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COMBUSTION ZONE DURABILITY PROGRAM-B 
TASK V I I I  - SPUTTER DEPOSITED CERAMIC AND METALLIC COATINGS 

EXECUTIVE SUMMARY 

October 1 , 1979 - September 30, 1980 

J. W. Patten, R. W. Moss and D. D. Hays 
P a c i f i c  Northwest Laboratory 
Richland, Washington 99352 

INTRODUCTION 

Th is  Task i s  described i n  t h ree  p a r t s  as fo l l ows :  

Graded Metal Coatings 

The coat ings w i l l  be o f  t he  CoCrAlY type mod i f ied  by i n c l u d i n g  
h igh  C r  'surface composit ions, g rad ien ts  i n  C r  and A1 composit ion, 
underlayers and graded P t  add i t ions ,  and H f  s u b s t i t u t i o n s  f o r  Y.  

Metal /Ceramic Layered Coatings 

Coatings w i l l  c o n s i s t  o f  a l t e r n a t e  metal (Ni ,  N i - C r ,  CoCrAlY o r  P t )  
and ceramic (A1 203 o r  Zr02 + Y )  1 ayers. The ceramic 1 ayers w i  11 
prov ide  most o f  the  co r ros ion  res i s tance  and thermal i n s u l a t i o n .  
The metal 1 ayers w i l l  p rov ide  the  requ i red  mechanical p rope r t i es  
ad-herence, thermal expansion compatab i l i t y ,  res i s tance  t o  impact 
damage, etc .  ) 

Dense Surface Ceramic  Coatings 

Inves t i ga t i ons  a re  d i r e c t e d  towards methods f o r  o b t a i n i n g  adherent 
impermeable .ceramic p r o t e c t i v e  coat ings f o r  gas t u r b i n e  h o t  sec t i on  i 

components. Increased coa t i ng  adherence i s  being sought through 
two coat ing  designs in tended t o  accommodate expansion and modulus~ 
miwnatches a t  t he  coat ing-subst ra te  i n t e r f a c e .  



GRADED METAL COATINGS 

Objec t ive  

Attempt t o  c o n t r o l  e a r l y  formation and regenerat ion o f  p r o t e c t i v e  
ox ide scales on m e t a l l i c  coat ings  t h r u  design o f  coa t i ng  sur face 
composit ions and composit ion 'gradients t h r u  the  th ickness o f  
coat ings ( d i f f u s i o n  of ox ide  sca le  forming elements t o  the  
coa t i ng  sur face) .  Thru t h i s  c o n t r o l ,  i t  i s  intended t o  extend 
t h e  d u r a b i l i t y  prov ided by c u r r e n t  s ta te -o f - t he  a r t  m e t a l l i c  
coat ings f o r  m e t a l l i c  components i n  combustion zone ho t  sec t ions  
of heat engines operated on advanced a l t e r n a t e  fue l s .  

Approach 

Produce defec t - f ree ,  f ine-gra ined,  un i fo rm composit ion ( f r e e  of 
segregat ion)  coat ings  on superal l o y  substrates by h igh - ra te  t r i o d e  
s p u t t e r  depos i t ion .  Thru burner r i g  t e s t i n g  ( in .  coal  -der ived 
f u e l  a t  t he  C r a n f i e l d  I n s t i t u t e  and i n  petroleum d i s t i l l a t e  a t  
Annapol i s  ) o f  coat ings  produced i n  t h i s  way, examine t h e  i n f l  uence 
on d u r a b i l i t y  o f  C r  content  and Cr/A1 p ropo r t i on  a t  t he  coa t i ng  
surface, C r  g rad ien t  t o  t he  coa t i ng  surface, A1 g rad ien t  t o  t h e  
coa t i ng  surface, A1 content  a t  t he  coat ing-subst ra te  surface, P t  
content,  and Hf  content .  

Progress (September 30, 1,980) 

A 1arge.number o f  coa t i ng  composit ions and composit ion grad ien ts  were 
s p u t t e r  deposited on Ni-base and Co-base supera l loy  'pins f o r  burner  , 
r i g  t e s t i n g .  C r  concentrat ions up t o  35% were i nves t i ga ted  on' 
coa t i ng  ou te r  surfaces. 

