABrocess@besrtingdgo claien Bt erpluvbrig the stop df inggliating seiskdefest @2)(WHD fhetizept brgm -
~ganmaé  pri (1@ Haypgd pryecefromiapeut P 4o abputd@ Kieyvalts-t han about 7, 5% by wei ght.. 5.
A process according to any one of clains 1 through 4, i ncl udi nq t he step of
provi di 1§ ép@ﬁﬁta%"é'g(‘& v ong of claims, 1 frqygh 32. "l°|é'§.‘§ﬂ the Gt9p 1§1/PnREm: ?‘ﬁ Iy GorvRdng. 6.
A process | Qﬂ;?g "'P'Bs o Spid pent se. tha 3! perticia GP)therepy anfor paiRy b""f’i?@“’:‘,’teep of
provi gl ng fi%ﬁef fhé "¢40) havi ng gamma-prime form ng constltuents 45 7. A
',-FLS?%ZJ?ER%%%%% RO en BB ChSRsh ReB RERS el RSB S8R 1 6,
the nom na c em cal conposition of the substrate (10) 8. A process

accor di ig. A9, R0 Lk 1o Claitls ™ did "’}? Oncfuing ol ! & GorvDifing>dafifpaiicieD (43 With &AJ

partigles fébga Q@ygsp&dg@mdgﬁ,bmggggm ng constituents not exeeding 7, 5% by
wei ght. 50 9. A process according to any one of clains 1 through 8,

i ncl udi ng. Afocséseiicearbing @y iclaigh 13) GndivaMg Ithdd Stagof Bé)ldmgahaémovang GasSédndspgpdig at a
speed of f¢hefiicalyaolithe 2mvdyidgaasibout 254 cm per m nute. 10. A process
according to any one of clainms 1 through 9, including the step of formng
sai ‘L4 0dF. & rohess @ccardi§ to any anaobclamd$ eachts, mblliding thessier ¢f dosusing=theriases bedm @4)i d

~ substrate ¢mMHy subgitate MP)pr ocess according to any one of clains 1 through 10,
I'ncl udi n the steps of: a) providing a substrate (10) having a surface

def ect (1 29'08??6 a‘?°°’d'"9E‘IDC'9m31§9'"G'6’1"QB’1° H9P of fecugnoseidrizgserheamd2f po Watsaidiasen of
sai d def ec a("l(%)hﬂﬁac‘l’ia"[‘qtf’éa?s&?e%%’é‘&ﬁf*{%ﬁ“?‘dr”@aﬁ?@i‘ FOEU-d pool to be

f or medd. roces accor din ‘Z ?%hﬂe b“é' ‘f'Hg( gwg%g,\ﬂ,w&ma pﬁ.gl&gsru@f :

i rradi at 5’8 g @
13 A process accordihg to any

“from about 8??]"'9? LRI [1 mfet” )
. f t | [
i S bR

t her eby entq{ orfihg’'a M8 pﬁ&l %Qﬂ%&ggng PR B 127 k) A process
: ) fi n AV 1o 1,27
Is

~according tqy @ra,y.d.fa@eoa@fig .sdnme B coRespbitfirly 48l thB Groming oﬁsrﬁshn eémppbitigaudi ng
~sai d pool Widk BaicP&ubsta® (19)gas. 5 A process according to clains 13 and.14,

“inchuding the step of conveying said particles (40) with an 15 i nert gas

cor r e p@di pecése asm@idihgat Eiaicnd2en Bcladiyy. thd Step £ SppIRSErtiales D)t agath of fedntakoutl 5,
“includi ng @hketosbapo.af grpmoperdeargd.a shroudi ng gas correspondi ng chemcally to
t he conveying gas. 17. A process according to any one of clains 1 and 15,

i ncl udi Pgtentaospiehe of focusing the | aser beam (24) on the substrate (10).
18.\.A process according to claim16, Including the step of focusing said

| aser®bdanf 2’2 a"?ﬂ Zt"ﬂégmg'ﬁ?'ﬂl "‘I"h'é'@?"d‘ﬂ'éé'fﬁ"f"zﬂlsﬂ'e %[SSL%QS‘Eﬁ“’&n%? é'Pe Semwa Pemérp-

substrate gsbq;?,[olggndg s SS o ding
to ine
parti ol es (4 °’“P& %M@%Yg s 'f;i?gt%%m? % i il@z@%&*
_proceés aCCOJ) &leﬂ%e@?&sﬂ ks JBQtPa teuAe‘ﬂF Fiﬂl (bd)né bRPS

