; ef e3eQZQWN "n6T<K Met hod for produci na nonocrystalline structures The
Jinvention relates to a nethod for producing directionally solidified and
nonocrystalline structures, in particular fromsuper-alloys in accordance
with the _ preanble of the independent claim1l. Metallic workpieces with
nmonocrystalli mm s are used as parts of nachi nes which are exposed
to high nechammmﬂmmmm“ | and/or chem cal stresses during operation. For
exanpl e, the bl ad f gas turbines, in particular also those of rotors for
aeropl ane engi nes, but also those for stationary gas turbines, are
manuf act ured of nonocrystals. The manufacture of nonocrystalline workpieces
of this kind is done e.g. by directional solidification fromthe nelt.
These are casting processes in which the liquid netallic alloy solidifies
to a nonocrystalline structure, i.e. to a nonocrystalline workpiece. A
speci al casting process for the manufacture of such workpieces is for
exanpl e known in which the liquid alloy, which is located in a ceramc
noul d, obtains a crystal orientation in a directed tenperature field, for
exanpl e of a Bridgenman furnace. In this nmethod the dentritic crystals are
aligned along the thermal flux and formeither a columar crystalline grain

structure (iMe:hdll Hd¥s pWidltiexd eshavwerstdie fnd |sdanatd-&f the workpi ece
and here, in accordance wth the general |inguistic usage, are terned -
2 "directionally solidified"), or a single crystal structure, i.e. the
whol e wor kpi ece consists of a single crystal. In this process one nust

avoid the tr . I r | & 1] stal line)
solidificat ilg%sble%\égl}%%%rh:%%o%i%cét)e“a%%%é%g%é%%%ﬁ% forns

transverse &hick g h 30 gl it 95 ARRArTRROCKYS el hiapt L turt Wesa  in
char act eri sty idulde fhdrecdu AVises | th fd @sbedasé gl e rated al _
conponent. \Men ntion s nntf of $mqgcr sIaIiine structure and _
monocr yst al IHIeSIU urds® i MIsREIH St * 3¢t fi cation, then this is meant
to cover both nmonocrystals (single crystals) which have no grain boundaries

oo eryet ol ST USsaINaly T OSBRIl 55 SRS RUPTA,

| ongi tudinally but no oundari es I ch exten

direction. I48hed SR rirethEring 2l vhfeh strecexpesedne i@ speaks of

g! r eCt i Ona: :nyeétﬁdriiﬂafi,eckﬁéfnhﬁ Wes/ oMereh 2E &I NG 88885 8 duyr 0ig
I recti ona

X sol.idifi structqges tggggih S negns both sjngle crystals,
whi ch have rfPH A ICholrtfars 8P 6T at 23R PE aPF S YTRIHF BourYar. es, as
wel | as co! Mimw aalls_,n rtum;as e:sfymfcd:rsjofdmav&egolalmdaoamgﬁgte’sa,s but _

Sor Call o S oy (4 I e d SRy el bR AL U EL Sha i A I BE 1 20
used anongstMARPEFESERLS | DY M3 LaKEMHT OF JFORPRT ¥BBILL Mt t TiERi eces
Lmnocryst?: Idmeﬁmihinmlbi@c&snd ?1@9@9: !&%ﬁ@@@ioﬁéi%@lﬂ@iﬁicﬁ&@i@i ?ﬁsis :
ave excell g mechani chenica t enperature. properties. e

obj 6ot of t HEPTaie (L s TEeTH VT Hac S FarR OBt Boe HEARC LB IRT NS | o
possi bl e to biquid upstabliheahibopcsgbidifies to-a3mosocugstakliea . |
substrate,z%ggﬁgkﬁgiym{kg!egg qu%£8%€¥%%§friﬁg Qgggﬁggééglllne structure.

In accordance wt e 1nvention t I's characterised by the
features of the independent claim1l. The subordinate clains relate to

advant ageous; e ABNESs©find herdow €8t FOP. the manufacture of such
workpieces is for example known in which the liquid alloy,

which is located in a ceramic mould, obtains a crystal
orientation in a directed temperature field, for example of
a Bridgeman furnace. In this method the dentritic crystals
are aligned along the thermal flux and form either a
columnar crystalline grain structure (i.e. grains which
extend over the full length of the workpiece and here, in

accordance with the general linguistic usage, are termed

TR
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It 'is poessible with the new nethod to build up on the, for exanple,
directionally solidified structure of a substrate, one or nore |layers or a
body or a workpiece with the sane directionally solidified structure as the
substrate. Thi's is an epitaxial nethod (one ternms crystal gromh with the
same orientation on a crystalline base,epitaxial), in which the directed
crystalline structure of the substrate is _ adopted by the |ayer or the