Dup l ica te  coated p ins  were sent t o  t he  C r a n f i e l d  I n s t i t u t e  (Table I ) .  
f o r  t e s t i n g  w i t h  coal der ived 1 i q u i d  f u e l  and t o  Annapolis (Table 11) 
f o r  t e s t i n g  w i t h  doped #2 d iese l  f u e l .  

Representat ive metal lography o f  coat ings  p r i o r  t o  burner  r i g  t e s t i n g  
i s  inc luded here i n  F igures 1-13. 

A l l  burner  r i g  t e s t i n g  a t  Annapol is,  has been completed. The f i r s t  
t e s t  a t  C r a n f i e l d  has been completed. Pre l  im inary  eva lua t i on  o f  
r e s u l t s  has been completed a t  C r a n f i e l d  and Annapolis began 
eva lua t i on  o f  r e s u l t s  t h e  f i r s t  week o f  June, 1980. 

T i p  sec t ions  o f  each t e s t e d  p i n  from Annapolis have been rece ived 
a t  PNL. Extensive eva lua t i on  o f  these specimens has been i n i t i a t e d .  
No specimens have y e t  been rece ived from Cranf i e l  d. 

Specimens w i l l  a l s o  be forwarded t o  LBL f o r  eva lua t i on  o f  ox ide  
sca le  fo rmat ion  mechanisms a f t e r  examinations a t  PNL a re  completed.' 



Burner Rig Tes t ing  - C r a n f i e l d  I n s t i t u t e :  

Th is  was a  very  aggressive t e s t  environment, more so than would 
be expected i n  ac tua l  serv ice.  Charac te r i s t i cs  were as fo l l ows :  

. 750°C (138Z°F), 1 atmosphere pressure, 100 hours, 8.1 U.S. 
g a l l h r  f u e l  consumption. 

. 2.9 t o  1  b lend o f  middle t o  heavy d i s t i l l a t e  S R C I I .  ( A t  
present,  use o f  heavy d i s t i l l a t e  i n  i n t e r n a l l y  f i r e d  heat 
engines i s  n o t  an t i c i pa ted .  ) 

. Vanadium.content was 30 ppm, so t h a t  vanadium a t tack  
dominated o the r  coa t i ng  degradat ion processes. 

. I r ~ s p  i l e  o  T concentrated e f f o r t s  t o  prevent  i t  , carbon 
depos i t i on  from s p a l l i n g  o f  combustion zone sur faces 
was very  severe. As a  r e s u l t ,  carbon p a r t i c l e s  on the  
order  o f  1  cm i n  diameter were cons tan t l y  impinging on 
the  coated specimens. However, a l l  coa t ings  tes ted  pro-  
v ided p r o t e c t i o n  from t h i s  environment. 

. I,t was concluded t h a t  t e s t i n g  w i t h  (vanadium' f r e e )  midd le  
d i s t i l l a t e  S R C I I  would be much more s imple and would 
probably produce e n t i r e l y  d i f f e r e n t  h o t  co r ros ion  behavior.  

. Graded Coatings were 2-3 t imes b e t t e r  than un i fo rm composi- 
t i o n  coat ings  w i t h  the  same m ic ros t ruc tu re  and i d e n t i c a l  
ou te r  sur face composit ions. 

. ' .  The PVD coa t i ng  ( p r o p r i e t a r y )  was s l i g h t l y  b e t t e r  than t h e  
graded sput te red  coat ings.  However, chemical composit ions 
were n o t  i d e n t i c a l .  

. Coatings w i thou t  P t  underlayers were, i n  every instance, 
s l i g h t l y  b e t t e r  than the  i d e n t i c a l  coat ings  w i t h  P t  under- 
1  ayers. 

. There was a  s i g n i f i c a n t  i n f l u e n c e  o f  metal  subs t ra te  on the  
co r ros ion  res i s tance  o f  t h e  graded coat ings.  Coatings on 
IN972 were more r e s i s t a n t  ' than coat ings  on MAR M 509. 
Coatings on X40 were l e a s t  r e s i s t a n t .  

Probl ems Encountered 

Work loads a t  Annapolis and techn ica l  problems i n  o b t a i n i n g  
s a t i s f a c t o r y  combustion o f  t h e  coa l -der ived f u e l  a t  C r a n f i e l d  
delayed ava i  1  a b i l  i t y '  o f  t es ted  specimens f o r  eva lua t ion .  