-0 _ f e Erzeugen eines Schmelzbades der besagten zu bildenden Leg|erung
c) das Verteilen eines V_orrats von Beschichtungspartikeln (40) innerhalb des besagten Bades, wobei
besagte Partikel (40) eine Nickellegierung aufweisen;
und
50 d) das Ausflihren schneller Relativbewegung zwischen besagtem Laserstrahl (24) und besagtem
' Bad, so daB bésagtes Bad schnell erstarrt und dadurch darin und daran angrenzend die Bildung von
Gamma-Primérphase minimiert.

_ 2. Ein Verfahren gem#8 Anspruch 1,
8§65 das den Schritt des Vorsehens eines Substrats (19) beinhaltet, das Gamma-Prlmérphasen blldende
Bestandteile mit einer Konzentration von weniger als 10,5 Gew.% hat.



30 'j "'.a)"' provi ding a substrat e ([err]) having '“T‘ﬁ‘l‘c‘k‘n_e_s'é""'df from about

“1:59 t-0 about 12,7 mm; b) forming a m)lten pool - fro_m
"about [err] 127 to about 1,27 mh ' r VI di ng M ml I (40)
“substantially corresponding to the nom na em cal Of+ sai.d

Ssubstrate (10). 35 21. A process according to claim 20, including the, step_"_:,_-

of suppl ys.nEiesrbhred gomat ARgprugh 1adér@f € of from about 0,10 to about [err]
grans per salaodeh SEhaittalet MoSgHens bisesiSubstiats ({®)rbelbsift ldae GarmniarPifedrbhasmsichidande

- Ri i Bbi | dung Eestamiteti& et leipeyi KonzeematiSuies tmirsibsiens udgeliine$, hiGeverha- Pri m r p- hase .
haben, das die fol genden Schritte aufweist: a) das Vorsehen eines zu
~behandei n#erFirc{gvshrerpgamiis Angpjuch Qods 8. besagt es Substrat (10) eine '
'Ni ckel |.egl erdahgdenSetiiides Vorgeheny pinegeBubritats dPichoinhaliek Haﬁjﬁﬁmmﬁﬁﬂsﬁé?ﬂ%ﬁ"tbﬂéﬁnﬁ%r

" Ganma- Pr i mArBgptansisile mit pigktimel alg %‘199’5%7(5 %ﬁ" B#r Anwesenheit eines

=@Ganmma- Pri- mAr phasen- Blgéners herrahrt b) das Bestrahl en eines

Teil st Uck® L 24 das

Ere'zeﬁtgé(h o ﬁé%d@%ﬁ@? Yorears ase?"essggg'@ﬁ'%' el ey i aah e Nk Bt~

Ver t | t kel 40 halb d

B e L el
re

“und 50 n sc neI atlv ewegung zw sc
Laser stg ahl (24) und besagtem Bad, so daB besagtes Bad schnell erstarrt und
_dadur ch dar |mmr§;agemagmmmend di e Bil dung von Gamma- Pri mAr phase
mnimert. Zas BnSHAK HedWdRsbheHR VO PAINGI (B beihhaltiiDdie eine @AdniStAS NEWBRilisaiinerdes
Vor sehens  eiza@shabuh) e @t sespitlicherh déerdhainisction NdariudamimenseRurghdespdubstates lid) dende

