METHOD FOR HVOF OR LPPS RESTORATI ON COATI NG REPAI R’
OF A NI CKEL- BASE SUPERALLOY ARTI CLE Thi s invention
relates to the repair of a nickel-base superall oy
article and, nore particularly, to a repair for
restoring a dinension of the article. BACKGROUND OF
THE INVENTION In an aircraft gas turbine (jet)
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During service, the turbine disk, the turbine blades, and the gas turbine stationary
flowpath shroud are all corroded, eroded, and oxidized by the hot combustion gas, and
material is also lost by rubbing. Some of the metal of the turbine blades and the gas
turbine stationary flowpath shroud is burned away, reducing the dimensions of the
components below that which is acceptable for economic operation of the gas turbine
engine. Rotor excursions, due to causes such as power bursts or hard landings, produce
rubs between the turbine blades and the shroud that dig ato the shroud. Consequently,

with irtcreasing periods of service, the clearance gap between the turbine blades and the
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gas turbine stationary flowath shroud is increased.
Eventual ly, the efficiency of the gas turbine

suf fers because hot combustion gas | eaks through the
cl earance gap between the tips of the turbine bl ades
and the gas turbine stationary flowath shroud and
does not performwork to turn the turbine bl ades.
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initiation in the restoration that is propagated into the substrate.

There is a need for a repair procedure for the gas turbine stationary flowpath shrouds that
is satisfactory im restoring its dimensions, but at the same time does result in the
preferential oxidation around the cooling holes and premature cracking of the restoration
and substrate during service. The present invention fulfills this need, and further provides

telated advantages.



-rel ated advantages. 2 SUVMARY The present

di scl osure provides a nethod for repairing a

ni ckel - base superalloy article that has previously

been in service and has its di nensions reduced. The

_present approach is wused to restore the dinensions

of the article, specifically the thickness dinension

in the case of the gas turbine stationary flowpath
SuUMSMMm@ud, to within acceptable tolerances. The present

approach is effective to build up the dinmensions, but
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1900%he  restoration nickel -base alloy preferably has no
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has no more than about 0.01 percent yttrium, and more preferably substantially no yttrium
{i.e., no more than about 0.001 percent), thereafter applying a restoration coating of the
restoration nickel-base alloy to the surface of the article by a hyper-velocity oxyfuel

(HVOF) or a low-pressure plasma spray (LPPS) metal spray process, and thereafter |
heating the article with the restoration coating applied to the surface thereof o a
sufficiently high temperature to diffusion bond the restoration coating to the surface of
the article. The cooling holes are redrilled as necessary, either before or, preferably, after
the heating. Afler this application of the restoration coating is fully completed, the article

is returned to service, preferably in an application wherein the article is heated to a
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sufficiently high tenperature to diffusion bond the
restoration coating to the surface of the article.
The cooling holes are redrilled as necessary, either
before or, preferably, after the heating. After this
application of the restoration coating is fully
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The restoration alloy that forms the restoration coating may be a nickel-base superalloy
different from that of the nickel-base superalloy article. However, the restorétion alloy
is not necessarily a nickel-base superalloy and, if it is, the restoration alloy need not be
heat treated to produce gamma prime precipitates. The purpose of the restoration coating

is to restore dimensions, not primarily to provide strength although it may do so.



0.5 percent maxi mum The restoration alloy that forns
the restoration coating may be a nickel -base '
-superalloy different fromthat of the nickel-base
superal l oy article. However, the restoration alloy

i's not necessarily a nickel-base superalloy and, if
it is, the restoration alloy need not be heat
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Other features and advantages of the present invention will be apparent from the following more
detailed description of the preferred embodiment, taken in conjunction with the accompanying
drawings, which illustrate, by way of example, the principles of the invention. The scope of the

invention is not, however, limited to this preferred embodimert.



