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V- 

PHASE EQUILIBRIUM DIAGRAMS FOR FUSED SALT SYSTEMS 
  

Research on liquid fused salt fuels should begin with phase 

equilibrium studies. This report is a summary of the current 

status of the fused salt systems which have been under study in 

the ANP Chemistry Section during the last several vears. 

The inclusion of a phase equilibrium diagram in this report 

is not an indication that it represents a finished study. It 

has been necessary to minimize the emphasis on several systems 

as it became clear that these systems promised small returns to 

the ANP fuels program. 

Discussions regarding the extent of the study and phase 

characteristics of each of these systems are to be found in the 

references listed in the Table of Contents. 

A large number of people have contributed to an under- 

standing of these phase relationships. A partial list of major 

contributors to these studies includes C. J. Barton, 

F. ¥. Blankenship, L. M. Bratcher, V. 8. Coleman, H. A. Friedman, 

H. Insley, B. 8. Landau, T. N. McVay, R. E. Moore, R. F. Newton, 

B. J. Sturm, J. Truitt, G. D. White, and W. C. Whitley. 

 



  

System 

LiF-BeF, ' 

NaF-BeF, ** 

KF-BeF, 

RbF-BeF, 

RbF~ThF, ** 

LiF-ThF, 

NaF-ThF, 

MgF, ~-ThF, 

Alkali fluorides-ZrF, 

te T T 

LiF-ZrF, 

NaF-Zr¥F, 

KF-ZrF, 

RbF-ZxF, 

Cs¥-2rF, 

Alkali fluorides-UF, 

T tr Tt 

e T 1 

LiF-UF, 

-vi~- 

TABLE OF CONTENTS 

Reference 

D. M. Roy, R. Roy, and E. F. Osborn, 

J. Am. Ceram. Soc. 37[7]302, 1954 
D. M. Roy, R. Roy, =2nd E. F. Osborn, 
J. Am. Ceram. Soc. 36[6]185, 1953 
ANP Quar. Prog. Rep. March 10, 1957, 

ORNL-2274 
ANP Quar. Prog. Rep. Dec. 10, 1956, 
ORNL-2221 

Doklady akad. Nauk, U.S.S.R., 60 391 

(1948) o 
ANP Chemistry Section Progress Report 
for Oct. 9-22, 1956, p. 3 
ANP Chemistry Section Progress Report 

for Nov. 8-21, 1956, p. 3 
J. O. Blomeke, "An Investigation of ThF, - 

Fused Salt Sclutions for Homogeneous 

Breeder Reactors'", ORNL-1030, 6-19-51 
ANP Quar. Prog. Rep. June 10, 1956, 
ORNL-2106, p. 81 

ANP Quar. Prog. Rep. June 10, 1956, 
ORNL-2106, p. 82 
ANP Quar. Prog. Rep. June 10, 1956, 
ORNL-2106, p. 83 

ANP Quar. Prog. Rep. Sept. 10, 1955, 

ORNL-1947, p. 66 
ANP Quar. Prog. Rep. June 10, 1954, 

ORNL-1729, p. 41 
ANP Quar. Prog. Rep. June 10, 1952, 

ORNL-1294, p. 91 
ANP Quar. Prog. Rep. June 10, 1956, 

ORNL-2106, p. 85 
ANP Quar. Prog. Rep. Sept. 10, 1953, 

ORNL-1609, p. 60 
ANP Quar. Prog. Rep. June 10, 1956, 
ORNL-2106, p. 81 
ANP Quar. Prog. Rep. June 10, 1956 
ORNL-2106, p. 82 
ANP Quar. Prog. Rep. June 10, 1956 

ORNL-2106, p. 83 

ANP Quar, Prog. Rep. Dec. 10, 1955 
ORNL-2012, p. 79 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

 



. 

System 

Na¥F-UF, 

KF~UF, 

RbF-UF, 

CsF-UF, 

LiF-CeF; 

NaCl-ZrCl, 

KCi-ZrCl, 

LiCl-UCl;, 

NaCi-UCl, 

RbC1l-UC1,; 

LiCi-UCL, 

NaCl-UCl, 

KC1-UCl, 

CsCl-UCL, 

LiF-UF, 

NaF-UF, 

NaF-LiF 

LiF-RbF 

LiF-CsF 

NaF-ZnF, 

KF-2ZnF, 

RbF-Zn¥F, 

UF, -4r¥F, 

RbF-CaF, 

~vii- 

Reference 

ANP Quar. Prog. Rep. 
ORNL~1864, p. 50 
ANP Quar. Prog. Rep. 
ORNL-~2012, p. 82 
ANP Quar. Prog. Rep. 
ORNL-2157, p. 8% 
ANP Quar, Prog. Rep. 
ANP-65, p. B8 
ANP Quar. Prog. Rep. 
ORNL~2274 . 
ANP Quar. Prog. Rep. 
ORNL-2221 
ANP Quar. Prog. Rep. 
ORNL-2157, p. 95 
ANP Quar. Prog. Rep. 
ORNL~1649, p. 52 

Mar. 10, 1955, 

Dec. 10, 1955, 

Sept. 10, 1956, 

June 10, 1951, 

March 1o, 1957, 

Dec. 10, 1956, 

Sept. 10, 1956, 

~Pec. 10, 1953, 

C. A, Kraus, M-251, July 1, 1943 

ANP Quar. Prog. Rep. 
ORNL-~1692, p. 51 
ANP Quar. Prog. Rep. 
ORNL-1556, p. 43 
ANP Quar. Prog. Rep. 
ORNL-1609, p. 58 
ANP Quar. Prog. Rep. 
ORNL~-1729, p. 47 
ANP Quar. Prog. Rep.. 
ORNL~-1649, p. 53 
ANP Quar. Prog. Rep. 
OBNL-1771, p. 59 
ANP Quar. Prog. Rep. 
ORNL-1771, p. 59 

March 16, 1954, 

June 10, 1953, 

Sept. 10, 1953, 

June 10, 1954, 

Dec. 10, 1953, 

Sept. 10, 1954, 

Sept. 10, 1954 

Page 

  

23 

24 
25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

A. E., Bergmar and E. P. Dergunov, Comp. 
rend. acad. sci., U.B.S.8.,31,755 (1941) 
  

39 

ANP Quar. Prog. Rep. Bept. 10, 1956 
OBNL-2157, p. B8 | 
ANP Quar. Prog. Rep. June 10, 1956, 
ORNL~2106, p. 90 
ANP Quar. Prog. Rep. June 10, 1952, 
ORNL~1294, p. 95 
ANP Quar. Prog. Rep. June 10, 1952, 
ORNL~1294, p. 94 
ANP Quar. Prog. Rep. June 16, 1952, 
ORNL~1294, p. 96 
ANP Quar. Prog. Rep. Dec. 10, 1955, 
ORNL-2012, p. 78 
ANP Quar. Prog. Rep. Dec. 1¢, 1956, 
ORNL-2221 

40 

41 

42 

43 

44 

45 

46



  

System 

PbF, ~UF, 

KCl-FeCi, 

NaF-KF-LiF 

NaF-LiF-RbF 

KF-NaF-BeF, 

NaF~LiF~BeF, 

NaF-2KF-BeF, 

NaF-LiF~ZrF, 

Na¥-KF-4rF, 

NaF-KF-ZrF, 

RbF-NaF-ZrF, 

NaF-LiF-UF, 

KF-LiF-UF, 

RbF-LiF-UF, 

KF-NaF-UFy 

RbF-NaF-UF, 

LiF-BeF, ~UF, ** 

NaF-BeF, -UF, ** 

NaF-ZrF, -UF, 

NaF-ZrF, -UF, 

INaF-6ZrFy—-7Na¥F.6UF, 

7NaF - 6UF, ~TLiF «6UF, 

2NaF «UF, -2RbF «UF, 

NaF-NaF-RbF« UF, 

~viii- 

Reference 

ANP Quar. Prog. Rep. June 10, 1951, 
ANP-65, p. 89 
ANP Quar. Prog. Rep. June 10, 1956, 
ORNL~2106, p. 117 
A. G. Bergman and E. P. Dergunov, Comp. 
rend. acad. sci., U,R.S.S. 48, 330(1945) 
  

ANP Quar. Prog. Rep. Dec. 10, 1951, 
ORNL-1170, p. 87 
ANP Quar. Prog. Rep. Dec. 
ORNL-1170, p. 87 
ANP Quar. Prog, Rep. Sept. 10, 1956, 
ORNL-2157, p. 93 
ANP Quar. Prog. Rep. Sept.10, 1955, 
ORNL-1947, p. 72 
ANP Quar. Prog. Rep. June 10, 1955, 
ORNL-1896, p. 53 
ANP Quar. Prog. Rep. Dec. 10, 1955, 
ORNL~2012, p. 83 

