7 OCTOBER 2005 ENHANCED SURFACE PREPARATI ON PROCESS FOR ?Belfbgﬁﬂlzm OF
CERAM C COATI NGS 5 BACKGROUND Field of the Invention 10 This 1 nvention
relates to the preparation of metallic or internmetallic surfaces,
particularly bond coat surfaces for the subsequent application of ceramc
coatings, particularly ceramc thermal barrier coatings for use at el evated
tenperatures. Description of Related Art 15 U. S. patent 4,321,310 discusses
pol i shing bond coats prior to applying ceramic thermal barrier coatings.
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i ncl udes nechani cal abrasion inat lTea two steps wherein the second step
is less aggressive than the first step. Alternately a single step may be
enpl oyed in which the aggressiveness of the abrasion at the start of the
stgp BAGKE&ROUNBDan t he aggressiveness of the abrasion at the end of the
step. Abrasion using ceramc particles is a suitable nethod. 25 O her steps
i ncluding diffusion heat treatnents, cleaning heat treatnents, and
mechapgal ofRhRGBSSAIEL SUCh as peening nmay al so be used in conjunction with

the progressively decreasing abrasion step. | 7 OCTOBER 2005
10 This invention relates to the preparation of metallic or intermetallic surfaces,
particularly bond coat surfaces for the subsequent application of ceramic coatings,

particularly ceramic thermal barrier coatings for use at elevated temperatures.

Description of Related Art

s U.S. patent 4,321,310 discusses polishing bond coats prior to applying ceramic

thermal barrier coatings.

Summary

Metallic or intermetallic surfaces, particularly bqnd coal surfaces, are prepared to
20 receive ceramic coatings using a process which includes mechanical abrasion in at least
two steps wherein the second step is less aggressive than the first step. Alternately a
single step may be employed in which the éggressiveness of the abrasion at the start of

the step is greatér than the aggressiveness of the abrasion at the end of the step.

Abrasion using ceramic particles is a suitable melhod.
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Other steps including diffusion heat treatments, cleaning heat treatments, and
mechanical processing such as peening may also be used in conjunction with the

progressively decreasing abrasion step.



Brief Description of the Drawings Figures 1 through 5 are76g9&hﬁﬂg&%s whi ch
illustrate various enbodi nents of the invention. 5-Ftgure I's a

phot om crograph of cross section of a. cathodic arc ‘deposited bond coat at
400X. Figure 7 is a photom crograph of cross section of a cathodic arc
deposited bond coat at 400X after ceram c pressure peening, Figure 8 is a
phot om crograph of cross section of a cathodic arc deposited bond 10 coat
at: 400X after ceram c pressure peening and progressively reduced grit

bl asting. Description of Preferred Enbodi nents The present invention relates
to methods for preparing netallic or internetallic surfaces, particularly

bond ceak ﬂgsfc?i f8n oti‘?hé%(?gmﬁ c& subsequent ceram c coating. The 15 surface
preparaﬁ—én—prv@emr—am‘r%"l y increases the adherence of the ceramc
coating to the surface a i ncreases the lif f.the coati : S e
condi tions fgléneévgs?é@llggg’fﬁéﬁ Jeur @"%’f:%w“é@ ﬁﬂgg@ee\ﬁ%rbﬁ% éﬁ%&ﬁﬂﬂgég’sgrﬁebi ne
engi nes. Ceram c coating may be applied directly to certain netallic

sur f acewewtipbh form a dense adherent alum na scale, see for exanple U.S.
patent 5, 262,245. Usually however, 20 an internediate bond coat is applied
t 05t he surf &gurer 6 ds atghdtbmiapgidptatii aossethen ofsagatbodicoarti deposited WTHOBER
2005 The nost conmmon type of bond coat known in the art as an MCrAl'Y bond

coat, cohesresddxs selected fromthe group consisting of iron, nickel, cobalt
‘and m xtures of nickel

Figure 7 is a photomicrograph of cross section of a cathodic arc deposited bond

coat at 400X after ceramic pressure peening.