a sufficiently high tenperature to diffusion bond the
restoration coating to the surface of the article.
O her features and advant ages of the present
invention will be apparent fromthe follow ng nore
detail ed description of the preferred enbodi nent,
taken in conjunction with the acconpanying draw ngs,
which illustrate, by way of exanple, the principles
of the invention. The scope of the invention is not,
h er L to [ S.preferred enbodinent. 5

BRIE W%éﬂﬁg§ghﬁk%%%ﬁﬂ€f&gh%;DRAMVNGS Figure 1 is a bl ock
flow diagram of a preferred approach for practicing
“an enbodi rent of the method of the invention;
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Ofmegﬁﬂﬁﬂgortlon of a gas turbine; and Figure 3 is a
cross-'sectional viewon line 3-3 of Figure 2 of a gas
t ur bi ne statlonary flompath shroud assenbly and its

Flguregel? g !eg%?ep s\%l?eénv% O#rgna elgag ol vé%foF% ﬁo%o% 04'& 3 t@ﬁbli’{]g; and
stationary flowpath shroud Figure 5 is a bottom

view of the ga turblne statio fl owpat h. shrqud;
Figurep; i@ g F@s%septg)ng v]?etwoqﬁ Iimg;3, tlc}ﬁ ?]2 é% fL{E]:)NE? :ﬁ%t]onary %owpath shroud
awanﬁ&ﬁ&h@@éﬁ%n&hﬂﬂﬁﬁkmeﬁ@fOUd and Figure 7 is an

enl arged si de schematic el evational view of the gas

turbine stationary flowpath shroud during the
restoration process. DETAI LED DESCRI PTI ON OF THE

I NVENTI ON Figure 1 depicts in block diagramforma
preferred enbodi nent of a nmethod for repairing a

ni ckel - base superalloy article. In practicing the

nmet hod, the nickel -base superalloy article that has
previously been in service is provided, step 20. The
present approach is applicable to any operable
article. Figures 2-7 depict the use of the nethod in
relation to a presently preferred article, a gas
turbine stationary flowpath shroud. Figure 2 presents
a sinplified depiction of the relevant portions of a
gas turbine 40 illustrating only the conmponents of
interest. The gas turbine 40 includes a turbine disk
42 that is fixed to and rotates with a center shaft
44. A plurality of turbine blades 46 extend radially
outwardly froma periphery 48 of the turbine disk 42.
A gas turbine '

Sa



stationary flowpath shroud 50 fornms a tunnel-1ike
structure in which the turbine disk 42, the shaft
44, and the turbine bl ades 46 turn. (The gas turbine
stationary flowpath shroud 50 is ternmed "stationary”
and does not rotate as the turbine disk 42, the shaft
44, and the turbine blades 46 rotate. The stationary
gas turbine stationary flowath shroud 50 is to be
Figurdld &ta pegupeahedidw oM tdptmenpifahd g tebineuthsiondiafloapsth shroud;
found near the tips of sonme types of gas turbine
. blades.) The gas turbine stationary fl owpath shroud
Figure;p 15 a;bgt WA the gas fughane giatianegy {Igwpat skppdyd
segnents 52 that together define the cylindrical gas

Fowd 5P A PR f  RAR A U B ih , o

of the gas turbine engine is perpendicular to the
Figurpl amen eflatded siltcasdhegnatié cleivgtinmal Riew 64 thergas Burbine stationary

i|lustrates the gas furbine stationary flowpath
ﬂowl’%'}‘frsg{?&d%@“%&‘e(ﬁ? ORI PEOSESt | onary  shroud segnents
52 in greater detail. Each stationary shroud segment

DETAIZEDSDESCREF N OF TRESRVeNribanger structure 56. The
gas turbine stationary flowath shroud 50 and the 6

~stationary shroud segnent 52 have a flowpath surface
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o sk R LR, B RSEA e gty
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to & ptp@ly ettt ot g S s S o irunfB Ryt tbbed
together, with a consequent |oss of material. The
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58 .0f . th tat i I t h.sh - 5 d
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t ' bl and th t i tati
R