| ayers which are built up. For this a globulitic structure nust be avoi ded
by a correspondi ng process control. The invention provides a novel method
by means ofjivRicéhohhine BE3ShREeeh0)DULLdaURi AREOEPRESL | BYBHSL QL@ bOdY
or workpiece with npnocrystalline strugture gn a substrate with

monocr yst a&l*Fi-n& "t MRCLGr BOSKPAEREC FPRFAFFSN8 sRr SeREFBSCFRERREL i VR8I y. The

rrett:) h?d It s t@rise%irb@éisalbontéﬁmaldur avbﬂd\l\flﬁh@h tkhﬁs_@t)ﬁ@ha{:bibﬂﬁia tsgwlsxhy_at@hof t the
supstrate 1S ed . aver . ayers I,CN are u up. erto,;
Shore e TooneERERiRY JbBEveayREadnirey b st nart fan hgtatbe Ehil

nonocr yst aloni-de recteidngkewthy atakssaripye€ermsotithasveheesangl e cryst al
structure ; hC .er | [ |.so n h e itioned
position.l&%@%Qﬁﬁgi%gwgggggeganF%rﬁggﬁo&ﬁgggs%Sgét%ogﬁén%gggstaIIinicaIIy
recondi t | Gh3FREGEd shAEsSweEn tEenglidestyonal lyoerpiidéddedi os. sipadappl ement
and new y ide@d JUR benkedeal crystal structure. In this nethod, the
substrate, for exanple a nonocrystalline turbine blade, is built up - 4
and further devel oped nonocrystallinically |ayer by layer until the
ori gi nal $ihze aedtilapdsotatke ofomopiceeyshad ldge stheenuaehaaded. The

met hod T o, Liujd. e 148 /1oRReLYs gy, O, the 3R MRl etiale;0L b,
approxi mat €'y tHe samé material as the substrate, or~of "a materi al

di f f er ent theomtittie ssbserate toerayleas botdy moxagylystallise (séoghst i tuti on,

recondi Ui Qnhag Jfs)s UpAlMRaLA! Han b \WOTRIRRST dBAKKRY caRBeanystal line
structures and which are danmaged or. worn. For instance, fhere axe rotor

bl ades of SFFMALHUSSH &L LEEWEGNFs FHTiich Dovmsdegiest WdRdc ByEeEA i ne structures
3}1; So_ﬁal |leﬂ19’ﬁg:t1ﬂii|ﬂagl§/umﬁrt- ald @y&imobdx\dﬁdfrriw vbﬁ.d?ﬁ?@dtléﬁd ]lci)fl the ge]E hod
en they . are damm :Monocryst i.ne workpieces n_be yufacture rom
the nelt B:yxl’aglt)s-vcee{ﬁ%gld dd‘lrreecgtl‘l%lriaﬁénso hledisﬁc(?g’tl 51r?me%v% esrt,g{'iLsriﬁ(rzllgl2 parts
manuf act ursddusic udase einico@dls os gldiediks ot iddir et calagdd vs wigjlédll fiednear .
Previ ousl i heng mas however no possibility of repairing/reconditioning a
wor kpi ece of this kind in a nonocrystalline or directionally solidified
manner, i.e. of building up again the nonocrystalling structure of a worn
wor kpi ece Whera galKiciyy sledldrala ywewmeliradtioddid ynew Jirtifdéd t is now al so
possi bl e 19 [RAQNAIL IR, i o (AANROSD, AN, MO, WOLKRd JIPNQGLY.S! %'ba'v‘ he
wor kpi eces i'n a m)nocrysnt at1hi i 'ne manner, 1.8€, 10 suﬁ’pﬁ enent , and rebuild the
crystal struduiian drawmdamashi Lprajeassst skl wenld apmin s built up and
further updyhdh MNOCAS LA N MNGHN dResSUbSITAlGureJwiich do
nonocrystalline rotor blade, until the origi'nal size and formof the

wor kpi ece 1BKE FESH T RAHEREGS EX1SREND st e AT deds and al so arc
met hods subires: org.blM ao-tHb HBre 8 asiEa iretbodsdariesui t abl e as the energy
or heat source for carrying out the nethod, that is, energy - 5 sources
by nmeans of which it is possible to introduce |arge anounts of energy onto
a very sn39-cakkedrsuprw @l g |owv ol uneckel a(bncerrbaltted(Grinmsr . The beam

of high engrgy andh anesay a‘iﬁ-‘l"s.iéé’dia?mc%%%t&@héﬁmg deopdr fage of the
substrate so that the surface |ayer of e substrate nelts lightly. The

h
material | XD i KRF t1he FPRGF KIFRE I REOMPOTRES bk 1% Yokt form or in
the form diladew I eEsdd e SUPPl s 8sk NBdEYdpd &5 41 kbykse badiediavidie nmel ting
of this sue;r) | i nateril_?l can be (%arried Oilt in}ht@e quuti_d Eg)uddle of the
mel ted surTREE | HYer G Gy h CHETRET ! (B eRe TR Kl 6. The

properties.