) Figure 8 is a photomicrograph of cross section of a cathodic arc deposited bond

10 coat at 400X after ceramic pressure peening and progressively reduced grit blasting.

Description of Preferred Embodiments

The present invention relates to methods for preparing metallic or intermetallic

surfaces, particularly bond coat surfaces, to receive a subsequent ceramic coating. The

15 surface preparation proceés substantially increases the adherence of the ceramic coaiing

to the surface and increases the life of the coating under severe conditions of elevated
temperature such as those encountered in gas turbine engines.

Ceramic coating may be applied directly to certain metallic surfaces which form a

dense adherent alumina scale, see for example U.S. patent 5,262,245, Usually however,

20 an intermediate bond coat is applied to the surface prior to the application of the ceramic

coating.



and cobalt. See, for exanple, U S. patent 3,928, 026. m@é&iﬁ{ Bég hged coats
may be applied using el ectron beam vapor deposition cathodic arc
deposition, plasnma spray deposition including | ow pressure plasma spraying
(LPPS), sputtering, and electrodeposition. \Wile the invention process was
specifically devel oped for use w th bond coat supplied by cathodic arc
deposition, it is not so limted. An inportant aspect of the present
invention is the use of an abrasive treatment, 10 having certain specific

characteri Sﬁb%m%fcmwﬁ@epms Jﬁwceét M@wﬁ%w%nmé G WErhPy bbRE%ose the

ceram c coa foun part| cuI arly with respect to sone types
of bond coat dep05| gr rocesses su . cat hogl abcI H he S%"ﬁnfﬁ e of
the asvBBmR Meig S5befded HRM REO'QEP&AS!s ”86’ Hogs 56500 20H iyt “’%? a
rough and irregular. 15 According to the present invention, a portion of the
sur f acendbball Seae ferexsirple; kS l@%ﬁeﬂhﬁ@&%@%@@ ‘ng is renoved by abrasion to a
depth which renoves any inperfect outer portion of the surface |ayer which
may be presriCrAIGappe ddny spaakhayg beaapplieal usingupleton disarn VEPOT rdepogition10
in.) may be renoved. Mdst commonly, for cathodic arc deposited coatings,

beg Wee({El?ﬁi’@B cﬁﬂ@@rc%@é’de@@é@om bladma-sprdy @epositivrl incheling owvpdssdfe Masmave

found that uSing a relatively aggressive initial abrasive treatnent followed

by at a%@%gh@&epeé easeffnff@f ﬁe%&%@%ﬁbé’ﬁonab\ﬁﬁfﬁlwﬁé RehIBApbesH (e "2

Zu]l?fst ] d inC r a subsequently appl |e]9I ceramc coati ng.
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so limited.

) An important aspect of the present invemioe is the use of an abrasive treatment,

10 having certain specific characteristics, to remove a portion of the surface which is to
receive the ceramic coating.

It is often found, particularly with respect to some types of bond coat deposition
processes such as cathodic arc, that the surface of the as-applied bond coat has defects,
such as pores, fissures, etc. and is rough and irregular.

15 : According to the present invention, a portion of the surface which is to receive the

ceramic coating is removed by abrasion to a depth which removes any imperfect outer

portion of the surface layer which may be present. Generally speaking, a total of up to
about 1.0 mil (.0010 in.) may be removed. Most commonly, for cathodic arc deposited
coatings, between about .0005 and .0010 in. (.5-1.0 mil) will be removed.

