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Patents describing coatings of this type 1nclude U.s.
20. Patent Nos. 3 542 530, 3 676 085, 3 754 903 and 3 928 026.
By their nature, overlay coatings are optimized
0 resiSt envirbnmental attack, namely oxidation and

hot corrosion. The compositions which lend themselves
eto proViding the requisite. oxidation and corrosion
25 resistance are generally not particularly strong and it
has not generally been recognized that strength is an
NS ' important coating requirement since it has generally been
o ‘thought that the substrate material provides the strength-
while the coating material provides the environmental
30 protection. However, it has. been observed in certaln
. ' 'gituations that where ‘turbine engines are ooerated at
| extremes of temperature and stress strains that the nrlor
- : - art coating material appears to flow and..to_form a
surface pattern referred to as rumpling consisting of
35 alternating peaks and valleys. This phencﬁendn can occur
early in the service and it is a serious problem since it
reduces the effectlveness of the articles and can reduce
engine efficiency. Rumpling is detrimental in several
. respects. First, the valleys in the coating :epresent
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- And finally |,
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initiation.

First, the valleys in the coating represent -2- areas of
.reduced thickness where environnmental attack can rapidly affect the
substr . Secondly, the peaks in the coating interfere with the gas flow
and c%ﬁi?}-result in local increases in netal tenperature which can
incread&”the rate of attack. Thirdly, the surface area of the coating is.
I ncreased which canlead  to nore rapikdadepl etion of protective elenents.
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In a related area, increasing development
efforts have been aimed at the production of so-called
'thermal barrler coatlngs..These are coatings usually
of a ceramic material which prov1de a thermal insulating
effect thereby reducing the temperature of the
underlying substrate-and/or coating. Such coatings
can also beneflt the ox1dation reSLStance of the
substrate and/or coatlng even though most thermal

: barrier coatlngs are permeable to corrosive gases.

The corrosron and oxidation benefit from thermal
barrler coatlngs arises from the fact that the thermal
barrler coating can reduce the metal temperature by as
.much as lll°C (200 °m) thereby substantially reduc1ng

' the rate of attack. Prior art patents_ dealing with
30

thermal barrier coatings include U.S. Patent Nos.

'3 091 548, 4 055 705, '4 095 003 , 4 248 940, 4 269 903,

4 321 310, 4 328 285 and 4 335 190. Some of these
patents describe the appllcatlon of thin ceramic
coatings to overlay coatlngs and may for example include
ceramic thicknesses on the order of from 25.4 to

1270 pm (1 to 50 mils). _ However, from con51deratlon

of the snec1ficatlon and examples in these patents

it is clear that these are broad ranges and not
reflective of the preferred ranges‘Which would be

v



1270 pm (1 to 50 mls). However, from consideration of the specification
and exanples in these patents it is clear that these are broad rawézggand
not reflective of the preferred ranges which would be -3- used

seeki-ng the true thermal barrier (insulative) effect. In prior ar her mal
barrier coatings, the cera- 5 mc thickness is usually greater than the
MCr ALY or bond coat thickness. In the preseng anentlon .the ceramc

t hi ckness wi Il usual be |-ess than the:Morial coat t
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overlay | ayer haV|qg a thickness of from about 7. to about 101.6 pm (0.3
to about 4 nilk§ he ?ﬁ?ﬁ%ﬁ%ﬂ?ﬁFWIQQH?E?IPﬁﬂ%1F§aﬁ6a2tBﬁP25ef%W%Fth ting
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15 The present invention comprises a surface
o strengthened_coating system whick can protect metal
articles from environmental attack particularly under
“conditions of high temperature and high stress. The
coating system includes an initial overlay layer of an
20 MCrAlY'coating'on the substrate having a thickness of
from about 76.2 pm to about 254 pm ,(about 3 to about 10
' mils) and a thin ceramic layer on the overlay layer having
'a thickness of from about 7. 62 to about 101.6 pm (0.3
to about 4 mils) , preferably from 12.7 pm to 76.2 pm
25 (0.5 to 3. 0 mils), and most preferably from 12.7 to
AU '50.8 Fm (0,5 to 2.0 mils).
' _ The ceramic outer coating strengthens the surface
of the overlay coating preventing rumpling in service
even after extended periods of time.
30 " Other features and advantages Wlll be apparent
‘from the specification and claims and from the- accompany--'
" E " ing drawing which illustrates an embodiment of the
- invention.
' The Figure is a graph showing the surface rough-
35 ness of. a coating produced according to the present
' 1nvention and a coating produced according to the prior
art as a function of time at temperature.
‘The invention coating consists of a metallic layer
of an MCrAlY composition having a ¢dntinuous adherent thin



~invention. The Figure is a graph showi ng the surface rough- 35 ness of a .