10, 1951, 

ANP Quar. Prog. Rep. June 10, 1956, 
ORNL-2106, p. 87 
ANP Quar. Prog. Rep. March 10, 1957, 
ORNL-2274 
ANP Quar. Prog. Rep. Sept.l0, 1951, 
ORNL~1154, p. 158 
ANP Quar. Prog. Rep., Sept. 10, 1951, 
ORNL-1154, p. 159 
ANP Quar. Prog. Rep. March 10, 1951, 
ANP-60, p. 134 
ANP Quar. Prog. Rep. 
ORNL-2221 
ANP Quar. Prog. Rep. Dec. 10, 1952, 
ORNL-1439 

Dec. 10, 1956, 

ANP Quar. Prog. Rep. Dec. 10, 1954, 
ORNL-1816, p. 58 
ANP Quar. Prog. Rep. Sept. 10, 1954, 
ORNL-1771, p. 55 
ANP Quar. Prog. Rep. Dec. 10, 1956, 
ORNL-~-2221 
ANP Quar. Prog. Rep. March 10, 1957, 
ORNL-2274 
ANP Quar. Prog. Rep. Dec, 10, 1956, 
ORNL-2221 

ANP Quar. Prog. Rep. Dec. 10, 1956, 
ORNL-2221 

  

Page 

  

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70



Sl ~1x- 

System Reference Page 

3Rb¥ -UF, ~-Na¥-RbF-UF, ANP Quar. Prog. Rep. Dec. 10, 1956, 71 
ORNL-2221 

NaF-RbF-Zr¥, ~UFy ANP Quar. Prog. Rep. Sept. 10, 1956, 72 
ORNL-2157, p. 92 

NaF-RbF-Zr¥F; -UF, ANP Quar. Prog. Rep. Sept. 10, 1956, 73 
ORNL-2157, p. 92 

Na¥-PbF, -UF, ANP Quar. Prog. Rep. June 10, 1951, 74 
ANP-65, p. 91 

Na¥F-ZrF,; -Thl, ANP Chemistry Section Progress Report 75 
Dec. 8-21, 1956, p. 3 

NaF-LiF-CaF, ANP Quar. Prog. Rep. March 10, 1956, 76 
ORNL-2061, p. 77 

NaF-.MgF, -Ca¥F, ANP Quar. Prog. Rep. March 16, 1956, 77 
ORNL-2061, p. 78 

NaF-KF-AlF; ANP Quar. Prog. Rep. Dec. 10, 1952, 78 
ORNL~1439, p. 114 

Li¥-BeF, ~-Th¥F, ANP Quar. Prog. Rep. March 10, 1953, 79 
ORNL~1515, p. 108 

NaF-MgF, -Ca¥F, - 80 

3KF.CrF;-3NaF CrF; - ANP Quar. Prog. Rep. Dec. 10, 1952, 81 
3LiF-CrF, OBRNL.-1439, p. 117 

Na OH-~L1iOH ANP Quar., Prog. Rep. Sept. 10, 1951, 82 
ORNL-1154, p. 168 

LiOH-KOH ANP Quar. Prog. Rep. Dec. 10, 1951, 83 
ORNL~-1170, p. 85 

NaOH-KOH™ Zr. Physik. Chem. 73, 667 (1910) 84 

NaOH-RbOH* Zr. Physik. Chem. 73, 667 (1910) 85 

Ba (OH), -Sr (OH) , ANP Quar. Prog. Rep. Sept. 10, 1951, 86 
ORNL-1154, p. 167 

  

* Final diagram on these systems not determined at ORNL. 
** The determination of the incongruent nature of 2LiF.BeF, was made. 

by Mound Laboratory, by ORNL, and also by J. L. Speirs, "The 
Binary and Ternary Systems Formed by Caf, LiF, and BeF,: Phase 
Diagrams and Electrolytic Studies'", Ph.D. thesis, Michigan State 
College, 1952.





UNCLASSIFIED 

ORNL—LR—-DWG 16426 
  

    

    

      

C)
 

  

  

    T
E
M
F
E
R
A
T
U
R
E
 

(° 

          
    

  

  

    

                

900 J( ; g 

| | 
? | | 
. } 

800 f 
| 

700 ‘ 
! 

600 |—— LiF + LIQUID | 

st 

500 / 

/ BeFp + LIQUID 

400 : o 

LiF + LiyBeF, | 
| : L 206 | el LigBeFy + BeFp (HIGH QUARTZ) . 
’ ‘ o | f 

= | 
i . 

‘ Hegeh LiBeFy + 8eF, (MIGH QUARTZ) 
- @ i ! 

200 Liders LiBeF3 + BeFp (LOW QUARTZ)       
  

LiF 10 20 3RO 40 50 60 70 80 90 Befo 

BeF, (mole %) 

The System LEF-—BeFZ. Composite diagram from: D. M. Roy, R. Roy, and E. F. Osborn, J. Am. Ceram. 

Soc. .%Z.' 300 (1954); Novoselova, Simanov, and Yarembash, J. Phys, Chem. USSR 26, 1244 (1952); and 

unpublished data, Oak Ridge National Laboratory. 

-
l
.



T
E
M
P
E
R
A
T
U
R
E
 

(°
C)

 

UNCLASSIFIED 

ORNL-LR-DWG 16425 
  

  

        
            
    

      
      

  

          

  

      

    

      
  

      
    

    
  

  
  

                  
  

900 . ’ 

| | 
| 
| 

800 \ e | 
* 

NaF + LIQUID | 
o® = ORNL DATA 

700 e HQ = HIGH QUARTZ ¢ . 

LQ = LOW QUARTZ 
l ] 

a-NopBeFy + LIQUID | 

600 L] | | 
@9 : : 

® ® i 

500 . 

| | ! 
a - Na,Bef, + NaF - § B'- NaBeFs BeF,(HQ) + LIQUID 

: {+ LIQUID | ‘ 

400 ) \ \ — BeF,(HQ) + 8- NoBefy 
’ ® /(\ ,/ l 

| a -No,Bef, + B'—NoBeF3 T Wz = 5 ! : 

: F J : fN e ‘ TB-NaBefy + LIQUID | 
300 F——— _i_ NgF — - -1 —f—— B~ NaBefy ;‘ 1 —— a Na,BeF, + NaF | o7 g Bef,{HQ) + B-NaBeFy 

\ ; a’-No,Befy | | 

‘B -~ NaBeF3 +i y - NapBefy T ~ BeF,{LQ) + B- NaBeF, 

‘f —A / | 
- Na,Bef, + NaF — ! 

200 J T277an | | 
NoF 10 20 30 40 50 60 70 80 90 Bef, 

BefF,. {mole %] 

The System NaF—-BeF2 According to Roy, Roy, and Osborn | J. Am. Ceram. Soc. 36, 185 (1953) i . 

-
z
-



T
E
M
P
E
R
A
T
U
R
E
 

(°
C)
 

900 

800 

Q—zKF'BeFZ 

700 

600 

400 

300 

200 
KF 10 20 30 40 50 &0 

BeF, {mole %) 

The System KF-Be F2 . 

70 

  

80 

UNCLASSIFIED 

ORNL -{R-DWG 17574 

20   BeF2 

-
,
s
-



T
E
M
P
E
R
A
T
U
R
E
 

(°
C)
 

900 

800 

700 

UNCLASSIFIED 

  

  
      

    

    

  

  

L+ L1QUID _>vz 

  

  
  

  
  

            
    

  
      

     
   

    

l 

    

      

      
        

      
            

    

  

  

    
  

     

    

   

    

ORNL -LR-DWG 16955 

| | 2RbF - BeF, + LIQUID | 

. N : | A R 
| 

| 3 RDF - BeF, 
+L1QuUID J 

| 

RbF | 
L 

‘ H- - 

-— 

    

  

  

    
    

  

    
  

        
        

3RbF - Bef, 
+ | i 

600 2RDF-Bef, —— - | | ‘ 

| = 

] 2RoF-Bef, \ \ \ 

‘\ +LIQUID , i | 

i I : : 

500 :; - l , - \ RbF- 2BeF, + LiQUID 

| { \L RbF - BeF, 

3R0F - Bef, | \ | +LiQuiD 

+ RbF | ¥ ‘ @ 

L N 
: o 

: 

© H F.-BeF ! 

k % ‘ u 2RD.+ Te 
' 

; ® 
i 

| | x @ RbF-BeF, o~ o W | 

300 ———— 1 T 1% - R 1 o - T 
! | S i @ 

'D 

— 

RbF 10 20 30 40 50 60 70 80 20 

BeF, {mole %) 

The System RbF—BeF,,. 