- Best andt ei | epicht ei ner Konzentration von weniger als 10,5 Gew. % hat. 8

EP '‘Q/349 661 Bl * C L M S ~* 3. Ein Verfahren genmal B Anspruch 1
odor 2, d&s EifeYeriguen domiB derAnsmicheBueths ei nes Substrats (10) beinhal tet, das
Gamma- Pri madeh aew Sohsitt) drsnVrsselrns van cRatikele: (49) toelehaliely dieo@armme:Rrimérrhpsep dridende

i ndest ens (Regediefie haben; diedy§ Grwva pichtdibersalireitert.  Vier f ahr en gemmB. Anspruch 2
o er 3 das den Schr| des Vorsehens el nes Substrats (10) bei nhal tet, das

T %gg i s st f&%gg&%%%zn“é et S hadil
“den Schr|tt YRR < u"%l hes §le°5? éf" bei nhal tet, das m ndestens

60 Gew. % ) cdg,e\}e ﬁmﬁﬂﬁ & Y& £81 9 gi B el nem der Anspr Oche 1 bis 5,

das depg, Schr |
- Gamma- I%orl mardg tde ac}% ke, &69 s{p‘i't @(1%) ecn%gl e}[hﬁg rm’% ﬁl&% af ?evﬁsea‘gﬁ%B

""Anspruch 6, das den Schr|tt des Vorsehens von Partl kel n (40) beinhaltet,
~die eine ﬁh@mmgmmmgamm@wchguagmaben die i mwesentlichen der
:chem schen Neswd isRemder SaRiidbehpaitbes Substrates (10) ent- spricht. ,.,s 20 8.
- Ei n- Vesd ahr ena)glasrudisetien eivis Sobsviatae(16), duscinén Obkatttichbatiefdhe (12) Hat; ustes Vor sehens
.von Parti kel nb)dss Besmehlornasrigstens elnes Telistivks désibesagtop Daisles (1R2) initl derol baserstrahl (24), .
‘Best andt ei | e bmldeagu bildendéerBdst 2B@weldgeni cht Uber schreiten. 25 9. Ein Verfahren
~genraB einemder AnsprUche 1 bis 8, das den Schritt des Bewegens des

Laser st r atf Ein(Verjhrengemiip fnsprycihls o g tem Bad nit einer Geschwindi gkei t
das den Schritt des Bestrahlens des besagten Defekts (12) mit dem Laserstrahl (12) beinhaltet, der

eine Leistung von ungefihr 1,0 bis ungefihr 59 Kilowatt hat.

13. Ein Verfahren gem#8 einem der Ansprliche 1 bis 12,
das den Schritt des pneumatischen Frderns der besagten Beschichtungspartikel (40) zu besagtem
45 Bad beinhaltet, so daB besagte Partikel (40) dadurch in besagtes Bad eintreten und darin verteilt
werden.

14. Ein Verfahren gem#B einem der Anspriiche 1 bis 9, '
das den Schritt des Einhlillens des besagten Bades mit einem inerten Gas beinhaltet.
§0
15. Ein Verfahren gem&8 anspruch 13 und 14,
das den Schritt des F&rderns der besagten Partikel (40) mlt emem inerten Gas beinhaltet, das
besagtem Einhlillungsgas entspricht.

55 16. Ein Verfahren gem#B Anspruch 15,
das den Schritt des Vorsehens eines Einhllllungsgases aufweist, das dem Fdrdergas chemisch
ontspricht. N :

esagtem



vo‘n ungef| hr 25,4 bis ungef ahr 254 cmpro M nute 5e| nhaltet. 1I0. Em
‘Verfahren gemaB ei'nem der AnsprUche 1 bis 9, 30 des
Bi | dens des besagten Bades bei nlightseisg gdftB1€i N€ M ﬁiﬁﬂ E E‘]SME!IM' i ch
geringer als die Masse des besagten bstrat es (10 rfahren
gemaB ei nem der AnsprCche 1 bis 10, das die fol genden Schri tte bei nhal tet:
35 17, Bh Vaddrev @enENeibrtden asspidiast unat1tes (10), das. ei nen