The object of the invention is to provide a method by means

of which it is possible to build up, on the monocrystalline



process-is preferably carried out -under inert gas and/or in _ a vacuum |If
_nhow the solidification of the nelt proceeds under conditions which lie
outside the globulitic region, that is in the region in which the materi al
used solidifies directionally, the workpiece solidifies in a
monocrystalline form i.e. grows on thg substrate as an epitaxi al

structure. Wth netals, one speaks of globulitic solidification if they do
not solidify directionally. One or nore grain boundaries then necessarily
formin the transition fromdirectional nonocrystalline to the

nondi r ect seraktareustfune swBkeha byl | Af YolPeoadvankpgese ohat ey si ngl e

crystal. . The .nonocr stalligﬁ,structure i S agglied Ig%er for layer in the
f orm of tﬂ?ﬁewéﬁgrQPHéFﬁyéga 1ROnPFERCFBF frs 2B5Aronee 1 et e or of
a fracti odanotnaionl ktheeteeholf ithehavhsteat eedsbe. ghei Adachtael £ br ought to
a preheat| : r i e, ra o] 0 ngd_ | IS
tenperatu%ggig%ggggﬂﬁéﬁﬁtggﬁ%@ Ur?%g %%gg%égﬁgﬁép?%%ﬁgéz?%ga%%régses in

t he subst pdvengageonst kabodimgntpupft thp shughtienystal, but al so those

bet ween the substrate and the crystalline structure built up epitaxially

t hereon are reduced, which contributes to the prevention of
re-cryst alti 4& PesFsdkdecHeEp Fhet ReWcPishar FRePYE-dckbren fher ndfPr

anneal i ngeghmiphe ,sdhskatienandyobot haifeely sbruubtuyp BBnacsyssethtae | ayer
during a Epriod of abqut an hour Et ate eratﬁre in thg ragge from about
1000C to PP50ET 6 ScVBXSE5aPTappPSsy 2156CCaRAE§GEs¥EhBNEEI 8 G ool i ng
down r edudéseiatienadtlivessddditiied etulhdtbeadasothke sdestratei ofihds t he
nonocr yst gl i;ne St:ruct:unre u e S li-Sat | d,cree The | ow
stress an%gaF%hSiﬁgﬁﬁﬁgﬂbag%géaaﬁggébgeggﬁekakfﬁag_E&nggiggggigggtly after
the appl i EafiCoR¥3enRé 165 CaxParTYafer-1itke PRSGeRPILEAXKRL) . béne¥pEahned in
de: ﬁi lj i ? ﬁhlé;a_dfi@éc&\@dﬁngys:dam&h'@r glﬂ@@ﬁtgr@xg@!mlrey s@me%m&n&gf OI ht he Chid
met hod. [ S serv 0_ex n e essent,i arameters_o e met hod .
And SchemAERREHY Ehaieh HYEs: Stpbhrartdy iR CRIT Shet ZURGCT 0P cEPPyi ng out
t he net hodhiShewylatkerl ikiig. strueeutrenpersat iee agoddiegntby( &) / sol i di fication
rate (V) dj I - r tation, _ the so-called GV diagram
(Gv stand?%%q%%ﬂkh¥531dg%ﬁf%%glggﬁﬁéﬁﬁT.e. "tenperature gradient /
solidification rate"); Fig. 2 A and B the crystalline structure of a

wor kpi ece mipdl |itnwih 3kh RN anedvay e ot A deandCegr daned Wkt h the
invention;, Fig. 3 %-SChGQ?LIC gﬁparatus which.is suitable fqr carrying out
the met hod:® PossAblestp bpidd upe oG OF Mof& Aaish? &F tahg’ogl?'oé’gss of

appl yi ng avdrkpieaw wirdc knoomodrye thddiimenswtenicudsy dil eawisujpspoatter i nto t he

I l.g f ' | h i cal
mol ten pudgleg, n%{r%ﬁéyélglﬁg{? %*Slrg\/&g%gfia l&?cg:ﬂor@c%ﬁfls]t SRQys the typical G/

di agram of a supe . exa efla ni ckel based
super - al | GELMA A ST asReFtdMediti -nFheomeddiad éf ian piidemiade by wei ght:

procedure in which the crystalline structure of the
substrate is adopted by the layer or layers which are built

up.