Bel—“2 

-
V
-



T
E
M
P
E
R
A
T
U
R
E
 

(°
C)

 
UNCLASSIFIED 

ORNL—LR—DWG 20461 

1200 : , ; 1 

1400 : ,/’//,r”f 

10040 | 
| Rb,THF, 1004° 10000 

1000 5740 / 

900 / \ 

800 /( : 
780 \A/ 7620 

700 N 
664° \l 

| 

| 
600 i ; 

  

  

  
  

        
    

  

  

  

  

    
    
                        500   

RbF 10 20 30 40 50 60 70 BO 90 ThF 

ThF, (mole %) 

The System RbF-ThF 4° 

..
S'

a



UNCLASSIFIED 
PHOTO 27685 

  1100 I I | { | I 1 

1000 - — 

900 |- — 
  

o O o | 

I 

  

T
E
M
P
E
R
A
T
U
R
E
,
 

°C
 

q
J
 

o O | 

| 

  

  

            
  

600 
— 

L & L %"' 

- = = - 

— L W o 

400 | | | I | | | 
LiF 10 20 30 40 50 60 70 80 S0 ThF, 

MOLE % ThF, 

The System LIF-ThF,.



UNCLASSIFIED 

ORNL-LR-DWG 18964       1100           

 
 
 
 

 
 
 
 

  

  

 
 

 
 

        
  

  

 
 

  
Yjy1z 

- JoN 

 
 

  
 
 

   
       

  
 
 

Y4yl 
- 4op 

 
 

  
 
 

 
 

 
 

 
 

  
 
 

      

  

 
 

 
 

        
 
 

 
 

 
 

    
            

      
 
 

 
 

 
 
 
 

 
 

{000 ! 

900 

O Q ® 

(Do) 
3
N
 
LYHIASING 

L 

700 

600 

300 

400 

<t 

10 20 30 40 50 60 70 80 20 ThF 

ThF, {mole %) 

NoF 

The System NaF-ThF 4°



T
E
M
P
E
R
A
T
U
R
E
 

{°
C)

 

    

ORNL-LR-DW G 20485 
  1200 

  ! MOOJ 

    1000 

  

> Py J O 

  

  

  900 

    
  

  
  800 T i 

M
g
T
h
 
2
F
4
o
 

    700                         
  600 

ThF, 10 20 30 40 50 60 

MgF, {mole %) 

The System ThF 4~MgF,. 

70 80 90 Mg 

‘
8
-



T
E
M
P
E
R
A
T
U
R
E
 

(°
C)
 

1000 

900 

800 

700 

600 

500 

400 

300 

ORNL-LR-DWG . 14626 
PART | 

  

i 
NaF—ZrF4 

| 

LiF-ZrF, 

  

      

      

  

  

  

  

  

  

  

        
    

  

    

  

  

  

  
    

  

  
              

  

      
  

W   | 3CsF-ZrF
g
y
 

2
 

Cs
F-

Zr
fy

 

  

  
        |  3

Rb
F-
Zr
Fy
 !   2R

bF
-Z

rF
g 

— 
e
 

      3K
F-
Zr
Fq
   

  
| 

O
 

KF
 

Zr
Fg
 
e
 

-
 

  
        l 

- 
2 
Na

F-
Zr

Fq
 
—
 

3N
aF
-Z
rF
gq
   

S
L
I
F
-
Z
r
F
a
 

    

  i 

        R
 

LI
FZ

rF
g 

TR
 

      
    

10 N
 
O
 

W
 
O
 to0 2 o 30 10 20 30 O o ro O W
 O S |
 

O O
 o 

-
6
0
 

Z.lfF4 (mole %) 

The Systems Alkali Fluorides—ZrF4.



T
E
M
P
E
R
A
T
U
R
E
 

{°
C)
 

ORNL-LR-DWG. 14627 

  

  

  

        

  

  
  

  

  

  

          
  

    

  
        
  

  

  

  

            
  

  

  

  

  

  

  

  

    

  
  

  

      
  

PART | 1000 5 T ] | ‘ | i 1 | ; : A | o S 
%CSF—‘Zerr } RbF—ZrF44 :KF—Z|rF4 NOF—erF‘; ‘ !LiF—ZrFar 

| | | o | 800 e ] e 

| - | | 

| 
700 e — e ] 

600 | : ; -k 

7 500 e b |k e - 

400 | —— ol RN A et 
e Ll < N N 

| n S5 = o © \ w ‘ TN ‘ N w w | " oW bW ‘ . o o © 2l e | e =z =z B | | X M N ‘ , ‘ | 300 o] - Tl L ‘ ] 
35 40 45 50 35 40 45 50 35 40 45 50 35 40 45 B0 35 40 45 50 

Zrf, {mole %) 

The Systems Alkali Fluorides—ZrF4. 

  

-
O
l
-



T
E
M
P
E
R
A
T
U
R
E
 

(°
C)
 

1000 

900 

800 

700 

600 

500 

400 

ORNL-LR-DWG. 14628 
PART ! 

  

CSF—Z!’F4 i 

! 
ROF=ZrF, | 

| 
NaF-2Zrf, 

  

f 
I 

LEF—ZFF4 

  

  

' ! 
| 
i ' 
. ' 

  

  / 
  

          

    

      
  

  
      

    

  

  

    

    
              fi 

J             v V 

i ;       
  

3N
oF
 
4Z
rF
, 

        

: / | | 
} i ! 

| f | | | 
i ! 

| | 
! | 

L n 

| 
  

l 
3L
IF
 
4Z
rf
y 

7
     

    
    

  

55 65 75 85 55 65 75 85 

ZrF4 (mole %) 

The Systems Alkali Fluorides—ZrF 4° 

55 65 75 85 55 65 75 85 

-
l
l
-



T
E
M
P
E
R
A
T
U
R
E
 

(°
C)
 

{000 

900 

800 

700 

h
 o < 

500 

400 

300 

  

  

  
    

  

  

        
      

i 1 i { | | ] 

i 
B Nor 

- ——— 
—— 

| | 1 | | | 
MF 10 20 30 40 50 60 70 80 90 

MOLE % Zrfy 

The Systems Alkali F!uorideSr—ZrF4. 

sz4 

‘
Z
l
-



T
E
M
P
E
R
A
T
U
R
E
 

(°
C)

 

1000 

200 

800 

700 

&
 
O
 
O
 

500 

400 

300 

—_— 
ORNL—-LR-DWG (625} 

  

.~ 
  

    / 

  

N   
Ka—3LiF-Zr‘F4+LlQUlD     
  

  A /RN i 

  

    

  

€
l
 

  

      
  

        

    
,fl_iF +B—-3LiF- Zrfk, 

LiF+2LiF-Zrf, ;   
Lif 

l 

- 2LiF-ZrF4+B—3L1F-ZrF4—/ 

/ 
  

  M | 

HF LV . ngF4+ LIQUID 
2 LiF- z!rF4+uQusD 

a- 3LiF-ZrF, + 2LiF-Z:rF4\ &A E | 

z 2LEFE- Zre, + 3LIF - 4ZrF, 3;‘—”:‘ 4LrFy +2ZrF, 

  

\ 

\—SLiF-4ZrF4     

    2 
Li

F-
 

Zr
F4
       2 LiF - ZrFy + ZrF,     
  

10 20 40 50 

Zrf, {mole %) 

60 

The System LiF~ZrF,. 

70 80 20 ZrF



UNCLASSIFIED 

ORNL—-LR—DWG 185374 

-14- 

 
 

 
   
 
   

 
 

  
   
 

 
 

 
 

  
 
 

t
4
i
7
4
-
4
O
N
E
 

| (
®
1
9
0
}
S
o
i
a
 

|} 

  
 
 

  
 
 

  
 
 

  
  

Yyi72-4oN€E 

  

 
 

 
 

  
vyu7.4oN2 

e
 

..... 
T 

T
N
 
s
 

. g
 

o
]
 

e 
e
 
e
 

o
o
 

 
 

  
—— 

b 
e 

v
 

oo 
o
 

. 
—
 

T 
S
T
 

PNRO 
v
 
e
 

b
t
 
o—— 

p—— 
—
—
 

—
—
 

un 

A 

V4172-40NG 
e 

e
 

e
 

 
 

v 3
3
Z
-
4
O
N
 ¢ 

 
 

 
 

 
 

           
    

 
 

000 

900 

800 |——- 

| O o
 

o 

{Do) 
A
H
N
L
I
V
H
I
I
W
I
L
 

700 

5G0 

400 

300 
= Zr!4 90 80 70 60 40 30 20 10 NafF 

ZrF, (mole %) 

The System NaF—ZrF 4°



) 
T
E
M
P
E
R
A
T
U
R
E
 

(°
C 

1600 | 

900 

800 

700 

600 

500 

400 

300 

ORNL—LR—DWG 15952 
  

  

      
    

  

  
  

  

  

    
    

      
  

  

  
    

    
  

  

  

  

      
      

  

  
    

  
  

            
        

//r\ 
S/ 

/ 3KF-ZrF, KF + LIQUID + LiGub | / | 

| / 
SKF-Zrf, 

i + LIQUID / 

1 f KF + 3KF-ZrF, | / | 
| \ 

| 
| —2KFZrf, + LIQUID IKE-ZrE 4 ZrFa + LIQUID . 4 3KF-22ZrF, / 

HoxkrzeR, | ‘7Z * LIQUID 
o , 

| N T /’ 
! X N / 

2} LXL. --A-KF-Zer' + LiQUID 
N LYY i ! 

