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PHASE EQUILIBRIUM DIAGRAMS FOR FUSED SALT SYSTEMS 

Research on l i q u i d  fused sa l t  fuels should  begin  wi th  phase 

e q u i l i b r i u m  s t u d i e s .  T h i s  report is a summary of t h e  c u r r e n t  

s t a t u s  of t h e  fused  s a l t  systems which have been under s t u d y  i n  

t h e  ANP Chemistry Sec t ion  du r ing  t h e  last s e v e r a l  y e a r s .  

The i n c l u s i o n  of a phase e q u i l i b r i u m  diagram i n  t h i s  r e p o r t  

is n o t  an i n d i c a t i o n  t h a t  i t  r e p r e s e n t s  a f i n i s h e d  s t u d y .  I t  

has  been necessa ry  t o  minimize the emphasis on s e v e r a l  systems 

as i t  became clear t h a t  t h e s e  systems promised small r e t u r n s  t o  

t h e  ANP f u e l s  program. 

Di scuss ions  r ega rd ing  t h e  e x t e n t  of the s t u d y  and phase 

c h a r a c t e r i s t i c s  of each of t h e s e  sys tems are t o  be found i n  t h e  

r e f e r e n c e s  l i s t ed  i n  the Table of Contents .  

A l a r g e  number of people  have  c o n t r i b u t e d  t o  an under- 

standing o f  these phase relationships. A p a r t i a l  list of major 

c o n t r i b u t o r s  t o  these studies i n c l u d e s  C.  J. Barton, 

F .  F. Blankenship,  L .  M. B r a t c h e r ,  V. S. Coleman, H. A .  Friedman, 

H .  I n s l e y ,  B. S .  Landau, 3'. N .  McVay, R .  E .  Moore, R .  F .  Newton, 

B .  J .  Sturm, J .  T r u i t t ,  @. D. White, and W, C .  Whit ley.  
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NaF 

KF 

The System KF-LiF-NaF. 

UNCLASSIFIED 
ORNL-LR-DWG . 1199 

LiF 



UNCLASSIFIED 
ORNL-LR-DWG. 1200 

Li F 
845OC 

The System NaF-LiF-RbF. 
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BeF2 
543 

UNCLASSIFIED 
DRNL-LR- DWG 47701 
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ORNL-LR-DWG 16151 
E =  EUTECTIC 
T =  T E R N A R Y  EUTEC'I IC BeF2 

P = PEHITECTIC 
SUBSOLIDUS COMPOUNDS S H O W N  

I N  P A R E N T H E S E S  
LIQUIDUS T E M P E R A T U R E S  A R E  IN "C 

TC= T E R N A R Y  C O M P O U N D  542 

( 5N a F-. L i F. 3 BeF2) 
3 20 

L IF  ............. ~~.~ ! L 2 . l  I... .A ]..A. 
E 6 4 9  

*44 

The System LiF-NaF-BeF2. 
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ORNL-LR-DWG f6959 

ZrF4 
91.8 

ALL TEMPERATURES ARE IN "c 
(COMPOSITIONS ARE IN mole S.) 

+t+' INDICATES SOLID SOLUTION 

NoF 950 900 850 800 750 700 650 850 
980 

The System NaF-LiF-ZrF4. 
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I 



UN CLASS I Fl  ED 
ORNL-LR-DWG 11527 

4 '  Compatibility Triangles i n  the System NaF-KF-ZrF 



PH 3 
2 r  F4 

900 

2 N  

3 N a F  

3 N o F . 4 Z r F 4  - 5 5  

K 5 1 5  

1 n r n  

450 

K F  
900 0 5 0 '  000 7 5 0  7 1 0  750 800 N a F  

950 

Liquidus Temperature ( "C)  i n  the NaF-KF-ZrF4 System. 
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0 R N L - I . R - W G  I6960 ..... .. . . . . . . . .. . . . . .. .- 

F.ZZrF, 
0 

ALL EMPERATURES ARE INOC 
!CUMPOSITIONS P R E  IN  mole%)  

-SEE DETAIL ABOVE 

RbF 
790 

No F 
980 

673 

The System NaF-RbF-ZrF4. 
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A L L  TEMPERATURES ARE IN "C  
(COMPOSITIONS ARE IN mole %) 

+ti++k INDICATES SOLID SOLUTION 

O A N L - L R - O W G  169584 

NoF 950 900  850 800 750 700 650 
980 

L i F  
850 

The System NaF-LiF-UF4. 
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UF4 
1035 "C 

The System KF-LiF-UF4. 