Ober f | acheudssafor Bthrift tag Fdkassieresidbslhpsetbarshisied) tauialaneSubstan(i @) bbiehtiete | nes -
Tei l-astcks des besagten Defekts (12) mt dem Laserstrahl (24), umdas zu
- bi | dend 1886l Veuehran geméfeAnsprich 185 n Ver f ahren genmaB Anspruch 11. 40 das
den Sehri t dasgiey Seheilt destfokyssiorgssdaschosagton tapestrahily 4) biginnalet, tso defrbesagierlaseranh|
(12) bei nhétrahgd aﬂlB?sa@f"h§“W_3§Ft§t"6%5“fm?s§j’hg@fuaﬂﬁ'5“l167 jp UnogWityH35Hpm Gatg
Ki | owat t1.9h?'tn(ygéa% ‘Ei n_Verfahren erral elmr;em der Ansprtlche 1 bis 12, das
den Schr’t r besagten Be hi cht un rt| kel
(40) 7 begides M@smmg%{ﬁ%vgfgﬁﬁww’ Cealsin 8 Yt hemaipe i ongarly -
“dadur®h i n®B B8 ntreten und darin verteilt werden. 14. Ein .

Verfahr% gﬁ@ %&%@ﬁﬂ% ?Rﬁs Qﬁefl'bpjlss 9, das den Schritt des
ol

Ei nhtlileng,g eineminerten Gas beinhaltet. 50 15. Ein

Verfahren gefgBs véisdib!bi sléJbHﬂ&s J(ﬂn), 48 9ind SRrkaCi3h 'uhéeféﬂﬁ sd B @ﬁ%ﬁhﬂ%? mm

-besagjgzen Parﬁafkel (40) mt eineminerten Gas beinhaltet, das sagtem -

Ei nhQ | UNQGS 0f & BAER bin6d1chmafbalibs, dBY SineVaBHh abH %sﬂﬂ%ﬁ?/ﬁ&&%é{m 122 mmlag; den
Schritt des warsehens eines Ei nhA | ungsgases aufwei st, das dem F5rdergas
~chem sch entepad Wdrdehervon Bedchicklurgédirtib@id (4Bl dib Tm wesantiidfen bedthanisgyeniéhnaisarem der
Anspril che Imenseizib desctmsagtbnrSulsirats i(10) ertspechenk uss| er ens des Laserstrahls (24)
‘aufs.dem Substrat (10) beinhaltet. * > 18. Ein Verfahren gemAS Anspruch
16, 5  21. Eig¥erfalieen g@p¥f Anspruehe®, Fokussi erens des besagten Laserstrahls (24)
‘bei nhal t et dasgign Getpittisies; Aufiheens vensRartikels (40h it siperAlate-ven Hegstilt &1 HitwnesiERit0.49ionen

/mrchnesseP'O\%’ﬂ‘"ﬂﬁﬁf@F‘ﬂM 1,27 bis ungefahr 6,35 mmhat. 19. Ein Verfahren

genmaB ei.nem er AnsprUche 1 bis 18. das den Schritt des Vorsehens von

Par t | RelWYRHPPUYI® nhal tet, die eine Maschengr6Be von ungefahr 80 10 bi s
ungef ahr + 3 | re maB . ei ne ) 19,
“das die fo é%% %ﬁg __.v%m % on de s% ?dz?s les H%&zﬁﬂé@ag@% l{lc:l‘(el