N w j | 2KF-ZrF, + 3KF-2ZrF O [3KF-22ZrF, | ; 4 4 i + A8 j KF-ZrF, + ZrF, 

. | | 
KF 10 20 30 40 50 60 70 80 90 

The System KF—ZrF,. 

ZrF, {mole %) 

4 

ZrF4 

G
-



 
 

ORNL-LR-DWG 14629 

-16- 

 
 

 
 
 
 

 
 

  
  

 
 

  
 
 

 
 

  
 
 

  
 
 

 
 

 
 

P 

  
. 

L Y447 
- 4
9
 

  
 
 

1 
4
4
7
t
 

- 4
9
4
 

G 

 
 

    
 
 

 
 

—
 

—
 

  
. 

s 
T
y
 
P 

S 
e, 

g, 
v
 

hears e 
s 

e s
 

e 
v 
a
—
—
 

|
 
—
 

—
 
A
 

| 
S
 

—
—
 

 
 

 
 

 
 

              
    

 
 

1000 

900 

800 

O
 

<
 

o
 

O
 

™~ 
©
 

(Do) 
I
H
N
I
V
Y
I
S
W
I
L
 

500 

400 

300 
ZrF4 40 50 eC 70 80 

ZrF, (mole% ) 

30 20 RbF 

The System RbF—ZrF 4



T
E
M
P
E
R
A
T
U
R
E
 

(°
C}

 

DWG. 21105 
1000   

200 
j) 

  

  
  800 ) / 

  700 

| o 0 f / 

6500 

  

  

        

  500     
U—— e — 

C
s
S
Z
r
 

F7
 

™
 

  400                       

  

Cs,
 2

rFy
g 

300 

CsF 10 20 30 40 50 60 70 80 90 Zr, 

ZrF, {mole %) 

  

The System CsF—ZrF 4° 

-
L
l
-



T
E
M
P
E
R
A
T
U
R
E
 

(°
C)
 

  

ORNL-LR-DWG. 14626 
PART I 

  
1000 Er 

CsF—UFR, RbF—UFR, \ 

   

  

        200   
  

    
            
  

  

  

  
  

  
        

        

      

  
  

      

  

          
  

    
                                                            
  

800 ! / | R 

é | | L-\/ - . 

| 5 | ® 

= > 
N " 

w 
O 

500 - - S 
fp] 

< < < < 
o 

wl w wi w o) D = 

o n £ 0 u. W o 

o o @ r X X =z 

" i 0| o N 
300 i 1 e | 

O 10 20 30 O 10 20 30 0 {0 20 30 O 10 20 30 0 10 20 30 
UF4 {mole %) 

The Systems Alkali Fluorides—UF4.



T
E
M
P
E
R
A
T
U
R
E
 

(°
C)
 

ORNL-LR-DWG. 14827 
PART I 

  — 
1000 ! g I 1. 3 ) g E ; 

C&;f-’—IUF4 RbF—;UF"4 gKF—UF4 ;NGF—UF;} LiF—'--.LJE4 

    

800 
{     

  

      

  
  

    700 K 

\
   

  

    
    

    
  

      

  

    

  
  

      
                                            

  

  

| ) 

| o 
; ; 2 

: | § My 
| | U(S | 

= 500 — — | ; 
| o . | 

; <+ : < E | LL. ‘ q. LL ' Q' : ' o be ; L 900 s : s — 
> Lz . L b 

| S ~ | @ o o ~ 300 L | i 1l L 
35 40 45 50 35 40 45 50 35 40 45 50 35 40 45 50 35 40 45 50 

U@ {mole %) 

The Systems Alkali Fluorides-UF4. 

-
6
[
.



T
E
M
P
E
R
A
T
U
R
E
 

(°
C)
 

   

ORNL-LR-DWG. 14628 
PART i 

  

  

       

    
  

  

  

  

  

  

                                
  

                

1000 
f 

300 ‘ - B 4 | | A 

800 
Al_%; 

700 —i | T 

800 
B 

500 [~ f-o | e bl | | fi—— 

400 
L j e ET 
2 o o <+ 
" il 300 
= | -l | 

  

  

0z
 

    

      
55 85 75 85 55 65 75 B85 95 65 75 85 20 65 75 85 5 65 75 85 

UE, {mole %) 

The Systems Alkali Fluorides-UF4.



T
E
M
P
E
R
A
T
U
R
E
 

(°
C)
 

PHOTO 26106 
  

000 — 

800 —   

  

  

  

LiF 

  

l    
  

    

  

  

  

  

                

  

    

8C0 —_— 

/ 
T00 

—_ 

600 p— / —_ 

500 | AV | 
MF 10 20 60 UF4 30 

3MF-UF4 
40 50 70 80 30 

2MF-UF, TMF-6UF, MF-UF, 2MF-3UF, MF-2UF, MF-3UF, MF-3UF, MF-6UF, 

MOLE % UFg4 

The Systems Alkali Fluorides-UF 4° 

_
I
.
Z
-



T
E
M
P
E
R
A
T
U
R
E
 

(°
C)
 

UNCLASSIFIED 

ORNL —LR-DWG 17457 
  

  
  

  
  
  

        
  

  

    

  

        

  

    
  

  
  

  

  
      
        

                
  

(100 i 

| 

1000 

900 | 
! 

800 

700 / 7 

| 
! : 

| | 
600 — | ' - 

/ ! \ | < | | 
500 5 -- - — 

 — c 3 i - < 

4LiE-UF4 3 * 
: % ~ _ . 

| | | 
400 * ‘ t 

LiF 10 20 30 40 50 60 70 80 S0 UFy, 
UF, (mole %) 

The System LiF-UF 4° 

-
Z
Z
-



T
E
M
P
E
R
A
T
U
R
E
 

(
°
C
)
 

100 

tQ00 

900 

800 

700 

500 

500 

400 

NaF 20 
  

30 

UNCLASSIFIED 

ORNL-LR-DWG 19364 

-
g
z
-
 

™ 

o 
M) 

L 
o 
= 
[ie} 7

N
a
F
 

- 6
UF

, 

40 50 80 70 80 90 UF, 

ua(mom%@) 

The System NaF-UF 4



T
E
M
P
E
R
A
T
U
R
E
 

{°
¢C
) 

1000 

200 

800 

700 

500 

500 

400 

300 

ORNL-LR-CWG 1526 
  

  

  

  

  

  
  

    

      

  

  

      
  

  
  

  
    

  

  

  
  

  

  

    

  
  

                  
  

  
  

  

  
                

T T v 

o — 

2KF-UF, + LIQUID UF, + LIQUID 

3KF-UF, |3KF-UF, A?KF-GUF4+LIOU1D ! 
+LiQUID +LiIQUID ; e | - 

KF+ \ | -L j / | 

L1GUID ' i 

’ - | | KF-2UF, +L1QUID 

1 
- 

1 

a-2KF-UF,t a-2KF-UF, + 

3KF- UF, - TKF-6UF, 

- KF-2UF, + ‘ 
% TKF-6UF, KF'2UF4+UF4 ‘ 

KF + 3KF - UF, o | 
! X 

i s ] 

B-2KF-uF, + . 
‘ | TKFBUR, L 

B-2KF-UF, + 5 : o : o~ 
. — . * ! L 3KF-UF, - & i W 

oJ [ ; 

| | - 
i - 2KF-UF, + | 
| Y- 2KF-UF, + e | 
LO3KF - UF, > 4 i 

KF 10 20 30 40 50 70 80 a0 UF, 

UF, (mole %o ) 

The System KF=UF 4 

Z
-



T
E
M
P
E
R
A
T
U
R
E
 

(°
C)
 

1100 

1000 ., 

/ \ / UF, + LIQUID 
900 5 

3RbF- UF, 
+ LIQUID 

RbF-3UF 
N 4 

800 \ +LIQUID 
3ROF - UF, RbF - UF, RbF- 6UF, 

RbF + LIQUID | +Lia% +LIQUID UF, 
3RbF -UF, , g 

700 L 

) 2RbF-UR LiQuip VA 

eROF- 3UR | RbF-3UR, 
+ 

w’ RbF - UF, RbF - 3UF, RbF- GUE 
W0 + ; | 4 

600 W 2RDF-3UR T & » 
< < £ ) 

% U'j E L m LI:_)Q' g 

L w ] 5 0 2 o 
RbF + 3RbF- UF, 5 5 ?RbF+6UF4 : 5 7 : 

ke o bE- o N 
500 2RbF%UF4 o v 

{ 

| T RoF-UR, 
+ 

E 7RDF-6UF, 

400 
RbF 10 20 30 40 50 60 70 80 90 

UF, {mole %) 

ORNL —LR-DWG (6954 
  

  

  
    

  

      
  

  

            
    
  

  

  

  

  

  

    
              

  
  

    
  

  

                    

The System RbF-UF 4. 

