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INTRODUCTION 

Mol t en  f l u o r i d e  s p e c t r o s c o p y  h a s  b e e n  v e r y  l i m i t e d  i n  t h e  

p a s t  b e c a u s e  o f  t h e  u n a v a i l a b i l i t y  of a n  o p t i c a l  c e l l  w h i c h  is 

b o t h  r e s i s t a n t  t o  f l u o r i d e  a t t a c k  and  y e t  r e a s o n a b l y  t r a n s -  

p a r e n t  t h r o u g h o u t  t h e  s p e c t r a l  r a n g e  o f  i n t e r e s t .  

Wi th  t h e  i n c r e a s i n g  e m p h a s i s  i n  m o l t e n  f l u o r i d e  p rograms  

s u c h  a s  t h e  m o l t e n  s a l t  b r e e d e r  r e a c t o r ,  MSBR, s p e c t r o s c o p y  

on f l u o r i d e  s y s t e m s  h a s  become a mus t  i n  c l a r i f y i n g  many o f  

t h e  r e a c t i o n s  wh ich  a r c  t a k i n g  p l a c e .  

A t  p r e s e n t ,  t h e  c h e m i s t r y  of  N b ,  Mo, a n d  Ru ( t o  name a 

few) is u n c e r t a i n .  E q u i l i b r i u m  r e a c t i o n s  s u c h  a s :  

Nb + 51JF4 T' NbF, + 5UF3 ( 1 )  

h a v e  been  c o n s i d e r e d  and  a r e  o f  p r ime  c o n c e r n .  S p e c t r o s c o p y  

c o u l d  a i d  i n  t h e  i n v e s t i g a t i o n  of r e a c t i o n s  s u c h  as :  

N b  3 NbF, =+ lower f l u o r i d e s  ( 2 )  
b e c a u s e  t h e  lower f l u o r i d e s  would  d i s p l a y  v i s i b l e  and  u l t r a -  

v i o l e t  a b s o r p t i o n  s p e c t r a  due  t o  t h e i r  d-d t r a n s i t i o n s .  A s  

t h e  work p r o g r e s s e d ,  t h e  a c t i o n  of UF4 on N b o  and  UF, on NbF, 

c o u l d  be  examined  t o  v e r i f y  i f  e q u i l i b r i u m  r e a c t i o n s  be tween 

n iob ium f l u o r i d e s  and  u ran ium f l u o r i d e s  do a c t u a l l y  e x i s t  a s  

p r e d i c t e d  by thermodynamic  d a t a .  

Before e m b a r k i n g  upon a n y  g e n e r a l  p rog ram of f l u o r i d e  

s p e c t r o s c o p y ,  a s u r v e y  of t h e  t o o l s  a v a i l a b l e  for t h e  work 

s h o u l d  be made. A l l  e q u i p m e n t  b u t  t h e  o p t i c a l  c e l l s  would  

be s t a n d a r d .  The c o n t a i n e r  p rob lem c a n  be d i v i d e d  i n t o  t w o  

p a r t s  - t h a t  of  f i n d i n g  a n o n - o p t i c a l  c o r r o s i o n - r e s i s t a n t  

m a t e r i a l  ( e . g . ,  some meta ls ,  g r a p h i t e ,  e t c . )  a n d  t h a t  of 

u s i n g  good o p t i c a l  mater ia l s  ( e . g . ,  q u a r t z )  e 
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Windowless  C o n t a i n e r s  

C a p t i v e  L i q u i d  C e l l s :  

One a p p r o a c h  t o  t h e  p rob lem h a s  been  t o  abandon t h e  

s e a r c h  f o r  a s a t i s f a c t o r y  o p t i c a l  m a t e r i a l  and  t o  employ  

c o r r o s i o n - r e s i s t a n t  c o n t a i n e r s  s o  t h a t  t h e  l i g h t  beam c o u l d  

pass t h r o u g h  t h e  m e l t  and  y e t  a v o i d  t h e  c o n t a i n e r .  The most 

s u c c e s s f u l  a p p l i c a t i o n  o f  t h i s  h a s  been  d e v e l o p e d  by Young' 

i n  wh ich  h e  u s e d  a c a p t i v e - l i q u i d  c e l l  ( F i g u r e  1). H e  h a s  

a l s o  t r i e d  w i r e  l o o p s  w e t t e d  w i t h  f l u o r i d e  m e l t s  b u t  f o u n d  

t h a t  t h e  "cel l"  p r i n c i p l e  worked  best .  