METAL/CERAMIC L A Y E R E D  COATINGS 

'Objective 

Combine the 1 ow. thermal conductivity and high corrosion/erosion 
resistance of ceramics with the mechanical compatabil i  ty  (with 
metal substrates) and toughness of metals in a coatings system. 
Test the potential of such a coating system fo r  increasing 
durabil i  ty  of metal 1 i c  components in combustion zone hot sectiins ' 

of heat erigi-nes operated on advanced a1 ternate fuels.  

Approach 

Sputter deposit coating systems comprised of many al ternate  layers 
of metal and ceramic. Each ceramic layer i s  intended to be segmented, 
with each segment extending thru the coating thickness and attached 
to adjacent metal layers. Each metal layer i s  intended to be con- 
tinuous and contain the segmented ceramic layers. 

Progress ' (September ' 30, ' 1980) 

Parameters and equipment were developed on th is  program to  allow 
coating hemispherical burner r ig  t e s t s  specimens for  Westinghouse 
with a1 ternate layers of NiCrAlY and Zr02 ( + Y  20 3 ) .  A paper 
JescribSr.~g early i.esulLs will be pub1 i s t ~ e d  i r ~  Thin Sol id Films [ I ] .  

These coatings included graded t ransi t ions from metal t o  ceramic 
layers b u t  not from ceramic to  metal layers.  An evaluation of the 
burner r ig  tested specimens indicated: 

. All coating layers remained continuous a f t e r  testing. 

. Delamination frequently occurred a t  the ceramic-metal interfaces 
(not graded) while metal -ceramic interfaces (graded t rans i t ions)  
remained intact .  

In some instances, fractures parallel to  the layer planes were 
.observed in ceramic 1 ayers . 

Previous resu l t s  on th i s  program 'and recent resu l t s  on the Dense 
Surface Ceramic Coatings program suggest that :  

. Graded t ransi t ion zones should be more durable as the i r  
thickness increases. 

. Ceramic 1 ayers thicker than approximately 0.0002 inches 
(0.0005 cni) can be expected to  fracture para1 le l  to-  the 
layer plane: , . 

I 



Based on these resul.ts, the' test results doul d be improved by 
reducing ceramic 1 ayer thickness and by incorporating graded 
ceramic to metal transition zones. 

A sputtering chamber with shutters for both metal and ceramic 
targets is required to produce this type-of coating, as was 
pointed out at Castine in August 'of 1979. Such a chamber has 
been designed and is near completion. The-first coatings made 
in this chamber are expected to be available for test 'in November 
of 1980. A schematic of the dual-shutter sputtering chamber is 
i ncl uded here. 

Probl ems ' Encountered 

Fabrication of the two-shutter system has required much more time 
than anticipated. No technical problems have been encountered, 
however. 

"DENSE'SWRFACE'CERAMIC'COATINGS 

Develop ceramic coatings that, thru innovative microstructural 
design and composition modification, can accommodate differences 
in thermal expansion and modulus between ceramic coatings and 
metal substrates. Additionally, these coatings must be impervious 
at their outer surfaces -to penetration by combustion byproducts 
and must be smooth to provide high heat transfer coefficients. 
It is anticipated that such coatings will permit use of the 
corrosion/erosion resistance of ceramic materials to increase 
durabil i ty of metal 1 ic components in combustion zone hot sections 
or heat engines operated on advanced alternate fuels. 

' Approach 

Early PNL (Pacific Northwest Laboratory) research directed 
towards producing high integrity sputter-deposi ted CoCrAl Y 
coatings on marine gas turbine first-stage airfoils indicated 
that most. 1 ine-of-'sight deposition techniques resulted in 
columnar growth structures in the coatings, with voids between 
adjacent growth columns that often extend. entirely through the 
coating thickness. These voids are commonly referred to as 
leaders, and have recently been associated with a geometrical 
shadowing mechanism. A shuttered dual target combined mode 
(r'f and dc) sputtering system capable .of coating seven substrates 
simultaneously was used to deposit metal bond layers, layers 
graded from metal to ceramic, and ceramic layers, Figure 14. 



Metal/ceramic hybrid coatings a s  described below have been success- 
f u l l y  spu t t e r  deposited w i t h  a segmented columnar ( f ib rous )  micro- 
s t r uc tu r e  oriented perpendicular t o  the  coating surface  [2]. 