' coating produced according to the present invention and a coating produced
gto the prior art as a function of tine at tenperature. The, :

R-coating consists of a netall | c layer of . an MrAl'Y conposition’

onti nuous adherent thin cerami c layer on its outer -

surface The broad conposition for the I\trAIY Is 10-30% Cr, 5-15% A, 0.01
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various U.S. patent 542 530, 3 67 754 and 3 928
026, This i nveneroNtaPBs BHRFRRAF a: BaSTHRE ndLAR AHRMLE
I nterl ayers betememenu:besauheael bkbyicenmagtabiée Bandaiddde vid[ﬁiﬁu‘t | ayer and i n,

articular it f 9 |
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Q her mat enigal catdhgas aplakiraudesay théd Sin beffioud apasepatantsnt er | ayer

onl'y aher e t hoy "CASaTBE 3a8Foent a7 r Ly PR Porip btk e Mibiera e
and the MrAl Y coati ngThIheimnwonlel,m conténplafes dthehposmidlede-

‘position plasgBeSirayhRion 3RULELALEHs BEBMer tnd RN aTNL <y
surface "although:recent  advances 1 n pl as et
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treatments in Q&d%h %Quminide layer (produced by pack aluminizing)
' between the substrate and an MCrAlY layer can provide _
' improved coating durability. Other materials such as
platinum have also been proposed for 1nterlayer use.
20 Of course, -such interlayers will only be used where
‘necessary and only where they ‘do not adversely affect
" the bond between. the substrate and the MCrAlY coating.
The MCrAlY layer may be . applied by vapor de- '
position, plasma spraying or sputtering. Vapor
25 deposition has the'advantage of producing a smooth:
( - surface although recent adﬁances in plasma spraying
' can also provide a usefully smooth surface. Sputter-
ing will also produce a smooth surface. It is known to
"use a variety of post coating treatments in order to
30 improve the properties of the MCrAlY coating including
. peening and heat treatment.,__ . _ ' T
_ As an optional, though preferred next step, the |
MCrAlY layer can be oxidized to produce an alumina A
surface layer. Such_oxidation can be performed in air _
35 at a temperature of between about 260° and 1093°C (500°
~ and 2000°E);fWe have used hydrogen atmosphere at a tempe-
' rature of about_1080°C (about 19759F)'for about four
- hours. - The use of a.eommerqially pure hydrogen
atmosphere appears'to_produoe a desirable oxide coating



30, inmprove the properties of the MA'Y coating including peening and_heat
treatnent, As an optional, though preferred next step, the MCTAl'Y | r\ can
‘be oxt+dized to produce an al umi na surface |ayer. Such oxidation ca
perfornmed in air 35 at a tenperature of between about 2600 and 10

(500Q and [err] We have used hydrogen at rmsph.ere at a tenpe- rature of _
about 10800C (about [err] for. about ‘four. The use of a comercially
pure_hydrogen at m¥pHr&ugppéatter 6“5?58&56@5?%&ﬁ‘%ﬂﬂré-téﬂsdéncﬁﬁﬁ ng
-5- by virtue of tajt@dswheﬁgent oxygen.inpurities in the atnosphere..
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relatively low thermal 10 cond uct | vi t% bel | eve, however,
that other cerani ETWRHO¥ECal PAFEARLLYOF gbijized Fixguria assihe SYRE3CEr ani ¢
g ayer must be adhere&ainiTcchbe:.l@r ﬁh\{eemaunghambm&’ﬁrc&nw lzs.rbehliaved to