The c e l l  h a s  s e v e r a l  " k e e p e r "  h o l e s  above  t h e  o p t i c a l  

p a t h  wh ich  i n s u r e  t h a t  t h e  c e l l  is f i l l e d  t o  t h e  same l e v e l  

e v e r y  t i m e ,  Some of t h e  d i f f i c u l t i e s  e n c o u n t e r e d  w i t h  t h e  

c e l l  were c h a n g e s  i n  t h e  l i q u i d  m e n i s c u s  i n  t h e  o p t i c a l  p a t h  

a n d , a s  a r e s u l t ,  some n o t i c e a b l e  u n c e r t a i n t y  i n  t h e  r e a l  

o p t i c a l  p a t h  l e n g t h .  P r o b l e m s  s u c h  a s  t h e s e  l i m i t  t h e  a c c u r a c y  

t o  w i t h i n  1 0 %  f o r  a b s o r p t i o n  c o e f f i c i e n t  m e a s u r e m e n t s .  I n  

a d d i t i o n ,  i t  is i m p o s s i b l e  t o  b u b b l e  r e a g e n t  gases t h r o u g h  

t h i s  k i n d  of a c e l l .  The o n l y  a l t e r n a t i v e  is t o  u s e  a r e a g e n t  

gas mixed i n  w i t h  t h e  h e l i u m  c o v e r  gas t h a t  is i n c o r p o r a t e d  

i n  t h e  c e l l  d e s i g n  a n d  t o  r e l y  upon gas d i f f u s i o n  t h r o u g h  t h e  

m e l t  f o r  a d e q u a t e  m i x i n g ,  

Some m e a s u r e m e n t s  r e q u i r e  t h e  e q u i l i b r a t i o n  of t h e  m e l t  

and a s o l i d  p h a s e  and  i n t e r m i t t e n t  s c a n s  t h r o u g h o u t  t h i s  

per iod  ( e . g . ,  excess metal  i n  c o n t a c t  w i t h  m e l t  i n  w h i c h  a 

h i g h e r  v a l e n c e  s o l u t e  is r e d u c e d . )  T h i s  t e c h n i q u e  is ,  of 

cour se ,  i m p o s s i b l e  u s i n g  s u c h  a w i n d o w l e s s  c e l l  e 

T h e s e  d e v i c e s  mus t  n o t  be p a s s e d  o v e r  l i g h t l y  f o r  t h e y  

h a v e  a c c o m p l i s h e d  many of t h e  t a s k s  f o r  w h i c h  t h e y  were 

d e s i g n e d .  I t  is o n l y  t h e  o b j e c t i v e  h e r e  t o  i n d i c a t e  t h e  

c h a r a c t e r i s t i c s  of t h e  v a r i o u s  t e c h n i q u e s  s o  t h a t  t h e  spectro-  

s cop i s t  c a n  s e l e c t  t h e  'best o n e  f o r  h i s  p a r t i c u l a r  p r o b l e m .  
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S c r e e n s  f o r  Windows: 

S c r e e n s  a re  a n o t h e r  a p p l i c a t i o n  o f  n o n - o p t i c a l  ma te r i a l s  

t o  t h e  s o l u t i o n  of t h e  c e l l  p r o b l e m ,  A s i n g l e  s c r e e n  w e t t e d  

w i t h  m o l t e n  s a l t  h a s  been  u s e d  p r e v i o u s l y  f o r  i n f r a r e d  a b s o r p -  

t i o n  s p e c t r o s c o p y . ”  T h i s  o r  t h e  a l t e r n a t i v e  of u s i n g  t w o  

s c r e e n s  a s  windows on a c e l l  c o u l d  be  employed  f o r  v i s i b l e -  

U . V .  w o r k .  However t h e  c o n c e p t  is n o t  w i t h o u t  f l a w  b e c a u s e  

t h e  l i q u i d  w i l l  t e n d  t o  f l o w  down t o  t h e  lowest p a r t  o f  t h e  

s c r e e n .  Then t h e  m e n i s c u s  a n d  p a t h  l e n g t h  w i l l  v a r y  n o t i c e -  

a b l y  be tween t h e  u p p e r  a n d  lower p o r t i o n s  of t h e  s c r e e n ,  de- 

t r a c t i n g  from t h e  p r e c i s i o n  of t h e  o p t i c a l  m e a s u r e m e n t s .  

R e f l e c t i o n  C e l l s :  

R e f l e c t i o n  c e l l s  have a l s o  been  u s e d  f o r  s p e c t r o s c o p y , ’  7 1  