I t  was demonstrated t h a t  e n t i r e l y  ceramic. (Zr02 + Y203) coatings o r  
metal 1 i c  (NiCr o r  CoCrA1 Y) coatings graded t h r u  the  coating thickness 
t o  ceramic can be deposited. Fibrous growth i s  densely packed, 
approximately 0 . 5 ~  i n  diameter, and extends through the  e n t i r e  
coating thickness. Fracture occurs along the  columnar f i b e r  bound- 
a r i  es .  

A th ick ,  graded metal-to-ceramic t r an s i t i on  zone was found t o  improve 
coating adherence., The graded t r an s i t i on  from metal t o  ceramic may be 
accomplished over as  wide o r  as  narrow a portion of the  coating thick- 
ness as desired.  

Any se lected portion of the  coating thickness may be deposited w i t h  
e i t h e r  continuous o r  segmented columnar microstructure.  A sea l ing 
o r  close-out layer  i s  required on the  outer  surface  of segmented 
ceramic coatings before t e s t i ng  i n  heavi ly-contaminated diesel  fuel 
o r  coal-derived l iqu id  fuel i s  undertaken. 

Early r e su l t s  on this program indicate  t h a t  a continuous NiCrAlY 
seal ing l ayer  can be cxpectcd t o  scparatc  from the  segmented oxide 
coatings due t o  d i f ference i n  thermal expansion. 

Techniques developed on this program have allowed appl ica t ion of 
continuous seal  ing 1 ayers of several compositions (1 ess  than 0.003 cm 
= 0.001 in. th ick)  t o  plasma sprayed Z r O 2  coatings f o r  burner r i g  
evaluation a t  Westinghouse: 

. Zr02 (+20% Y2O3) graded t o  P t  

. Zr02 (+20% Y 2 O 3 )  graded t o  Pt3A1 

Photographs of typical  close-out layer  s t ruc tu res  a r e  included i n  
Figures 15 - 23. 



Experiments have been conducted t o  apply s i m i l a r  Zr02 - based sealin'g 
l aye rs  t o  sput ter-deposi ted segmented Z r O 2  coat ings.  Evaluat ion of 
s t r u c t u r e s  obta ined i s  i n  progress. 

An advanced vers ion  o f  t h i s  coa t i ng  type i s  being i nves t i ga ted .  
Composition grading extends t h r u  the  e n t i r e  coa t i ng  th ickness.  
I n d i v i d u a l  columns a r e  metal a t  t h e i r  i nne r  ends and ceramic 
a t  t h e i r  ou te r  ends, w i t h  t h e  l a s t  ma te r i a l  deposited (most ly  Zr02)  
being continuous t o  p rov ide  a seal i n g  funct ion.  These coat ings 
have been produced and a re  being evaluated. 

Problems Encountered 

None 
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TABLE I 
1/8'! Diameter P ins  f o r  Burner R ig  Tes t ing  a t  the  C r a n f i e l d  I n s t i t u t e  o f  Technoloqy. C ran f i e l d ,  Bedford, Enqland 

P t  Under1 ayer CoCrAlY 
P i n  

( 1  
Thickness Thickness Thermal Trea-ment o f  Metal lography Oeposi t 

Run Sample A l l o y  Vol tage on A u x i l i a r y  Target  - ( m i l s )  ( m i l s )  Pins Sample ( 2 )  composi t ion % ( 3 )  

5 2002 IN  792 50' @ 500, 600, 700 V ,  5 '  @ 800 V 0.2 -4.6 Vac HT 4 h r s  @ 1080°C None Cr:  25-30 ( e s t ) ;  
2019 " 0 A l :  10- 8 ( e s t )  

0 .'2 -5.5 Vac HT 4 h r s  @ 1080°C 
0 ,I 

None Cr:  25130 ( e s t ) ;  
A l :  10- 8 ( e s t )  

- 
7 2006 IN  792 60'  @ 600, 700, 800, 10'  @ 900 V 0.2 4.2 Vac HT 4 h r s  @ 1080°C 20058 Cr:  24.1-32.6 

2022 " 0 A l :  9.8-8.4 

0.2 -7:O Vac HT 4 h r s  @ 1080°C 202 58 Cr: 25-35 ( e s t ) ;  
A l :  10- 8 ( e s t )  

0 " Vac HT 4 h r s  @ 1080°C 2025C 
+ 1 h r  i n  a i r  @ 1080°C 

0 -7.0 None (as depos i ted)  None Cr:  25-35 (es t ) ;  
A l :  10- 8 ( e s t )  