50 is t&ARkI“9QI8Ry” arld/dics Abt Mot 4s thé RirSiMe Risk B2 the kKRS, @hdthe
~ The stationary shroud segnment 52 therefore has .
turbing hiades 46 rotase| The stetionare pes tebindstatiaparyvBowpath blgoud 50 is to

. cool.in

as passes to e e at. cqoling ..holgs 64 in
bo disGgigisntf G35 WeTRRie B hiiGarh il ot i  Comegype of
gas tulbilR HARL)H nﬂl@"@k @&bBAE stafionary flowpath shroud 50 is formed by a series
of stationary shroud segments 52 that together define the cylindrical gas turbine stationary
flowpath shroud 50. A combustion gas flow 54 flowing from the combustors (not shown)

of the gas turbine engine is perpendicular to the plane of the drawing of Figure 2.

Figure 3 illustrates the gas turbine stationary flowpath shroud 50 and one of the stationary
shroud segments 52 in greater detail. Each stationary shroud segment 52 is supported on
a shroud hanger structure 56. The gas turbine stationary flowpath shroud 50 and the
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the stationary shroud segnment 52 is selected to

provide the desired cooling. Figures 4-6 illustrate

one approach to the positioning of the cooling holes

64. Figure 4 depicts from the side opposite the

flowpath surface 58 the entrance end 70 of the

cooling channels 62, while Figures 5-6 illustrate a

pattern of the cooling holes 64 frombottom (Figure
statidnarpshfoud eghients Bliaviel 0fta pAiiswifirce 58 )thatifsues bul iFlspaced apart

turbi ne bl ade 46 al so has internal. coqling channels.
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The article such as the gas turbine stationary flowpath shroud 50 is most preferably made

of a nickel-base superalloy. As used herein, “nickel-base” means that the composition
has more nickel present than any other element. The nickel-base superalloys are of a
composition that is strengthened by the precipitation of gamma-prime phase or a related
phase. In a preferred case, the article is a nickel-base alloy that is also a superalloy and
has a nominal composition in weight percent of about 7.5 percent cobalt, about 7.0
percent chromium, about 1.5 percent molybdenum, about 5 percent tungsten, about 3

percent thenium, about 6.5 percent tantalum, about 6.2 percent aluminum, about 0.15
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wei ght percent chromum The restoration coating has
no nore than about 0.01 percent yttrium and
preferably substantially no yttrium(i.e., no nore

t han about 0.001 percent). |If larger anounts of
chrom um and yttriumare present in the restoration
coating, such as 20 percent chrom um and 0. 07

percent yttrium the restoration coating is operable,
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alloy is thereafter applied, step 26, to a »
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technique tofr applying netallic deposits

maximum titanium, about 1.65 percent rhenium, about 0.55 percent silicon, about 5.45
percent tantalum, about 7.8 percent aluminum, about 0.15 percent hafnium, about 0.02
percent carbon, balance nickel and impurities. In another embodiment, the restoration
nickel-base alloy has a nominal composition in weight percent of 0.01-0.03'percent
carbon, 0.1 percent maximum manganese, 0.5-0.6 percent silicon, 0.01 percent maximum
phosphorus, 0.004 percent maximum sulfur, 7.4-7.8 percent chromium, 2.9-3.3 percent

cobalt, 0.01 percent maximum molybdenum, 3.7-4.0 percent tungsten, 5.3-5.6 percent

tantalum, 0.02 percent maximum titanium, 7.6-8.0 percent aluminum, 1.5-1.8 percent



in other contexts, see for exanple U S. Patent

6, 233, 822, whose disclosure is incorporated by

reference. The LPPS process is also known in the art

for other applications. The restoration coating 72

may be applied in any operable thickness tc that

returns the dinensions of the article to the desired

val ues, but it is preferably applied in a thickness
rtheni@fn, D00 pahetit mAxidRM tderdayi.3Peidsit madras platmen, 0.01-0.02
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abouta%%t’l: gbsa%%ﬁt 2075°F for a time of at least about 3-1/2 hours, most preferably to
about 2050°F for about 4 hours. The exposed surface of the restoration coating 72 is the
new, repaired flowpath surface 58.

