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Materials selection and compatibility 

W h i l e the remarks made in the f i r s t lec ture [ f te f . 'Q es tab l i shed the f r a m e 
w i t h i n wh ich Ma te r i a l s Sc ience developed and showed that techno logy m u s t 
at a l l t i m e s be c lose ly in terwoven w i t h soc ie ta l needs, we sha l l now ad-
dress a more spec i f i c p rob lem that mus t be so l ved when m a t e r i a l s in te rac t 
in a g iven dev i ce . 

E lec t ron ic dev ices in the convent ional sense, where the f ree f l i g h t of 
e lec t rons is i nvo lved , require that a h igh vacuum or raref ied gas be m a i n -
ta ined w i t h i n an evacuated enve lope , w h i l e s o l i d - s t a t e dev i ces are f ree of 
t h i s r es t r i c t i on . In a l l cases , however , m a t e r i a l s mus t be chosen on the ba -
s i s of their s u i t a b i l i t y for the per formance of the intended f unc t i on and thei r -
c o m p a t i b i l i t y w i t h other ma te r i a l s that serve as e lec t rodes , suppo r t s , gas 
d ispensers , or the enve lope. 

Env i ronmenta l cond i t ions to wh i ch the dev ice may be exposed in opera t ion , 
or dur ing fab r i ca t i on and tes t i ng , can further res t r ic t the a v a i l a b l e cho ice of 
m a t e r i a l s . High temperature , low tempera tu re , v ib ra t ion and shock , and p e -
ne t ra t ing rad ia t ion are some of the var iab les that mus t be cons ide red . A mo re 
c o m p l e t e l i s t of parameters that a f fec t the se lec t i on of m a t e r i a l s i s g i ven 
in Table 1. Not a l l these parameters necessar i l y apply in each case , and 
the i r re la t ive impor tance w i l l sh i f t w i t h the Intended func t ion of the d e v i c e 
under cons idera t ion , but the f i r s t f i ve i t ems de te rm ine whether a vacuum 
can be ma in ta ined for a pro longed pe r i od . One must a l so consider how read i l y 
a mater ia l can be fabr i ca ted in to a des i red shape, whether i t Is e a s i l y j o i n e d 
to other m a t e r i a l s , and whether I ts c o s t , both for a c q u i s i t i o n and f a b r i c a t i o n , 
i s accep tab le . 

* 
P r e s e n t e d at the I n t e r n a t i o n a l S u m m e r Sct- iool o n s u b j e c t e l e c t r o n i c s m a t e r i a l s ( H e r c e g - N o v l 1 9 7 5 ) 
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T a b l e 1 

P A R A M E T E R S AFFECTING THE S E L E C T I O N OF M A T E R I A L S 

' C h e m i c a l s t a b i l i t y 
Vapor pressure 
Ou tgass ing rate 
Gas p e r m e a t i o n 
Ge t te r i ng rate 
Spu t t e r i ng rate 
Mechan i ca l s t rength 
R e s i s t a n c e to shock and v i b r a t i o n 
Low and h i g h - t e m p e r a t u r e s t a b i l i t y 
R e s i s t a n c e to nuclear rad ia t ion 
E l e c t r i c a l c o n d u c t i v i t y 
Thermal conduc t i v i t y 
Thermal e m i s s i v i t y 
M a g n e t i c p e r m e a b i l i t y 
P r i m a r y e lec t ron e m i s s i o n 
Secondary e lec t ron e m i s s i o n 
F i e l d e m i s s i o n 
D i e l e c t r i c p roper t ies 
Op t i ca l p roper t ies 
The rmoe lec t r i c p roper t ies 

A s po in ted out in an earl ier paper [ R e f . 2 ] , several c a t e g o r i e s o f 
c o m p a t i b i I i t y m u s t be d i s t i n g u i s h e d : 

1. c o m p a t i b i l i t y of one m a t e r i a l w i t h i t s e n v i r o n m e n t ; 
2 . c o m p a t i b i l i t y of m a t e r i a l s w i t h each other and w i t h the i r e n v i r o n m e n t ; 
3 . c o m p a t i b i l i t y of m a t e r i a l s w i t h a des i red f u n c t i o n of ad jacent c o m p o -

nen ts ; 
4 . c o m p a t i b i l i t y w i t h p resc r ibed p rocess ing and test procedures; 
5 . c o m p a t i b i l i t y of m a t e r i a l s w i t h the hea l th and comfo r t of the opera to r ; 
6 . c o m p a t i b i l i t y w i t h marke t e c o n o m i c s . 