0 - 6.5 Vac HT 4 h r s  @ 1080°C 20268 Cr:  32.6 ( 7 )  
A l :  9.4 ( 7 )  

0 6 Vac HT 4 h r s  @ 1080°C 20308 (7 )  Cr:  30 ( 7 )  
A l :  9.5 

0.2 1.4 Sput te r  etched a f t e r  2043NE Cr:  22.5 ( e s t ) ;  
n i t r i d i n g  @ 900°C du r i ng  A l :  10 ( e s t )  
HT 

0 I #  

18 2056 IN  792 60' @ 600, 700, 800, 900, 1000 V 0.2 7 Sput te r  etched a f t e r  2055NE Cr :  32-33.5 
n i t r i d i n g  @ 900°C du r i ng  A l :  9.3-9.2 
HT 

24 1002 X-40 60'  @ 700, 600, 500, 400, 300 V;  . ,  0.2 5.2 Vac HT 4 h r s  @ 1080°C 10418 Cr:  19.4-26.3 
1020 " 20' @ 200 V 0.5 A l :  18.4-9.1 
1042 " 0 



TABLE I (con t i i ued )  

1/8" Diameter P ins  f o r  Burner Riq Test ing  a t  the C ran f i e l d  I n s t i t u t e  o f  Technoloqy Cranfleld:. Bedford, England 

P t  Underlayer CoCrAlY 
P I  n Thl ckness Thickness Thermal Treatment o f  Metal 1 0 g r a p h y ( ~ )  Deposi t  ( 3 )  

Run Sample AllDy Voltage on Auxiliary ~ a r g e t ( l )  - ( m l l s )  (m i l s )  Pins Sample Composltion % 

( l ) ~ u x i l i a r y  t a r g e t  i s  C r  unless otherwise ind ica ted.  

(2)14etallography sample has same thermal h i s t o r y  as pins.  

( 3 ) ~ o ~ r ~ l ~  composi t ion from subst ra te  t o  ou te r  surface. 

( 4 ) ~ 1  A u x i l i a r y  t a rge t .  

5.0 Vac HT 4 hrs  @ 1080°C 20448 Cr: 23.8-30.2 
A1 19.6-2.6 

4.8 Vac HT 4 hrs  O 1080°C 50328 C r :  27-29 
A l :  6-4 

Vac HT 4 h rs  @ 1080°C C r :  33.8 (7)  
A l :  2.7 ( 7 )  

5.4 Vac HT 4 hrs  @ 1080°C 10468 Cr: 11.7-3.1-21.3 (8 )  

Pt:  67.5-86.9-.17.1 (8 )  

4.2 Vac HT 4 h rs  @ 1080°C ( 7 )  
Cr: 35.t7) 
A l :  1.1 

3.5 Vac HT 2 h r s  a 1052°C 20408 Cr: 23.0 
A l :  9.1 

3.5 Vac HT 2 h r s  B 1052OC 20408 C r :  23.0 
A 1 : g . l  . 
Y :  0.3 

( 6 3 ~ 0  a u x i l i a - y  t a r g e t  used. 

( 7 ) ~ v e r a g e  conposi t i o n .  No grad ient  measured. 

( 8 ) ~ a x . ~ t  (Min Cr) a t  -1 m i l  from in te r face .  

( 9 ) ~ ~ ~  coated pins.  

( 5 ) ~ t  a u x i l i a r y  t a rge t .  CoCrAlY t a r g e t  vo l tage ramp; 60' @.400, 
900. 1500. 2400 V du r i ng  240' @ 500 V on Pt ta rget .  The CoCrAlY 
t a r g e t  was he ld  a t  2400 V wh i l e  P t  t a r g e t  vo l tage was lowered. 



