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HEAT TRANSFER SALT FOR HIGH TEMPERATURE STEAM GENERATION 

E.  G .  Bohlmann 

ABSTRACT AND SUMMARY 

A l i t e r a t u r e  review and canvass  of vendors  reveals no 
expe r i ence  and s p a r s e ,  s h o r t  term d a t a  b e a r i n g  on t h e  p o s s i b l e  
u s e  of h e a t  t r a n s f e r  s a l t  (HTS - 40% N a N 0 2 ,  7% N a N 0 3 ,  53% K N O J )  
a t  t empera tu res  > 1000"F, S t a b i l i t y  d a t a  found i n d i c a t e  t h a t  
i n  a steam g e n e r a t o r  loop  running  wi th  a maximum tempera ture  of 
1100°F about  0.5% o f  t h e  N a N 0 2  would decompose p e r  day accord ing  
t o  t h e  o v e r a l l  r e a c t i o n  

5NaN02 -f 3NaN03 4- Nan0 f N z  

I n  t h e  s i z e  loop  envis ioned  f o r  a Molten S a l t  Breeder  Reac tor  (MSBR) 
t h e  n i t r o g e n  produced would amount t o  3400 f t 3 / d ,  

A u s t e n i t i c  s t a i n l e s s  steels axe  recommended materials of 
c o n s t r u c t i o n  above 850°F and s h o r t  term tes t  d a t a  sugges t  h igh  
n i c k e l  a l l o y s  l i k e  Incoloy ,  and Incone l  would also b e  s u i t a b l e .  
I would i n f e r  t h a t  HastelLoy-N would b e  r e s i s t a n t  a l s o ,  

A t e r t i a r y  HTS steam g e n e r a t o r  loop  would p rov ide  an e f f e c t i v e  
b a r r i e r  t o  t r a n s f e r  of t r i t i u m  formed i n  an MSBR t o  t h e  steam 
g e n e r a t o r .  The t e r t i a r y  loop  i s  r e q u i r e d  t o  eliminate t h e  
p o s s i b i l i t y  of a v i o l e n t  moderator  g r a p h i t e  - HTS r e a c t i o n ,  
ever, p r o j e c t e d  u s e  i n  an  MSBR a t  tempera tures  t o  % 1100°F would 
r e q u i r e  a s u b s t a n t i a l  development program d i r e c t e d  a t  s t a b i l i t y  
and /o r  composi t ion re-adjustment  and v e r i f i c a t i o n  of materials 
c o m p a t i b i l i t y .  Thus, t h e  presence  of a p p r e c i a b l e  N a z O  and/or  
NaOH, depending on steam leakage ,  a t  such tempera tures  might  
a p p r e c i a b l y  a l t e r  t h e  c o r r o s i o n  p i c t u r e .  

How- 

An i n d u s t r i a l  i n s t a l l a t i o n  f o r  d ry ing  NaOH was opera t ed  
one and one h a l f  y e a r s  w i t h  a maximum tempera ture  of  980°F 
wi thou t  d i f f i c u l t i e s  due t o  c o r r o s i o n  o r  s t a b i l i t y .  The sal t  
loop  was c o n s t r u c t e d  of ASTM 106 Grade A s t ee l ,  





3 

INTRODUCTION 

I t  is  es t ima ted  t h a t  a molten s a l t  b reede r  r e a c t o r  w i l l  produce Q2500 

c i  3T p e r  day. 

g e n e r a t o r  system must ‘be p revented  t o  avoid r e s u l t a n t  contaminat ion  and 

containment problems. A s u b s t a n t i a l .  b a r r i e r  t o  such t r a n s f e r  would be  

provided  by t h e  u s e  of h e a t  t r a n s f e r  s a l t  - HTS (Na-K, n i t r i t e - n i t r a t e  

mixture)  i n  t h e  r e a c t o r  steam g e n e r a t o r  c i r c u i t .  

t o  b lock  t h e  t r i t i u m  t r a n s f e r  i n  s e v e r a l  ways: 

T r a n s f e r  of a p p r e c i a b l e  pe rcen tages  of t h i s  3T t o  t h e  steam 

The HTS would b e  expec ted  

1. Conversion of hydrogen t o  water by t h e  r e a c t i o n s :  (Cf Appendix A ) .  

a.  N a N 0 3  + :H2 3 N a N 0 2  4- H 2 0  AF = -44  k c a l  

b .  AF = -46 k c a l  H2 + 1 / 2  0 2 *  3 H 2 0  

* 
From Na:NO3 2 N a N 0 2  i- 1 / 2  02 

2 .  HTS systems are compatible w i t h  steam (used as i n e r t  cover gas  i n  

i n d u s t r i a l  appl ica t ions’ )  s o  t h e  water formed i n  1 would n o t  be  c o r r o s i v e  

t o  t h e  steam g e n e r a t o r  t ub ing ,  t he reby  e l i m i n a t i n g  t h a t  p o s s i b l e  a l t e r n a t e  

t r i t i u m  t r a n s p o r t  mechanism. 