It caccont be too s t rong l y e m p h a s i z e d that m a t e r i a l s s e l e c t i o n on the b a s i s 
of these c o m p a t i b i l i t y r equ i remen ts and the pa ramete rs l i s t e d in Table 1 m u s t 
t ake p lace at the des ing s t a g e . Un less a consensus i s e s t a b l i s h e d be tween 
the des igne r , the m a t e r i a l s eng ineer , and the p roduc t ion engineer w h i l e the 
p ro jec t is s t i l l on the d raw ing board, c o s t l y a l t e ra t i ons and s u b s t i t u t i o n of m a -
t e r i a l s may become necessary later on v(/hen hardware has a l ready been p ro -
duced . A t l e a s t , the chances are that such needed a l t e ra t i ons are d r a s t i c a l l y 
reduced by t h i s t e a m app roach . A mode l of the d e v i c e or a p i l o t p roduc t ion ; 
run w i l l u sua l l y show up f a u l t s that have been over looked so that the d e s i g n 
f^as to go "back t o the d raw ing b o a r d " . In th i s sense , des ign is a lways an 
i t e ra t i ve p rocess , and a m o r e d e t a i l e d f l o w chart of i t w i l l be shown in the 
t h i r d lec tu re f see a l s o R e f . s l . 
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I n f o r m a t i o n o n M a t e r i a l s P r o p e r t i e s on the b a s i s of w h i c h a 
r e l i a b l e s e l e c t i o n of m a t e r i a l s for des ign purposes oan be made is o f t en i n a -
dequa te . Pub l i shed data rare ly take in to account the in f l uence of env i ron -
men ta l cond i t i ons or that of the ear l ie r t reatment to w h i c h the ma te r i a l m a y 

T a b I e 2 

P A R T I A L L ISTING OF THE C H A R A C T E R I S T I C S OF A C R Y S T A L * 

E l e m e n t a l c o m p o s i t i o n 
1 . P rec i se ra t ios of ma jo r e l emen ts ( i . e . exact s t o i c h i o m e t r y ) 
2 . Concent ra t ion of a l l fo re ign e lemen ts 
3 . Charac te r i za t ion of ou te rmos t e lec t ron she l l of c r ys ta l cons t i t uen ts 

and i m p u r i t i e s 
4 . D i s t r i b u t i o n of i nhomogene i t i es and i m p u r i t i e s 

Defec t cha rac te r i s t i c s of the c rys ta l l a t t i ce 
1. Charac te r i za t ion and concent ra t ion of v a c a n c i e s , i n t e r s t i t i a l s , and sub-

s t i t u t i ona l de fec ts 
2 . D i s l o c a t i o n concen t ra t ion , nature, and d i s t r i b u t i o n 
3 . Gra in boundary s t ruc ture 

S t ruc tu ra l cha rac te r i s t i c s 
1. S t ruc tu re type 
2 . P rec i se l a t t i c e parameters 
3 . Loca t ion of a t o m s w i t h i n the un i t c rys ta l c e l l 

