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AB TRACT 

Thermal barrlet· coatings off r gu turbine on way to reach fue l fl exJ­
bility and Improv d effie I ncy . T Bt/analytlca l result ar encouraging for 
thl young Lechnology . 

MMARY 

Th rmal barr ier coatings (TBC ) off r a wuy of Insu lating and protectln 

the surfac of cooled turbUle components. Many fa tor must be considered 
i.::!' incorporat Ion In uldu trial/utility machInes . AnalytIcal tudi s to date Indl­
cute .;ignlflcanL pay-off for TBC If long tlnl performance can be achi ved . 
Much eft.:-t1: l' mulns before th 
bin erv l ~e . 

coaLi ng can b conside red l' ady for gas tut·-

INTROD CTI N 

OxJdatlon, hot corrosIon, UJld rosion are mode of environmental attack 
that are major life controlling factors for Lhe hot s ctlon compon nt of gas 
turbln engln s . Such attack is Induced by upemlloy surface t' action with 
can tituent of the hot com Jll ion gases . Impurities In the combustion air 

and/ot' in the fu Is burned react to produce ga cous and liqwd con tituent 
which can result in oxJdation/hot corrosion while I' action which produc olld 
particles lead to ros ion . Reduction in the u efu.! load bearing at'ea of compo­
nent s by s uch attack I ads to early component failure and inc rea cd maint n­
ance costs. 

To mi.nlmlze such attack, there ha s bee n a growing trend Loward the us 
of sudac protective coatings (ref. 1) . Aluminide conversion coating and 
M( I, Co, Fe) rAI type coatings and cladding are finding more extensiv us 
in tuxblne of all typ s. Research to depo it improv d composition of these 
types ha received continuing ~.lPPOt1: . Howeve r, as the combined goals of 

STAR Category 27 
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o ' \ CIOP lnIlIlUb WdJln 'S with wid ' I' fucltol I'WI 'C [lnd) 'L wiLh illlpl'Ov 'd '!fl­

' I 'n 'y UI" PUI'!;UCO, lI lL ' I 'nut ' coatlnll ur,l I'Ou 'hu s huvc al ho urisen , Onc' 01 

th 'bl ' 11I\'ol\l' " Lhe u ~e 01 th '1'llIul bard 'I' 'oaLIIIIl '" 

Thcl'mul b lll' l' lo l ' coutlllil ' con s l SL of l uyel'cd 0 1: Il l 'ad '0 oxld ' , et c ,/m 'Lu i 

'OULIII1\8 ha Inl\ tll el'llla l 'ondll 't lvlLl 'S sll\lIl1i 'unLly 1m CI' Lhun Lho sc o f sup ' 1'­

allo) I\as turbill e 'OI11POII 'nLS, !>1I 'h conLl nl\s musL b ' lIppli 'd on 001 'd 'oanpo­

IIl' IILs to be eft' 'cLive , A Lypl 'u l c l 'oss-;CCLlOIIUI phoLolllic r olll'llph o f r ~ 'h u 

couLirl1l Is shown In Flllu l 'C 1. lI e l" an oxide in sul nLlnll layc l' i s bond 'd Lo 1I 

811fJcI'ullo sub btl 'Ut ' b 1I I' 'aso lltlb ly 0 'JdllLioll / hoL CO l' l 'os ioll l'e si sLant bOllo 

coat lllll , 

Fillu l" 2 fUI'lh ' I' 'xeanpl lfle s thi s 'OIlC 'pL. Th ' hot Illlsc" ImpucL the lll SlI­

l uling oxid ' su!'facc lu) ' I' lIml I' 'su it III U I'u lutl v ' I hlllh SUI'i'Ul: ' tu, np ' l 'atu l", 

1I0we vcr, II sharp Lemp ' l 'aLul 'c dmp d ' v ' lops a ' l'OS8 the ox,d' and bolld 'out 

III 'e Lh ' up ' l 'lalloy 'olllponent Is lntel'lw ll) lIl l ' 'oo led , Thi s eotlLinJ,\ pl 'odllces 

a s lglllri 'unt I: 'dll 'lIon ill t 'mp ' I'ut ll l" ut th ' supc l'alloy surface , I II COlltl'l1 St, 

a slmllur' all 'l o ll without the th ' r'anul bU I'!'lcr coatlng d 'vc lo fJb 1I hlJ,\hc r sup ' ,'-

1I 11u} :,ul'lu " t 'mpc l'utul'C , Thc diffc l' 'IICC bcLwcclI th 'Se two "uperalto) su d ',It'" 

Lcanp 'ratul ' ''' , uT, I ' a majo l' ad ant uJ,\ ' 01 th ' 1'llIa l ba lTi ' I' coal, llIgs , 