The c o n c e p t ,  i l l u s t r a t e d  i n  F i g u r e  2 ,  is t h a t  o f  r e f l e c t i n g  

t h e  i n c i d e n t  l i g h t  from a mi r ro r  s u r f a c e  on t h e  bottom of t h e  

m e l t .  The window c a n  t h e n  be s i t u a t e d  a b o v e  t h e  m e l t  so t h a t  

o n l y  v a p o r s  a re  i n  c o n t a c t  w i t h  i t .  T h e s e  v a p o r s  may e v e n  be 

c o n t r o l l e d  by a p u r g e  gas i f  n e c e s s a r y .  The window m a t e r i a l  

probl-em is t h e n  s o l v e d  b e c a u s e  almost a n y  o p t i c a l  m a t e r i a l  

would be s u i  table e 

I n  f a s t e n i n g  a window t o  a m e t a l  c o n t a i n e r ,  i t  may p r o v e  

d i f f i c u l t  t o  ob ta in  a g a s - t i g h t  s e a l  w h i c h  would  w i t h s t a n d  

t e m p e r a t u r e  c h a n g e s  o f  s e v e r a l  h u n d r e d  d e g r e e s  e However i-1; 

m i g h t  n o t  be a b s o l u t e l y  n e c e s s a r y  t o  h a v e  t h a t  good a s e a l .  

The most s e r i o u s  f a u l t s  w i t h  s u c h  a s y s t e m  would be a t  

t h e  g a s - l i q u i d  a n d  l i q u i d - m i r r o r  i n t e r f a c e s ,  I n s o l u b l e  i m -  

p u r i t i e s  a n d  f i l m s  would co’ l lect  a t  b o t h ,  c a u s i n g  h i g h  degrees 

o f  l i g h t  s c a t t e r .  T h e r e  would  a l s o  be t h e  problem of corro- 

s i o n  a t  t h e  l i q u i d - m i r r o r  i n t e r f a c e .  F u r t h e r m o r e ,  a c c u r a t e  

p a t h  l e n g t h  measu remen t s  would be d i f f i c u l t ,  i f  n o t  i m p o s s i b l e ,  

t o  make. 

T h i s  c e l l  c o u l d  be u s e f u l  i.f some o f  t h e  p rob lems  w i t h  

i t  were ove rcome ,  b u t  t h e r e  are c o n c e i v a b l y  easier a l t e r n a -  

t i v e s  wh ich  s h o u l d  f i r s t  be i n v e s t i g a t e d .  
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C e l l  S t a b i l i t i e s  A s  P r e d i c t e d  by Thermodynamics 

I t  is sometimes u s e f u l  t o  s p e c u l a t e  on t h e  c o r r o s i o n  

r e a c t i o n s  wh ich  are o c c u r r i n g  a n d  t o  c a l c u l a t e  t h e  f ree  

e n e r g i e s  o f  r e a c t i o n  f o r  t h e  p r o c e s s .  For a s i l i c a  c o n t a i n e r  

i t  h a s  been  p r o p o s e d 9  t h a t  

U s i n g  s t a n d a r d  free e n e r g i e s  of f o r m a t i o n 3  f o r  t h e  v a r i o u s  

c o n s t i t u e n t s  i n v o l v e d ,  a AG fo r  t h e  r e a c t i o n  c a n  he c a l c u l a t e d .  

Assuming t h a t  a l l  a c t i v i t i e s  a r e  u n i t y ,  t h e  e q u i l i b r i u m  p r e s *  

s u r e  of S iF ,  c a n  be c a l c u l a t e d .  T h e s e  c a l c u l a t i o n s  s h o u l d  be 

e x t e n d e d  t o  compare aG v a l u e s  of o t h e r  r e a c t i o n s  w i t h  e x p e r i -  

m e n t a l  r e s u l t s ,  f o r  i n s t a n c e :  

SiO, + 4 L i F  e SiF ,  + 2 L i 2 0  ( 4 )  

T a b l e  I l ists  t h e  v a l u e s  of AGO which  have  been  c a l c u l a t e d  

fo r  f l u o r i d e  s a l t s  f o l l o w i n g  t h e  g e n e r a l  scheme of :  

(5) 
4 

MFx F= SiF,  + - M 0 4 
S i O ,  + 2 

X Y  Y XY/2 

T a b l e  I 

S t a n d a r d  free ene rg ie s  of r e a c t i o n  fo r  f l u o r i d e  s a l t s  i n  t h e  

e q u i l i b r i u m  of e q u a t i o n  ( 5 ) .  

MFx A G o R e a c t i o n  (Kca l /mole )  