Su r face c h a r a c t e r i s t i c s 
1. Chem ica l nature of the c rys ta l su r face : A r e i m p u r i t i e s concent ra ted or 

d i l u t e d ? 
2 . S t ruc tu ra l na ture : sur face de fec t s ; W h i c h a t o m s are exposed? 
3 . Depth and nature of the natural sur face layer 
4 . Depth and nature of the sur face damage caused by c u t t i n g , p o l i s h i n g , 

e t c . 
5 . Gas and m o i s t u r e absorp t ion on the su r face : How fas t do sur face layers 

respond to env i ronment ^ 

have been s u b j e c t e d . These va r iab les can have a profound e f fec t on the pro-
perty no rms appear ing in handbooks and t a b l e s . Un less i t is known fo rm pr io r 
exper ience w h i c h of these var iab les can be neg lec ted and what the r e l a t i ve 
impo r tance is for the rema inde r , the designer mus t conduct eva lua t ion tes ts 
that c l o s e l y s i m u l a t e the cond i t i ons to be encountered in s e r v i c e . This can 
be a t i m e - c o n s u m i n g and c o s t l y under tak ing, e s p e c i a l l y when i t inc ludes 
f a i l u r e a n a l y s i s and the de te rm ina t i on of r e l i a b i l i t y l e v e l s . 

T h e C h a r a c t e r i z a t i o n o f M a t e r i a l s is a concept that imposes 
a s t r i c te r s p e c i f i c a t i o n of m a t e r i a l s i n terms of C o m p o s i t i o n , S t r u c t u r e 
and D e f e c t s ( C - S - D ) . These three parameters were recogn ized as bas i c 

* A f t e r Laud ise and Nassau [ R e f . s ] . Reproduced by p e r m i s s i o n of the authors 
and of the A l u m n i A s s o c i a t i o n of the Massachuse t ts I ns t i t u te of Techno logy . 
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for the d e t e r m i n a t i o n of ensu ing p roper t i es , a f ter an exhaus t i ve study had 
been conducted by the M a t e r i a l s A d v i s o r y Board ( M A B ) of the Nat iona l 
A c a d e m y of Sc iences ( N A S ) and the Nat iona l A c a d e m y of Eng ineer ing ( N A E ) 
in 1964-1967 lRe f .4 ) . Laud ise and Nassau R e f . ^ have recent ly tabu la ted 
s o m e of the c h a r a c t e r i s t i c s that shou ld be known for a c r ys ta l (Tab le 2 ) and 
po in t out that s i m i l a r s u m m a r i e s cou ld be prepared for g lasses and c e r a m i c s . 
Indeed, the p roper t ies of a l l m a t e r i a l s , and there fore the i r pe r fo rmance in 
a g i ven e n v i r o n m e n t , are de te rm ined not on l y by C - S - D but a l so by the 
me thods used for the p repara t ion of the m a t e r i a l s , s i n c e these , in tu rn , a f f ec t 
c o m p o s i t i o n , m i c r o s t r u c t u r e , and the number arid t ype of de fec ts obse rved . 

T a b l e 3 

M E T H O D S USED FOR C O M P O S I T I O N A L A N D STRUCTURAL A N A L Y S I S 
OF M A T E R I A L S (Ar ranged a l p h a b e t i c a l l y by le t ter codes) 

A E S Auger e lec t ron spec t roscopy 
A S A b s o r p t i o n spec t roscopy 
E M E l e c t r o n m i c r o s c o p y 
E P M E l e c t r o n probe m i c r o a n a l y s i s 
ERR E l e c t r o n pa ramagne t i c resonance 
ES E m i s s i o n spec t roscopy 
E S C A E l e c t r o n spec t roscopy for c h e m i c a l a n a l y s i s 
F E S F l a m e e m i s s i o n spect roscopy 
F I E M F i e l d ion e m i s s i o n m i c r o s c b p y 
GO Gas chromatography 
G D M S G low d ischarge m a s s spec t rome t r y 
GDOS G low d ischarge op t i ca l spec t romet ry 
H E E D H igh energy e lec t ron d i f f r a c t i o n 
l E M Ion e m i s s i o n m i c r o s c o p y 
I M M A Ion m ic rop robe m a s s a n a l y s i s 
I M P S Ion m ic rop robe spec t roscopy 
INS ion neu t ra l i za t i on spec t roscopy 
ISS Ion sca t t e r i ng spec t roscopy 
LC L i q u i d chromatography 
L E E D Low energy e lec t ron d i f f ra<; t ion 
L M L igh t m i c r o s c o p y 
M S M a s s spec t roscopy 
N A A Neut ron a c t i v a t i o n a n a l y s i s 
N M P S Nuc lear m ic rop robe spec t roscopy 
N M R S Nuc lear magne t i c resonance 
P E S Pho toe lec t ron spec t roscopy 
R E M R e f l e c t i o n e lec t ron m i c r o s c o p y 
RHEED R e f l e c t i o n h igh energy e lec t ron d i f f r a c t i o n 
S A M Scann ing auger m i c r o p r o b e 
SCANsl lR Su r face c o m p o s i t i o n by a n a l y s i s of neutral and ion impac t 