The application process 22 typically overcoats the visible cooling holes with the
restoration coating 72. It is therefore necessary to redrill the cooling holes, step 30. The
redrilling step 30, like the originally drilling of the cooling channels 62, is preferably
performed by laser drilling.

Optionally, an environmental coating may be applied to protect portions of the article.
The environmental coating is typically a diffusion aluminide applied by vapor phase
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and preferably not |ess than about 1900F. Thus, an

article conprises a nickel-base superalloy article

that has previously been in service, and a

restoration applied to a surface of the article. The

restoration is made of a nickel -base superall oy

different fromthat of the nickel-base superall oy

article. The restoration nickel-base superall oy has
aluminaling (€PAhan pedvesst kddbvivei giet arp e Aawmgoraém ofrithenemarvdmeotal

.nore than_about Q.01 weight percent_yttrium. The . .
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Thus,wer &ti¢le cohphisesum owhtlcbhsa superadtmyt arttle that Dps peatcadiyvieeh in
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and np gt fhiap apeut -0 h Weidt PEEEH YUBHBUSt i on gas vel ocity,
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wel ght” after oxidation testing was 10 conpared with
above hEighepghturgtirbmet shatmmiagashirond sesdéntgef the prefesredi substeate

T TR T .
coati Slihé@ks ﬁ%@ﬁ%ﬁ&%&n@ﬁ&a@gﬁ&-tﬂg KeAtife anp28. 2t eliSration

in coate the present restoration coating
coatinget2embetindsackel binvibe gitrilligsef thé coldRbivlay step30.The

present restoration coating material had better

oxi dation.resi stance than.the other. sanpl es,. under
The g3 sSt O B GiRL T PRI 7 Pligh EMECE g ge, and

these two properties were evaluated using coated specimens prepared by the preferred

approach discussed above. For the oxidation-resistance determination, individual pin
samples of the preferred Rene™ N5 substrate material were (1) left uncoated as a control,
(2) coated with a prior coating material that had a chromium content of 20 weight percent
and a yttrium content of 0.1 weight percent and was applied by the HVOF process, and
(3) coated with the preferred restoration coating material by the HVOF process. The
samples were subjected to cyclic oxidation at 2075°F maximum temperature with 0.5
mach combustion gas velocity, and a heating cycle of a rapid heat, 5 minutes at
“temperature, and a rapid cool for 2000 cycles. The weight after oxidation testing was
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In the accelerated corrosion testing, individua
sanpl es of the sane types as used in the oxidation
testing were prepared, and uncoated pin sanples were

al so prepared as a baseline. The pin sanples were
exposed at 1700F for 10 mnutes to Mach 0.5 fl ow ng
conbustion gas, then exposed to 5.4 cubic centineters
per mnute of salt solution added to the Mach 0.5
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heating the article with the restoration coating
perfogpgicted to the surface thereof to a sufficiently

hi gh tenperature to diffusion bond the restoration

Altho‘ﬁgﬁteﬂ Ptibfat BELSHRERCST Ble inVERicRAMas Webn dgscrﬁ;E& inRfefandior

claim1l, wherein the step of providing the
pulpdsex:chfallustiwen,sup@uatﬂodﬁcauons and enhancements may be made without

departing from the spirit and scope of the mvention. Accordingly, the invention is not