6 0 OYK 800"  l o o o o  
L i F  1 1 2 . 9 3 0  1 0 8 . 0 0 4  103 .292  

WFZ 29 118 2 0 , 4 1 8  1 3 . 3 8 0  

Z r  F, -6 .005  -12 .699  - 1 7  a 91s 

AlF, -105 .126  -93 .812  -80 .218  

Assuming t h a t  S i F 4  and  t h e  oxide a re  i n s o l u b l e  i n  t h e  

m e l t  and  t h a t  t h e  ox ide  f o r m e d ,  M 0 does n o t  reac t  w i t h  

the  s i l i c a .  
* Y X Y / 2  

* 
T h e s e  may be r e a s o n a b l e  a s s u m p t i o n s  f o r  m e l t s  l i k e  BeF, 

a n d  Z r F , ,  b u t  i t  is w e l l  known4 t h a t  t h e  a l k a l i  o x i d e s  have  a 
1 t o  2% s o l u b i l i t y  i n  t h e i r  f l u o r i d e s  a t  t h e  t e m p e r a t u r e  i n  
q u e s t i o n .  
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The AGO v a l u e s  would t h e n  p r e d i c t  t h a t  t h e  o r d e r  o f  d e c r e a s i n g  

s t a b i l i t y  i n  q u a r t z  i s :  L i F ,  BeF, ,  Z rF , ,  a n d  AlF , .  A c t u a l  

e x p e r i m e n t a l  e v i d e n c e ,  however ,  i n d i c a t e s  t h a t  t h e  o r d e r  is :  

2L iF-Be F, >LiF-NaF-KF ( e u t e c t i c  ) >LiF-  Z r  F, ( 3 070) which  is i n t e r  - 
p r e t e d  as BeF,>LiF>ZrF,.  T h i s  s u g g e s t s  t h a t  t h e  p r e v a i l i n g  

r e a c t i o n s  a re  n o t  a s  s i m p l e  as t h o s e  s u g g e s t e d  by  t h e  above  

e q u i l i b r i a .  

The h i g h  d e g r e e  of a l k a l i  o x i d e  s o l u b i l i t y  would  l e a d  t o  

r e a c t i o n s  s u c h  a s :  

L i , O  t SiO, * I J i 2 S i 0 ,  ( 6 )  

Li,O + 2Si02  =+ Li ,S i ,O,  ( 7 )  

a t  t e m p e r a t u r e s  i n  t h e  400-800°C r a n g e .  I n  s u p p o r t  of t h i s  

h y p o t h e s i s  is t h e  o b s e r v a t i o n  t h a t  t h e  LiF-KF-NaF e u t e c t i c  

m e l t  i n  q u a r t z  is v e r y  c lear  f o r  a n  h o u r  or  more a t  454OC.  

If  t h e  t e m p e r a t u r e  is r a i s e d  t o  5 5 O o C ,  i t  is s t i l l  c l e a r .  

But  i f  t h e  t e m p e r a t u r e  is t h e n  d r o p p e d  to  5 O O 0 C  t h e  m e l t  

becomes c l o u d e d  by an  i n s o l u b l e  s p e c i e s .  I t  d i s a p p e a r s  when 

t h e  t e m p e r a t u r e  is r a i s e d  back  t o  t h e  maximum t e m p e r a t u r e .  

Upon c o o l i n g ,  t h e  q u a r t z  c o n t a i n e r  i n d i c a t e s  s e v e r e  c o r r o s i o n .  

The s t a b i l i t y  of f l u o r i d e s  i n  c o n t a c t  w i t h  o the r .  ma te r i a l s  

s h o u l d  a l s o  be e s t i m a t e d  from thermodynamic  d a t a  and  u s i n g  

s i m i l a r  q u a l i f y i n g  a s s u m p t i o n s .  A few are  l i s t e d  i n  T a b l e  I1 

f o r  common window mater ia ls .  If SiO, is s a t i s f a c t o r y  i n  a c c o r d -  

a n c e  w i t h  p r e v i o u s  p r e d i c t i o n s ,  A l , O ,  ( s a p p h i r e )  would  be much 

be t te r  and  MgU worse, 

MgU h a s  been  u s e d  s u c c e s s f u l l y  f o r  t h e  LiF-KF-NaF e u t e c -  

t i c 5  t o  o b t a i n  t h e  NiF, s p e c t r u m .  I t  h a s  a l s o  been  t e s t e d  

f o r  u s e  w i t h  2LiF-BeF, m e l t s  and  f o u n d  t o  become c o a t e d  w i t h  

a g r e y - w h i t e  f i l m  w h i c h  r e s i s t e d  a l l  a t t e m p t s  t o  s e p a r a t e  i t  

f rom t h e  MgO c r y s t a l ,  The m e l t  w a s  a n a l y z e d  f o r  magnesium 

and  f o u n d  t o  c o n t a i n  0.5010. I t  w a s  c o n c l u d e d  t h a t  t h e  opaque  

coat  on t h e  MgO c r y s t a l  was BeO. 

S a p p h i r e  had  been  tes ted some y e a r s  a g o  w i t h  t h e  LiF-KF- 

NaF e u t e c t i c . I  I t  h a s  t r a d i t i o n a l l y  been  r e p o r t e d  as  " u n s a t i s -  

f a c t o r y "  as a r e s u l t  of t h e s e  tests. However n o  c o m p a r i s o n  



T a b l e  I1 

Estimated AGO Values for Fluor ide  Melts i n  C o n t a c t  w i t h  A l , 0 3  and  MgO Windows. 