r a d i a t i o n 
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T a b l e 3 

S E M Scann ing e lec t ron m ic roscopy 
S I M S Secondary ion m a s s spec t romet ry 
T E M T r a n s m i s s i o n e lec t ron m i c r o s c o p y 
U P S U l t r a v i o l e t pho toe lec t ron spec t roscopy 
XFA X - R a y f l uo rescence a n a l y s i s 
XRD X - r a y d i f f r a c t i o n 

A large body of l i t e ra tu re has accured over the past 10 years that addresses 
t h i s impor tan t f i e l d of M a t e r i a l s Charac te r i za t i on ( M C ) . The S y m p o s i u m 
on " C e r a m i c M i c r o s t r u c t u r e s , the i r A n a l y s i s , S i g n i f i c a n c e , and P r o d u c t i o n " 
[ R e f . e ] . he ld at he U n i v e r s i t y of C a l i f o r n i a , Be rke ley , is an e x a m p l e of the 

ex tens ion of these concepts to c e r a m i c s . The pub l i shed Proceed ings of t h i s 
Conference run to 1008 pages . A m o r e recent tex t on " C h a r a c t e r i z a t i o n of 
S o l i d Su r faces " is that by Kane and Larrabee [ R e f . v l i n w h i c h the i ns t ru -
menta l techn iques for i t s ach ievemen t are desc r ibed in d e t a i l . A set of four 
v o l u m e s on " S y s t e m a t i c M a t e r i a l s A n a l y s i s " [ R e f . 8 , e d i t e d by R i cha rdson 
and Pe te rson , i s in p repara t ion , and two v o l u m e s of t h i s set have appeared 
at t h i s t i m e of w r i t i n g . 

It wou ld lead us too far a f i e l d in t h i s p resen ta t ion to a t t e m p t an eva lua t i on 
of the many ins t rumen ta l procedures that are be ing used for M C in g i v e n s i -
t ua t i ons , but Tab le 3 presents an o u t i l i n e that shows how f a r - r e a c h i n g , and 
how expens i ve , any ser ious a t t emp t at M a t e r i a l s Charac te r i za t i on can b e . 
In a condensed rev iew of t h i s f i e l d , Cosgrave | R e f . 9 l i s t s the m e t h o d s 
p r i m a r i l y a p p l i c a b l e to Compos i t i ona l A n a l y s i s and those used for S t ruc tu ra l 
A n a l y s i s , Defec t and Sur face Charac te r i za t ion as f o l l o w s : 

1 . 1 . Methods for C o m p o s t i t i o n A n a l y s i s 

E m i s s i o n Spec t roscopy 
M a s s Spect roscopy 
F l a m e E m i s s i o n and Abso rp t i on Spec t roscopy 
X - R a y Spect roscopy 
A c t i v a t i o n A n a l y s i s 
E lec t ron Probe M i c r o a n a l y s i s 
Inf rared Spec t ropho tomet ry 
Gas Chromatography 
L i qu id Chromatography 

1 . 2 . M e t h o d s for S t ruc tu re - Defec t or Sur face Charac te r i za t i on 