o

Hitherto, there was no possibility of so re@airing or
reconditioning a monocrystalline or single crystal
workpiece, so that the single crystal structure of the
basic material is also present at the reconditioned
position. With the new process, it is now possible to
monocrystallinically recondition damaged and worn single
crystal workpieces, i.e. to supplement and newly build up
the ideal crystal structure. In this method, the substrate,

for example a monocrystalline turbine blade, is built up



C<0.006; Cr 6.5, Co 9.7; M 0.6;; W6.4; Ti 1.0; Al 5.6; Ta 6.5; Re 3.0;
Hf 0.09; remainder Ni. The GV diagramis different for different netals and
nmetallic alloys and can be cal cul ated or experinmentally determ ned for each
all oy. The curve L separates the GV diagraminto the region of the two
paraneters solidification rate and tenperature gradient in which the alloy
solidifies globulistically fromthat in which the alloy solidifies to a
dendritically directed structure. A description and an explanation of the
GV di agram can be found e.g. in Mterial Science Engineering Vol une 65,
%_984 in ttamd)tﬂmjﬂteatxi mfﬁobe@mdtwdry@tal(lﬂnimﬂlyt Q sl %qulagrter
ransition” e nethod.is .carrie ut_usi a |l as t he tenperature
gr adi ent s%ttf‘l]d %& é’Fé‘aﬁ éjralt irarf < 4>€"ﬂ§g fq%sktﬁ r%p& CoR%Fate of e. g.
10-3 nis|agamnkhedduﬂchiauaﬁxwystaIIlne structure can grow epitaxially on
t he substrate in accordance with the invention (the oriented crystalline’
gromh on a crystalline substrate, i.e. on a crystalline structure, is
cal | ed epithaxyjetimst fidre hvetifbidhg M manmervstetle of thee samser beam nust be
passed ovefaddia SUDYY e AlpeRead Bf @t@tgan;l@ id S Mher g energy

supply using the |'aser beantls chosen 'in_such manner that a
t enper at urd RSt G Gr Sttt SR ekl 1o |%r%|qtﬁtealsh’&f%¥tattene

sol |hd:jf| Cﬁérlaﬂ:ﬂlefsr Orfor Ad:taerrptlastfl v:ﬁtey réc@tmm vﬁetctbrrda&ueﬁhdgd) dx?e

met hod, t ser. he or must t 3 Speed o

appr oxi mat e 11981[“:‘3'lat etslogt/gorr@ tvﬁor]%%%ecf rséttehea\’/\%lré% T%réocrr?’ er g?/llslulppl y wth the

| aser beamstimuciras ethSovhtich ate dm@t@r evapradiBon iofstext@s K/mis

mai nt ai ne QHQH@{ the nmelt,

bet ween t%eﬂ%/\ko% %ﬂ%q%oélgn}t 0‘%%15& ol nt o% regi oryne\é/\hqlleévgécﬁ?péjl aseér}l beam stri kes
the |iqui EPRicRte)Of MAMRCTY A m@@%@t% el setiFaled getaldnkc I n
practice, &lgesReEtby MU Ghhide dasase beapa i SePasp echoOwtHde viidistrate -
will liein the ran from0.001 msec to 0.1 nisec. The energy of the

| aser beaﬁgﬁﬂ% éﬁﬂ ‘ﬁ]accordance with the GV diagramfor the alloy
selected, in such a manner that the tenperature gradient fromthe working

point to t to.t I i ion front
5O LR ARy op' 0y TRl an o0

is greater epend |ng on the spee
sel ect ed. MLEHIMWSS TFFHHRA cklmte%uorzata S‘?%bdkﬁb%%‘?h‘t’% Hepgyver, such

nmonocryst aﬂaétw,mﬁﬁmﬁéﬁuﬁe&tb CaiFr&ct dhal h@oﬂﬂ@ﬂfi@@@ldﬂ- ardllagendrites
are S|ntlarI%-or|ented al o ati al Fig. 2A schematically

Tt ot cei §6 6 Sk Uk e Tonal Y CrRPES | e EOR ST dicad on i
substrate pmssﬁmxuﬁmmqumrépa1h3ngﬁrbodnd£tgonﬂﬁgsaheankprﬁﬁéyofIﬁhm$rates
a Structure of Lhis KRAWLEI T £aDULL!auPeal s bHEI LoV eLs: a TR U | O up of

t he nonocrystal line struct es place 1n the sa manner through
successi veldRgRF | nh- f @b BrbleiagyVRuABRinoFheuRPREFTEPFRBLIRE | ayers.