20 We have found that using a relatively aggressive initial abrasive treatment followed
by at least one subsequent, less aggressive, abrasive treatment results in a substantially
increased life for a subsequently applied ceramic coating. We define the degree of
aggressiveness of an abrasive surface treatment in terms of the rate of surface removal,

3



the unit thickness renoved per unit tinme. Mre aggressi Ve GE¥cHER'RN0s5
treatnents renove nore material in a given period of tine. Thus, for
exanpl e, we have used grit blasting in which alumna particles are
propelled by a fluid (such as conpressed air) against the surface to be
abraded. The 5 aggressiveness of the abrasive process can be controlled by
controlling velocity and/or pressure of the fluid which contains and propels
t he abrasive nedia and/or the nozzle to substrate distance. In general,

hi gheiipé lugitdhRikeess reésiovet guirtirdstipeodvice aggmseivagiressieviecatatamds irgraove
treatnment than do lower fluid pressures/velocities as do reduced

nozzl e- -9 i di : 1ng that other process details remain
constgrr‘l(?}.éb%(%ﬁ%ﬁqllré%l@L%?%ggdﬁ%f?}gg&above, necessary to use at |east two
abrasive treatments of decreasing intensi dt.1S fer :

| east thr eeTei?a{-b'sr’aQir RIS %?‘?Vﬁfuﬁ%‘iﬁgiﬁt‘%ﬂmq HJf g"ﬁg‘%l?yﬁurﬁf&w&%p@?%?%e
appreciated that the sane result can be achi eved usi'r}g a single abr 'bve
t r eat peppelaccpyianiluigi Guchras gegreessid ahreawist dirsy éFetTHebeaBP@é*e\Sjea-E Bcess
is 15 varied and decreases fromthe start of the step to the finish of the

step. atigeessitenesod! thecabmsiveapmoeay dao e epnirelted by comtiofingueglogity and/or
conbi nations thereof. Thus, for exanple, instead of using two or three

separ Efr@sgrrletofhhésmimmﬁre@@nxlam'snahcpmgdee§ fevebiasiveneiedi andfer elssnoezleitt s
possible to use a single grit blasting operation in which the air pressure

decr e%ﬁg%@@’&kﬁ%\%e?i@b&n&fal,trﬂghértfﬁﬁd F%s%h?es‘?v"éjo@ﬁeé PRWRIER: mble h§g@ssie

possi O conpvl ne const'ant abrasfve aggr essi veness W th one OF nore
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NG T HGERES, assuning that Sther prodess Jerais rernain corstant. T o' @

10 While it is, as noted above, necessary to use at least two abrasive treatments of
decreasing intensity, it is preferred to use at least three abrasive treatments of decreasing
intensity.

It will also be appreciated that the same result can be achieved using a single
abrasive treatment step in which the degree of aggressiveness of the abrasive process is

15 varied and decreases from the start of the step to the finish of the step. The nature of the

decrease may be stepwise or continuous, or combinations thereof. Thus, for example,
instead of using two or three separate grit blasting steps using progressively lower air
pressure, it is possible to use a single grit blasting operation in which the air pressure
decreases from the start of the step to the end of the step. It is also possible to combine
20 consiém abrasive aggressiveness with one or more steps of degreasing abrasive

aggressiveness.
Oxide ceramic abrasives are preferred because any residual embedded particles

will be relatively stable and innocuous. We prefer to use alumina as an abrasive material

4



4 7 OCTOBER 2005 but other abrasives, including zirconia gaggahk#gaF may be
used especially for the earlier abrasive treatnent steps. e of "alum na
for the final, |east aggressive, abrasion step is highly preferred. It has
been found that using a decreasing intensity abrasive process or processes
5 produces a relatively snoother surface finish than woul d ot herwi se be
obtained if an abrasive step of constant intensity were utilized. The
skilled artisan will appreciate that several factors affect the intensity or

t ! pp! | ¢ fa ( eensity
rate of Gm{%%q?gsgégﬁggldmgx?ééa@%%nd D6SE th bwé%e%bégﬁée@)ﬁg& athgle’(;argr%rze

abrasive partic Sl asive particle velocity,

which the particles strike the surface 0 and the, nunber. of part.icles .