to be limited excepf as by the appended claims.
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article includes the step of providing a gas turbine
stationary flowpath shroud as the article. 3. The
nmet hod of claiml or claim2, wherein the step of
provi ding the nickel -base superalloy article
i ncludes the step of providing the article having a
nom nal conposition in weight percent of about 7.5
percent cobalt, about 7.0 percent chrom um about
CLAIMB 5 percent nol ybdenum about 5 percent tungsten,
about 3 percent rhenium about 6.5 percent tantal um
about 6.2 percent alum num about 0.15 percent
haf ni um about 0.05 percent carbon, about 0.004
percent boron, about 0.01 percent yttrium bal ance
1. - Bi@kebd &idepdinbs h hicksl-bate sipteallBtdiicle 6émpidin®he stps of
clains 1 to 3, wherein the step of providing the
__restoration nickel -base alloy includes the step of 12
providing theinitkelbasssupargtien atirlsribatihax previpasly bsen Byschass; agd no
nore than about 15 weight percent chrom um and no
. I : C tkd 5. The net hod of
spplying 3 sEetbidith Bplrride QAR UAAEHy ML dddtBE S, 0%t |
providing the restoration nickel-base alloy includes
providiihe rstoegtioaf nighedbiash alpys theraaést or at i on ni ckel - base
al l oy having no nore than about 12 wei ght percent
. chrom um and no more than. abaut .0. 01 percent tri
applying & ToHrafipR ROAEFOL AR TeSTRERtiAm TOF el 16 5 gpepags ft the
article ﬂﬁh@e_ﬁ%l@ﬂi&f&%&' B&at $fay HeedR bRk 1AR %S%@%lﬁﬂﬁ%})ray
I'Toy 1 ncludes the step of providing the restoration
processpamakibbrebfse al | oy having a noninal conposition in
wei ght percent of about 3.1 percent cobalt, about

. 1,6 percen hrom u about 0.1 .percent X1 frum
heating ¢ Hifdn JTHb Do GRIoB s e BEPPLEn 46 toh SabB Pegob Y =
sufficicREY AR teiFethii Mo difth 85 BoRd AR iordtiSiPcEhE &the surface of

rhenirum about 0.55 percent silicon, about 5.45

the artigher cent tantal um about 7.8 percent al um num about
0. 15 percent hafnium about 0.02 percent carbon,

2. BRe BRI 1 PR s BTomiiad B Moot i v

article thé18des'tRS kt@p 8F 1 on ni ckel -base al l oy includes the step
of

providing a gas turbine stationary flowpath shroud as the article.

3. The method of claim 1 or claim 2, wherein the step of providing the nickel-base

superalloy article includes the step of

providing the article having a nominal cdmposition in weight percent of about 7.5 percent
cobalt, about 7.0 percent chromium, about 1.5 percent molybdenum, about 5 percent
tungsten, about 3 peréent rhenium, about 6.5 percent tantalum, about 6.2 percent
aluminum, about 0.15 percent hafnium, about 0.05 percent carbon, about 0.004 percent

boron, about 0.01 percent yttrium, balance nickel and mmpurities.

4. The method of any one of claims 1 to 3, wherein the step of providing the

restoration nickel-base alloy includes the step of
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providing the restoration nickel -base alloy having a
nom nal conposition in weight percent of 0.01-0.03
percent carbon, 0.1 percent nmaxi num nmanganese,
0.5-0.6 percent silicon, 0.01 percent maxinmm
phosphorus, 0.004 percent maxi mumsul fur, 7.4-7.8
percent chromum 2.9-3.3 percent cobalt, 0.01
__percent maxi num nol ybdenum 3.7-4.0 percent
providing thestegtpratign gickelebage pliasthavingmognernmthap aboutplsy waight percent
Jraxi num titaniu 8. 0 cent alumnum 1.5-1.8
cho%%%o Iflﬂrgﬂﬁwmoblzggé pﬁre‘?%tgyﬁ "Mhxi num sel eni um 0. 3
percent maxi mum plati num 0.01-0.02 percent boron,
5.  OrHeSmp@ibe efitan{eonk MBfMolans CIOR 8Mvhefinl #reOstdB op providihg the
haf nium 0.1 percent maxi mum ni obium 0.1 percent
restoratigix hivkieh basamideli npludes the plep©ént  maxi num copper, 0.2
percent maxi mumiron, 0.0035 percent maxi num
. MAQNES| . 0. r [
proviaifE SO RhoR p ke R AN 1 B ol B BB
chromi@nmPandaioGadic thaxiboun®.01 deent fa@ivaet hod of any one of
the preceding clainms, wherein the step of applying
the restoration coating includes the ste