The pU l'pO SC u f Lh is papCl ' i s t o p l'ovld ' un uv ' I'vicw of th ' facto l's wh ich 

lI1uH be con s l lel'c(1 In uSlnll Lh ' 1'11101 ban ' l ' I' coutlnJ,\s as w ' II as Lo suanmal'l Z ' 

the potentw I 0 1' such cOll t lnJ,\ s and thel I' cUl' l'ent statu ~ , 

FA '1'0 1 T 'ONSiDER 11\ ' I G TIII, HJl I AL I3A HIU E Il AT I 'U ' 

J' Il.'st , mo st thc i'mul btll'l'lel' couLin~ s al'e 'u l'l 'cntly b ' inJ,\ ct 'po ~ i t 'ct b) 

pla smu sp r u) In~ , Jo' a 'lO I'S impo l't llnt in thi s PI'OC 'SS tl l'C shown i,~ FiJ,\u l'" :l 

lind i n 'Iud ' the pOWC l' s ,tli nJ,\ s o f th ' plaslll " Sp l' lly tOI' 'h; th ' to,'ch- to-substr l1 t ' 

di sl an 'c ; Lhc ionization polcntial und h 'ut 'upa 'ity o f th pla smu .,ll S; and thc 

p:U1.lelc s i ze , dl stl' ibution, th ' ,'mtll p l'Op ' I'Li cs , tlno density 01 the Bp l'ay powo ' I' , 

Thes' [uctOI'S 'Oll tl 'o l , a l on~ with substl 'ute thc l'llla l 'ondu llviLy llnd t 'mp ' r a­

ture, th ' t ' rnpe l'atul' 01 t h ' hot paltie les as thcy depos iL on the slll'fae ' to b 

coated, Lh ' 1':ltCS lit whi ch they cool, and struct u l' , \ h leh deve lops (,'d , 2) . 

Motion of th ' torch l'e laUvc to thc itolll b ' in!: 'oated ilu l u 'nc 's thc sLl'u '­

ture, unuol'mity, und r cprodu ' ibility of thc coatings , Figu ['o·1 show som e 

of th ' vari t y of coating m echani 'a l prop ' I.ti 'S thut al'e r e l ated to coatinJ,\ 

structul'e, thi ckn 'S8 and composition , Of coursc , su 'h Pl'0P Itics val'y with 

tcmp ' l'ature, A s imilar itllaLion 'xi t s for th ' I'mal pl'ope ,ti 's, And , thc 

coating' s c nv iL'onm ntul ['cs i stancc i s al a ali 'ct ed by the fu II 1III' impul'ili ' 

as weU as the sc facto l' s, Since z irconia i s tin ionic ondllctor at el evated 



L'mpll l'UWI' , it cun l'upld ly tl'UJl It o:-'Hlcn Ion s to th bond cout lng Ul tCl'­
Cu' dU l' lng xpo UI' , Thus, ionic conductivity a lso affects nvlronm 'nl ~ I 

l'cs lstallc " 

th ' I' fa 'tors for con Id I' ut ion u ro th phus rcluLion ships In th ' z ll 'con lu 

und zi l'coniu-yLtl' IU , -culcla , -m agn' lu, otc" yatem , Flgur ' a (l'er. 3) 

show s an eGu il ibl'ium phaso dlag l':Ul1 fOl' the zl l' con lu-yll.ria system , 'ote that 

dep 'nd lng on th ' mo lo P ' I' cont l' C the s tabi li zing oxid ' (her ' yttl ' b) z il 'coniu hus 

a monoclinic crysta l stru 'tU l'C at lowol' tomp 'rat u l'o but u t 't l'llgona l strucLul." 

at highe r tempe l'uture s, Oncc full st abil ization i s achieved un ly Lh ' cubi ' phuse 

Is p,'cscnt , F igure 6 (I'CCS , 4 und tI) lnd leut 'S that such phas' t l'lIll SfO I'matlons 

01 pa l'l lully stablll zcd zirconia a l'c accompani 'd by t ransformutiona l vo lum ' 

changcs on bot h hcuting and coo ling, Th is : igu l'c a lso shows that aftCI' healing 

to high t ' IllIJ ' ra t uI'cs , porou oxide mutc l'iu ls can unc!" rgo shrillkoge wh ich is 

I'e fl ectcd b up ' l'munent negaLl v change in length (I'cf. a) , T hus , it cun b' 

rccognizcd that the oxid 10yc l" s b 'havio r is I' ' Imed to the way it wa d ' I)Os ltcd , 

th ' sp 'clflc oxldc composition , the tempc l'a t ul'e it l' ' >lch 's du ri ng S ' ['vi " , and 

tn ' envi l'onlll ' nl to which it is exposed , 

Si mil a l'ly, th ' bond coat pe rfo l'mancc is sens iti ve to these alll c fuctOl'S , 

Since thi s coati ng m ust a lso b ' cn vi l'onlllen tully l' 'slsta nt, coaling composition 

is of impo rtance a s reflected by the 100 houl'- 10000 C hot co rro s ion attack iso­

plcths (I'cf. 6) shown in Figu r e 7 , Note that the high chrom ium (N i-30/40C I'-

5/ 10A I) a lloy s have low estf;~: ::wd depths of hot co rrosion attack, Alloy ductility 

is a l ~o impo l'tan t to minimize OXide/ bond coat stra in , T he a lloy ' nv lt'on l11 ' nta l 

l'e s ist!Jnce VC I.'SUS ducLi lity tracle-oHs th us I'cqu ire a sound unde l'st:l nding of the 

service rcqu.i rc Il1cnt s. 