"'t of aEP I Al e AR A EPS et BB Ter 1e, ARG feia BHFICHE. <REsTpE sfep i
substrate distance. It is well within the skill of the art to select and
vary thiasey perleed. to arrive at a suitable combination to acconplish the
present invention. A variety of abrasion processes are known in the art,

i ncl udi ng: 1t5hdks bé&en fouridatial ngnplededraasipgdsiensitpabtasivepranessmrguetéssksat a
surface 20 a. by a flowng gas stream b. by a flowing liquid streamc. by

cent ri hrailcekos GBIEtITER §m@other surkicat fifigh dhah Woulah@pbrwisyi by atesivetti inisahi ng
wherein the parts to be abraded are placed in a container along with

abr asi ¥ JHH &bt dhsthitn@nbiiWerk Bflfsd. and
The skilled artisan will appreciate that several factors affect the intensity or rate of
abrasion of a given surface. These include abrasive particle size, abrasive particle
composition, abrasive particle velocity, the angle at which the particles strike the surface,
10 and the number of particles interacting with a unit surface area in a unit time and the
nozzle to substrate distance.
It is well within the skill of the ant to select and vary these factors to arrive at a
suitable combination to accomplish the present invention.
A variety of abrasion processes are known in the ar, including:
15 . D Grit blasting wherein abrasive particles are propelled at a surface
a. by a flowing gas stream
b. by a flowing liquid stream
C. by centrifugal force imparted by a rotating disc or wheel.
2. Vibratory finishing wherein the parts to be abraded are placed in a
20 container along with abrasive media (often with a liquid added) and
the container is vibrated to cause the abrasive media to abrade the -

parts.



the container is vibrated to cause the abrasive nedia to_abrade the parts.
5 7 OCTOBER 2005 3. 4. 5 5. 6. 10 7. Barrel finishing, siiAGBERRYS pbratory
finishing except that the container is closed and rotated about a generally
hori zontal axis to cause notion (tunbling) and abrasion. Centrifugal disc
finishing in which a rotating disc spins abrasive nedia and parts in a
stationary chanber. Centrifugal barrel finishing which uses closed chanbers,
cantaining parts and abrasive nedia, which are nounted on a rotating turret
The cl osed chanbers counter rotate. Spindle finishing in which parts are
mount ed on novabBe spBadiebinishinigc imiies ta WBRAIORNENIEBHT exCaPhE! Hif BRidaker
abrasive nedia. Drag finishing in which parts are nounted on rotating
fixtures which are imrersed andadthied agged 4 fyeoegdlyahberonttl abisati veusedi a.

motion (tumbling) and abrasion.

4, Centrifugal disc finishing in which a rotating disc spins abrasive media

and parts in a stationary chamber.

N

5. Centrifugal barrel finishing which uses closed chambers, containing
parts and abrasive media, which are mounted on a rotating turret.

The closed chambers counter rotate.

! 6. Spindle finishing in which parts are mounted on movable spindles
10 which are then immersed in a moving bed of abrasive media.
7. Drag finishing in which parts are mounted on rotating fixtures which

are immersed in and dragged through a bed of abrasive media.
All of these techniques can potentially be used in connection with the present
invention, although some may remove material at such a high rate as to be impractical.
15 In practical applications, contamination of hollow parts, such as cooled iurbine
airfoils, with abraded debris/sludge can be a problem. This suggests that liquid media

processes may be generally less suitable.

——

Figure 2 shows further development of the present invention in which a diffusion

heat treat step is performed between the bond coating application step and the progressive

20  abrasion step. Itis known in the prior art to perform diffusion heat treat steps in connection
with bond coats in order to improve their adherence to the substrate by promoting
interdiffusion between the bond coat and the substrate. Such a diffusion heat treatment

step appears to be highly desired in the case of cathodic arc-applied bond coats which,