require in part s I AR t
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yttria or nagnesi a;ﬁuézoe@%m&te &hwgaalg w‘m sﬁéaué@raxale@h%eent
ot her wi_ se

transformati on whi ch he use,tegpe re
range. Other cer &fS Bﬁ'ot\ﬁhl TOR ﬁ&faﬂéceﬁﬁyﬁe’ﬂu?*ﬁcl?%oaed}éﬁﬁﬁﬂ%& %E‘?r P@riil&u
mullite , .zircon, coatiing and eidberencer idebehid¢ved tmcespritral inzpacsnat es

bokjdes and' nitri dege fstol'IﬁS oaﬁb‘iﬂle si Eﬁéwé taiﬁ%ﬂé’%’{'c@f" 1@f t'th 25
ceranic layer is one o sirengih ratner than fherma atl on._

thi ckness of t¥fe O@tdiiec ordger fogmipg on the MCraAlY layer and t
surface ceramic material. The zirconia _emplcyed to .

date haS'been-partially:stabilized ~with either yttria
or magnesia in order to eliminate 'the detrimental -

phase transformation which would otherwise occur
20 in the use temperature range. Other ceramics which'mey
"~ be emploﬁed include alumina, ceria, mullite , zircon,
| silica , silicon nltrlde, hafnia and certaln zirconates ,
borides and nitrides. :
It must be empha51zed that the function of the
25 ceramic laye; is one of strength rather than thermal
L ' insulation. The thickness of the ceramic layer is so
f\*j : -'slight'that_the thermal advantagefreSulting from the
| layer is negligible,  less than 28°¢
_ (50°F) The stremghening effect has been observed
30 :to persist even after spallation of the .ceramic .
= | - {(resulting from applicatlon process - defects) has left
' "'cnly thin residue of the ceramic on the MCrAly coating.
| | The ceramic coatlng can be applied by a

&

varlety of technlques ~including plasma spraying,
35 sputtering : ~and vapor deposition. Plasma spraying is a
o preferred technique mainly from an economic standpoint.
Sputtering and vapor deposition  can nnde: some
situations both produce structures containing defects
or cracks ~extending from the subst;ate.to the su:face of



sli.ght that the thermal advantage resulting fromthe |ayer is negligible,
I ess than 280C [err] The strengtheni ng effect has been
observed~30 to persist even after spallation of the ceramc. (resulting
from appQi tati on process defects) has left only thin residue of the cerarmic
on the \MCYXAl Y coating. The ceramc coating,cah be applied by a variety of
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illustratiyg exanple. ﬁ%”ﬁ¥é§%ﬁﬁ ihviindien R3se §EPEEE£EPYuM@éfs9&M§n a 127
pm (5 ml) coating of a N CoCrAl terlaEEH Vi n H}Euﬁﬁ osition Qf

20% Co,  18% EpEo %bmaensfaimﬁl%& 1508 Etlevkpg T % was
appl i ed by vaemmplb@osmampnem Gt conrdaked baske sheeredibyngsrefgivé Pat ent

o 3,928 020, Tbp SRaLShA) |GANAPE CRABLATYClacaDda Hong, HhEM ot

treated at [err ours con5|s ent w uring

this heat. 20 ReRbR#:rRoRRPH HiATh LT A% PTor mdd30kTrh é2§ugiac@ 49n% apdt he '
bars was tgnbglymere aNi 257 PMmdderiidl) vﬁ%afalp@glﬁﬁ Bt fragoﬁt@bpcbsze;@bn

zi rconia (79 YLt LLg,)s 491,00, APl AT SRIARGLEEIHINS pLBLRLI L, ves provided

3 928 026. The coated articles were vapor blasted and
were then heat treated at 1080°C (19759F) for 4 hours
consistént with-commercial practice; during this heat
20 treatment an alumina layer formed on £he surface. One
' of the bars was then given a 25.4 pm ,(1 mil) coating
of yttria stabilized zirconia (7% yttria ) using a
- plasma spray technique.-Material was :provided in the -
. form of 0.037 mm (~400 mesh) powder and was sprayed