F ina ll y , the oxide coat ing-bond coaling- s uI e c'a lloy ubstl' ute combination is 

r call y a ~yste lll and adhe rcnc aemss each inte dace is need 'd foc' good pe l'fo l'­

man~e, Figure ~ presen ts a schemati c illus trating c('ating udhe rcnce cons ide r -
ations, ndo r til. , the r mal g l'udi ents which dcve lop during se rvice , total oxl de 

expans ion at the tom pe c'atures c'ea hed ac'c less (i. e" coefCi c i nt of thc rma~ 

expans ion times c,lunge in te mpo l'aturO) than that Co r thc bond 'oating 0 " the 

s upe c'alloy, This gives !'iso LO a la rge the r mul s train at the ox ide- bond coating 

inte l'face if no cracking 0 1' plasLic deformation occurs, This region, howev 1', 

is the weakest pa l'l: of eur,'ent coat ings , 

ll uvhlg con id ' c'ed th ' coati ng c nsLi Lu 'nts and th ' coaLi ng-bond coat ­

s upe ralloy as a sy telll, the ne,,1; cons ide raLi un must bc fo l' the impact of such 

coat ings on component pc rfo I'm ance , As p,'cv io u s ly di scussed , one majo!' La k 

of those coat ingF is ",' lowc r the nlctal Lcm l e l'al ~I C'C !cl of a il'-coo lcd com ponen t s, 
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Sin 'c cr " p-rupt ul' live al' d l' wnaLlelllly cxtcnd d by low ' ring L 'mp ' r'utur' 

thp. !,h ' l'ma l bUl'1'iul' 'ouLi ng has pot nLial for gr uti ' ).1, ndlng m chanlca l prop­

e rty Ill ', A caution must bu rai s 'd, howev 1' , (or turbine blades - whet' , th ' 

\ ' ight of thc coating I'ulscs tho blud atr , The' trad ' -off UI' shown In 

Figur U through lm\Jl c es timates of th o(f ct of lowel' tempe r'utur' and hi llh ' (' 
s tr'e se B on tul'iJlne blud Ilf , ll e re it eun b B en that th ' guin in Ilf ' du ' to 

t 'mpcrature ,'educLi n I slgnUlcunLly grcator th Wl th ' dect'euse caused by the 

hlghcr tress du to outing w Ighl , J' or cxamp l ' , a GOo d 'Cl' U In t mpe l'-

utul'e comblned with a 10 pel'cent Inc I' use in blude str 88 l' ul,t s in un sLi ­

mated life improvem nt of more than a fa cto l' of 10 , 

ueh ca lcu lated Ilfe exten s ions may, howevet', neve l' b uchieved ince gas 

turbine component Ilf is contro lled by many facto l's as shown in Figure 10 , 

'ote thut us previou s ly dl scu ll sed, xldutlon/ hot COITO lon / 'ros lon attack cun 

Iuad to li ves (ar sho tt of m 'chanlca l prop ' lty contrOlled lim it s , Th ' r e luti v 

position s of the s curves are diITc rent (o r cv I'y given engine and se l.' vic condi ­

tion, Howcver, in each engine th coaLi ng life and coated component Ilfe mu t 

first be rai d above the a lloy' S envit'onmelltal Ilf ' limit s b ' fo ,'e long te nn reli­
abIlity and cost '(fcctlv ne ss cun be a 'hi vcd , 

Since dlff ' l'cnt potentia l (ue ls have d lffe t'cn t impuritie s and impurity concen­

ll'atiovo, the rmal barrier couting compositions may we ll hu v ' to be tailo r'ed (or 
speclfic types o( (ue ls , 

Thu ', based on thi s di scuss ion a number o( potential coating and/ o , "outed 

component fallut'e mechanism can be idenllfied , Th ' se arc presentcd in Fig­

ur<' 11. Coating delel' io ,' atlon may oceU l' ut the ox id'J ~u l'face (a , b , and ), or 

it may occu,' within the coaling (e , d, and f) , Any al pt'oach towa I'd Improving 

the environmental resi stance of such coatings, Ilf coul'se , will depend on the 

speclfle cause and louet ion of thi s degl'udaLion, 

WHAT IS THE STAT S F Tli E HMALBA RfU ER ATI GS N W? 