X - R a y D i f f r a c t i o n 
E lec t ron D i f f r a c t i o n 
X - R a y D i f f r a c t i o n M ic roscopy 
L igh t M ic roscopy 
E lec t ron M ic roscopy 
Scann ing E lec t ron M i c r o s c o p y 
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In eva lua t i ng these d i f f e ren t m e t h o d s of a n a l y s i s , the m o s t impor tan t p a -
rameters are S e n s i t i v i t y , A c c u r a c y , and P r e c i s i o n . The m e a n i n g of these 
te rms is not sharp ly de f i ned , but va r i es somewhat w i t h the me thod under 
cons ide ra t i on . On the w h o l e . S e n s i t i v i t y s tands for the u l t i m a t e de tec t i on 
l i m i t , but i t a l so i m p l i e s that concen t ra t i on g rad ien ts can be d e t e r m i n e d . It 
may be of i n te res t , for e x a m p l e , to know how s m a l l a p a r t i c l e of one spec ies 
can be de tec ted ad jacent to another spec ies in a g i v e n s a m p l e ; R e s o l v i n g 
Power wou ld be an appropr ia te t e r m i n t h i s case , a l though i t has a somewhat 
d i f fe ren t mean ing in op t i ca l i n s t r u m e n t s . Accu racy usua l l y refers to the s t a -
b i l i t y of ins t rument ca l i b ra t i on and the f reedom f r o m error , and P r e c i s i o n 
invo lves the repea tab i l i t y of m e a s u r e m e n t s . 

Standard Reference M a t e r i a l s i R e f . l O i are a v a i l a b l e f r o m the Nat iona l 
• • J 

Bureau of Standarçjs ( N B S ) that a s s i s t the exper imente r in co r re la t i ng p ro-
per t ies w i th c h e m i c a l c o m p o s i t i o n , and , in s o m e c a s e s , w i t h m i c r o s t r u c t u r e . 

The d i f fe rence between the a n a l y s i s of bu lk m a t e r i a l s , even on a very s m a l l 
s c a l e , and that of sur faces is i l l u s t r a t e d by compar i ng the E l e c t r o n M i c r o - 
probe E M P ) w i t h Auger E l e c t r o n Spec t roscopy ( A E S ) . W h i l e the E M P has 
the unique c a p a b i l i t y of pe r f o rm ing c h e m i c a l a n a l y s i s on a m i c r o n s c a l e and 
of detec t ing as s m a l l an amount of m a t e r i a l as l O - I S gram in a v o l u m e of 
one cubic m i c r o n (10"" '2 c c ) , t h i s i s e s s e n t i a l l y a depth a n a l y s i s i n v o l v i n g 
thousands of a t o m i c l a y e r s . A E S on the other hand exp lores on ly the f i r s t 
three or four a t o m i c layers and can de tec t and i den t i f y mos t e l e m e n t s in 
1 /10 of a m o n o l a y e r . 

For A E S a much bet ter vacuum (10 ^^ Torr) mus t of course be m a i n t a i n e d 
to extend the t i m e dur ing wh i ch a c o n t a m i n a t i n g mono layer is f o rmed f r om 
cons t i tuen ts of the vacuum a t m o s h p e r e . For an E M P th i s i s not a p r i m e con -
s idera t ion , so that i t m a y be operated at an amb ien t pressure of 10-4 j o r r 
or be t te r . Need les to s a y , these requ i remen ts are re f lec ted in the cos t of the 
i ns t rumen ts . 

2 . E X A M P L E S OF C O M P A T I B I L I T Y C O N S I D E R A T I O N S IN D E S I G N 

The rer rarks m a d e , so f a r , suggest that M a t e r i a l s C o m p a t i b i l i t y is an i m -
portant cons idera t ion whenever s o l i d s , l i q u i d s , and gases have an oppor tun i ty 
to react w t h each o the r , and that m a t e r i a l s to be used in a phys i ca l s t ruc ture 
m u s t be salected on the bas i s of such an a p p r a i s a l . This s u m m a r y s ta temen t 
h igh l igh ts the fact that there cannot be "sound d e s i g n " of any dev i ce w i t hou t 
g i v i n g prior c o n s i d e r a t i o n to the p o s s i b l e reac t ions of m a t e r i a l s w i t h the i r 
env i ronment in the broadest sense, be these other m a t e r i a l s in any of the 
p o s s i b l e , ohases , or imposed opera t iona l c o n d i t i o n s , as enumera ted at the 
beg inn ing of t h i s d i s c u s s i o n . 