R e a c t i o n  
Re ac t ion 

600°K 800°K 1000°K 

+ 3 L i  0 223.138 208.912 195 .200  A1203 (s) + 6 L i F  

A1203 (s) + ~ B ~ F z ( ~ )  * 2 A l F 3  ( g )  + 3Be0(s) 95 .740  77 .533  60 .329  

2 (A1203 ( s )  + 3ZrF4(1 )  + 4AlF3 ( g )  + 3 Z r %  ( s )  86 .111  55 .715  26.773 

MgO(s) + 2 L i F ( I )  =-@2(1) + LiZO(1) 35 .692  3 5 . 7 4 4  35.510 

(1) === 2A1F3 (g) (1) 

-6 .714 -8 .049  -9.447 
(S 1 -+ BeF, (1) * MgF, ( 1) + Be0 Mgo(s) 
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h a s  e v e r  been  attempted be tween q u a r t z  and  s a p p h i r e .  Thermo- 

d y n a m i c a l l y ,  t h e  l a t t e r  would  be p r e d i c t e d  t o  be  more s t a b l e .  

Then i f  q u a r t z  p r o v e d  t o  be o f  l i m i t e d  a p p l i c a b i l i t y ,  s a p p h i r e  

would p r o b a b l y  e x t e n d  t h e  r a n g e  much f u r t h e r  and  permi t  

e x t e n s i v e  u s e  w i t h  2LiF-BeFz.  

W i t h i n  t h e  s c o p e  of c r y s t a l l i n e  windows,  i t  is f eas ib l e  

t o  u s e  h i g h - m e l t i n g  f l u o r i d e s .  L i t h i u m  and  c a l c i u m  f l u o r i d e s  

a r e  t w o  s t a n d a r d  o p t i c a l  m a t e r i a l s  wh ich  a re  r e l a t i v e l y  i n -  

e x p e n s i v e .  They m i g h t  be u s e f u l  i f  t h e i r  s o l u b i l i t i e s  i n  t h e  

m e l t  c o u l d  be t o l e r a t e d .  A t  t h e  m e l t i n g  p o i n t  o f  a s a l t  s u c h  

as 2LiF-F3eFz, L i F  would be i n  e q u i l i b r i u m  w i t h  t h e  melt and  

hence  n o t  d i s s o l v e  f u r t h e r .  A t  h i g h e r  t e m p e r a t u r e @ ,  L i F  

would d i s s o l v e  u n t i l  i t  s a t u r a t e d  t h e  m e l t .  B a r r i n g  a d v e r s e  

e f f e c t s  f rom s u c h  a c h a n g e  i n  c o m p o s i t i o n  and  mass t r a n s f e r  of 

L i F  d u e  t o  t h e r m a l  g r a d i e n t s ,  i t  c o u l d  p r o v e  t o  be a u s e f u l  

ma te r i a l .  

CaF, is h i g h e r  m e l t i n g  and  less  s o l u b l e  i n  s a l t s  l i k e  

3LiF-BeF,. The melt s h o u l d  wet t h e  c r y s t a l  a n d  t h e r e b y  main- 

t a i n  o p t i c a l l y  f i n e  c o n d i t i o n s .  The o n l y  i m p u r i t y  wh ich  would  

be added t o  t h e  s y s t e m  would  be c a l c i u m  i o n s .  Fo r  some labora-  

t o r y  problems, t h e y  would  n o t  p r o v e  t o  be of a n y  d i f f i c u l t y .  

CaF, was tested w i t h  2LiF-BeF2 a t  5OO0C a n d  i t  behaved  as 

p r e d i c t e d .  An a n a l y s i s  of t h e  s a l t  a f t e r  a f i v e - h o u r  e x p o s u r e  

i n d i c a t e d  t h a t  4 . 5 3  w t .  70 of c a l c i u m  h a d  d i s s o l v e d .  D u r i n g  

t h e  d i s s o l u t i o n ,  t h e  c r y s t a l  r e m a i n e d  p e r f e c t l y  c l ea r .  However,  

upon c o o l i n g  r a p i d l y ,  i t  f r a c t u r e d  i n t o  s e v e r a l  pieces i n d i c a t -  

i n g  one  d i s a d v a n t a g e  o f  s i n g l e  c r y s t a l s .  