Uk, 

-
g
z
-



UNCLASSIFIED 

ORNL-LR—DWG 20456 

-26- 

 
 

 
 

 
 

  
 
 

 
 

    
  

  
 
 

   
 

 
 

 
     

  
 
 

  
 
 

  
  
 
 

    
 
 

 
 

  
 
 

 
 

 
 

 
 

  
 
 

  
            
 
 

(Do) 
H
N
L
Y
H
I
J
N
I
L
 

\‘;_..n_._meQ 

| 
Fanso 

\
\
\
\
\
 

%4n%so 

’ 
/ 

£4n®so 
| 

/
 

m 
e
 

-
 

e
 

e 
p 

_ 

I
 

e 
e 

e 
e 

s 
-l..-luu:’ll.l.l.ll-l. 

e 
]
 

| 
] 

O
 

O
 

O
 

O
 

O
 

O
 

O
 

O
 

O
 

O
 

O
 

O
 

O
 

o
 

O 
o 

© 
M 

O 
0 

o 

UF, 90 80 70 538! 50 40 20 10 Cstk 

The System CsF—UF 4



T
E
M
P
E
R
A
T
U
R
E
 

(°
C)
 

UNCLASSIFIED 
ORNL~LR-DWG 19365 1300 

v | 
  

    
1200 ¥ 

  
  

1100 

  
1000 

-
‘
l
z
-
 

  
900 / 

~ ' 

700 

  
  

                        600 
  

LiF 10 20 30 40 50 60 70 80 90 ’Cei—'3 

Ce F3 {mole %) 

The System LiF—CeF3 .



T
E
M
P
E
R
A
T
U
R
E
 

(°
C)

 

900 

700 

600 

500 r 

400 

300 

200 

| | | . 
| | | | | | 

! | i i : ‘ 

| ‘ | | | | | % 
0 : | T | 

| | i | | | 

| | | 
| | | ‘ | | 

— e — 
. —_—— + _I i 1 - —_— - m.,_._‘j_‘4_2__ | 

— 

| —3NaCl - ZrCl, +a2NaCi- ZrCly | 

NaCl + LiQUID | | | 
| i a2NeCl - ZrCi, + LIQUID | 

{ | 
| : : 

} 

R } | 1 | 
L - — _ . 7*.1# - - - 1‘* — - ?___ - ; — .‘ - — 

INaCl - ZrC +LiQL!lD* Ly S\ | | \ 
L A ‘_ N \ | 0 | | | ? \ 

o— oY ' : | 

NaCl + 3NaCl - ZrCl, Y X 2N0CI ZrCl, + LIQUID ; | 

4| | 
Q O O O—0-Q) i | 

Nc I+a2'\IGC! zrcl, E I 

| : : —R2NaCi- ZrCi, +1 LIQuID 
; o — o—Bo—0 . ZrCi, -k LIQUID 

‘ a3NaCi 4ZrC| +82NOC| ZrCr b‘ i | 

| _— i)—_'C):_JD-'_ L. "—':Q_'——‘- __________ 

I S m - a3Nc1 I 4ZrC| +LIQUID ] 

NaCl + 82NaCl- ZrCl, | 1 | ‘\ | 

! ! | Vel . - ‘ : : 

| | | 32N0C|1Zruz+B3NoC}l 4Z:Cl, B3NaCl-4ZrCly + 2rCl, | 

. | | ‘ | ‘ ‘ 

NaCl 10 20 30 40 50 60 70 80 90 

ZrCl, (mole %) 

UNCLASSIFIED 
ORNL~LR—DWG 17671 

    

  

    
  

  
  

  

    

    

  

  
     
   

  

  

  
  

  
    

    

    
  

    

  
    

The System NaCl—ZrCl 4 

ZrCI4 

.
B
z
-



T
E
M
P
E
R
A
T
U
R
E
 

(°
C}
 

800 

700 

600 

500 

400 

300 

200 

100 

UNCLASSIFIED 

  

ORNL-LR-DWG 16152 

    

  

  

  

  

    

  

                              

® 

® 

a 
_ 

i = 
| > 
: ha 

O 
L 

Lt —— —n—. 
Z ] — 1 

E \ s — - ‘g 

*—— 

= 
L 

- - 

Q + 
™ O 
— N 
< © 
o — 

o 
X7 
[ 

KClI 10 20 30 40 50 60 70 80 90 ZrCly 

ZrCl, {mole %) 

The System KCl-ZrCl 4°



T
E
M
P
E
R
A
T
U
R
E
 

(°
C)
 

  

DWG. 22252 
  200 

  
800 

700         

  

      
  

500 
  

400 

  
  

  
    

              :‘     
      

300 

LiCl 20 30 40 50 60 

UCl5 {mole %) 

The System LiCl-UC] 3 

70 80 90 UCl, 

-
O
S
.



ORNL-LR~DWG 20464 

.31- 

 
 

 
 

 
 
 
   

 
 

 
 

 
 

  
 
 

 
 

 
 

  
 
 
 
 

   
 

 
    
 
 
 

 
 

      
          
 
 

.
|
3
 

]
 

O
 

D
 

O
 

N
 

O
 

aO 

O
 

~ 

QO 
L
 

T
 

O
 

0 

N
 

O
 
4
 

.
 

O
 

0 

S
 

O
 

o
 

e
 

Q
 

¢ 

4 
O 

O
 

O
 

O
 

o
 

> 
9] 

w
 

N~ 
w
 

D 
g
 

(a 
] 

(Do} 
F
H
U
N
L
Y
Y
I
A
N
T
L
 

UCI3 (mole %) 

The System NaCI—UCIa.



 
 

-32- 

 
 
 
 

  
  

 
 

 
 

  

 
 
 
 

  
 
 

  

 
 

  
 
 

O 
[%1oNn-109Y 

  

 
 

 
 
 
 

 
 

T
 

€1on-10a42 

fi 
 
 

  
 
 

  
 
 

{Do) 
F
H
U
N
I
V
H
I
I
W
S
L
 

€190+1094E 
|   400 

300 & 
80 S0 UClg 70 

10 20 30 40 RoCl 

UCly {mole %) 

The System RbCl—UCIS.



T
E
M
P
E
R
A
T
U
R
E
 

{(
°C
) 

  

DWG. 19904 
  

  

  
  

  

  

  

                          
  

700 

600 

°00 // | 
¢ 

7 T Q»—— e et ——————- - 400 

300 

| _<1‘ 

200 | O 

S 
5 
N 

| 
100 f i 

LiCl 10 20 30 40 50 60 70 80 30 

uct, {mole %)} 

The System LiCI—UC|4. 

ucl, 

-
8
8
.



241104 DWG. 

-34- 

 
 

 
 

 
 

 
 

     
 
 
 

 
 

 
 

 
 

   
 

 
 

   
     

 
 

 
 

      
 
 

      
 
 

| 
| 

j 
| 

1
 

| 
_ 

_ 
b
 

N 
| 

I 
| 

_ 
AH 

O 

hv 
G 

) 
| i 

) 
| 

| 
mu 

D 
.
 _ 

I
 
.
fi
|
|
|
 

C | 
| 

_ 
! 

L 

,,,,,, 
"ion-oeng 

O 
O 

O 
O 

O 
O 

Q 
O 

o 
o 

o 
o 

O 
O 

o 
o 

[¢>] 
w
 

[
 

WO 
W) 

<
J
 

M
 

od 

(Do) 
J
Y
N
I
V
H
I
I
N
I
L
 

30 40 50 50 7O 80 a0 UCl4 

UC14 (mole %) 

20 

D
 NaCl 

The System NcCl—UCl4.



T
E
M
P
E
R
A
T
U
R
E
 

(°
C)
 

- 
WG 1532 

  

  

  
  

              

        
            

  

          

ORNL-LR-D 
800 é\\\\\x 

700 A 

800 

Qlo C/ 

500 -~ \\ /O’ 
5 /A{f/ 

400 |— Pl L O 
O 

O 0O _____ergc:zzz — 
300 2 < © o 2 

EL o < 
< < < 

KCI 10 20 0 40 50 60 70 80 90  UCl, 
UCI4 (mole ) 

The System KCI—UC|4. 

G
e
-



T
E
M
P
E
R
A
T
U
R
E
 

(°
C)
 

  

  
  

  
    
  

  
  

  

800 ’ 

700 . S | I '"""fliffi"* 

3\ 

600 = i} 

s //_'('P 

500 T / o 
® 

® ® /@// K 

    400 | 
_._@_@.T@.@_@_(.; : G;SC:‘@ .__P—'Tj———r ————— o ——— — 

  300 | ;     Cs
,U
CI
, 

C
5
U
2
C
|
9
(
?
)
                     200 ; ’ 

CsClI 10 20 30 40 50 60 70 80 a0 UCI4 

UCi, {imole %} 

  

The System CsCI—UCI4.