6



Al of these techniques can potentially be used in connecfje %%900 he
present invention, although sone nay renove material at such a high rate as
to be inpractical. 15 In practical applications, contam nation of hollow
parts, such as cooled turbine airfoils, with abraded debris/sludge can be a
problem This suggests that liquid nedia processes may be generally |ess
suitable. Figure 2 shows further devel opnent of the present invention in
whi.:ch a diffusion heat treat step is perfornmed between the bond coating

appl i C%teicgﬂsétﬁ%]yagl% tdé?o@fté’@rﬁs%IH@eI@%@We@SﬂJ@_@l&b@%nhthéx\fe keptimelynickshe
prior art to performdiffusion heat treat steps in connection with bond

coats in,order tq I npr i, ad j '
i er arPraeTe ok ABr e BEiE 2ARLERAReRE vk dfnehaE Lo e R B
heat treatnent step appears to be highl esired in the case of cathodic
ar c-apﬁpﬁﬁﬂgﬂfomb%@g’f)gg i'reﬁl,'vmseé?%ﬁ@)&@@%‘ Ebgeaa%’af'hey are deposited at
relatively | ow tenperatures and have relatively | ow adherence in the

as-appl i ed t pipical diitlisidrubeartrémtatent stent iswerfdrmedoat a tajopewduref oft YR EErfai ¢
coating is to be applied directly to a substrate without a bond coat. A

typ ' i t i t opfmAP75F
Ly Cgh féprfofdﬁf' dﬁéy?gﬁguﬁduﬁuﬁﬁge%@%? BetREEH AEBEE BH0°F ARIBEE@I2H0D°PimayP

erio urs. Tenperatures between about 1800F and
o abofE J0PRERALST 8 naGE et Ao ERour PR PECLARRE | et ep”
After the pugiiesh FOBWRSTSTGRSIEbaE 1> SHAS0 e FRmENONRL G- 50 SET4e
operation produces fine particles of the abrasive material 10 and the
abr adedomyrrisesain ulviashnir deaningi tep periormerwiteriihe pregressivef alyasies #igp. |t
° ej]anl Egs been found that the abrasive operation produces fine particles of the abrasive material
10 and the abraded material which are difficult to remove from the surtace using cleaning
methods such as air blasting. Ultrasonic cleaning-using an aqueous solution has been
used. Pure water has been used but it is poss-ible to employ wetling agents, which may
enhance the cleaning effectiveness, but care must be taken to ensure that any ultrasonic
cleaning solution residue does not interfere with adherence of the ceramic layer to be
15> deposited.

Figure 4 shows another step added to the steps in Figure 3 which consisis of a
peening operation which is performed either immediately after the diffusion heat treatment
and before the progressive abrasion step, or alternately after the first abrasion step.
Peening is used o densify bond coats by closing internal voids and other defects. We
20 prefer to use ceramic pressure peening. Ceramic pressure peening is simifar in some

ways to grit blasting. A pressure fed type grit blasting machine propels ceramic parlicles

at the surtace to be peened. Smooth rounded. ceramic particles are used and minimal



met hods such as air blasting. Utrasonic cleaning using apefdsaisoesol ution
has been used. Pure water has been used but it is possible to enploy
wetting agents, which may enhance the cleaning effectiveness, but care nust
be taken to ensure that any ultrasonic cleaning solution residue does not
interfere with adherence of the ceramc |ayer to be 15 deposited. Figure 4
shows another step added to the steps in Figure 3 which consists of a

peeni ng operation which is perfornmed either imrediately after the diffusion

heat t edRNtemeld Befues.e WeehPioUisedsh \conieasaiBN avkRible Ohatdrizgnaivel Xs
after the first abrasion step. Peening is used to density bond coats by

¢l osin sWo?rQ?(oEf@%tdéf SERFPLNPL ideERM e avﬁnﬁ%fﬁﬁﬁfﬁr éc?oéi‘ﬁ%&rﬁb?éﬂoﬁ the

pr essu pee' ressure een N OI’T'E ways

bl astin res rit b i,ng C els r,amc

par ¢ cPeaiaE padbE e é%@ﬁ ' hbuplte oy MsBae B e tving a0
are used and mnimal 7 7 OCTOBER 2005 surface r enoval occurs We have used a
commer évarage giaineteniod ORdGein dirshedimanalioyiof giteeniaanst sticat of SEPR of
Paris, France, a unit of the St. Gobain Corporation, the nedia is available
from SEPR ofwigbprrefer togpebe, toNard intéMsitysas rraastiredby ithe edmeaviestsaip matrerdagé