Thermal bar d el' coatings are in the ca d y stages of developm ' nt us por­

truyed in Figure 12, In the case o( ail'c raft turbines wh 're gas tempe ratu,'es 
ean l'each 13700 C b~t v('J'y high purity J et A 0 , ' JP ti (ue l is bumed , some 

t.urner rig data and engine test s have been mn , These will be rev iewed ill the 
(ollowinll paragraphS, I-! oweve l' , on ly seattcr 'd rig data can be found in the 

lite ['ulul'C on "clean" indu stl' ial/util ity fue l 0 1' on doped "clean" fue l te s t s , For 

expe t'ienee on TBG p rformance in r 's idual fuel s 01' blend s , no publi hed dat a 

Ul' e available , 



1'0 1' ul r c l'aft s ' " I " wh " " high gus t l 'mpc ,'utur '8 and c i 'un Cu I , ," Ia-

L1 v' l sho ,'t posu r'" ' I '8, and ,'c luLi ve l mall <lI ,'Co ll a" e found, lIl ' l'Ina l 

bu , ... I ' " cout lngs hu\ c had lim it 'd t o lng , ne 8u<:h t 'bl wu In u ASA- L 'wl s 

110 ' ul'ch entc l ' 'nl\ln' op ' ,'uLi ng at 1 :1700 I\u t 'mp ' l 'UtUl'll , low PI'Cf,SU" O 

l'uLio (UPP,'ox,:I utm ), und ' hOlt tim cy el f!'Om full pow ' I' to fl ume out 

(r ef. 7) , All bind 's cxeept two In th ' fi l' sl stUI\ ' tut'i;! ne w ' 1'0 cout 'd with 

ASA' s patunt 'd two lu CI' d z i rconiU '-!-:" I ' IU /~ 1 .. A I s st 'm (r ef. H) , Aft ' I' 

00 cyc les to 1 0600 surra '0 t 'mp ' l 'atll1' ' ( tIOOO ' m etal temp ' ratul'c ) no cout-

Inl\ d i tt' S8 WU S obs ' r' <:d ex<:ept some blud ' Lip 1'0 1' ' 11\n obJuct dumul;u us shown 

In Figul'o 1:1 , Simtlu " t cmp ' l' utur ' d l'Ops W ' 1'<: obs ' I'V 'd b ,tw ' ' 11 eOlltud und un­

coated vane s subj ec ted to shn llul' ',xposul'e ( I' 'r. lI) , A JT 0 combusto l' wus 

coated Int ' l 'nully ut NASA - Luwi s It ' search nt ' r (8" fl l; , ! : j , Thi compo­

nent wa t cst 'd und ' t ' both Cl'ul sc and take off typ ' condlLion (I' ' f. 10) , A s 

l~ lgul" 15 (r ef. 11) show s, m aximum linl' t' t 'mpel'atul'e diff I'enccs of about 

2000 we l'e m casU l' ' d bc tw 'en thc colltet.! and uncoutcd 'onditl ns , In addllion , 

in both ca c s, flam ' l' ad lalioll was ousc l' vcd to d 'c r casc (0 1' th ' 'oat 'd casc 

Indlcallng lhut thc hll\hu l ' t emp ' l'utlll'C ox ld ' sul'facus prumoted mo l" 'ompl et 

combu~t i o n and thus I 'S8 CUI 'bo ll In thc flam " 

In bUl'nc r 1'11\ combu Lion I\UCl t 'st s (r ef. 12), evc ll IUl'g ' I' 'f s Imv ' been 

obsu ,'v 'd , Such te st s have shown (fll;, Hi) that Ul" ~' cuaLings havc shol'1. tim ' 

OVcl'-t cmperatuIC ' cap"bilili 'S to 1::;40
0 

ME A ALYTICAL RI!:SU LTS: TIlE llMAL I3A IUU EH ' ATINGS 

F n T ILlTYT 1l.DINE ' 

A s shown In Figur<: 17 , if tho l'lnal bU1Tie l' (;Outings allow inc I'eases in tur­

bine In l t1. 'ml u ratur 's (1' , I , T , ), distillate fir 'd <:ombined cycl e enl\tn ' effiei 'ncy 

will incmase as expccted and thi s r suits in lowu l' co sts of elf!ctriclty (r efs, 1:1 

and 1,1), For I'c sidual fu ' I fired ma<:hines (fil\ ' 1 ) , ana l scs indi cat ' airfoil l ifo 

cou ld be extcnd<:d from 10 OOU to :10 000 hours by low ring mulal tempe ratu r c s 

about 50 C at a cost of 5 percent more coo ling all' , about 1 p ' l.'c<: ll t lower '((i­

c l ency , and a sl ight In<:I"asc in co st of el cctric ity (1' ,( s , 1<1 and 15), 1I0wev ' I' , 

a dc si :,:n l ife of :.10 000 hours wus al so achievab l e w ith a the nnul baLTic I' coating , 

II c ['e , calculated effi c icncy actually increa sed appl'ox lmatcly 1 P ' I' ent, coo llng 

flow dec r eased 6 p I'<:ent and co st of c l ctri eity dropp d about 1 mil l/kW-hl', 