A s a co i sequence , the number of p o s s i b l e e x a m p l e s of j u d i c i o u s s e l e c t i o n 
of ma te r ia l s on the bas i s of c o m p a t i b i l i t y is as large as the number of s u c -
cess fu l des igns . The few cases to be men t i oned w i l l be drawn f r o m the 
a u t h o r ' s e<perience in t h i s f i e l d and inc lude some that have recent ly been 
brought to hi s a t t e n t i o n . 
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A l a r g e body of l i t e ra tu re i s a v a i l a b l e on t h i s s u b j e c t , and those Interested 
i n s p e c i f i c d e t a i l s are referred to the P roceed ings of the severa l In ternat ional 
Conferences on "The R e a c t i v i t y of S o l i d s " , the Conferences on " H i g h Tempe-
rature Techno logy" o rgan ized by S tan fo rd Research I n s t i t u t e ( S R I ) , and nu -
merous p u b l i c a t i o n s by the "De fense M e t a l s I n f o r m a t i o n Center " ( D M I C ) of 
B a t t e l l e M e m o r i a l I ns t i t u t e , the Na t iona l Ae ronau t i c s and Space Agency 
( N A S A ) , and the Soc ie t y for the A d v a n c e m e n t of M a t e r i a l s and Process 
Eng ineer ing ( S A M P E ) . The present au tho r ' s Handbook M3 ¡~Ref .1 l j con -
ta ins many references to the l i t e ra tu re on t h i s sub jec t up to 1966, i nc lud ing 
the impor tan t con t r i bu t i ons by workers in the U . S . S . R . , such as Samsonov 
and h i s co l l abo ra to r s . 

In te rac t ion of m a t e r i a l s at h igh tempera tu res Is of pa r t i cu la r concern i n 
the des ign of h i gh - t empe ra tu re f u r n a c e s , in t h e r m i o n i c energy conver te rs , In 
nuc lear reactor des ign , and that of Nuc lear A u x i l i a r y Power S y s t e m s for 
space p ropu ls ion ( S N A P ) . 
In s o m e of these c a s e s , the d e v i c e m u s t operate in t h e presence of c e s i u m 
vapor and i n o thers l i q u i d a l k a l i m e t a l s are used as t he t h e r m o d y n a m i c wo r -
k i n g f l u i d or heat t ransfer m e d i u m . Cor ros i ve a t tack becomes a ser ious p rob lem 
In these e n v i r o n m e n t s . It has been s h o w n , for e x a m p l e , that a l u m i n a bod ies 
used for " B o r e S e a l s " i n a l t e rna t i o rs for " S N A P S y s t e m s " opera t ing at 
900°C in a mercury or a l k a l i me ta l vapor a tmosphere m u s t not con ta in more 
than 0 . 0 5 per cent s i l i c a . This i n v e s t i g a t i o n conducted s o m e ten years ago 
at E I M A C , D i v i s i o n of Var lan A s s o c i a t e s , has been descr ibed in the l i t e r a -
ture See R e f . 11, p . 84 l . The present author prepared at that t i m e , w h i l e 
a consu l tan t to the p r o j e c t , a b ib l i og raphy on the " C o m p a t i b i l i t y of C e r a m i c / 
Meta l Sea l s w i t h A l k a l i M e t a l s " r R e f . 1 3 ] . 