di aneter of 0.046 in. Zirshot is an alloy of zirconia and silica. 5 W

pref er flfn RVt UG- BN N, HhERSEpecifsall Head Derhhfic Pro@urk §sdeniid iPpragthed,
of fromabout 13-17 N, nore specifically 14-16 N. Ceram c pressure

peeni ngel-5, 0L §f AL HbenREAHIFotb mﬁags%legw%@ﬂ%ttﬁe BAandP LA SRR S

to tEe exten al sone ot er peeni ng netho however genera
Pt ensPEg G P Ra G Ve hanslaly SFealb By reR Ridstmp B st ahiek"
] provides the required Almen intensity without damaging the part or contaminating the part

10 surface.

Figure 5 shows another step added to the step shown in Figure 4, a heat treaiment
performed after any peening operation but prior to ultrasonic cleaning. This heat treatment
is used to remove any organic residue or contamination such as that left by fingerprints or
oil vapors in the ambient atmosphere. A heat treaiment 2t about 1300°F for about one-half

15  hour, but temperatures between about 1000°F and 1500°F for times between about one-
half hour and 4 hours are appropriate.

We prefer that all part handling after the organic heat treatment step is performed
by operators wearing fabric or plastic gloves to eliminate the possibility of subsequent
organic contamination.

20 After the surface is prepared, the ceramic coating can be applied by EBPVD,
sputtering, or thermal spray technigues.

Example 1



10 surface. Figure 5 shows another step added to the step shQMER 2odi OUre 4,
a heat treatnent perforned after any peening operation but prior ?o
ultrasonic cleaning. This heat treatnent 1is used to renpve any organic

resi due or contam nation such as that |left by fingerprints or oil vapors in
t he anmbi ent at nosphere. A heat treatnment at about 1300F for about one-half
15 hour, but tenperatures between about 1000F and 1500F for tinmes between
about one- halt hour and 4 hours are appropriate. W prefer that all part

handl i ng af fgkhMehgasoanné dldteathavingad nemine tempositiperdf gbyrad ) Sby CoptdatQu, s
wearing fabric or plastic gloves to elimnate the possibility of subsequent

g;gaggﬁég@ﬂ} 8% g@.tdEgg,B%PsgéfS}& N, S5 U S30E Had epgmng%, ake 850 Gitf @At i ng

ering, ermal spray téechni ques. Exanpl e

I, QPSS 40,020 B8 B L L,

essentially Ni, were coated with an MCrAlY having a nom nal conposition of
(by WQ.¥%23l@e% Y7uptessartiadyNi usipgZsoethrdic arvgeating pros®sy, T nominal
essentially Ni, using a cathodic arc coating process. The nomnal 5 coating
t hb ck nesgtingaticknest wes gomie 6 shows a cross sectional photo mcrograph (at
400X) of the as applied coating. The rough surface is readily visible, and
had a nmeasurigéiré GUGROWS S OfosabsidtioA@Pphdiociitroghgs RtA00X) of the as applied
coating. The rough surface is readily visible, and had a measured roughness of about 195
microinches R.A..
) The as coated blades were treated by ceramic pressure peening, using ceramic
10  beads Zirshot, 0.046 in dia., applied using a pressure feed peening apparatus operated at
~a constant air pressure of 30 psi for 5 minutes. Figure 7 is a photomicrograph showing the
surface after ceramic pressure peening. A significant improvement in surface condition is
visible, the measured surface roughness after peening was about 135 microinches R.A..
The pressure peened paris then had a columnar ceramic coating applied by
15 EBPVD. The ceramic coating composition was zirconia stabilized with 7 wt % ytttria. The

ceramic coaling thickness was about 5 mil.

The ceramic coated parts were tested in a cyclic thermal (at 2100°F) test simulating

engine operation.
The average time to coating failure (defined as about 50% spallation of the ceramic
20 coating) was determined.