T
E
M
P
E
R
A
T
U
R
E
 

(°
C)
 

10600 

950 

S00 

850 

800 

750 

700 

650 

600 

550 

500 

-37- 

ORNL—-LR~DWG 2923 
  

  

  

    
  

  

  

  

  

  

  

                    

The System LiF~UF 3’ 

———————— - = —0 f 

o 

? 

o o 

O 10 20 30 40 50 60 

UF3 (mole %) 
70



T
E
M
P
E
R
A
T
U
R
E
 

(°
C)

 

1000 

900 

800 

700 

00 

500 

400 

  

  

  

ORNL- 

I | I | ! 
o MIXTURES PREPARED IN SEALED CAPSULES 

o MIXTURES PREPARED IN OPEN CRUCIBLES 
  

IN A HELIUM ATMOSPHERE 
o MIXTURES PREPARED IN OPEN / 

  

  

    
  

\@R"EQUIPPED CRUCIBLES / 
1 | J/A 

  
        

  
    

  

  

  

                      
  

10 15 20 25 30 35 40 

UF 4 (mole %) 

The System Nn::F—UF3 . 

e
8
 
8
-



T
E
M
P
E
R
A
T
U
R
E
 

(°
C)
 

UNCLASSIFIED 

ORNL-LR-DWG 20457 
1000 

/ 
/ 

  

  200 - ’///’ 

  800 

N\ 

  700 

652°C 
  

  600                       
  500 : 

LiF 10 20 30 40 50 60 70 80 c0 NaF 

NaF (mote %) 

The System LiF—NaF.



-40- 

 
 

 
 

ORNL-LR-DWG 16145 

‘ / 

fi; 

? 

 
 

 
       

  
 
 

 
 

       
 

  
    

   
 

    

 
 

 
 

  
 
 

; 

o 
O 

O 
O 

w 
T9] 

900 

8C0 

Q0 F 

(Oo) 
3
Y
N
L
Y
H
I
d
W
A
L
 

4
9
4
 

- 411 

                    400 

300 

60 70 80 @0 LiF 50 40 10 RbF 

(mole % ) Lif 

The System RbF—L



.41- 

 
 
 
 

 
 

 
 

 
 

     
 

      | 
 
 

 
 

 
 

  
 
 

  
 
 

4
8
3
0
4
1
7
 

 
 

        
 
 

900 

800 

700 

O
 

O
 

0
 

(Do) 
I
H
N
L
Y
H
I
J
N
I
L
 

500 

400 

300 

90 CsF 80 
iF 10 20 30 40 50 60 

CsF (mole %) 

| L 

The System LiF-CsF,



T
E
M
P
E
R
A
T
U
R
E
 

(°
C)

 

m‘ . i 

DWGE 14827 

  1000 

Q00— 

800 — 

7 00— 
  

  

6 00— 

500—     

[ 

    
  

  400 
NaF 10 20 30 40 50 

ZnF, {mole % 

The System Naf-Zn F,- 

60 70 80 S0 ZnFy 

o
z
v
 
-



T
E
M
P
E
R
A
T
U
R
E
 

(°
C}
 

DWG. 14626 
  1000 ] T 

900 | 

800 

  

700 

  

  
-
E
P
.
 

600 +— 

500 |— — 

400 |— —         
  300 

KF 10 20 30 40 50 60 70 80 90 ZnF, 

ZnF,. (mole %) 

The System KF—ZnF,.



T
E
M
P
E
R
A
T
U
R
E
 

(°
C)
 

SR> 
DWG. 15345 

  
{000 

900 

800 { 

700 

600 
  

500 —       

-
v
v
-
 

      
      

400 
Rb¢ 10 20 30 40 50 60 70 

ZnF, {mole %) 

The System RbF-—Zan. 

80 S0 Zan



T
E
M
P
E
R
A
T
U
R
E
 

(°
C)

 

1050 

t000 

850 

300 

850 

800 

750 

700 

ORNL—LR-DWG 11524 
  

  

T 
{ 

  

  
  

    
      
      

  
~ \\ 

~——_ 

  

                          

UF, 20 30 490 50 

ZrF 

The System UF 4ZrF 

4 (mole %) 

4 

60 70 80 90 ZrF, 

<
P
~



T
E
M
P
E
R
A
T
U
R
E
 

(°
C)
 

1500 

1400 

1300 

1200 

HOO 

1000 

800 

700 
RbF 

UNCLASSIFIED 
ORNL—LR—-DWG 47668 

  

  

O THERMAL ANALYSIS DATA 
® VISUAL OBSERVATION DATA 
  

| 
| 
; 

| 
| 

  

  

  
  

  

  
  

        
          

      

20 30 40 50 60 

C0F2 {mole %) 

The System RbF—Can . 

90 CeF, 

-
9
-
7
.



T
E
M
P
E
R
A
T
U
R
E
 

(°
C)
 

OWG.14633 
  

1050 

10600 — 

950 

900 — 

800 — 

750   700 

6PbF,-UF, 
   

  

— —— ———— — — — — 

  

    ! J l I I i 

! 

    PbF. 10 20 30 40 50 60 70 80 

UF, (mole %) 

The System PbF2-UF 4° 

20 UF, 

-
A
?
-



UNCLASSIFIED 
PHOTO 26016 

  

  

  

  

  
10 20 30 40 50 60 70 80 90 

MOLE %, FeCl, 

The System KCi—-Fe.-CI:2 .



-49. 

UNCLASSIFIED 
ORML-LR-DWG . 1199 

NaF 

  

  

  LiF   
The System KF—LiF—NaF,



UNCLASSIFIED 
ORNL-LR-DWG. 1200 

RbF 
780°C 

  

      
995°C 650°C 845°C 

  

The System NaF-LiF-RbF,



-51- 

UNCLASSIFIED 
ORNL ~LR-DWG 17704 

Bef, 

543 

330 

KF - 2BeF, 
368 

  

365 

NoF - BeF, gl . KF-BeFy, 
360 390 {INC) 

347 
K.F-Nan-Ber 

N 625. - 

2Maf - BeF, \ o 2KF - BeF, 

    

788 
570 

730 

3KF - BeF, 
738 

NN N N N N N 
2920 856 

Compatibil ity Triangles in the System NaFu-KF—-Ber.



E=EUTECTIC 

T= TERNARY EUTECTIC 

TC= TERNARY COMPOUND 

P= PERITECTIC 

SUBSOLIDUS COMPOUNDS SHOWN 

IN PARENTHESES 

LIQUIDUS TEMPERATURES ARE IN °C 

-52- 

CRNL-LR-DOWG 16151 

BeF2 

542 

      

   

    

   
    

  

      
   

  

    

E370 

  

E356 N Vro7s ~ 
; ; -~ / — Naf-BeFo (LiF - BeFp) ~ A 
274 // 

_ ’ - 332 
~ 4 

-~ ENS g L —> £345 (S5NaF-LiF- 3BeFp) 

pasy /7 ——— ' 320 
2LiF - BefF, /4 2NaF - LiF - 28ef, >\ 2Nof- Bef, 

460 355 155 595 
, E570 

240 \T480 

LiF I | 1 1 | NaF 
g44 £649 990 

The System LiF-—NcF——BeF2.



 
 

 
 

J 

...._._..._.c'P 

K 

UNCLASSIFIED 
ORNL-LR-DWG 918D 

  
    

    
    

KoBeR, (mole %) 

  
  

  
 
 

  
  

  
 
 
 
 

NaF 

900 

700 

600 

500 

(Do} 
F
U
N
I
V
H
I
A
W
I
L
 

The Join NoF—KzBeF4.



.54- 

    
v 

ORNL-LR-DWG 16959 

Zr Fq 

318 

    

    

   

   

900 
800 ALL TEMPERATURES ARE IN °C 

(COMPOSITIONS ARE IN mole %) 

-+ INDICATES SOLID SOLUTION 

  

  

  

  

  

  

  

  

  

BNCF * ZrFg famere i bttt 
bbb 3 LIF - ZrFg 

58, - §00 

oo " o = 650 
800 

605 fa= ) ” ” 

850 . - - - \ 700 

900 < - - 750 

950 /N 
— . 

_ — . 800 
\‘-‘\ 

\/ Ny / b, \/ e 7 / B / / \/ Ry, 

NoF 950 S00 850 800 750 700 B5C 700 750 BOO LiF 
850 

280 

The System NaF-—LiF-——ZrF4.