. (10)’ das e'é“?a & d u e 13 gr?lb {§u Q(ﬁl Bmﬂtgnaz [Hnaﬁlﬁe de_ni keihat
b) dag Bil Q&teﬁieﬂterﬁnf Hﬁ 1€ n% ée d' ifhe Y& itan 8Pl HhY: Cordhi-S

ungef ahr 1, Zdanf®idkesh
di e i mweseny)Irbpbéidn dﬂrne emmmwst&{eﬁmw Bediion d'R¥GiBdodl! RSer 424 oD RSRBERYN
~Substrats ( Jcﬂ)ne 26Ho DR AR Bifdde qdell'onchéichdartbrmbr @irogwrEABtaloRdus uCh 20, - das den -
Schritt des cfuf dispesion dupRsdaint e farliciled 46 )estirktionr (4058 I'Raskieur \de Madit gwb tbdditesD, 10
-bi s umgef ahrpaficulds (¢0) ptant cBestinéaal' peilisjealetniekel; 26 Revendl catlons 1. Un proc~d6 -
pernettant d# lagénéraion de mguiepwents telatits rapiles prawUedi daistoaudaskbiei@4)t laditer zateedectnlle
a| l.i ages de saitefuslladitezone se solidifie rapidement et que la formation de phase gamma-prime & I'intérieur
et au voisinage de ladite zone soit minimisée par ce moyen.
\/

40 2. Un procédé selon la revendication 1, comprenant I'étape qui consiste en la fourniture d'un substrat (10)
dont la teneur sn constituants initiateurs de phase gamma-prime est inférieure & 10,5% en poids. ’

3. Un procédé selon la revendication 1 ou 2, comprenant I'étape qui consiste en la fourniture d'un substrat
{10) dont la teneur en constituants initiateurs de phase gamma-prime est environ au moins de 5,5% en
45 poids.

4. Un procédé selon la revendication 2 ou 3, comprenant I'étaps qui consiste en la fourniture d'un substrat
(10) dont la teneur en constituants initiateurs de phase gamma-prime ne dépasse pas 7,5% en poids
environ. :

5. Un procédé selon I'une quelconque des revendications 1 & 4, comprenant I'étape qui consiste en la
fourniture d'un substrat (10) dont la teneur en nickel est d"au moins 60% en poids.

6. Un procédé selon I'une quelconque des revendications 1 4 5, comprenant 'étape qui consiste en la
- 65 fourniture de particules (40) contenant des constituants initiateurs de phase gamma-prime.

7. Un procédé selon la revendication 6, comprenant I'étape qui consiste en la fourniture de partieul'es (40)
dont la composition chimique nominale correspond essentiellement 2 la composition chimique nomina-

10

se en von 'Beschi chtungspartikeln (40), =~



"f'pcrssbdent une phase ganmma- pri e, corrprenant | es. dt apes _suivantes: a) la.
fourniture d un substrat ('10) & traiter, l'edit substrat (10) conprenant: un

-alliage de nickel 30 fortengyq r par |la u mase '
. gamma- prime resultant de |a pr6sonce g‘ewécéénﬁsfl - tuantglmﬂnﬂm Ulmu phase -
‘ganme-prinme; b) | exposition d une partbe dudit substrat €10) & | Paction

d' un fai sceasidd aubswat 18)4) et |a constitution d' une zone ob 'ledit alliage quo-

"I Pon cherche & forner se trouve a | 1tat fondu; c¢) la dispersion d un essaim

de part i cal ain mieédéosion et des mevertiihtidns b oil Mi rﬁbmpeuant tiitapb &ydii doesisterela fdumnitate des
35 W/ parpeiticudse40) ddd Ja tdteanen copstittants inilietsursi deiphasé banempeprithe nexciide pas 3% @) |
96n6rat5| on deidppuvenents rel atifs .rapides entre ledit faisceau | aser (24)
- | adite zone de telle sorte qus | adite zone se solidifie rapidenment et
-.quo | a fofmedn Rrpcéde spipm Ewneqarireapn Hesprevendisatiqrs. f j4e By copprenent JéirRe ik gensisly 2

| adite zone °§U?‘1°r 8ifqitcpgudaser fé?rpab@pﬂ?ﬂﬁé?ﬁ“e 2qne fondue §ung viRsseiePmpHTesiang 'antewa"e
revend| cat i (?PF"!L °'E’6?ﬁ:ﬁ5€ WV"‘BtQQf)ém(ﬁ’ﬁﬁm'E‘tf‘?tS| ste en la fournl ture d' un