For cal culation s on I'ccupe l'ated cycl ' mudlincs (based on ref. 16 efficien­

cies), th usc of a thermul balTier al so ,'csults in about 1 pe rcent effieicn 'y 
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III re a ov I' a wid ' .' ang of PI' 'ssu,' raUolI, Mo.' Impoltllntly , perhaps , 

s pe ,We power al so illc rca sed thus leading to mOl' pow r I ,'given capltul cost , 

j' llI ul" 10 hows 80m e timut d [u I cost data (bas d n I' r. 14) for a 

300 IW combin 'd I plant, In rea s in em cl n y uchi ' v d thl'ough hlghe l' 

turblll ' Inlet temp ratur 8 mad pos81bl ' by the us of TBC tl'an slat into sub­

stantial uel cost savings PCI' yell", thllt Is , ' 1. 7 M for an In ' reuse to 12000 

How ve l', if lowe l' co st residual Cu I ould be firod in stoud of dlstillat - ut no 

chung In fldng tomp l'utUl' - the sllving ca l ulatod 111'0 arowld $4 , 5 M/yr , 

WIiAT IS 1'11 £ RH£ NT TAT S F T Il ElllltAL OAIUIJ L: R COATINGS 

F It IND ST lUAL/ TILlTY SEHV!CE ? 

Ellrly data show that tho 2.lrconla coating composltl n de velop d for c lean 

fue l sO l'v lce have much sholi:e r lives In tho combu stion gases of vanadium/ 

s dillm dop ld Cu Is, e ve l'ul degradallon m chunl s mo havo boon postulated but 

d tuil d unalys ls to Iso luto failure mechanis m s hus not y t been done, Plan s 

ar und n vay for an lnt 'g rated p rog l'am to anS\ e r such qu stion s, Th logi c 

of s ll ch u p,'og,'um is summal'izcd In l~ lgur ' :W, In thi s approach the pay-off 

studies prcvlou ly dlscu sed s "V' to guide an effo lt to quantify th ' influ nce 
of pote ntial fue l impurity attack on TBC a we ll a s to improve coating compo s i-

tion s so as to b tto r I'cslst s uch attack , upporUng thi s work a l'e effo ,i:s to de-

v ' lop ways to unlfo l'lnly and ,'cproduc ibly d 'l)Os lt s uch coatings nce compos i­
tion s and mlc l'ostructur are optimi zed , Finally , oncc coatings with promise 

for long tim e se rvice In ga s tUI'bines bUnllnll a range of fue ls hav been dnve l­

opcd, and can be unifo rmly , r pmdt'c lbly , and cconomically app lied to engine 

hardwal'o , ad ci s ion can b ' mad a s to whctho,' 0 1' 1I0t to proceed th l'ough 
component/ coating des ign integration and filially to engine ve l'Wcatioll , 

If such a decision is made, Flgul'e 21 show s uom of the way s th benefits 

of TDCs could b'J cxploltod, He l'c ,'ctrofit coating could be uLed to extend cl'iti­

cal component life - ithe r by lowering mctal te mpel'aturc s to cxtend et'eep lif 

and/ or by providing better overall I'esl tance to fuel impurity hot 'orro s ion, In 

pattial redes ign 6ituations (dash engines ) the more c lassic benefi',s of highe t' in­

let tcmpcl'atures with thc same or lowe,' coolin!.! fl ows cou ld be obtained, TBC s 
also o([er a way to prolong the uscfulne s of lower co st, conventionally cast ait'­

foil alloys 01' simple convection cool ' ng 1n hlghcr temp rature cooled machines, 
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I ''1' TO Ilt::M t::1\ID t:: 1l 

In sUlllma,· , th ' 1" ar a numb t· oC point Lv r 'm 'mb I' about th "'r~ u' b r­

l'l01' ·oatlng s. Firs t, th y a,·, In th ' 'a1'ly talo: ' 0 d 'v lopm ,pt and at It.! 

lim ' 'annot b " paint 'd on" to 80 Iv a d sign p" obl m . B 'm 'mb ,. 1.00 , o-

ld "able t ime and 'ffott, 1" exp nd 'd lo d velop and qualU th ' I ~ compl 'x 

a lwninlJ and 1\ICrAI ov day ·oalinlo:s. Stili, th th t' llIal bunl ' t' 'onc 'pt oCf r 

a moro n 'ur te 1'llI dit't Cu ' I - high t· te mp rutu,. so lullon lhun c "nml ' nlt'fo ll 

Lf 1'13 s u," Inlliully us 'd lo cxtend III , th ' c ' at d al t'foll s will be much 1lI0t" 

fnil af ' than any ce t' uml . blad ' 0 " vun . 