Thi's strucgtfectsraedbt es %rﬁhﬁoﬁh faee by ahfohaseysbeBIIné heammé Ll | al is
supplied to.the liquid,

(not. showny:EHhENFg %V|%$D§ﬁ§pfgeﬁs S oAt RaPRaTEb e MR oES oA T TR or

poIycrystaﬂama@e@tau@tuoen werkedughtiornyeteheéinel wenkbaseegnteraal in the
re mel ti ”%?H&Sr%gt\:ﬂgﬂﬂlﬁgnﬁéﬁhé{cy reLt ed, Iﬂb?lé%ﬂ% Béﬂd”ﬁéﬁui% chdat is,

t he ne then solidifres t as a dendritic
m)nocrystaFrBFta eSHEREFVER yaney - aIﬁDﬁBéFyE’FQFFﬁﬁe derYaEt YPenwidyer

nonocryst ai ki peidendpi 488, furehet»Oug dantr mbhac&yegtaemﬁusmhnéﬂ ohn the
upper boundg

y region, so-called IobuI| 15 main esult of
L heCt hor mf BESRBPEFEREE andr r ROPORARRYShetiaah5ohEr parakerEetthi ch can
di sturb thehapootgyssal tine shdufbumepfi hhaswonkpiaset hay beehd serve as a
nucl eus for.a. gggdgégﬁ whi ch di sturbs the nonocrystalline structure. \Wen
the second eprtaxiaf Tayer 132 is applied, the globulitic dendrites are
again re-nelted and solidify in the formof directed dendrites 142, i.e. as

”UnOCFVStaL§se9|BQtht'81@%8§6ht%%a§@abﬁdf%ﬂ%bp%r%h%e%%bﬁéc§ugﬁ EB'S second
epitaxial |ayer 132 as _well. Monocrystalljne structures can be built up of

for exanpl &: @NB%lﬁreﬁTéGsGESPF§€@aoWeéWS%54aﬁﬁﬂ?%ﬂ%§b%§tﬁédtpﬁ §B€&Fdance

}M th the i ByeRkbhensbigee Fhe takhgiinkg B@ndidd arthdasehatype:;, &n2righy C02
aser



Di ameter of the laser spot: 2.5 nm (dianeter of the |aser beamon the
substrate or on the prior layer) Powder: CVBX-4 powder with a particle size
‘(mesh) in the range of about 40 - 70 um di ameter Substrate: CVBX-4 single
crystal -"10 Protective gas: Argon (Ar); 35 litres/mn For the first

| ayer (track) on the substrate: Laser gower: approx. 900 W Speed of the

| aser spot: on the substrate: approx. 4.2 nmmsec (250 nm mn) For the
second |l ayer (track): O fset of the powder injection nozzle and of the

| aser beam al ong the optical axis, i.e. behind the nolten puddle, relative
to the prgegseedi H9ChEONS 6£ Ofnt b §@cpéldp&§y@}5ieL@ée£n@pa@dce Speegk of the
| aser spot: circa 100 un1ap$rox 600 VVaﬁggfx mm mon {Ersec)
Third and®PAPPREr OFa§BPEIYt PRERST: VEFY o8 ?ﬁ%ap%ﬁdé?t?n?é%P? nozzl e

behi nd t heolrohmeefinpaddbacenekatediembnnéhe process direction: approx. 70 um
Laser power: approx. 600 W Speed of the | aser spot on the substrate: ‘
approx. 750 m m n.

The beam of high energy and energy density is directed

toward the surface of the substrate so that the surface
layer of the substrate melts lightly. The material is
supplied to the working region of the beam in powder form
or in the form of a wire. The supplied material is likewise
melted. The melting of this supplied material can be
carried out in the liguid puddle of the melted surface
layer or already on the way to the liquid puddle. The

- process is preferably carried out under inert gas and/or in
a vacuum.

If now the solidification of the melt proceeds under
conditions which lie outside the globulitic region, that is
in the region in which the material used solidifies
directionally, the workpiece solidifies in a

monocrystalline form, i.e. grows on the substrate as an
epitaxial structure. With metals, one speaks of globulitic
gsolidification if they do not solidify directionally. One

or more grain boundaries then necessarily form in the
transition from directional monocrystalline to the non- .

directional structure which nullify the advantages of the
single crystal.

The monocrystalline structure is applied layer for layer in
the form of thin layers, plates or complex forms of about

one millimetre or of a fraction of a millimetre.