S i m i l a r remarks app ly to the opera t ion of H e a t P i p e s that serve to 
t ransfer the rma l energy f r o m a remo te po in t to a des i red in te rac t ion zone , 
such as a t h e r m i o n i c ca thode heated by a radi oac t i ve Is topoe source loca ted 
at s o m e d i s tance f r om i t . Th is d i s t ance between evaporator and condensor 
m a y be as large as 25 c m , and the d i a m e t e r s of such heat p i pes range f r o m 
6 m m to 15 c m , Work ing tempera tu res ex tend f r o m zero to 2 0 0 0 ° C , and the 
vapor p ressures f r o m 0 . 0 3 to 10 a t m . Only s m a l l tempera tu re d i f f e r e n c e s , 
on the order of 1 ° C , are requi red be tween the hot and co l d end . Large amoun ts 
of energy , f r om a f e w W a t t s to 17 k W , can be t ranfer red in th i s manne r . Two 
lengthy a r t i c l e s on Heat P ipes by A s s e l m a n and Green [ R e f . 12 appeared 
in 1973 and descr ibe both theory and a p p l i c a t i o n s . Heat P ipes are c o m m e r -
c i a l l y a v a i l a b l e in the U . S . A . in a w i d e range of s i z e s for d i f f e ren t power 
l eve l s to su i t the many p o s s i b l e a p p l i c a t i o n s . A m o n g these are equa l i za t i on 
of fu rnace tempera tu res , c o o l i n g of e lec t ron dev i ce a s s e m b l i e s , and t r ans -
fer of heat f r o m the bomarded area of ro ta t i ng anode x - r a y t ubes . 
Se r ious p rob lems of m a t e r i a l s c o m p a t i b i l i t y can a r i s e In an a t t e m p t to m a t c h 
the ma te r i a l for the p ipe i t se l f to the se lec ted w o r k i n g f l u i d . A t the lower 
t empera tu res , a l u m i n u m tubes have been used w i t h a f i l l i n g of a m m o n i a , 
u s i n g a s t a i n l e s s steel m e s h for the return of the condensed vapor a long the 
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w a l l ; s t a i n l e s s s tee l ( S . S . ) tubes f i l l e d w i t h a m m o n i a or me thy l a l coho l 
and copper tubes f i l l e d w i t h water f i n d a p p l i c a t i o n to the leve l of 150°C . 
A n i cke l s h e l l has been used w i t h a f i l l i n g of p o t a s s i u m i n one case , but 
re f ractory m e t a l s and the i r a l l o y s are genera l l y requi red at the h igher t e m p e -
rature l e v e l s where l i q u i d m e t a l s ( P b , Bi , A g , K , Na , L i ) ac t as work ing 
f l u i d s . Frequent ly a c e r a m i c t r a n s i t i o n separates the heat p ipe f r o m the i n -
t e rac t i on z o n e , so that c e r a m i c / m e t a l sea ls are needed that w i ths tand the 
adverse e n v i r o n m e n t . 

The p r o b l e m s encountered are m a n y . S i n c e the wa l l of the heat p ipe has 
to be t h i n t o f a c i l i t a t e therma l heat t ransfer f r o m the externa l source, the 
vapor p ressure of the wo rk ing f l u i d at the opera t ing tempera tu re m u s t not be 
so h igh as to endanger the s t a b i l i t y of the enve lope . This cons ide ra t i on 
e l i m i n a t e s the use of s o d i u m at 1450°C, for e x a m p l e . L i t h i u m is i n c o m p a -
t i b l e w i t h a l u m i n a at t h i s tempera tu re and therefore cannot be used as a f i l -
l i n g for c e r a m i c - i n s u l a t e d s t ruc tu res . Johnson Ref.12"| has reported on 
"Co r ros i on S tud ies of L i qu id Meta l Heat P i pe S y s t e m s at 1000 to I8OOOC". 

Another e x a m p l e where the i n te rac t i on of c e r a m i c s w i t h ref ractory m e t a l s 
i s of c r i t i c a l Impor tance i s 11 lus t ra ted by a un ique f u r n a c e i n s u l a t i o n 
that i s be ing marke ted under the Tradename " M u l t i - F o i l " by Thermo E l e c t r o n 