TABLE I1 ,, 
, 1/8" Diameter Pins f o r  Burner Rig Test ing  a t  t he  Naval Ship R&O Centzr, Annapolis, MO 

P t  l hde r l aye r  CoCrAlY 
P i n  

(1  1 Thickness Thickness Thermal Treatment o f  Metal lography Deposit ( 3 )  - 
Run Sample A l l o x  Vol tage on A u x i l i  a r -  Target - >(mi l s )  (m i l s )  Pins Sample ( 2 )   omp position z 

Vac KT 4 hrs  @ 1080°C 
I t  0 

None 
I' 

-5.5 Vac HT 4 h rs  @ 1080°C None 
I, U I I, 

-7.0 None (as deposi ted) None ' 
,I 0, I, 

6.5 '  Vac HT 4 h rs  @ 1080°C 20268 

6 Vac HT 4 h rs  @ .1080°C 20308 

C r :  25-30 (es t ) ;  
Al :  10- 8 (es t )  

Cr: 25-30 (es t  ; 
Al:  10- 8 (es t  I 
Cr: 25-35 (es t ) ;  
A l :  10- 8 ( e s t )  

(7  
Cr: 32.6 (7 )  
A l :  9.4 

(7) 
C r :  30 p7) 
A l :  9.5 

1.4 Sput ter  etched a f t e r .  2043NE Cr: 22.5 ( e s t ) ;  
n i t r i d i n g  @ 900°C du r i ng  Al :  10 (es t )  
HT 
I I 0  I, 

7 Sput ter  etched a f t e r  2055NE tr: 32-33.5 
n i t r i d i n g  @ 900°C du r i ng  Al :  9.3-9.2 
HT 

5.3 Vac HT 4 h rs  @ 1080°C 1041tl Cr: 19.4-26.3 
A l :  18.4-9.1 



TABLE I 1  (cont inued) 
118" Diameter Pins f o r  Burner Riq Test inq  a t  t he  Naval Ship Rho Center. Annapolis, MO 

P t  Underlayer CoCrAlY 
P i n  

(1  
Thickness Thickness Thermal ~ r e a t m e n t  o f  metal lo graph^(^) Deposi t  ( 3 )  

Run Sample Alloy Vol tage o n . A u x t l l a r y  Tarqet - ( m i l s )  (m i l s )  P I  ns Sample Composl t l o n  X 

' l l ~ u x i l i a r y  . .. . t a r g e t  t s  C r  un less  o therwise ind ica ted.  

"'14etal lography sample has same thermal h i s t o r y  as p ins .  ,-, 
("COC~AIY compos i t ion  f rom subs t ra te  t o  o u t e r  surface. 

( 4 ) ~ 1  k u x i l i a r y  t a rge ts  

( ')pt a u x i l i a r y  t a r g e t .  CoCrAlY t a r g e t  vo l tage .ramp; 60' @ 400, 
900, 1500. 2400 V du r i ng  240' @ 500 V on P t  t a rge t .  The CoCrAlY 

' 

t a r g e t  was h e l d  a t  2400 V w h i l e  P t  t a r g e t  vo l tage was lowered. 

5.0 Vac HT 4 h rs  @ 1080°C 20448 Cr: 23.8-30.2 
A1 19.6-2.6 

4.8 Vac HT 4 h rs  @ 1080°C 50328 Cr:  27-29 
A1 : 6-4 

4.1 Vac HT 4 h rs  @ 1080°C 20458 Cr: 33.8 ( 7  
A l :  2.7 (7 )  

5.4 Vac HT 4 hrs @ 1080°C 1046B Cr: 11.7-3.1-21.3 (8 )  
Pt :  67.5-86.9-17.1 (8  

4.2 Vac HT 4 hrs  @ 1080°C (7 )  50350 . C r :  35.f7) 
A l :  1.1 

3.5 Vac HT 2 hrs  @ 1052°C 20408 Cr: 23.0 
A1 : 9,l 
Y: 0.3 

3.5' Vac HT 2 h rs  @ 1052°C 20408 C r :  23.0 
A l :  9.1 
Y: 0.3 

( 6 ) ~ o  a u x i l  i e r y  t a i g e t  used. 

( 7 ) ~ v e r a g e  composition. No g rad ien t  measured. 

 ax Pt  (,in Cr )  a t  "1 m i l  from in te r face .  

( 9 ) ~ ~ ~  coated pins.  



As Polished 500X 

Paci f ic  Morthwes t latsoretorqr 
Operated for the U. S. kpartmnt o f  Energy 
by Battel le  Memor4al Institute 

Pt-Substrate 
Interface 

Figure 1 Run #7 Sample # 20056 
CoCrA1Y sputter deposited on a P t  sputter deposited underlayer. Substrate i s  
IN-792 1/8" dia. pin. Cr content of CoCrAlY araded from interface to outer 
surface. Vacuum heat treated 4 hrs at 1080%. 