If the substrate is e.g. inductively brought to a
preheating temperature in the range from 750°C to 1100°C
and if this temperature is e.g. maintained during the

build-up, then the stresses in the substrate and in the



The first layer is applied to the-nonocrystalline substrate; the second
layer onto the epitaxially produced first layer etc., with the follow ng
| ayer in each case being deposited on the preceding one. It should be
observed that the growi ng of a nonocrystalline |ayer presupposes that the
supplied material is conpletely --1% -nelted. If this is not the case,
then e.g. not conpletely nelted powder grains formcrystallisation nuclei
for dendrites and crystals which disturb and destroy the nonocrystalline
grow h of the structure. In the build-up of a larger structure or of a

| ar ger bodyiditt hpt kéngpiet axivatadet bod, aglsobahiosiecbdowaenstherm at t he
surface o Last 0 e haiThe . Laxed:graj,ns" are seeds which
di sturb o%u%%?éﬁﬁépﬁﬂﬁhgﬂgi?5%?§%1$%§%t%%SF%§%EQC§35?5|g? During the

bui | d-up 6PitR&igdty, theEeryi Agel apsiuced.i yhikhs cohtyibutepnpor EhAce that
these gl obueias idhe ogomRl-et-ely aNBlilad 16aWaAnso t-Bap dandhites which woul d
di sturb and deshég¥ the nonocrystalline structure di sappear i.e. do not

arise at SFYshé f ShEUSEMFEce. Cther super-alloys with which
nonocrystalline structures can be built up by the method in accordance with

the prese i.nvention_are, faor anple, 1IN 738L.C, I N,939 N 100,.B 1914,
M 95, SRB P58 AT Ry B e VB AR s O NN BY L The BEant 3
schemat i calp yonidcrytstatldd nien 1Rlygr 3ummaar pEmigdoet ebeutrethodiovgnpri ses
the | aser 1ate-a9-te%p@%t'uzje?5ﬁr 3k AP sBPaIRe 1399k 31 §odaklected to

t he CNCcontrol | ed”"beam gui dance syst em 32 by the | aser beam focusing optics
33 and ar fi¥FeSMKert &t ERRTSNOs R0 Gor ARG} IIRECEVSRto s LR EROLABY

crést al | : > wel rﬁé@ﬁ;h el 1ihried @&g’@ﬁéés ts\miclige:da*i@hs_&uem&hw ch cont rf)l S
and regul at es .t he ,proc can be progr ed at_t programing termna —
36 The PSRIETEAA T o P M BB @ e TR G5HC T Sohe FCOHEPnG Srodul e 35,
and from tdrarse atllie smetiem alnd foreegxarie lov powters fagmea liinge cowvdyed / _
blown to t u : her, rhal is first
conpl et el ;f&%e@é%’i% %gd%éﬁ% mgtr?;%ﬁ%%ﬁq’els%% 0 thﬁ%%gg%ggh%i ne

st ruct ur e 2P 9ateion §fs Wif @R teaftal SR produced by the coating nodul e
35. Finally, Fig. 4 shows schematically the e.g. nonocrystalline substrate

41. The | aser .beam 42 nel.t he surface of. the subhstrate 4 he .nol t en
il o 45 T AT (e ST |12 BRRRArD oo E TR 1 rom
t he powdemwirdy ztef effertae ttre emrsEnpeRpudthiE di3neTie dfasdre bedamodandha th it
al so the I it zane, . | i t he
arrow. The@?L tesﬁ%%%laﬁel ét%soﬁl{}%ﬁnes to ihe %%gﬁ%“g%egg A?Clptq{\ﬁm ch has
the cryst A9Hhee andi@ranadii aalel 6 W @ el a3 T BRPFRAHE] Wi dif el ectron

beam as t h&anaiIgy W B EArdi et tndtthed Vasnaim akhe: method coul d al so
be carried out in a vacuumw th a | aser as the energy source. No inert gas
is required in a vacuum but in return, the manipulation of the energy
source, tHEsulbstrat e taved tehmermtterielgrasd e ts u§pl 4 s ichrf iredesiemt  pr obl ens.
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desired size. ]
the so-called GV diagram (GV standing for

"gradient velocity" i.e. "temperature gradient

/ solidification rate");

Fig. 2 A

and B the crystalline structure of a workpiece built
up and reconditioned by the method in
accordance with the invention;

Fig. 3 a schematic apparatus which is suitable for

carrying out the method;



In‘the rethod for manufacturing nonocrystalline structures, - parts or
workpi eces of netallic super-alloys on substrates with a nonocrystalline
structure or nonocrystalline structures, the surface of the substrate is
melted with an energy beam of high energy density from an energy source.
The material which is to be introduced-into the nmonocrystalline structure
is supplied to the nelted region of the substrate. The supplied nmaterial is
conpletely nelted. The energy input with the energy beamis regul ated
and/or controlled in such a manner that the speed of solidification and the
tenperature gradient lie in the dendritic crystalline region in the GV
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in accordance W't h claim € suppli'ed material is the sane as
that of the substrate or in which the supplied material is different and

has a cryspal oIS e BIMEdAnd it el SstEALRg 5. A method
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description and an explanation of the GV diagram can be
found e.g. in Material Science Engineering Volume 65, 1984
in thé publication of J. D. Hunt on "Columnar to
Equiangular Transition".