25 from a high energy plasma gun in a plasma spraying

- apparatus operated at a pressure between 98.7 kPa \;)
and 13.3 kPa (one atmosphere and 100 mm of Hg); the feed

input to the gun was 40 volts , 900'amps,'5.66 m3 (200
" cubic fee) of'argoh“gas and 40 grams/minute of the ceramic
30 powder. The part being'coated was maintained at a
' temperature of less than 316°C (600°F). After coating,
“the surface roughness of the samples was measured
and was found to be for the case of the MCrAlY material
about ‘1.27 pm (50 microinches) (anthmetlc average)

35 and in the case of the ceramic coated material about 1.90
jam (75 microinches) (adthmetic average). These samples
were then tested in a burner rig which produced an . open
flame’whiéh'heated'the material to a'temperature' of about
1163°C (2125°F) using the following. temperature cycle



plasma gun in a plasm spraying apparatus operated at a pressure be

98.F% kPa and 13.3 kPa (one at nosphere and 100 nm of Hg); the feed ing

the gun was 40 volts , 900 anps, 5.66 nB (200 cubic fee) of argon gas and
40 grans/m nute of the ceramc 30 powder= The part bei ng coated was
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of 1. 57 pm (500 & ncr%Q?OMghﬁE%Snagﬁé P L e g~
(625 ni croi nches) ¥h 180 HeyEss, a&anﬁ€F§§Se°%fa%&kﬁnl%ﬁax 34199ﬂﬁﬁ%§§t the
ceranm c coat ed sarfiee cersmiile toated shApleng wenmt afxon | i sardfing. 90 pm (75

m croi nches) t.o aédﬂ% flfq_ %8081*" fl_gggpm(ﬁp%{u r01 ccl?%s:)) tQ)th nge

period 15 of timg, an inérea evaluatlon t wo
t ukbj ne bl ades Werfé-l"m&l“p@tfeé 88dpendRAe mécreinches) biradd@ Radhen pemiied
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bal ance ni ckel”and had an 20, WA Y | ayer. 127 B (SBLS) diaddl ckagss: of

f or m of 0.037 mm (-400 nesh) powder and was sprayed 25 froma high e
(2e),

prepared and engine tested. The blades had a nomlnal
composition of 9% Cr, 10% Co, 12% W, 1% Nb, 2% Ti,
5% Al, 0.015% B, 2% Hf, balance nickel and had an
20 MCrAlY layer 127 pm (5 mils) in thickness, of a nominal
composition of 18%'Cr, 23% Co, 12.5 % Al, 0.3% ¥,
balance nickel, applied in accordance with the teachings
of U.S. Patent No. 3 928 026. One of the blades then
received 50.8 pm (2 mil) thick coating of zirconia
25 stabilized with 7% yttrium using a previously described
' plasma'spfay cocating process. These two blades were
AU ~ tested in a JT9D-7Q gas turbine engine having a thrust
capability of about 21792 kg (48,000 pounds). The test
consisted of a series of cycles simulating severe
30 commercial service. The cycles were performed at a rate
~ of about 1000 cycles in about 150 hours and the maximum
~ gas temperature 'WAS'about'1538°C_(2800°F).-Periodic
inspections were made and it was fouhd that the blade

Ly

having only the overlay coating had failed in about

35 2,000 cycles. After 2,000 cycles the substrate surface
was partially exposed -and had started to oxidize.
After 2,000 cycles the blade having the invention
coating had not failed. The ceramic coating was intact
and there was no. visual indication of attack of the



other had a ce?

conposi tion of 18% G, 23% Co, 12.5 % Al, 0. 3%'Y bal ance nickel, applied
I n accordance with the teachings of U S. Patent No. 3 928 026. One of the
bl-adesThan received 50.8 pm (2 nmil) thick coating of zirconia 25

coat i ng&pr.ocess. These two bl ades were _tgsted in a JT9D-7Q gas turbine .
engi ne having a thrust capability of about 21792 kg (48, 000 pounds). The
‘test consi st eddvAr v i iMCFAY ©patdadsi nul ating severe 30 commerci al

service. The cycl es Wweih e Qaiebedlsedn! Qhﬁtothébﬁb'év:ﬂ—é)ﬂﬁi @El£s in about
150 hours and the ‘nmaxi num gas_t enper.at ure b 15380C (2800 F).
Peri odi ¢ i nspettibifie e %ﬁé’ |J'f‘g\/v§s1'4:'3@?13il gg r’P?'g %{g‘é‘ﬁé&ﬂ Ngwonly
t he over |l ays coaftfeut fosh fraidued |tm1ealreaat3§e2dé@ﬁeeycf esrumpling 0@k cycl es
the substrate pwdacg was partially exposed and had started to oxidize.