"subst f1t {
st R e s i o

asse dudit
oumture 3‘ un

revendlcatl , conpr enant 4tape qU| ‘consi st e en
-substrat (10) dont Ia t eneur en constltuants I nitiateurs de phase -

- gamma- py i R UahocBdbVdeloR Purd 4udiBdhéld dd&rovenaikat®is 110, comPéhastdes éﬂapeéta.w&&&c ~dd
solon |a reveaﬂmahmfaadanaust&t(mméﬂmmdéfauﬁﬂeaéaﬁacewz)eprISI ste en
fourniture d' pywespdsmién atine(gttd & Gidins dadit O6I&K te QiiHabO 18] & Tatho du faibdebil a&at«m de
- phase gamra P pouire: coestitirtighais SaitP e duiyn enorgpoadsmenvi ron. 50 5. Un procMi6
sol;on‘l une quel conque des revendications 1 a 4, conprenant |'6tape qui
consissee a Ungprdcédé selon lar revertications b s@mmna@l'et)apaj@m'stérm & tegyvearedit wéfitcle sivfaos t

d' au noi ns 6@ dactippd'dsfais@au laper (A4bdoatiel pesshnsa oft camerise darisel intrligiignt d'environ
revendi cat i dw-'waaéenvit%ﬁﬁ#@mm | Nt ape qui consiste en la 56.

~fourniture de part i cul es cont enant des constituant s | n| ti at eurs de

. phase ?°'°’Ud‘" qu@Q"&Ef‘es‘i'ﬂsdﬂ"‘*P%tcaF"e\?e‘nﬁl|16'a'1?q fifiste a

a
A S s R P R

nomi na- 10 dsPersen tS * e du substrat (10). 8. a Un proced4
solon | " upe \esodsd %QSH f@ﬁa' n‘éu Hes ev&u&l?&%ﬁ‘s”?%t 9, co %@Rﬁt %{hpecaﬂ%brﬁis{% &N
Iafouggture,, oMaith 6rid ont. & teneur en constituants initlateurs
- de phase gamma-prinme n' excbde pas 7,5%en 5 poids. 9. Un proped6 sel on
17 une queis; VUAGAREEESoion 886EBeENGBdbRNS ot 14, cofproRdAiTIIRB A0 cohsiftd & AGnsbter feBdiSE St €

a d placer lpgriduis 408 alimbydh @tun Galertd brres R du gaz bttkiba. zone fondue a une
vitesse conprise dons |'intervalle allant d'environ 25,4 cma environ 254

©.Cm par sari 16utUs. pracddE sblon ldiaventiicatien] €5, Sahmrenaht Idiape qui ebreisduieurtieen gee\penattedodui ons

"1 a 9, conprermpindé thiigyperegiau gendstiaptperten | a formation de | adite zone
~fondue ‘en vue d' obtenir une nasse nettenent inferieure a |la masse dudit’
‘substrat 1AL, praoddé] selon Fung queieonarosdes sevendicatians dui [1B.orampeonat $étapey guh ¢pnsistel bns
1 a-10, corrfﬂcé'm[d?fals@@“!ﬁ%(p%%s‘glﬂﬁt‘aﬂtﬂ%‘” a) Ia foum ture d'un substrat (10)
pr~sent“’ant un dbf. ut de surface ‘exposition d' une partie

' d dTat $glon s‘h feyen '@a cgin 'e%?et e@ﬁ'?e o) °|° isla- 2 fngelisey Jodi [1
lrrgl (r:]ZnstJ i tut(me g& iqua le g %%%’mf fa% ?Hﬁ?rcﬁ '%’18? s“b§"a§ff"t1% 23?32 r

proced4 sel of l'a raga\'/ S"V'r%trtl V"8 PERTht | et ape consi stant A exposer

| edi t SLGf%UtUn%?oé&érsTa@Eﬁmé tl]gglcoﬁq o dE olh &Eiﬁzﬂongq af%' &&E%Har& b ﬁ?c .jﬂb %urlm?‘