UNCLASSIFIED 

ORNL—LR—-DWG 11527 

Zr‘F4 

    
      

3KF-2NaF- SZrF4\ 

SNaoF-4 ZrF, 

A Sy 
-.""Z TSN IKF Iy 

  

Compatibility Triangles in the System NaF-KF—ZrF 4



-56.- 

        

        

        

   

  INaF -4 ZrFg 550 

445 —— KF-ZrF, 
515 

7NaF-6ZrFgq —525- e TKF -6 ZrF, 

500 450 
v 550 

850 
750 — 2KF - 2rF4 

2NaF-2rFg4 

3IKF-ZrFq 
  

  

  

  

3 NaF - ZrFa 850 

800/— 

B850 

900 

950 S 
00 

NaF 
. KF 

950 900 850 800 750 710 750 800 

Liquidus Temperature (°C} in the NaF—KF-ZrF, System.



.57. 

  ORNL~LR—DWG 16960, 

   
   

    
   

  

          

     

    

  

   

     

   

                

      

£50) Lo | 

537 — 455 . 50 2% Nl RbF-2 20 F, 

  

  

  

  

  

  

  

      
    

  

ALL TEMPERATURES ARE IN®C 
850 850 (COMPOSITIONS ARE IN mole %) 

----- 850 

RbF' 2 ZrF, 

550 

500 
€50 

450 600 
440 3NeF-4ZrF, 

537 403 
SEE DETAIL ABOVE 

   
NaFRbF-2ZrF, 

510 

TNoF-§ ZrF, 
RbF-ZrF, 
413 

SROF-4ZeF, 
505 

: 400 550 
600 

-2 RbF-ZrF, 
800 
850 

INgF-ZrFy 
BRoF-Zriy 

T4T- 
800~ 

850 

850 

800 

900 
750 

700 

750 
950 / 

280 

~
3
 

€73 

The System NaF’—-—RbF—ZrF4.



CRNL—LR—DWG 169584 

UF4 
1035 

  

    

  

   

ALL TEMPERATURES ARE IN °C 

(COMPOSITIONS ARE IN mole %) 

++++-+ INDICATES SOLID SOLUTION 

LiF - 4UF4     
e P 7 LiIF -6 UFa    7NaF - 6 UFy A& 

   SNaF-3UF, /° 
675 A 

AN 
ZNoF - UF,4     

  

  
NgF 350 900 850 800 750 o0 650 LiF 

The System NaF-LiF-UF,.



-59- 

    
DWG. 12948 

730°C 

[‘\‘ T 

  

    

KUFg 780°C 

  

Qsoo Q LiF 845°C 490°C 

The System KF-LiF-UF,.



DWG ..     UF, 
1035°C 

  

  

    

  

720°C REF 

LifF 

o 

845°C   
The Syflen1RbF~LiFwUF4-



.61 

  

    ORML -LR~DW 

UF, 

1000 

ALL TEMPERATURES ARE IN ¢ 

COMPOSITIONS IN mole %% ’ 

800 
NaF - 2UF, 

750 

680 700 

~ ™o
 

o 

700 

TNaF . 8UF, 
i N\ TKF - 6UF4 

700 

S5NaF - 3UF4 650 750 

670 

. o0 

627 “'Il!!!;"‘illlll'.p , ,/’“’“"—""6 _ 

= - 

  

  

N oo\ 
AR 

625 650 T~ 2NaF -KF - UF, 
    

  

L o 800 
' \ 750 

\ 
700 

50 S e 
800 

850 

950 

980 740 850 

NafF KF 

The System NaF-KF-UF ;; Liquidus Temperatures and Compatibility Triangles.



62 

ORNIL-LR-DWG 187444 

UF, 

1035° 

/ A 
TEMPERATURES ARE #J_OO_O__S\ 

IN DEGREES CENTIGRADE A H\ 
| 

\ RbF - 6UF,     

    

   

       

      

  

   

   

     
           

    

COMPOSITIONS 
IN MOLE PERCENT 

  

  

  

   

NaF « 2UF, 

,,- <750 1\ 2ROF-3UR 

o CN 730 
685" fomgtl, oo , _ g 

[ e e 
SN A RDBF-UF 

/5 i - 7007 * 

TNaF-6Uf A4 " : 7ROF - 6UF, 
691" 
678" 

  

  

5NoF - 3UF, / 
\ o 

680° . 

PN 
2RbF - UF, 

650° < 
— &0 

o \\ 

m 
” 

3NaF-UF, ./ X 3 
i 

> 4 h— 

. 

620" '/ - — 3RbF - UF, 
00220 e 

7007850 
) 

T —— 800" —   

    

  

750° R ——— T o . 

8o 
. FOO" 750 — 710 

950.= 
o é j 

S (36 1 

NaF 
674° Rbgo 

280° 
R 

The System NaF—RbF-—»-UF4.



-63- 

MOUND LAB. NO. 
S6~11-29 (REV] 

    
ALL TEMPERATURES ARE IN °C 

£ = EUTECTIC 

P = PERITECTIC LiF“unq 

UFy |1 = PRIMARY PHASE FIELD 

4LiF -UF, 

  
LiF 

  
  

The System LiF—BeFZ—-UF4.



MOUND LAB. NO. 

56 -11—30 (REV) 

UF, 

    

   
    

      
   

    

    

ALL TEMPERATURES ARE IN °C 

£ = EUTECTIC 

£ = PERITECTIC 

UF, | = PRIMARY PHASE FIELD 

5NaF-3 ur, 

‘5 NaF-3UF, P 
[ 

2 NaF- UF4/" 
TN 

3INGF-UF, 

      e 3INGF UF, 

  

    

2NaF-BeF, NaF-Bef, 

The System NaF-BeF,—UF 4°



-65- 

ORNL~LR-DWG 3398 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

Y
1
1
7
 

. JONE 

Y417 9.40N 
/ 

P
y
i
z
 

2 
4ONE 

Cyiz. JONS 

S 
G
z
 

qopng 

The System NoF-—ZrF4-—-UF4.



-66- 

PHOTO 22349 
UF, 1035°C 

    
Liquidus Temperatures in the System NcFerF4-—UF4.



T
E
M
P
E
R
A
T
U
R
E
 

(°
C)
 

ORNL -LR-DWG 176694 
  

800 

750 
  

    

    
700   
650 

              \ 

      

  

\ 

  
600 e 

7 

e 

\ 

    

  
55C 

        500 

  

                              7NaF- 6ZrF, 10 20 30 

The System 7NaF*6ZrF ,—7NaF - 6UF 

40 50 

7NaF - BUF, (mole %) 

60 70 

4° 

80 90  7NoF-6UF,



(°
C)
 

T
E
M
P
E
R
A
T
U
R
E
 

UNCLASSIFIED 

ORNL -LR-DWG 18747 

  

    

  

    

  
  

  

  

  

  

  
  

      

                              
  

| 
| 

700 —— - 

e | 
LiF- 4UF, + LIQUID 

600 = — 

i 

500 

LL.Q- 

] 

€0 

W L 
P~ 

400 ‘x ! 
7NaF - 6UF, 10 20 30 40 50 

LiF {mole %) 

The Join 7NaF*6UF4—7LiF-6UF4. 

-
8
9
.



{000 

200 

800 

T
E
M
P
E
R
A
T
U
R
E
 

(°
C)
 

~ O
 O 

600 

500 

400 

    

ORNL — LR —DWG 17665 

  

    
3RbF - UF, + LIQUID 

  

/ 
  

v 
  

— 2 Naf - UF, + LIQUID \/ 

  
\/SNGF‘ UF, ++ LIQUID 

§ /| 
2RbF -UF, + LIQUID 

-
6
9
-
 

  

  

  

            
        

  

The Join 2NaF- UF4—-2RbF- UF4. 

2NaF - UF, + 2RbF - UF, 

S 

us > S L 3 
> 2NaF - UF, + NoF - RbF - UF, S NoF - RbF - UF, + 2RbF - UF, N 
s | . 2 
5 | S | & 

0 10 20 30 40 50 60 70 
RbF (mole 9)



T
E
M
P
E
R
A
T
U
R
E
 

(°
0)

 

650 

600 

550 

500 

450 

N 
ORNL-LR-DWG {7666 

  

  

    

Na® + LIQUID 

  
  

/ 
       

      
NaF + 2NaF - UF, 

+ LiQUID 
NGF - U, + LIQUID    

  

2RbF - Uf, + LIQUID/ 

/ZNGF' UF, 
+ 2RbF - UF, 
+ LIQUID 

    
  

| 
e 
| 

Z2NaF - UF, + NaF « RbF - Uk, + LiQUID 

        
NoF + NaoF + RbF - UF, 

| 

r 
I 

N
o
F
+
R
b
F
 

- U
F, 

      

55 50 45 40 

NaF {mole %) 

3 5 30 

_
O
L
.