. pof .
6. dbsipethed ohany o8¢ S A3BE iadi wherew ther s Rhaxyidipg the
- 2 0.4C j o 0.150 inches (3.8mm.
1@ﬂpm@&¥&%gd%§%%%gﬁgﬁagﬁgﬁgggﬂ%PEthe precedi ng clai m
wherein the step of heating includes the step of
providifg ah¢ pgtdridoranicketast allay hevipg raatamiealbéorfipaitiocd0id5keight
(1107C) to 2075F (1135C?. 10. The met hod of ang one
percentypt powt drlepafH Fobilkhi ahout Wideharsit chEonypgl, aBputibh Perrgnt

s ERUSECHIE 79395 M52 ALE) AR b8y g
titaniwrhpiboant 1l i6¥epediendtthdndasy atwino 01553 cldent kibidors . abddt J/ET ifeRent

FOR HVOFE OR LPPS RESTORATI ON COATI NG REPAIR OF A
tantaluygy girgat 7 gaxsroost ipapyrayabaph(- £ percent Aufnpgncabopg0-peyporcent

carbon,%a%%ﬁgl and impurities.

7. The method of any one of claims 1 to 3, wherein the step of providing the

restoration nickel-base alloy includes the step of

- providing the restoration nickel-base alloy having a nominal composition in weight
percent of 0.01-0.03 percent carbon, 0.1 percent maximum manganese, 0.5-0.6 percent
silicon, 0.01 percent maximum phosphorus, 0.004 percent maximum sulfur, 7.4-7.8
percent chromium, 2.9-3.3 percent cobalt, 0.01 percent maximum molybdenum, 3.7-4.0
percent tungsten, 5.3-5.6 percent tantalum, 0.02 percent maximum titanium, 7.6-8.0
percent aluminum, 1.5-1.8 percent rhenium, 0.005 percent maximum selenium, 0.3
percent maximum platimum, 0.01-0.02 percent boron, 0.03 percent maximum zirconium,
0.12-0.18 percent hafnium, 0.1 percent maximum niobium, 0.1 percent maximum
vanadium, 0.1 percent maximum copper, 0.2 percent maximum iron, 0.0035 percent
maximum magnesium, 0.01 percent maximum oxygen, 0.01 percent maximum nitrogen,

balance nickel with other elements 0.5 percent maximum.
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A nmethod for repairing a nickel-base superall oy

article, such as a gas turbine stationary flowpath

shroud (50) having flowpath cooling hol es (64)

therein that has previously been in service,

i ncl udes the steps of providing the nickel-base

superalloy article that has previously been in
8. Sdh¥infeftiodTdnapat yi e peecedial Oladths, Whetdin theSwpfXepplyitd)the

of the article. The restoration is applied by t%e
restorgtigp sogmeipgudasithystap plest or ati on ni ckel - base al | oy,

wherein the restoration nickel-base alloy preferably

has no nore than about 15 wei ght percent chronm um
apphydnglthe eegt@mutiond feting ho b thitk3ds @frae Ht03Ptihahies (0.76mm) to 0.150
) tRireafter applying a restoration coating (72) of
incheshe 8@ or at i on” ni ckel - base alloy to the surface (74)

of the article by a hyper-velocity oxyfuel netal

spray process or a | ow pressure plasma spray process,
9. anbhe methodafftany dreacl thg frbedamgt ¢laine wherdintthe step of heating

Y TN L N

207594 fifypicgn_bond the restoration coating (72) to the
surface (74) of the article. The article is then
returned to service. (FIG 1)

10.  The method of any one of the preceding claims, wherein the step of heating
includes the step of heating the article to a temperature of from 2025°F (1107°C) to
2075°F (1135°C) for a time of at least about 3-1/2 hours.
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