If the method ié-carried out using a laser, the temperatureb
gradient should be greater than 4x10° °K/m at a
gsolidification rate of e.g. 10-3 m/s in order that a
monocrystalline structure can grow epitaxially on the
substrate in accordance with the invention (the oriented
crystalline growth on a crystalline substrate, i.e. on a

crystalline structure, is called epitaxy).

For the method this means that e.g. the laser beam must be
passed over the substrate at a speed of about 10-3 m/s when

the energy supply using the laser beam is chosen in such a



14 ‘8. Aamethod in accordance with:-claim1l in which the crystalline
Structure produced is subsequently annealed to low internal stresses
preferably at a tenperature in the range from 1COO degree. C. to 1250.
degree. C., preferably at about 1150.degree. C. 9. A nethod in accordance
with claiml which is carried out underg protective gas or in a vacuum wth
the protective gas preferably flowwng lamnarly or largely lamnarly in the
region of the process. 10. Use of the nmethod in accordance with claim1 for
suppl ementing the nonocrystalline structure of a worn nonocrystalline
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to 0.1 m/sec. The energy of the laser beam must be set, in
accordance with the GV diagram for the alloy selected, in
such a manner that the temperature gradient from the
working point to the solidification boundary or to the
moving solidification front is greater than about 106 °K/m
to 1.5x106 °K/m depending on the speed selected.
As shown in Figs. 2 A and 2 B, the substrate 1 has a
monocrystalline, dendritic structure with the dendrites 11.
All dendrites are similarly oriented along the three 7
spatial axes. Fig. 2A schematically illustrates a first
monocrystalline, epitaxial layer produced 6n the substrate
in accordance with the method. Fig. 2B schematically
illustrates a structure of this kind which is built up of
two layers. The build-up of the monocrystalline structure
takes place in the same manner through successive layering

of an arbitrary number of further epitaxial layers.

This structure is melted at the surface by the laser beam;

the material is supplied to the liquid, molten bath e.g. as
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9 ’1OAM&éiongitic dendrites again form on the surface of this
second epitaxial layer 132 as well.

Monocrystalline structures can be built up of for example
CMSX-4 on a substrate of CMSX-4 with the method in
accordance with the invention under the following

conditions:

Laser type: 1.5 kW COy laser

Diameter of the laser spot: 2.5 mm (diameter of the laser
beam on the substrate or on
the prior layer)

Powder: CMSX-4 powder with a particle size (mesh)

in the range of about 40 - 70 pum diameter

Substrate: CMSX-4 single crystal
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Protective gas: Argon (Ar); 35 litres/min

For the first layer (track) on the substrate:

Laser power: approx. 900 W

Speed of the laser spot:

on the substrate: approx. 4.2 mm/sec (250

mm/min)

For the second layer (track):
Offset of the powder injection
nozzle and of the laser beam along
the optical axis, i.e. behind the
- molten puddle,
relative to the process direction: circa 100 pm
(for the second layer)

Laser power: approx. 600 W
Speed of the laser spot: approx. 500 mm/min (8.4
i mm/sec)

Third and further layers (tracks):

Offset of the powder injection

nozzle behind the molten puddile,

relative to the process direction: approx. 70 pm

Laser power: i approx. 600 W ST
Speed of the laser spot

on the substrate: approx. 750 mm/min.

The first layer is applied to the monocrystalline
substrate; the second layer onto the epitaxially produced
first layer etc., with the following layer in each case
being deposited on the preceding one.

It should be observed that the growing of a monocrystalline

layer presupposes that the supplied material is completely
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melted. If this is not the case, then e.g. not completely

melted powder grains form crystallisation nuclei for

dendrites and crystals which disturb and destroy the

monocrystalline growth of the structure.

In the build-up of a larger structure or of a larger body
with the epitaxial method, globulitic domains form at the
surface of the last produced layer. These "equiaxed grains"
are seeds which disturb or interrupt the directed growth of
the crystals.

During the build-up of the next, overlying layer it is thus
of great importance that these globulites are completely
melted down so that dendrites which would disturb and
destroy the monocrystalline structure disappear i.e. do not
arise at all beneath the surface.

Other super-alloys with which monocrystalline structures
can be built up by the method in accordance with the
present invention are, for example, IN 738LC, IN 939, IN
100, B 1914, CM 99, SRR 99,

CM-247 LC, CMSX-2, CMSX-3, CMSX-6, Mar-M002.