Th b ' neCit ,>0 Ibl ' Crom tlU h c allng huve boen dl cu 'd and u"'y 

l' 'suit off l' hopo thut th so b '0 'C ll cnn b nchl 'v 'd. 1I0w ' V" ' , onling Im ­

provom nt, d ' Ign t 'chnlqu dev lopment, d ign data, wld ngLn t 'st v ' l'iflc ll­

lion must yet b ' IlC omplish 'd . nl til n, III th rlllal bani t· coalings be r ady 

Lo r longl ' ,'Ill 'valualion In industrial / utility II I lurbines. 

DII3L1 G HAPilY 

1. G l'i s aff ' , S . J . • " oatLngs and Pt'ol 'cllon, " The upora lloy , '. Sllll s wld 

W. . lIage l, ods . , WII 'y , ',Yo l'k, 107 2, haple r 12 , pp . :14 1-·370 . 

2 . ,'1 acre, . J . , " A IllI plifi d uld loTh "'m al 'p ray oating 

D sil;n , Vol. :10 , '0. 17, Jul lUG7, pp. 175- 1 '1. 

:I. Levin, E. 1\1. , 1\1 c1\'lu"dl ' , II . F . , and lIa ll, F . P . , Phuso Diag"wn s for 

e l'am ists, Ame d eun ' ,'am I . So ·I,. _.v , 1!l5G- l !l5U, p . 140 . 

4 . alllpbell, l. £. and Sh ' ,'w()Od, t:: . 1\1., cds. , 

and Technology, v II 'y , Now York , t9 G7 , p . 

U. Ault, N. N. , " ha"actel'isli es of It ft'acto ,'y x ide Coatings PI'oduc 'd by 

Flam ' p"ay ing , " "'J "'o.::u.:..'·:.:n:::a'-I..:.:.:=c:...:.=c:....:~e::.;l:..:· a:.:nc:;l"'i=e..:SO=e:.::· I.=·::J...ty . Vol. 40, '0. a, 
Mar. 1, 1!l57 , pp. 69-74. 

(; . Sunl '.'0, . J . and l3at·t·ott. . A. , " lI ot COITO ion HOQ isLancc of Nlekc l-

hrOlolwll - IUlllinum Alloys, " ASA '1'1\1 X-7 :166~. 1977 . 

7 . Llob ''I, C. ol al.. " Durubilily of Zirc":lia Thcl'Illal-Barrio,' ' l'unl ie oal­

ings on Air-Cooled Turbinc I3lud ' In ye lie J et t::nllino poration," 'A A 

'1'1\1 X- 34 1O. 1976 . 

lecu ra, . and Licbert, . II . , "1'ho"l11al l3a"ric,' oati ng Syslom, " 

Palenl 4, 055 . 705, Oct. 25 . lU77. 



LI b 11., • II . and t pka, F . . , lOp t nUal 

Th rmal lnsul Lion n 001 d Turbin Iiardwar 

197 . 

(C rami Coating as 
" A A TM X-3352, 

) 0. Butz , H. F . and LI b rt, . II . , "Efl ct of ramlc CoaLing of JT 0 

ombu tor Lin I' on Mwdmum M Lal Lin r Temp ratuf 8 and Lh r 

mbu LOI' P l'fol'mwlc Paramct r8," A A TM X-735 1, 1976. 

11. t plul, F . . Ilnd U be Ii: , . II . , "Summal'Y of NASA R scarch on Th r -

mal Barrier Coating " ASA TM X-735 4, 1977. 

12. t cura, . , "Two- La rTh rmal Barri l' Coating for Turbine Airfoil -

Furnacc and Burn I' R1l; J t R 8ults," NASA TM X-3425, 1976 . 

13 . Amo , D. J . , "Analytical Lnv stlgatlon of Th rmal Barrl I' Coating on 
Advanced Power Generation as Turbin 8," NASA CR-135146, 1977 . 

14. Clark, J . S . , eL al . , "Potential Ben fiLs of Ceramic Thermal Barrier 
Coating on Large Pow r en l'ation as TurbIJles, " NA A TM-73712, 1977 . 

15. arl80n, N. and Loner, B . L . , " Ludy of Th nnw Barrier Coating on 

High Tcmperaturc Industrial as TU1'bin Engin s ," NA A CR-135147, 

1977. 

16. "Comparatlv EvwUlltion of Phase 1 R suits (rom the Enel'gy Cony r Ion 

Alternatives Ludy (ECAS), " NA A TM X-71 55, 1976 . 



• 
nq~ r' 1. • P""'OI'IitrogrlCJh oIlnUrou 'secUon 

01 • Il)frfCIlt'ltflll,l Nrr lfr COIIlnq. 

ORIGINAl; PAGE I& 
OF POOR QUALITY! 