As Polished 500X 

P a c i f i c  Northwest Laboratory 
Operated f o r  the U.S. Department o f  Energy 
by B a t t e l l  e Memorial I n s t i t u t e  

CoCrAl Y 
Deposi t 
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Pacifi e NorthWest Laboratory 
Opesated for the U.S. Department o f  Energy 
by Battelle Memorial Institute 

Substrate - 

CoCrA1 Y, 
deposi t 

P I  4 ~smplr#203~( &%Y r r t t n  dapa4t.d on 6 I/#* dh?. I#-792 pln. 
bposi t mta3ns 36s gr and 9.5% A1 , V~WUIII. heat 
mated 4 hm a t  1080 E, 



CoCrAl Y 
deposit 

substrate 

I As Polished 

Pac i f i c  Northwest Laboratory 
Operated f o r  the U.S. Department o f  ,Energy 
by Battel  l e  Memorial I n s t i t u t e  

etched a f k r  exposbrc 
vacuum heat treatment 

Run t17 
ted on a 1/E 
to nitrogen 

1050X 
.Sample # 2034ME 

1" dfa.afN-79? pin. hmpTe has ken sput$ee~; 
a t  900 C durlng amling after a 4 hr, ltLeEO E 



~ a c i  f i c Northwest Laboratory 
f Energy 

11 * 

As Pol i shed 

ttcnea 

Figure 6 Run 118 Sample # 2055WE 
CoCrAlY sputter deposited on a P t  sputter deposited underlayer. Substrate 
i s  118" dia. IN-792 pin. Sample has been aputter etched after exposure to 
nitrogen during cooling after a 4 hr, 1080 C vacuum heat treatment. 



Pacific Northwest Laboratory 
Operated for the U.S. depart men^ of Energy 
by Battell e Memorial Institute 

Etched 

Figure 7 l un  #24 Sample # 10418 
CoCrAlY sputter deposited on a 1/8 d i a .  X-40 pin. Vacuum heat t reated 4 hrs a t  1080°C. 



Paci f f c  Northwest Laboratory 
Operated for the U.S. Department of Energy 
by Battell e Memorial Institute 

tched 

Fiqure 8 Run #25 Sample # 20446 
CoCrAlY sputter deposited on a i /8"  dia. I N  792 pin. Vacuum heat treated 4 hrs a t  1080°C. 
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Paci f ic  Northwest Laboratory 
Operated for  the U.S. Department o f  Energy 
by Battel l e  Memorial I n s t i t u t e  

s u b s t r a t e  

Figure 10 Run #28 Sample # 20458 
CoCrAlY sputter deposited on a 1/8" dia.  I N  792 pin. Vacuum heat treated 4 hrs a t  1080°C. 



depo 

Pacific Northwest Laboratory 
Operated for the U.S. Department of Energy 
by Battell e Memorial Institute 

substrate - 
As Polished 500X 

Fiqure 11 Run #29 Sample # 10468 
CoCrAlY sputter deposited on a 1/8" d ia .  X-40 pin. Vacuum heat treated 4 hrs a t  1080°C. 



Pac i f ic  Northwest Laboratory 
Operated f o r  the U.S. Department o f  Energy 
by Battel  l e  Memorial I n s t i t u t e  

- i 
Figure 12 Sun U30 Sample # 50358 
CoCrAlY sputter deposited on a 1/8" dia.  MAR-M-509 pin. Vacuum heat t reated 4 hrs a t  1080°C. 



1 eaders 

Pacific Northwest Laboratory 
Operated for the U.S. Department of Energy 
by Battell e Memorial Institute 

As-Polished 500X @ 
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subst ra te  

Figure 13 PVD Sample # 20408 
CoCrAlY vapor deposited on a 1/8" d i a .  I N  792 p in .  Vacuum heat  t r e a t e d  2 hrs a t  1080°C. 



Figure 14 kf 
DUAL-SHUTTER SPUTTERING CHAMBER 



Pacific Northwest Laboratory 
Operated for the U.S. Department of Energy 
by Battell e Memorial Institute 

WTB - 006 

The sputtered ZrO (+Y 0 ) was approx- 

imately 0.0001 ineh thfca and was frac- 
tured during metal lographic specimen 
preparation. 

Figure 15 

ZrOt (+Y209) coating, 0.0001 in. thick. 