After 2,000 cycles the bl ade having _the invention coating had not failed.
The ceramic coating wakp inttddirdayadnetdonastnshei spwentiRR (B on of attack

of the  -8- Widlmdv@eﬁeYﬁ@@hw fbmiow1n§aﬁhbes&@§ Fdpdddie
provi si on of ayt hl . : (i1 I a h%w ngea L Ia; %{; gra insulating 5
g Eaey

ef fect can read cJf’he :re VS (?ggree §t 4X. In a oy
third eval l@it i exerple hne had |aor¢etm19anpacinarshmkeepsepc£ etb . -3 giMowing

the sanme procegding dosGiHed thd th%&ahﬁdtﬁ E:Efainﬂbtééatiﬁé U@M@Eﬂé’é‘s 10
.exanpl e. One hg a ceramc, coating thickness - a é §o while the
S

L o A% i mlaéneé"?safinioyae BﬁFF g .
wasper f or med fehé opntoweddiee raIemb&d.lbreﬁ ezt reegentt boresgefirsp the first ~-.

oo exampl e Thig hopl g, SPAURNGGE] SelRRRESCYLALLYE egén Zesfdiegondi tionss

to be found in |gh per ce connerC| I ne engihe,

e.g., a fitBt EieFORAMiaRs fphe SOUSE. ipha IPBerB f%P?rm%anpl e.

ccmmerc1al ‘gas turbine englne, e.9., a first turbine
- blade appllcatlon. The 76.2 pm (3mil) coated sample
‘withstood 1100 ‘hours of testing with no spalllng of the.
ceramic materia; and testing was discontinued at this
20 time. The 101.6 pm (4 mil) coated sample displayed a
- significant 'spaLiation in 250 hcu;s of testing. Thus, in
a severe gas turbine IEngine'envifbnment 101.6 pm (4 mils)
appears to.be the upper limit for. coatlng thlckness
if spallation is to be av01ded. i
.25 . "It should be understood that the invention is
not limited to the partlcular embodiments shown and P
_ descrlbed hereln, but that varlous changes and modifica-~ \‘ﬁ'
tions may be made without departlng from the scope of
this novel concept as deflned by the fcllowing claims.

30
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Wi thst ood 1100 hours of testing with no spalling of the ceramic material

and testing was discontinued at- this 20 tine.. The 101. 6 pm (4 ml)
sarrpl e displayed a significant ~spallation in ﬂlm mtﬂllﬁﬂuﬂﬁml ng.
in a.severe gas turbine engine environment 10 ppeaf

be the upper limt for coating thickness if spa ‘lation i"s fo be avo
I't shoul d be understood that the inventid®¥is not limted to the partlcular

enmbodi nents shown and described herein, but that various changes and :
nodi fica- tions may be made wit hout departlng fronithe scope of - this novel
concept_as defined by the follomnng C|8IHE CLAI M5 1. A coated

artlclegpharacterlzed i n conprising a.

peralloy substrate 5

25

b. an MIxA'Y overlay coating on at | esat a portion of the substrate and

havi ng a thi ckness

mls) c.

a thin

3”' n the E8d¥gq TLPP dfe 2chl xf-gééle}‘{'}é@pflg a&%ﬁéﬂf‘ié’uﬁq on of

abl e ad eren ceramc coa on at por

the overlay coating saldaeeranﬁépsgallotoéﬂbﬁ§r®€$ng effective in reducing

cdating rumgpling w thout bproxhdncsmyswafiaﬁa&saﬁmjr@d é)@riéﬂteéfect a
having a thlckness in the