A l l  of t h e  ma te r i a l s  m e n t i o n e d  a b o v e ,  q u a r t z ,  s a p p h i r e ,  

L i F ,  CaF, , and MgO, p o s s e s s  e x c e l l e n t  t r a n s m i s s i o n  c h a r a c t e r -  

i s t i c s  from 2 4 0 0  t o  2 0 0  mp and  a re  r e l a t i v e l y  i n e x p e n s i v e .  I f  

a metal  c e l l  were b u i l t  t o  h a n d l e  a v a r i e t y  of window m a t e r i a l s ,  

t h e  window c o u l d  be c h a n g e d  a s  t h e  t a s k  demanded.  
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C o a t e d  Q u a r t z :  

The l ist  of s a t i s f a c t o r y  ma te r i a l s  f o r  f l u o r i d e  spectro- 

s c o p y  is meager. Each  p a r t i c u l a r  mater ia l  h a s  s e v e r e  l i m i t a -  

t i o n s  when app l i ed  t o  m o l t e n  f l u o r i d e s .  To e x t e n d  t h e  u s e f u l -  

n e s s  of q u a r t z ,  i t  m i g h t  be p o s s i b l e  t o  coat t h e  SiO, s u r f a c e  

w i t h  a t h i n ,  u n r e a c t i v e  l a y e r ,  T h i s  coa t  must  s t i c k  a d e q u a t e l y ,  

be c o r r o s i o n  r e s i s t a n t ,  and  be t r a n s p a r e n t  i n  t h e  o p t i c a l  r a n g e  

of i n t e r e s t .  T h e s e  c h a r a c t e r i s t i c s  are most i d e a l l y  o b t a i n e d  

w i t h  t h e  n o b l e  metals  Ag, Au, and  P d .  Because  t h e y  h a v e  been  

u s e d  p r e v i o u s l y  f o r  p u r p o s e s  r e l a t e d  t o  these ,  t h e i r  a b s o r p t i o n  

s p e c t r a  are known and a re  shown i n  F i g u r e  3 . 6  S i l v e r  is a w e l l -  

d e v e l o p e d  c o a t i n g  m a t e r i a l  f o r  g l a s s e s  b u t  i t  h a s  a Fe rmi  c u t -  

o f f  a t  3 0 0 0  A w h i c h  absorbs s t r o n g l y .  I t  h a s  been  s t u d i e d  by 

Joos and  K l o p f e r 7  who show t h e  abso rp t ion  a t  and  below 3 0 0 0  A 

i n  d e t a i l ,  

ci 

0 

The a b s o r p t i o n  c u r v e s  o f  F i g u r e  3 were o b t a i n e d  by coat-  

i n g  q u a r t z  w i t h  a n  unmeasured  t h i c k n e s s  of metal  u n t i l  a s a t i s -  

f a c t o r y  t r a n s m i s s i o n  was o b t a i n e d .  Fo r  t h i s  r e a s o n  t w o  c u r v e s  

for  g o l d  l a y e r s  o f  d i f f e r e n t  t h i c k n e s s  a p p e a r  i n  t h e  f i g u r e .  

I t  is s e e n  t h a t  Pd a n d  P t - I r  (5%) o f f e r  t h e  bes t  coa t s  a s  f a r  

a s  u n i f o r m  t r a n s m i s s i o n  t h r o u g h  t h e  UV v i s i b l e  r a n g e  is con& 

c e r n e d  e 

The a u t h o r s  d i s c u s s  p r o b l e m s  a s s o c i a t e d  w i t h  t h e  non- 

u n i f o r m i t y  of t h e  coat  b u t  d o  n o t  m e n t i o n  w h i c h  m a t e r i a l  g a v e  

t h e  best r e s u l t s .  However,  if t h e  s a l t s  are n o n - w e t t i n g  a s  

some f l u o r i d e s  h a v e  been  o b s e r v e d  t o  be, t h e n  t h e  e f fec t  o f  

h o l e s  i n  t h e  c o a t  s h o u l d  n o t  be n o t i c e d ,  N e v e r t h e l e s s ,  t h e  

c o a t i n g  s h o u l d  improve  t h e  c o r r o s i o n  r e s i s t a n c e  t o  some d e g r e e .  

Then if q u a r t z  were f o u n d  t o  be f a i r l y  r e s i s t a n t  t o  a t t a c k  by 

p a r t i c u l a r  f l u o r i d e s  i . e . ,  2LiF-BeF2 - a n y  e x t e n t  of c o v e r a g e  

by  a n  u n r e a c t i v e  material  would  i n c r e a s e  i ts  u s e f u l n e s s .  

S i n c e  i t  is more d i f f i c u l t  t o  p l a t e  t h e  i n s i d e  of a c o n t a i n e r  

t h a n  a p l a n e  s u r f a c e ,  a number of q u a r t z  windows c o u l d  be 

prepared a n d  t h e s e  mounted  i n  t h e  same metal c e l l  u s e d  f o r  
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t h e  c r y s t a l l i n e  windows m e n t i o n e d  a b o v e .  Then a g e n e r a l  p u r -  

pose c e l l  fo r  c r y s t a l l i n e  windows c o u l d  be u s e d  f o r  metal- 

c o a t e d  q u a r t z  windows a s  w e l l .  