IHUIML 'A ~IU flO AIRfOIL 

lI~ 
AIR 

~~~~~~ ~.' , £RAllOY 

I S 

I OXI DE 
SURf ACt 

~ 'OND I l , MI LS 
'~ OXII)["' · MILS 

AIRfOi l 

HOlCAS~ 
\ "' COOlING 
\ Alit 

I CAS ~ SUPUlAllOY 

!..:'~~IL SURfACE 

I IOND C I I g~E 10 IIC 

!..:'!!fQJLS.!LR~fL ___________ _ c ,.", 

PL\SIM 
lOACH 

CAS 
POWDER 

C, t· 

figure t . Ih" ... , birr" COIIlngl lilt' 1t1. COI1(IIlI. 

o 0 0 0 

lOACH·TO· 
SUI STRATE 
DISIANCE 

IEIN'S , Cooll NO 
RAIE 

ANGLE Of SPRAY 
INCIDENCE 

DEPOSIlION RA IE 
DEPOSII IHICKNf:SS 
DEPOS I I SIRUCIURE , 

POAOSIIY 
UNlfORMllY 
KEPAODUClIILIIY 

Figure 1 • Coo li/llj lI.p,)\lIlon. 



!'£CHANICAl 
STR[NGTH 
A'j)DUlUS 
DUCT IlITY 
STRAIN 

SENSITIVITY 
• D STRENCTH 
COMPOSITION 

mUCT!I!Al 
D£NSIT Y 
PO OSITY 
loll OSTRUCruR[ 
MI CltOCRACK PATTERN 

[NVIRON&I~TAl 
OXI~AT IQN!HOT COR ROSION! 

[ROSION R[SISTA [ 
COMPOSITION 
IONIC CO DUCIIVITY 

CJ '1-'140 

f19t<ro •. - A. -sprojt<l I>'",erll .. 10 ""'.1 .... . 

2IlXI CUBIC 

°c ,.-CUBIC' rrrRACONAl 

, , 
\ NOCLIN IC 

D~~~--~~-----
Z, 02 10 2D 

A'j)L( ~ Y flJ C I· 11 

fl9uro S. - [qulllb, lu " blnory "" ... clil'Jrom 
lor ,I ,conl'-)'11, I •• yoltm. 

ORIGINAL PAGE 111 
or pOOR QUALITY 



~ CHANGe 
IN UNCIH 

c I 11· 

CHROMIUM COhlIN1. . ~ 

1. 

Fl9ure 6 • • Ih"mll HIlInllon 01 .l rGOnl • . 

CALCU~IEO 
MAX OEPIH ()( AflACK 
CONIOURS. um AI 1000" C 
IN 1 ~ WITH 
1 mg/cm ()( No /SO. 

ALUMINUM CONlINl. 
.l ~ 

50 
50 ~~~~~~70~::~80?--'--;;;{-=~~1.~ t8· 11·1111 

NICKEL CONlINl. Il ~ 

Fi9uro I .. Bond c.oatlr19 Q)mpoIlilon 111110 Importanl. 



eOND COAT \ /:~~~ '~~~~~~0It 
: COOl INC 

-yfoll+----~ AIR I, IIIl 
...... I 

I It--------~ C 

17 ~: 
a6T 4(XXI I 

,,0& 0 II I 

COHES;'/[ H' : S TRE TH I : 

r ",'.' ! I I 

BLADE AllOY 
STRESS RUPIURE 

lifE, 
hr 

CI-71!·a11 

FlcJUrI I .. Cooling "",.,nee con.Ie" ... tlonl . 

blo6 

Io"b-
F.ASE CASE 

.,1:1:0. C, 
leI" , 

, , , , 
/ 

, INCREA E IN STRESS 

o 
10 
2ll 
JO 

1030 20 Ml 00 M 100 
TEMP REOUCTI~ .. DUE TO T8 C. aC 

flgu" 9 .• E!lim"" a/ TBC effecl on blade hi . 



LIfE 

, 

figure 10. - 5th_lit 01 holllttion c:ompontnlille con­
Irolli"'l lOtion, 

SPALLING DUE ID IHIJI MA L 
CYCLING 

_,-BOND COAT 
STRATE 

IJIOSION-MI CROSPALL ING DUE TO 
PARTICULATflHOT GAS IIN'INGr.t:NT 

OXIDATION or BOND COAT 
HOT CORROS ION 

DESTABILIZATION or ZrO! 
DUE TO IHIJI MA L CYCLING 

CUBIC 
MONOCLlNlft ' 

REACTION WITH FUEL 
IIN'URITIES 

r 
INfiLTRATION BY GASEOUS IMPURITIES 

CONDENSA nON Of HI 0 PHASES 

Figure 11 .. ~me pOtenlial 'a llu re mechanisml , 



GAS TURBIN[ GAS IEMP fUEL OUAllfY OCVElO P t.'[/{f 
fOR: SlAG( 

AERONAUTICS HICIi 0000 EARLY 
II. LI. 10 U[I A/JPlI ISOI.'{ RIC' 
- 1370" CI ENCINE IESII --GROUND 

POWER r.oDD r.oDD VERY EARLY 
ClEAN fun II. LI. 10 ICI NO. 1I ISOI.'{ RIC DAIA 

- ID9o"· lIoo" CI PUBU 

HEAVY fUEL r.oDD · lOW POOR E,..,RYaNI C 
IBLENDS , 
RiSIDI 

figure 11 •• TBC· .. , .. I.n "'Iy .1J9O of deYetoc>menl. 

ORIGINAL PAGE Ib 
or. POOR QUALITY 



fl qu r, n. -Cerlmlc coalfd turbine bl itdts J 75 IlrS! sliCje r or Ill er 
500 c'f( les opPnuon n 1O·r 12 °fll urbln, Inlt110 fl im, out. 

C-16-1196 

Figure 14. - JT8D Combustor li ner coated 
wllh NASA 18e. 



MAX lINU1 
I[MI', 
·C 

fU[~ J£T A 
o UNCOATE D lI NIJI 
o COAI[D LINER 

o-~ 0 

~~ 
~ ~ 
~I.~-±I~~I--~--~MI 

7IJ) IlO 9(X) 1001 II 
AVC [X!iAUSI CAS I[MI', ·C 

figure 15, - ["1<1 01 thtfm.1 blrrler ""11"9 on 
N xlmum liner t ~tr.tur •. 

SUBS TRAT[ 
TEMP, 

lOO · C 

BURNER RIC 2IXl 
CYCU:S TO 

fAllUR[, 
II -hr AT 

I[MPICYCU:I 

9(X) 

925 

CH.-", D '--J,I"'.I"'Dl--'L,I~='-...JL,.I.~L-l:-:~~­
SURFA CE T[MP, ~ 

Figure 16. . Thermal barrier coatings hive over 
temperature polenllal. 



I. L I .. mlCIE Y 
·C ~HHV 

1 UNOO41EO .1. 019 

W· l' IB C 1201 ~68 

W- I' • IBC illS , .86 

ECAS -II" 1J10 • .. . 7 
DESIGN + lac 
' AOVANCEO OONVECIION COOLI NG SCH[~ 

" 1.1 PRESSURE RA 110. 

COt:. 
MilLS 

)).1.1 

)t 1.1 

)1. m 

'''E IOiER IRANSPI RA IION C LING OR IB ClCONVECIiON. 

·n, 

r II· ~ 

Figure 11. - [noct 01 u.I"'lIBC 10 10<' .... 1.1 I. 

48 , 

RESI DUAL FUEL fiRED 
COt.'BIN[D CYCU SVSI£M 

./f-- ........!J NCOAl[D 

m. 46 -

" 
~~~~~~~~~~~--DI STIlLAr[ RESID UAL FUEL 