Example 2



The as coated bl ades were treated by ceram c pressure peepi i ceramc
10 beads Zirshot, 0.046 in dia., applied using a pressure?P%nggéﬁ‘%ng
apparatus operated at a constant air pressure of 30 psi for 5 m nutes.
Figure 7 is a photom crograph show ng the surface after ceram c pressure
peening. A significant inprovenent in surface condition is visible, the
nmeasur ed surface roughness after peening was about 135 m croinches R A _ The
pressure peened parts then had a columar ceram c coating applied by 15

EBPVD. The ram.c coatin sitiaon j | a il | 7 %
ytttria. Thée 'Xg‘éﬁbé'?ﬁ @Paffgﬁtq?fﬁgggﬁwgkéﬁgns%élg\?gos&%%gﬁ&%d%ﬁ%#Hé%@?héﬁgé‘cm‘f ed
parts were tested in a cyclic thernal gat 2100F) lest simulating 20 ,en%ne
oper at iSPhblagiae weye cagied Witk thessapaMygl Y apmprseticadpithe aame taisbnessesing the
spal l ation of the ceramc coating) was determ ned. Exanple 2 9 7 OCTOBER
2005 Sisamaichihogibapdastio. t he sane conposition as those described in
Exanple 1. The six blades were coated with the same MCrAl'Y conposition to

the same t hiCdanass preisige peeninganas setdmtid acqmrairry testhe GresentinEMBEPULSINg
peeni ng was perforned according to the present invention using 5 the sane

D 5 Suia A PR SORS AL RoR R se U B Tra e wardeLs jPesaag . e
mnutes at 55 pey a0d dofl Mk biiRePsl iR AL, 31 YRS RhslEs
55 psi and 1 minute at 35 psi using 240 mesh aluminum oxide grit. After this progressively
reduced aggressiveness processing, the measured surface roughness was 69 microinches
ORA.
10 After grit blasting at progressively reduced intensity, the parts were coated with the
same EBPVD applied ceramic coating as used in Example 1 to the same thickness. Figure
8 shows a cross section with the ceramic coating applied.
The six parts were tested using the same 2100°F cyclic lest as used in Example 1.

The sample processed according to the present invention displayed an B7%

s improvement in cyclic life.

10



reduced aggressiveness processing, the neasured surface s 69

m croinches R A . 10 After grit blasting at progressiveﬁgﬂggﬁﬁ@éa&?
intensity, the parts were coated with the same EBPVD applied ceranc
coating as used in Exanple 1 to the sane thickness. Figure 8 shows a cross
section with the ceram c coating applied. The six parts were tested using
the sanme 2100F cyclic test as used in Exanple 1. The sanple processed

according to the present invention displayed an 87%

15 i nprovenent in

cyclic life. 18am&§&CTOBER 2005 Clains 1. A nethod for preparing a substrate

to receive a ceramc coating including the steps of:
surface of the substrate at a progressively decreasi

removing material from
ng rate; wherein the

surface has a pond Aeﬁeéthd&lfcﬁfﬁrép%rﬁagwbe{ra&eqe@ééém a ZerafiBBbERY iASudiRg Al ai m

1 in which the material is renoved

y abrasion and which includes at | east

two abrasion steps thAgtemsedfein the first step renpves material at a rate
which is at least twice the rate of the last abrasion step. 3. A nethod as
in Cdaim1l in which an absrasviog nutertz fsnofurtheerof s substrate #tnes prograssively

enpl oyed. 4. A nethod as in Caim2 which includes at
steps of decreasing rate;

| east three abrasion

wherein the surface has a bond coat which is an MCrAlY coating.

2. A method as in Claim 1 in which the material is removed by abrasion and

which includes at least two abrasion steps and wherein the first step

removes material at a rate which is at least twice the rate of the last

abrasion step.

3. A method as in Claim 1 in which an abrasion process of decreasing

intensity is employed.

4. A method as in Claim 2 which includes at least three abrasion steps of

progressively reducing intensity.

5. A method as in Claim 1 wherein the abrasion is caused by oxide ceramic

abrasive particles.

