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MICROLAMINATE COMPOSITES - AN ALTERNATE APPROACi i  TO THERMAL BARRIER COATINGS 

R.F. Bunshah, C . V .  Deshpandey, and B.P. O ' B r i e n  
U n i v e r s i t y  o f  C a l i f o r n i a  

Department o f  M a t e r i a l s  Science and Eng ineer ing  
Los Angeles, C a l i f o r n i a  90024 

Ceramic thermal  b a r r i e r  coatinlgs s u f f e r  f r o m  a major  drawback - i . e . ,  b r i t t l e  
An a l t e r n a t e  approach I s  m ic ro lam ina te  composi te c o a t i n g s  c o n s i s t i n g  o f  

Data on t h e  Fe-Cu system w i l l  be presented.  A model 

behav io r .  
a l t e r n a t e  l a y e r s  o f  me ta l  and ox ide .  As t h e  t h i c k n e s s  o f  t h e  i n d i v i d u a l  laminae 
decreases w h i l e  keeping t h e  t o t a l  t h i c k n e s s  o f  t h e  c o a t i n g  cons tan t ,  t h e  thermal  
c o n d u c t i v i t y  drops markedly .  
1 s  proposed f o r  an MCrAlY-Al203 m i c r o l a m i n a t e  c o a t i n g  f o r  thermal  b a r r i e r s .  
l h e  methods o f  f a b r i c a t i o n  w i l l  a l s o  be d iscussed.  
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OEJECTIVE 

To demonstrate the potential for low thermal conductivity 
nicrolaminate composites as an al ternate  t o  b u l k  
cerami cs 

Advantage: Improved fracture toughnes a t  equivalent 
thermal conductlvi t y  I 

Y.ICROLAMINATE COPPOSITES 

B u l k  matei ral or coatings u p t o  0,040” thickness 
consisting of a l te rna te  laye-rs of different materials. 

Z T E  R I A L CO PI3 I N AT I ONS STUC I ELI 

Pktal-Yetal: Fe-Cu, Ni-Cu, OTi-Ni , Cc-Cu 
Zeta1 Ceramic:  Ni-Tic,  ?“C,r-AlY-A1907 
Cerami c-,:erami c :  

L A  

T i  C/Ti 3? 
L 

E T H O D  OF PREPARATION 

Electron beam evaporation from metal or  ceramic: sources I 

DEPOSITION RATE 

Upto 10 pm per minute 

L.AP1I NATE TH I CKNESS 

1 m t o  40p.n 

PFiOPERTIES STUDIES 

Strength, d u c t i  l i  t y  and thern:aI conductivity 
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E l e c t r o n  micrographs o f  ' T € r A l Y "  micro laminate prepared 
us ing  e l e c t r m  beam evaporat ion th ickness 2 m( by1 Movchan 
e t ,  a l l  a t  Paton I n s t i t u t e ,  USSR,  
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Shwn i n  the f i gu re  b e l w  i s  the thermal conduct iv i ty 
(perpendicular t o  laminae plane) o f  FeKu  condensates as 
a funct ion o f  laminae thickness. The t o t a l  thickness = 40 
m i  Is (1000prn) 
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It should b e  noted t h a t  thermal conduc t i v i t y  o f  the  condensate 
is much l w e r  than could b e  expected from simple r u l e  o f  
mixtures,  For t h i s  p a r t i c u l a r  case the  value would be  238 w/kmJ 
:if ca lcu la ted  using the  r u l e  o f  mixtures,  

This drop i n  thermal conduct iv i t y  i s  be l i eved  t o  be associated 
with in te r faces  which tn some w a y  b lock  the t rans fe r  o f  heat 
(icross i to  Considering t h i s  assumption the expression f o r  
thermal conduc t i v i t y  o f  the microlaminate can be w r i t t e n  as 

where Vf  i s  the volume f rac t ion ,  K the thermal conduct iv i t y  
cind nI i s  the  number o f  in te r faces  given by the expression 

nI = t/Ax:l 

where t i s  the laminate thickness a n d A x i s  the laminae 
Ith i ckness I 
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Using Equations 1 and 2, and the data shwn i n  Figure 1, 
contribution o f  interfaces t o  the thermalconductivity,is 
calculated. Shonw i n  the figure be lm is the thermal con-. 
ductivity contribution due t o  interfaces as a function of 
the nurrber of interfaces. . 

A 

I I 1 I 1 
175 180 i185 190 195 :;200 

AK 

I t  can be seen tha t  the data  can be f i t t e d  i n t o  an expression 
of the form 

C -Ai( n I  = A exp 

Where c is the slope of the p l o t  Log nIV,nhnd A is  a constant 
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The constant ' A '  should account f o r  the mater ia ls  
cha rac te r i s t i cs  and types o f  phonon s c a t t e r i n g  mechanisms 
invo lved a t  t he  in te r faces .  De ta i l ed  inves t iga t ions  are 
requ i red  t o  es tab l i sh  a q u a l i t a t i v e  expression f o r  'A '  i n  
terms o f  mater ia ls  proper t ies and phonon sca t te r i ng  modes. 

3 

2 

1 

However assuming t h a t  the  in te r faces  would behave i n  
the  same manner as i n  case o f  Fe-Cu microlaminate we have 
ca l cu la ted  assuming the same percentage con t r i bu t i on  by th'e 
interfaces, the thermal conduct iv i t y  o f  MCrA1Y/o(-Al2O3 micro- 
laminate. The data i s  p l o t t e d  i n  the f i g u r e  below, 

1 1 I 1 I I 1 1 
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I n  p rac t i ce  15 m i l s  o f  Zr02 coat ing i s  used as thermal 
b a r r i e r  coating, For 15 m i l  thickness and lpm laminae th ick -  
ness the nunber o f  i n te r faces  would be 224, The thermal 
conduct iv i t y  o f  a laminate w i t h  these many in te r faces  would 
be  equal t o  2,3&2,4w/mk, This value i s  compar&le t o  the 
thermal conduct iv i t y  o f  pure Zr02 coat ing which i s  3 w/mk, 

These s inp le  ca lcu la t ions  there fore  i nd i ca te  tha t  micro- 
laminate composites o f f e r  as exce l len t  po ten t i a l  as thermal 
b a r r i e r  coatings a 

PROPOSED FABRICATION TECHNIQUE 

E lec t ron  beam evaporation/deposi t i o n  a l te rna te l y  from two 
sources onto supera l loy s b s t r a t e s  (see F igure) ,  This 
i s  compatible w i th  cur ren t  KrAlY deposi t ion methodology. 

PROPERTIES TO BE E A S U R E D  

Thermal Conduct iv i ty  

Fracture Toughness - UsIng an indenta t ion  method (Evans e t  a l a ,  
J ,  A ,  P ,  2, 312, 19821, 

Propert ies t o  b e  measured as deposited and a f t e r  thermal 
cycl  i ng, 

CONCLUSIONS 

Microlaminate composites o f f e r  the po ten t i a l  t o  be a lw 
thermal conduct iv i t y  h igh  f rac tu re  toughness mater ia l  t o  be 
used as a thermal b a r r i e r  coat ing on superal loy Hades  and 
vanes as an a l te rna te  t o  mono l i th ic  ceramic coatings, 
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