Corpora t ion in W a l t h a m , M a s s . W h i l e the benef i t of m u l t i p l e rad ia t ion s h i e l d s 
has been recogn ized for a long t i m e , the number of concen t r i c sh i e l ds on 
c y l i n d r i c a l fu rnaces has rare ly exceeded a dozen for the s i m p l e reason that 
the ove ra l l v o l u m e b e c o m e s too large when convent iona l i nsu la t i on and s h i e l d 
m a t e r i a l s are be ing used . This d i f f i c u l t y is avo ided i n " M u l t i - F o i l " s t r u c -
tures by us ing very t h i n (25 / j m ) re f ractory me ta l fo i l in as many as 200 
layers ( t y p i c a l l y about 60) that are sp i r a l l y wrapped and i nsu la ted f r o m each 
other by sprayedon c e r a m i c powder hav ing a p a r t i c l e s i ze of about 25 / u m . 
Very low thermal c o n d u c t i v i t y (2 x 10 "^ W a t t / c m ° C at 2 4 0 0 ^ 0 ) ac ross the 
wrapped layers is thereby a c h i e v e d , r e s u l t i n g in subs tan t ia l ( 10x ) reduc t ion 
of power c o n s u m p t i o n when compared w i t h funraces insu la ted in a more 
conven t iona l manne r . It is of course essent ia l that no c h e m i c a l reac t ion or 
s i n t e r i n g between the c e r a m i c p a r t i c l e s and the s h i e l d m e t a l occurs at the 
opera t ing tempera tu re . A carefu l appra isa l of m a t e r i a l s c o m p a t i b i l i t y is 
there fore necessa ry . Tungsten f o i l s have s u c c e s s f u l l y operated w i t h thor ia 
powder for many thousands of hours , and m o y b d e n u m , t a n t a l u m , and tungsten 
- r h e n i u m f o i l s have been used w i t h z i r c o n i a and y t t r i a powders at lower 
t empera tu re l eve l s where bonding does not occur as r e a d i l y . 

These few e x a m p l e s have ind ica ted that the M a t e r i a l s Engineer is o f ten 
con f ron ted w i th s i t u a t i o n s where very low i m p u r i t y l eve l s cause I n c o m p a -
t i b i I i t y and lead to f a i l u r e if they are d i s regarded . In e l e c t r o p l a t i n g , for 
e x a m p l e , subst ra te sur face c o n t a m i n a t i o n w i l l a f fec t the u n i f o r m i t y of the 
depos i t and i ts adherence and cause poros i t y and s t r e s s . This obse rva t ion 
pu ts i n to focus the requ i rement of ca re fu l l y con t ro l l ed c l e a n i n g procedures 
for e l e c t r o n dev i ce f a b r i c a t i o n . 
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P e r m i s s i b l e i m p u r i t y l eve les in so lders use for the p roduc t ion of Pr in ted 
C i r c u i t Boards ( P C B ) are very low for s o m e e l e m e n t s . A s l i t t l e as 0 . 0 0 1 per 
cent b . w t . of e i ther z i n c or a l u m i n u m m a y cause lack of adhes ion and g r i t -
t i n e s s , as we l l as a tendency toward " h o t - s h o r t - c r a c k i n g " , a t e r m desc r i b ing 
mechan i ca l weakness of so f t so lders be low the sol idus tempera tu re and ex ten -
d i n g to about 1 4 0 ° C . 

On the other hand, s m a l l add i t i ons of fo re ign e l e m e n t s can at t i m e s turn 
i n c o m p a t i b i l i t y in to c o m p a b i l i t y . Thus the w e l l k n o w " t i n p e s t " , observed 
w i t h pure t i n s o l d e r s , is avo ided by the a d d i t i o n of 0 . 5 per cent an t imony 
or 0 . 1 per cent b i s m u t h , or 5 per cent lead [ P e f . l l ] . 

W e sha l l have o c c a s i o n to d i s cuss the i m p l i c a t i o n of these l a s t - m e n t i o n e d 
i n c o m a t i b i l i t i e s on " J o i n i n g Techn iques" w h i c h w i l l be the top ic for the th i rd 
lec tu re in t h i s s e r i e s . A t the s a m e t i m e , m e m b e r s of the aud ience w i l l no 
doubt p rov ide other impor tan t e x a m p l e s where c o m p a t i b i l i t y is a l i m i t a t i o n 
imposed on the s e l e c t i o n of m a t e r i a l s . 
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