- pui ssance egpse géPﬂEQlBéﬁﬁ) 12 nthite Qtta‘?r{lél ;ﬁLJ é’a'ﬂi ri :%Ql‘é'aﬁéﬂ d" vPo 8 Wlirbn 2
~environ 5,0 owatts. 13. Un procede so une quel conque d

revendi cations 1 a 12, conprenant |'teape qU| consiste a 25 t ransporter
de fagon unexpRkédassioh ARG lqligRBnqLd dbs SuEnBiBatie 1 L, SdMpidnarit os (hP3s varfids:€Ct i on
de | adsd e Zonﬂ i&l@urniture d'un substrat (10) dont I'épaisseur est comprise dans I'intervalle allant d'environ 1,59
mm & environ 12,7 mm;
'b) la constitution d'une zone fondue dont la profondeur est comprlse dans l'intervalle allant d*environ
0,127 mm 3 environ 1,27 mm; ot
¢) la fourniture de particules de restauration (40) dont la composition chimique nominale oorrespond
55 essentiellement 4 la composition chimique nominale dudit substrat (10).

21. Un procédé selon la revendication 20, comprenant I'étape qui consiste 2 fournir des particules de
restauration (40) & une cadence comprise dans un intervalle allant d'environ 0,10 g/sec & environ 0,40

11



“telle sorte quo | esdites partlcules (40) p~nbt r ent par ce noyen a
1'interieur de ladite zone et se dlspersent ‘a |'intdrieur de ladite zone.
_14 Un procede salon |'une quelcepg F§ yevendi cati-ons 'l a 9, conprenant
.1'etape qui consiste a 30 . protoger aglte zone d' un gaz inerte. 16. Un
“procedd solon | es revendications 13 et 14, conprenant | '6tape qui consiste
a transporgsgde. | esdites particules (40) au noyen d'un gaz inerte
correspondent au gaz protecteur. 35 16. Un procede solon la revendlcatlon
15, conprenant |'tape qui consiste | fournir un gaz protecteur qui
corxesponde chi m quenent au gaz de transport. 17. Un proc"d4 solon |'une
guel conque des revendications 1 a 15, conprenant |'Ntape qui consiste &
focallser |le faisceau |aser (24) sur |le substrat (10). 40 18. Un proc~dd
solon | a revendi cation 16, conprenant |'etape qui consisto b focaliser
ledit faisceau |aser (24) de tolle sorte quo le dianbtre dudit faisceau

"l aser (24) au niveau du substrat soit conpris dans |'intervalle allant

d' env®Pron 1,27 nma environ 6,35 mm 45 19. Un procdd solon | ' une
quel.conque des revendicatons | a 18, conprenant i'etape qui consiste a
fournir des particules (40) dont la naille de tams est conprise dans

"I ‘intervalle allant d environ -80 a environ + 325. 20. Un proc~d4 sol on’

' unggquel conque des revendi cations 1 & 19, conprenant |es 6tapes
.SU|vantes 50 a) la fourniture d' un substrat (10) dont |'4pai sseur
est conprise dans |'intervalle allant d environ 1,59 mma environ 12,7 mm
b) la constitution d une zone fondue dont |a profondeur est conprise dens
I"intervalle allant d environ 0,127 nmA environ 1,27 mm et c) la
fou et ure de particul es de restauration (40) dont |a conposition chinque
-nom nal e correspond 55 essentiellement & I a conposition chimque
nom nal e dudit substrat (10). 21. Un proc6dd solon | a revendi cation 20,
~Conprenant |'etape qui consiste A founir des particules de restauration
- (40) a une cadence conprlse dans un intervalle allant d environ 0,10 g/sec

a enﬁFron 0, 40 P 0 349 661 Bl g/sec. 5 10 15 25 30 35 40 45 50+ 55 12
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