fIRE~ '--- . ' 

IRI!. "c 
Ir.£lA~ ·C 
AIRfOIL L1f[, 103 n, 

1180 
900 

10 

1180 
81S 
)C. 

1210 
m -900 

)cIPERIOOIC R£T~RB 
Of rB CI 

COOLING AIR FLOW. " 
CO~ MIUS/kw-n, 

22 
211.68 

21 
2'1.04 

16 
21.61 " 

figu re 1 . • UTe FT'JOperfor nlnee co .. ·iNrISQl'l 



PtA [0 I. ll. 
rR M I lI . f C 
OIiIlLlAI[ flR[O' 

10 I I 
roIJ1f 1 

flR[ RIiJOUAl [Url ' • 
All 1' - II."C 

' . t t.'fIl u 
, I t.'fIl u 

r< 

Fl9Ure J9 .• b fl nw led cost S1vlng, lor nomlnll MW corml" ()'tIl 
plJnt 12 S fUrtlnes ,. 

figure - Progr.", lOCIC. 



R£lRIlrIT ~ OC 

USE rac ro l ER ~'CfA l TEMPS' auy t.'DRE lifE IN S R/CREEP 
lIMlrED OCSI S 

USE Tac ro RESlsr HOr C ROSION /JOt! ACHIEVl SAN( lifE 
WITH l EN cosr fUEL 

DASH ENCINE DE 

USE rac 10 l ER COOLING AIR fl 'RAISE" 
USE rac TO HOlD ~'CfAl rEMP/COOLING AIR rlOW CONSTMIf AT 

HIGHER INl£I IEMP 

USE lac TO REGAIN OR ~"' INTAIN COOLING SIMPLICITY' 
EASilY GAST Allors AI HIGHER INl£I rEMPS , SAN( 
COOliNC rl 

figure 21. • Polen1l11 WilYS ID exploil T8C'11n gas lurbines , 
" 

, 
I 


	GeneralDisclaimer.pdf
	0001A01.pdf
	0001A02.pdf
	0001A03.pdf
	0001A04.pdf
	0001A05.pdf
	0001A06.pdf
	0001A07.pdf
	0001A08.pdf
	0001A09.pdf
	0001A10.pdf
	0001A11.pdf
	0001A12.pdf
	0001A13.pdf
	0001B01.pdf
	0001B02.pdf
	0001B03.pdf
	0001B04.pdf
	0001B05.pdf
	0001B06.pdf
	0001B07.pdf
	0001B08.pdf