Pac i f ic  Northwest Laboratory 
Operated f o r  the U,S. Department o f  Energy 
by B a t t e l l  e Memorial I n s t i t u t e  

Sputtered 
'02 (+Y203) 

Plasma Sprayed Pl asma Sprayed 
NiCrAlY ZpQ2 I tY2Q3)  

-. s 
Y 

Burner Rig Test Specimen 

Codting 
\ 

WTB - 007 6.3X 

Sputtered 
ZrO2 (+Y203) 

Was approximately 0.00024 inch 
thick and was fractured durins - 
metal 1 ographi c specimen prep- 
aration. 

Plasma Sprayed 
Zr02 (+Y203) 

500X Figure 16 
ZrO, (+Y,O, ) coating, 0.00024 i n .  thick.  
-27- 



Pacific Northwest Laboratory 
Operated for the U.S. Department of Energy 
by Battell e Memorial Institute 

Plasma Sprayed 
. . .- N i  CoCrAl Y 

Pl  asma Sprayed 
ZrQ (+Y2Q ) surface not 
Wl?rhsd p$iar M Pt sputter 
coating. Surface too i Prcgrr- 
lar for good Pt coverage. 

Sputtered P t  Overlay 

Plasma Sprayed Zr02 (+Y 0' ) w i t h  WTB - 008 SUUX 

pol lshed surface. ~eat8al  area 
was not ~ o l  ished wet 1 enough 
to allow- coverage by Pt.  

Plasma Sprayed ZrO (+Y 0 ) sur- 
face nat Dalishca ~ u t ~ r d t t l c r ~ n t i y  
regular for good Pt coverage. 

Figure 1 7  
ZrOn (+Y200 ) coating on polished surface. 

* 
. .. < z * . .  I- ;?* 

h .  .., -,. A & .  

# *2$ -, - . a;',' . * 3;- .A+ 
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8 - 1  

Pac i f ic  Northwest Laboratory m:+2y . 
Operated for the U.S. Department o f  Energy r ! 
by B a t t e l l  e Memorial I n s t i  tutelkhr!x5eL:I 

Scratched area produced by chamber shield 
1 e f t  unprotected arei 

Figure 18 

P t  coating 0.0006 i n .  thick.  



Sputtered ZrOp ( 

\ 

Figure 19 

Pacific Northwest Laboratory 
Operated for the U.S. Department of Energy 
by Battel l e  Memorial Institute 

+Y203) graded t o  P t  

Plasma Sprayed ZrO, (+Y,O,) , 
C 6 .# 

surface finished before 
sputter coating. 

Plasma Sprayed 
NiCrAlY 

WTB - 010 200X 
Sputtered coating completely sealed the 
pol i shed Zr02 surface. 

ZrOn ( + Y 2 0 3 )  graded to P t .  



P a c i f i c  Northwest Laboratory 
Operated f o r  the U.S. Department o f  Energy 
by B a t t e l l  e Memorial I n s t i t u t e  

Figure 20 

ZrOz (+Y203) graded t o  P t 3  A1 . 

Coating 
. - . . , .a,. > 

. - I  . 
- .  

Burner Rig Test specimen 



P a c i f i c  Northwest Laboratory 
Operated f o r  the  U.S. Department o f  Energy 
by B a t t e l l  e Memorial I n s t i t u t e  

Pure ZrO (+Y 0 ) portion o f  
sputtere8 coa?i ig (wide, dark 

-4 

7 

Polarized Light  500X 
Sputtered Coating 

Plasma Sprayed 
NiCrAlY 

Plasma Sprayed 
Zr02 (+Y203) ' / White L ight  200X 

Figure 21 

Sputtered ZrO (+Y203) / 
graded t o  ~t$l .  

Zr02 (+Y203) graded t o  P t 3  A1 



Pacific Northwest Laboratory 
Operated for the U.S. Department of Energy 
by Battell e Memorial Institute 

Polarized Light 

WTB - 011 White Light  500X 

Figure 22 

Zr02 (+Y203) graded to P t s  Al. 

White L ight  200X 



Pacific Northwest Laboratory 
Operated for the U.S. Department o f  Energy 
by Battell e Memorial Institute 

Polarized Light  500X I 

Polarized L ight  I U ~ U X  

WTB - 011 White L i g h t  5OOX 

Figure 23 

Zr02 ( + Y 2 0 3 )  graded to P t s  Al. 