- - -- -. -. 
DWG. 12948 

Li F 
845°C 



UF4 
1035 "C 

Li F 
845°C 

The System RbF-LiF-UF4. 



OR 

ALL TEMPERATURES ARE IN “C 

COMPOSITIONS IN mole O/O 

850 
KF 

740 
NaF 

The System NaF-KF-UF4; Liquidus Temperatures and Compatibility Triangles. 
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DRN!. ~ LR - D,'G 'E 74i A 

TEMPERATURES ARE 
IN DEGREES CENTIGRPDE 

COMPOSITIONS 
IN MOLE PERCENl 

674' RbF 
790" NaF 

980" 

The System NaF-RbF-UF4. 
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ALL TEMPERATURES ARE IN "C 

E = EUTECTIC 

MOUNOLAB NO 
56-14-29 ( R E V )  

The System LiF-BeF2-UF4. 



MOUND LAB. N O  
56-1 f -30  ( R E V )  

A L L  T E M P E R A T U R E S  ARE I N  OC 

E = EUTECTIC 

P = PERITECTIC a = PRIMARY PHASE FIELD 

The System NoF-BeF2-UF4. 
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NaF 

I°C 

,oOc 
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O R N L - L R -  DWG 3398 

ZrF4 

1035OC 

5 

The System NaF-ZrF4-UF4. 
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PHOTO 22349 

UF, 1035°C 

Liquidus Temperatures in  the System NaF-ZrF4-UF4. 
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A =  7 N a F . 6 Z r ( U ) F 4  
B =  RbF.3UF4 
C = RbF.UF4 
D = 5RbF. 4 Z r  (U)F4 
E RbF*6UF4 
F = 7RbF.6UF4 

LIQUIDUS TEMPERATURES 7 
PLOTTED IN "C 

............. 

.............. . 

........ 

.. 

.. 

NaF RbF 

O R N L - L R - D W G  46f49 

Primary and Secondary Uranium-Containi ng Phases in the System NaF-RbF-ZrF Uf4 4- with 4 Mole % UF4. 
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O R N L  16150 
A = 7 N a F .  6 Z r ( U )  F4 

B = RbF.  3UF4 

D = 5RbF.  4 Z r ( U )  F4 

Zr F4 

C = R b F ~  UF4 

E = R b F .  6UF4 

LIQUIDUS TEMPERATURES 
PLOTTED IN " C  

RbF Na F 

Primary and Secondary Uranium-Containing Phases in  the System NaF-RbF-ZrF4-UF4 
with 7 Mole % UF4. 
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UNCLASSIFIED 
ORNL-LR-OWG 20455 

The System NaF-PbF2-UF4. 



912 

The System NaF-ZrF4-ThF4. 
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UNCLASSIFIED 
O R N L - L R - D W G  12779 

TEMPERATURES A R E  IN OC 

NoF 
990 

LIF 
84 4 

The System LiF-NoF-CaF2. 
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84 

K F  

The System KF-NoF-AIF3. 
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ThF 
1114°C 

BeF2 
5 4 3 ° C  LI F 

045°C Li2BeF4 
4750c 

The System BeF2-4iF-ThF4. 



UNCLASSIFIED 
ORNL-LR-DWG 17575 

NaF 
990 

830 NaMgF3 990 
4030 

The System NaF-MgF2-CaF2 
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-m!B 
DWG 17407 

The System K3CrF6--Li3CrF6-Na3CrF6. 
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