The plant 3 schematically illustrated in Fig. 3 for
carrying out the method comprises the laser, e.g. a COj -
lagser 31. The beam of the laser 31 is deflected to the CNC-
controlled beam guidance system 32 by the iaser beam
focusing optics 33 and arrives then at the substrate or
workpiece 34 on which the crystalline structure is to be
built up. The CNC system 36 which controls and regulates
the process can be programmed at the programming terminal
36'. The powder forwarder 35' brings the material to the
coating module 35, and from there the material, for example
in powder form, is conveyed / blown to the molten puddle on

the substrate 34, where the material is first completely
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Finally, Fig. 4 shows schematically the e.g.
monocrystalline substrate 41. The laser beam 42 melts the
surface of the substrate 41. The molten puddle 43 forms,
into which the material is blown in powder form 44 from the
powder nozzle 45 to the molten puddle 43. The laser beam,
and with it also the molten puddle 43, a melt zone, moves
in the direction of the arrow. The molten puddle solidifies
to the epitaxial layer 41', which has the crystalline
structure of the substrate 41.

The method with an electron beam as the energy source is
carried out in a vacuum. The method could also be carried
out in a vacuum with a laser as the energy source. No inert
gas is required in a vacuum; but in return, the
manipulation of the energy source, the substrate and the
material to be supplied can present problems. Moreover,
suitable vacuum chambers are not available as a rule in any

desired size.

In the method for manufacturing monocrystalline structures,
parts or workpieces of metallic super-alloys on substrates =
with a monocrystalline structure or monocrystalline
structures, the surface of the substrate is melted with an
energy beam of high energy density from an energy source.
The material which is to be introduced into the
monocrystalline structure is supplied to the melted region
of the substrate. The supplied material is completely
melted. The energy input with the energy beam is regulated
and/or controlled in such a manner that the speed of
solidification and the temperature gradient lie in the
dendritic crystalline region in the GV diagram, outside the
globulitic region.
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What is claimed is:

1. A method for producing monocrystalline structures, parts or
workpieces of metallic super-alloys on substrates with a

monocrystalline structure or monocrystalline structures
characterized in that:

a surface of the substrate is melted with an energy beam of an
energy source,

a material which is to be introduced into the monocrystalline
structure is supplied to the melted region,

the material is completely melted, and

an energy input is regulated in such a manner that the rate of
solidification and the temperature gradient lie in a dentritic

crystalline region in the GV diagram and outside a globulitic
region. ) . -

2. A method in accordance with claim 1 in which a laser beam, an

electron beam or an arc is used as an enexrgy beam of high energy
density.

3. A method in accordance with claim 1 in which the material which

is to be introduced into the monocrystalline structure is supplied
in powder form or in the form of a wire.

4. A method in accordance with claim 1 in which the supplied
material is the same as that of the substrate or

in which the supplied material is different and has a crystalline
structure similar to that of the substrate.

5. A method in accordance with claim 1 in which at least one of
the substrate dhd the material which is to be introduced into a
monocrystalline structure is a metallic super-alloy on a Co basis
or on a Fe basis or on a Ni basis, such as CMSX-4.

6. A method in accordance with claim 1 in which the substrate is
preheated to a preheating temperature, preferably in the
temperature range from 800.degree. C. to 1000.degree. C., with the

preheating temperature preferably being held constant during the
production of the epitaxial layer.

7. A method in accordance with claim 6 in which the preheating of
the substrate is carried out inductively.
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8. A method in accordance with claim 1 which is carried out under
protective gas or in a vacuum, with the protective gas preferably

flowing laminarly or largely laminarly in the region of the
process.

10. Use of the method in accordance with claim 1 for supplementing
the monocrystalline structure of a worn monocrystalline turbine
blade, in particular of a rotor blade of a gas turbine or of an
airplane engine.

11. A method for producing a microcrystalline structure of a

metallic super- alloy on a surface of a substrate comprising the
steps of: B

melting a region of the surface of the substrate with an energy
beam from an energy source;

supplying a material to be introduced into the monocrystalline
structure to the surface region where the substrate is melted;

completely melting the material; and

controlling an energy input by the beam to the material so that a
rate of solidification and a temperature gradient lie in a

dentritic crystalline region in a GV diagram and outside a
globulitic region.

12. A method for supplementing a monocrystalline structure of "a
worn portion of a monocrystalline turbine blade, the method
comprising the steps of:

melting a region of a surface of the substrate with an energy beam
from an energy source;

supplying a material to be introduced into the monocrystalline
structure to the surface region where the substrate is melted;

completely melting the material; and

controlling an energy input by the beam to the material so that a
rate of solidification and a temperature gradient lie in a
dentritic crystalline region in a GV diagram and outside a
globulitic region.