Diamonds : 
A l t h o u g h  t h e r e  a re  many a l t e r n a t i v e s  t o  t h e  p a r t i a l  

s o l u t i o n  of t h e  m o l t e n  f l u o r i d e  c o n t a i n m e n t  p r o b l e m ,  t h e  

m a t e r i a l  wh ich  f u l f i l l s  the r e q u i r e m e n t s  bes t  is d iamond .  I t  

p o s s e s s e s  c o m p l e t e  s t a b i l i t y  u p  t o  7OO0C a t  wh ich  p o i n t  i t  

b e g i n s  t o  r e a c t  w i t h  oxygen .  However,  i n  a n  i n e r t  a t m o s p h e r e ,  

h i g h e r  t e m p e r a t u r e s  a r e  c o n c e i v a b l y  a v a i l a b l e .  

T h e r e  a re  few r e p o r t e d  a p p l i c a t i o n s  of d iamonds  f o r  u s e  

as o p t i c a l  ma te r i a l s .  One s u c h  case h a s  been  t h a t  f o r  t h e  I . R .  

spectra of s o l i d s . ' l  A l t h o u g h  t h e  u s a g e  is n o t  i d e n t i c a l ,  i t  

i n d i c a t e s  t h e  f e a s i b i l i t y  of e m p l o y i n g  d iamonds  f o r  s p e c t r o -  

s c o p y .  

The a c t u a l  u s a g e  of d i amonds  for m o l t e n - f l u o r i d e  c e l l  

windows h a s  been  p r e v i o u s l y  i n v e s t i g a t e d  by C o c k s ,  _.- e t  a1  and  

is d e s c r i b e d  i n  a r e p o r t  OP l i m i t e d  c i r c u l a t i o n . "  I t  d i s -  

c u s s e s  t h e  a b s o r p t i o n  s p e c t r o s c o p y  o f  NaF-ZrF, doped  w i t h  UF,. 
E x p e r i e n c e  i n  t h e  f i e l d  o f  m o l t e n  f l u o r i d e s  t e l l s  t h a t  t h i s  

nielt j s  a m o s t  c o r r o s i v e  l i q u i d ,  much more so t h a n  2LiF-BeF2.  

T h i s  a r t i c l e  c l e a r l y  d e m o n s t r a t e s  the f e a s i b i l i t y  of d iamonds  

as  h i g h - t e m p e r a t u r e  ce l l  windows.  

The t r a n s m i s s i o n  p r o p e r t i e s  are shown i n  F i g u r e s  4 and  5 

f o r  type  I and  I1 d i a m o n d s ,  r e s p e c t i v e l y . 8  Type I 1  is p r e -  

f e r r e d  b u t  i t  is a rarer and  h e n c e  more e x p e n s i v e  v a r i e t y .  

One may t h e n  be f o r c e d  t o  s e t t l e  f o r  t y p e  I .  

The c e l l  for diamond windows would  n e c e s s a r i l y  be of 

d i f f e r e n t  d e s i g n  b e c a u s e  smaller windows would  h a v e  t o  be 

u s e d .  I t  is assumed t h a t  a c e l l  w i t h  windows of 1/8 t o  1 / 4  

i n c h  d i a m e t e r  would  s u f f i c e .  Such  a c e l l  s h o u l d  be c o n s t r u c t -  

e d  s o  as t o  p r o t e c t  t h e  d iamonds  f rom t h e  a t m o s p h e r e .  
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CONCLUSIONS 

I f  i t  is d e c i d e d  t o  d e v e l o p  a r o u t i n e  h a n d l i n g  c a p a b i l i t y  

o f  m o l t e n  f l u o r i d e s  i n  t h e  f i e l d  of  a b s o r p t i o n  s p e c t r o s c o p y ,  

t h e n  one  is f o r c e d  t o  a c c e p t  t h e  r e a l i t y  t h a t  none of  t h e  

above  materials e x c e p t  p e r h a p s  diamond would be u n i v e r s a l l y  

a p p l i c a b l e .  I t  is assumed t h a t  f i x e d  o p t i c a l  windows p r o v i d e  

t h e  best s y s t e m  for  a c c u r a t e  p a t h  l e n g t h  measurement  and  ease 

o f  c o n t a i n m e n t .  