1000 

T
E
M
P
E
R
A
T
U
R
E
 

(°
C)
 

900 

800 

700 

600 

500 

400 

ORNL — LR — DWG 17667 

  

/ 

  

  / 

3RbF - UF, + LIQUID 

    
        

2RbF - Uk, +LIQUID 

  
    

  

| 
| 

      
NaF - RoF - UFa + 2RbF-UFs + L1QUID 
  

        

        
  

w | NoF - RDF - UFg + 3RbF - UF, + LIQUID . 
[ r L | W] 

: | NaF - RbF - UF, + 3Rbf - UF, S | ’ o 2 | | | - 

30 35 40 45 50 55 80 65 70 75 
RbF {(mole %o ) 

The Join NaF-RbF-UF4—3RbF-UF4. 

-
l
[
-



«72- 

ORNL-LR-DWG 16149 

A=7NaF-6Zr(U)f, 

B= RbF-3UF, 
C = RbF - UF, 
D = 5RbF - 4Zr (U)F, 
E = RbF- 6UF, 
F = 7RbF-6UF, 

  

  

LIQUIDUS TEMPERATURES 
PLOTTED IN°C 

  

  

  

  

  

  

  

  

  

  

  

D —60 

\6\6@ 55 

o 50 

N a5 
40 

35 

30 

25 

20 

5     \ 
NGF? \ RbF 

Primary and Secondary Uranium=-Containi ng Phases in the System NoF-RbF-ZrF 4——UF 4 
with 4 Mole % UF4.



73~ 

ORNL ~ Lg‘l—“!wlg 16150 
A=T7NaF-6Zr(U)F, 
B = RbF - 3UF, Zrfq 
C = RbF: Ufy 

D =5RbF-4Zr(U)F, 

E =RbF- 6UF, 

LIQUIDUS TEMPERATURES 

PLOTTED IN °C 

  

Naf RbF   

Primary and Secondary Uranium-Containing Phases in the System NcF—RbF——ZrF4—UF4 
with 7 Mole % UF,.



UNCLASSIFIED 
ORNL—LR—DWG 20455 

UF 

1035°C 

  

  

  

Nof 

295°C 815°c¢C 
    

The System NoF—PbFz—UF4.



ORNL -LR-DWG 20488 

ThF4 

1119 

TO NaF - ThF, 

' TO NaF - ThF, \ TO NaF - 2 ThF, 

       

  
  

NaF - 2 ThF, 

ALL TEMPERATURES 
ARE IN C 

O\ MINIMUM 
7N\ 820 

4NoF - ThE, 
) / 700 

& 900 2 o X GO & N O Bf N - S5O N W\ / / © Vo N NN /9 Al 505 Y \y/ X 
NaF 3NGF - ZrF,  2MNof -ZrF, 7NGF -6 ZrF, 3Naf -4 ZrF, ZrF, 990 

942 

The System NaF—ZrF4-—ThF4.



76~ 

UNCLASSIFIED 
ORNL—LR—DWG (2779 

   
      

TEMPERATURES ARE IN °C 

  

  

/ / \ . 

\ /; \ // / 

¥ =1100 ot 
/o s / 

/Y\ /,r \\ / \ / K & 

i _Z 10502 
/—' \\// /f/ \\\ / T / 7 \/ B 4»_; 

/\\ , 953—-1000—7\ / \ /,, 

  

   
      

    

   

  

  

7 Voo T25 e A A / 
2.,.._4-680—'613"608 N/ 

_____4‘,1,,?50”-—745 664 6177645 615 ® / 598 \ / 
&5 J® 1”""/\2fl%/ """ ‘ 

e . 7 \ /’ A ; 

° ,%?8-\\ 660 // ) ’ /o / 
(6154 663,620 4745 

, / 

\, /’ , ! 5 

: 615 770 # 
; — e\ X - 660,615°835 900 —-oees 

\, \ /N /N 518 ~, 
: > ;N /N 700 / 750\ \ 950 

LiF \/ \ ’ N g /< // / 3 ; X/ NofF 

844 s 990 

The System LiF-NaF-CaF,. 

  
773 

     

 



1200 

1400 

3 1300 

1200 

1100 

T
E
M
P
E
R
A
T
U
R
E
 

(° 

1000 

900 

UNCLASSIFIED 
ORNL—LR-DWG 12780 

  

  

  
  

  

  

  

  

| | | | 
‘ 1, 

. / 
! r 7 
. : 7 
i rd 
; / 
| | 
; 7 N , : /” 
: | 7 
: ’ 
| | , 
i ! i 7 
' \ ” : | 7 
| | y 
! ‘ 7z 
;& | 7 

' // 
: ? v 
: ‘ : 7”7 

a | 7 
| s 

| l a’/ 
: | ,/ 

” | . 
H L L 4 

\ | | c 
2 | "4 
R 
| Neo | . 

e * a * 

- | :                     
10 20 30 40 50 60 70 80 90 Caf, 

CaF, (mole %) 

The System NaMgF.,—CdF,. 
3 2 

-
l
l
-



AlFs m iy 
DWG. 1740 

    
CNOT 
VESTIGATED 

    

NaF   

The System KF—~NaF~AlF 3°



-79- 

i . 
H4°C 

  

    
850’ 

  

  

  

  

  

  BEFZ 

543°¢C 
  

LiF 
845°C 

  

  

The System BeF2-LiF-ThF4.



CaFy 
{448 

f350 

1300 

940 

[ 

905 1150 

    

UNCLASSIFIED 

ORNL-LR-DWG 17575 

  

NafF B30 NaMgFy 990 

990 1030 

The System NaF—Mng—CoF2 . 

285 

N 

& 
& o 

F 
O 

¥ 
Q 
o 

w 
O 
& 

N/ ¥ 
Mng 

1270



.81- 

       

  

  

  

          
  

    
  

  
  

  

  

    

DWG. 17407 

o X-RAY PATTERN OBTAINED AT THESE 
COMPOSITIONS 

o Na, LiCrFg 

K Nag(Crfg), o 

SOLID SOLUTION // 

s 1y s 

ol AN N\ KoNaCrfy S K 7 Li,NaCrfg \VARNAVARNLYZ7A VAL VARAVARVA 
/Cfp 

& 

Q 

o o 

O W 
i'(\,,CrF6 KZLiCrF6 Liach6 

  

The System K3CrF6--Li 3CrF6—-N03C Fg-



T
E
M
P
E
R
A
T
U
R
E
 

(°
C)
 

UNCLASSIFIED 

ORNL-LR-DWG 20463 
  

  

  
    

  

      
  

    
    

  

  
  

    

    
  
      

      
  

  

  
  

                        

500 

450 

400 

350 |- 

w ; 300 ~t - 

250 * . —— e —— — — 
NaOH-LiOH | 

¢ 
200 — et} — f | | | S S B G o 

| | 150 | | | 
NaOH 10 20 30 40 50 60 70 80 90 LioH 

LiOH (mole 0/0) 

The System NaOH-LiOH. 

-
6
8
-



T
E
M
P
E
R
A
T
U
R
E
 

(°
C)
 

  

  

  
        
  

    

  

  
  

  

                    

UNCLASSIFIED 

ORNL-LR-DWG 20460 
600 , : 

1 

| | 
| | 

{ 

500 | | 
¢ ‘ ‘ 

: | 
| ! 

| | | 400 ; : 

300 3 - 
i 

| , 
| | ! ° © 

$ o] s ~ -0 < T * 
o E ; : 

3 f 1 

100 l ‘ 
LiOH 10 20 30 4 50 60 70 &80 S0 KOH 

KOH (moie o/o) 

The System LiOH-KOH. 

-
‘
8
8
‘



T
E
M
P
E
R
A
T
U
R
E
 

(°
C)
 

400 

350 

30C 

250 

200 

150 

100 
KOH 

UNCLA SSIFIED 

ORNL-LR-DWG 20458 
  

  

  

- LIQUIDUS DIAGRAM | 7 
pd - 

  

N ~ 
  

A A -\— >4   
———— o -8 PHASE 

TRANSITION DIAGRAM 
                          

30 4 0 5 0 

NaOH (mole %) 

60 7 

The System KOH-NaOH. 

0 8 0 9 0 NaOH 

-
P
B
-



T
E
M
P
E
R
A
T
U
R
E
 

(°
C)
 

UNCLASSIFIED 

ORNL-LR-DWG 20459 
  320 

  300       
  280         
  260 

  

  
  

  240 

  
    

  
    
| RooH (NaOH), 
  220 

  20C                   
  180 

RbOH 10 20 30 40 50 60 70 80 90 NaQOH 

NaOH {(mole %) 

The System RbOH-NaOH. 

8
-



T
E
M
P
E
R
A
T
U
R
E
 

{°
C)
 

UNCLASSIFIED 

ORNL-LR-DWG 20462 550 
  

00~     

    

T |       

  

      
                      

Dog 9 350 ? ¢ 

? cJ; ’» O 0 

300 J * St{OH}, 40 20 30 40 50 60 70 80 S0 8a(OH), 
BG(OH)2 {moie %) 

The System Sr(O H)2—BG(O H)2 . 

‘
9
8
-