6. A method as in Claim 1 wherein the abrasion is caused by grit blasting.

7. A method as in Claim 6 wherein the bond coat is applied by a method

selected from the group consisting of EBPVD, cathodic arc deposition,

plasma spray deposition, electroplating, and sputtering.

8. A method as in Claim | in which a diffusion heat treatment is performed

prior to the progressively decreasing rate material removal process step.

11



progressively reducing intensity. 5. A nethod as in d ai erei n_the
abrasion is caused by oxide ceramic abrasive particles. mﬁ%#&@@% as in

Claim 1 wherein the abrasion is caused by grit blasting. 7. A nethod as in
Claim6 wherein the bond coat is applied by a method selected fromthe
group consi sting of EBPVD, cathodic arc deposition, plasnma spray
deposition, electroplating, and sputtering. 8. A nmethod as in Caiml in
which a diffusion heat treatnent is performed prior to the progressively

decreasi ng rat g mat arrathot 0N @aifr PieAsicts e Ditratdnié cfEahidEeg WFerforméd et hod
as in daim1l in which an ultrasonic cleaning step is perforned subsequent

to the progressivel yubReareRklP e PERSEESSVEl Jesfeasingipig Matesiadsamogl pfpcesy. A
met hod as in C aimggpn Which a surface peening operation is performed
subsequent to the diffusion heat treatnment step. 11. A nethod for applying a
ceramic thermal barrier coating to a netallic substrate including the steps
of : a) appl yi ng0an RIngthyd lasnrl Ciaiat8 inovhitiea sutiace peaning Pperatior istesidoed ar ¢
deposition process i i L j ated substrate c)

peeni ng the diffusi g&nb%qu%Hﬁlbgﬁ Qﬁﬁ%lgéthgg“gé&%ﬁegﬁtga d) abrasively renoving
material fromthe bond coat at a

11. A method for applying a ceramic thermal barrier coating to a metallic

substrate including the steps of:

a) applying an MCrAlY bond coat to the substrate using a cathodic
arc deposition process

b) diffusion heat treating the coated substrate
c) peening the diffusion heat treated coated substrate
d) abrasively removing material from the bond coat at a

progressively reducing rate
e) ultrasonicaily cleaning the abrasively treated bond coat

f) applying a ceramic coating.

12. A method as in Claim 11 wherein the abrasive removal process is

performed using oxide ceramic abrasive materials.

13. A method as in Claim 11 wherein the abrasive removal process occurs at
an initial rate which is at least twice as great as the rate of removal at the
end of the abrasive removal process.

14. A process as in Claim 11 wherein the peening is performed to an intensity

of from 13-17 N on the Almen scale.

12



progressively reducing rate e) ultrasonically cleaning th rasivel

treated bond coat f) applying a ceramc coating. 12. A ne?ﬁ&bfoggklzﬁo% aimll
wherein the abrasive renoval process is performed using oxide ceramc
abrasive materials. 13. A nmethod as in Claim1l wherein the abrasive renoval
process occurs at an initial rate which is at |least twce as great as the
rate of renoval at the end of the abrasive renoval process. 14. A process
as in Caim1ll wherein the peening is perfornmed to an intensity of from
13-17 N onishe Alg¥BtessCa if.Cldid 71 M@Eﬁﬁem@&,a#heﬁtw&ﬁeﬁﬁs@ﬁbﬁnéa g 11
wherein the diffusion heat treatnment is perforned at a erature of from
about 18000 to mRarai®oEremrabeut 18R0°de abpm 188U for aSt'rf‘%OHEB@S‘LRbOl‘D SHBur s.
16. The product jpsaduasdr®y the method of Gaiml1l 17. The product produced -
by the nethod of A aim8. 18. The product produced by the nmethod of Caim
11. 19.. The product produced by the method of Caim15. 13

16.  The product produced by the method of Claim 1
17.  The product produced by the method of Claim 8.
18.  The product produced by the method of Claim 11.

19. The product produced by the method of Cilaim 15.
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