T h e r e f o r e ,  q u a r t z  c u v e t t e s  o f f e r  t h e  best  s t a r t i n g  p o i n t  

for many r e a s o n s .  A f t e r  h a v i n g  t h o r o u g h l y  c l e a n e d  a n d  d e g a s s e d  

t h e  q u a r t z  a t  t e m p e r a t u r e s  greater t h a n  6OOQC,  t h e y  c a n  be 

l o a d e d  w i t h  o p t i c a l l y  p u r e  f l u o r i d e s .  " O p t i c a l l y  p u r e "  would 

describe i n  t h i s  case a f l u o r i d e  wh ich  h a s  been  f r e e d  o f  a l k a l i  

oxide,  HF, HzO, a n d  t h e n  f i l t e r e d  t o  remove s u s p e n d e d  p a r t -  

ic les .  The MSRE s a l t ,  2LiF-BeF2,  h a n d l e d  i n  a d r y b o x  o f  <1 

ppm H,O a n d  s t o r e d  i n  a d e g a s s e d  C o n t a i n e r  b e h a v e s  s u r p r i s i n g l y  

w e l l  i n  q u a r t z  u n d e r  a n  a t m o s p h e r e  of  h e l i u m .  I t  shows n o  

s i g n  of c o n t a i n e r  c o r r o s i o n  a f t e r  f i v e  h o u r s  a t  5 0 O o C .  F u r t h e r  

t e s t i n g  w i l l  describe its l i m i t s  i n  d e t a i l .  

* 

I t  h a s  been  s u g g e s t e d  t h a t  S iF ,  a t m o s p h e r e s  would improve  

t h e  q u a r t z  s t a b i l i t y 9  d u e  t o  a d i s p l a c e m e n t  of  t h e  e q u i l i b r i u m  

d e p i c t e d  i n  e q u a t i o n  ( 3 ) .  T h i s  s h o u l d  be t h o r o u g h l y  tested 

w i t h  r e f e r e n c e  s a m p l e s  u n d e r  h e l i u m  t o  d e t e r m i n e  t h e i r  r e l a t i v e  

s t a b i l i t y .  If it d o e s  behave  f a v o r a b l y ,  S iF ,  would  p r o v i d e  a 

s i m p l e  m o d i f i c a t i o n  t o  t h e  s i l i c a  c o n t a i n e r .  However,  s p e c i a l  

a t t e n t i o n  s h o u l d  be p a i d  t o  a v o i d  s u b t l e t i e s  s u c h  as c h a n g e s  

i n  t h e  s p e c t r a  due  t o  S i F 4  s o l u b i l i t y ,  e t c .  

A m e t a l - c o a t e d  q u a r t z  c o n t a i n e r  would  t h e n  f o l l o w  as a 

f u r t h e r  m o d i f i c a t i o n  t o  t h e  q u a r t z  s y s t e m .  

*Very s a t i s f a c t o r y  f i l t r a t i o n  of 2LiF-F3eF2 h a s  been  
o b t a i n e d  w i t h  s i l i c a  f r i t s  u n d e r  h e l i u m  c o v e r  g a s .  
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To s t u d y  v e r y  r e a c t i v e  f l u o r i d e s  s u c h  a s  Z r F , ,  a meta l  

c e l l  s h o u l d  be b u i l t  t o  accommodate windows of m e t a l - c o a t e d  

q u a r t z ,  s a p p h i r e ,  magnesium o x i d e ,  and  f l u o r i d e  s i n g l e  c r y s -  

t a l s .  F i n a l l y  f o r  u l t i m a t e  s t a b i l i t y ,  a diamond window c e l l  

s h o u l d  be c o n s t r u c t e d .  

The s teps  t o  t h e  p r o p o s e d  s o l u t i o n  a re  numerous and  some 

are  p e r h a p s  n o t  w o r t h  t h e  l i m i t e d  g a i n s  wh ich  t h e y  m i g h t  y i e l d .  

The s e q u e n c e  of q u a r t z ,  c o a t e d - q u a r t z ,  s a p p h i r e ,  and  diamond 

is p r e f e r r e d  b e c a u s e  i t  would s a v e  much t i m e  i n  d e v e l o p i n g  

procedures .  If diamond p r o v e s  t o  be r e a s o n a b l y  p r i ced ,  c o a t e d  

q u a r t z  and  s a p p h i r e  c o u l d  be o m i t t e d  f rom t h e  s e q u e n c e ,  

T h e r e f o r e ,  q u a r t z  is f a v o r e d  f rom the s t a n d p o i n t  of  con-  

v e n i e n c e  a n d  economy a l t h o u g h  i t  d o e s  have  l i m i t e d  a p p l i c -  

a b i l i t y .  Diamond s h o u l d  p r o v e  b e s t  i n  t h e  l o n g - t e r m  work 

b e c a u s e  i t  is m o s t  n e a r l y  i d e a l  w i t h  r e s p e c t  t o  c o r r o s i o n  

r e s i s t a n c e  and  t r a n s p a r e n c y .  
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I n s t i t u t e  R e p o r t  N o .  BMI - 1 1 8 5 ,  p.  1 3 .  
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J. P .  Young, p r i v a t e  communica t ion .  
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Measured at Room Temperature. 
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