0.3-4 mils) 2.
iZed in that therhﬁg&lfromeﬂba? toaﬂsﬁguma$appzmx¢xtély(ﬁrlﬂnmﬂksnng

essentially of 10-30% Cr 4 5-15 % pm-t
L& $ %%fh dgrQﬂlé géﬁe ereo fﬁh)‘fsance S€ ect

group consisting of Y,

tA°6‘08Fe&Eg FFEFE:%E%O‘?%‘%@Y’Q“%I-% %‘ﬁ%gﬁ% teI y

m Xt ur es ed

from the group c@ﬁs#@FﬁﬁgaoP°R$1°Eb°§nﬂhﬁ19Y%#¥§Yt?&#%kﬂg said C%¥am1° A

coated artiig e a@@@&dh@@bb@n@'éfﬂb&tﬂh@fﬁﬁtﬁédﬂﬁihgfbééE&n fﬁhﬁyi
coktjng has a thig

A coated article™ dg%gi i B §°?68&P3| ii%ﬂﬁgﬂi?ﬂﬁ é&ﬁf?é& BRRT SR

coating has a

- 15

20

25
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characterized in that the ceramic coating has a

e?éeﬁﬁ *

and having a thickness in the _range of from 7.62 to
101.6 um (approx1mately 0.3-4 mlls)

2. A coated article. accordlng to claim 1 character-

ized in that the MCrAlY overlay coating has a com9031t10n-
consisting essentially of 10-30% Cr, 5-15% Al, 0.01-1% of
a material selected from the group consisting of ¥, La,
Ce, Sc and mixtures thereof, balance selected from the
group consisting of Ni, Co and mixtures thereof.

3. A coated azticlg'accordihé to claim 1

thickness of from about 12.7 - 76.2 um (0.5 - 3.0 mils).
4. A coated article according to claim 1
characterized in that the ceramic coating has a

thickness of from about 12.7 -~ 50.8 um (0.5 - 2.0 mils).
5. A coated article according to claim 1

_”characterlzed in that the thermal beneflt resulting - from

the ceramic layer is less than about . 28°C (50°F).

6. ‘A coated article according to claim 1
characterized in that the ceramic is essentially.
étabilized zirconia. '

7. . A method for reducing rumpling in an overlay
coating having a thickness in the range from 76.2 to

254 um of MCrAlY to a superalloy substrate characterized
in that it comprises applying a thin durable adherent
ceramic coating having a thickness in the range of from

7.62 to 101.6 um to the overlay coating.

nd

he



25 . thickness of from about 12.7 - 50.8 um(0.5 T2 o mts)s 5

"coated article according to claim1 characterized
benefit resulting fromthe ceramc layer is |ess t'h!m ﬁgum m&i )F) 6.

A coate icle according to claim1 30 characterized in t erantc
IS esse |y stabilized zirconia. 7. A nmet hod for reducing rurrpl i ng
in an ov ay coating having a t hi ckte®s in the range from 76.2 to 254 um-
~of MCrAlY. to a superal l oy substrate characterized 35 inthat it

conprises. applying a thin durable adherent ceram c coating having. a
thi ckness in the range of from7.62 to.101.6 umto the overl ay coati ng.
-10- 8. A met hod according to claim7, characterised in that thes

ceramic coatlfhg has @A tmgtHoksacesrd kngn thmkaime 7 chagagtericed- 8n0 nil s) .

5 9. gﬂéﬁp%éﬁéamd'd&éﬂugclﬁgna 1ttﬁf&fk'iﬁ%§ebfs?%h”awat t he

‘ceram c coatln as thlckness { ;roma out 12.7 -
mls). 10 2. né'Ethj' t'o cIa|m7 characterlsedl n-

" that the thermal advant age fromthe ceramic .coating is |ess than abaut
[err] . A net q‘f c%) cdz har a 5, t hat
t he cer%m C |s essenplga ﬁaﬁ%oc{ &Iq#séeicf‘ ?Er&g]c?a'alﬁ' a,r %EQE&EEQAQ@;& in .
that the ceramlc coating has a thickness of from about
12,7 - 50.8 m (0.5-2.0 mils). '
10 10. A method"accord’ing to claim 7, characterised. in - -
that the thermal advantage from the ceram:.c coat:mg is u
less than about 28% . {50 F) '
11. A method according to cla1m 7, characterised in
..fLS' that the ceramic is essentially stablllsed zirconia.
P e
2