3 .  

4 .  P r o t e c t i v e  ox ides ,  which i n h i b i t  tritium d i f f u s i o n ,  are formed 

The t r i t i a t e d  water could b e  s t r i p p e d  from t h e  HTS as r e q u i r e d .  

2 on a l l o y s  i n  c o n t a c t  w i t h  HTS. 

O r i g i n a l l y ,  c o n s i d e r a t i o n  was g iven  t o  t h e  s u b s t i t u t i o n  of t h e  HTS 

f o r  t h e  f l u o r o b o s a t e  secondary c o o l a n t .  However, t h e  p r o b a b i l i t y  of a 

v i o l e n t  i n t e r a ~ t i o n ~ ’ ~  between t h e  HTS and t h e  g r a p h i t e  moderator ( s e e  

s e c t i o n ,  S a f e t y  P r e c a u t i o n s )  i n  t h e  event of c o n t a c t  du r ing  an a c c i d e n t  

e l i m i n a t e d  t h i s  p o s s i b i l i t y .  

f irmed by an i n v e s t i g a t i o n  c a r r i e d  ou t  by Bamberger and Ross (Cf. 

Appendix B). 

e x t e n s i v e  demonst ra t ion  of c o m p a t i b i l i t y  w i t h  t h e  ve ry  h igh  r a d i a t i o n  

i n t e n s i t i e s  i n  t h e  primary h e a t  exchanger. 

Such a v i o l e n t  i n t e r a c t i o n  has  been con- 

Use of HTS as t h e  secondary coo lan t  would a l s o  n e c e s s i t a t e  

An a l t e r n a t e  p o s s i b i l i t y  is  t h e  u s e  of HTS i n  a s e p a r a t e ,  t e r t i a r y  

steam g e n e r a t o r  l oop ;  7LiF-BeF2, o r  92 NaBF4-8NaF, would b e  used i n  t h e  

secondary loop.  Inc reased  c o s t  would make t h i s  approach un tenab le  were 

i t  n o t  f o r  o t h e r  p o s i t i v e  c o n s i d e r a t i o n s .  These inc lude :  
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1. The low, 288'F, me l t ing  p o i n t  of HTS makes p o s s i b l e  s i g n i f i c a n t  

s i m p l i f i c a t i o n  of t h e  steam system; cheaper  a l l o y s  would a l s o  b e  useab le ,  

2 .  Steam l e a k s  i n t o  UTS w i l l  n o t  enhance c o r r o s i o n  as i t  would i n  
92NaBF4-8NaF o r  o t h e r  f l u o r i d e  c o o l a n t s .  

i n t o  t h e  f l u o r o b o r a t e  p a r t i c i p a t e s ,  % 5 moles/h is  e q u i v a l e n t  t o  1 mpy 

(uniform) f o r  t h e  e n t i r e  secondary loop  of an MSBR. 

Assuming a l l  t h e  water l e a k i n g  

3 .  Use of 7LiF-BeF2 i n  t h e  secondary loop  would e l i m i n a t e  poisoning  

of t h e  f u e l  by leakage  of secondary s a l t  i n t o  t h e  f u e l ;  minor reverse 

leakage  would a l s o  b e  more t o l e r a b l e  s i n c e  t h e  secondary loop  could b e  

inc luded  i n  t h e  r e a c t o r  ce l l .  

NaF-ZrF4 which h a s  a reasonably  low c r o s s  s e c t i o n  and which probably  i s  

removable by t h e  p r e s e n t l y  cons ide red  f u e l  p rocess ing  methods. 

A s u b s t a n t i a l l y  cheaper  a l ternate  might b e  

Robertson5 has  e s t ima ted  t h e  added c o s t  of a t h i r d  HTS loop ,  t a k i n g  

i n t o  account  s av ings  due t o  t h e  above and o t h e r  c o n s i d e r a t i o n s .  H e  con- 

c luded ,  "Addition of  t h e  (L2B and HTS) loops  would increase t h e  power 

product ion  c o s t s  by 0.2 - 0.3 mi l l s /kwhr ,  making t h e  t o t a l  c o s t  about  

5.5 mi l l s /kwhr ."  The added c a p i t a l  c o s t  amounted t o  10 t o  13 m i l l i o n  

d o l l a r s  (206 t o t a l )  depending on whether  Incoloy  800 could b e  s u b s t i t u t e d  

f o r  H a s t e l l o y  N i n  t h e  secondary loop.  

While t h i s  e s t ima ted  i n c r e a s e d  c o s t  w a s  n o t  f a v o r a b l e  t o  t h e  t h i r d  

loop  approach t o  t r i t i u m  c o n t r o l ,  t h i s  survey  of  t h e  "s ta te  of t h e  art" 

as r ega rds  use  of HTS under YSBR c o n d i t i o n s  was a l s o  conducted. A t  f i r s t  

b l u s h  i t  appeared t h a t  t h e  widespread i n d u s t r i a l  expe r i ence  would minimize 

t h e  development r e q u i r e d  f o r  such a d a p t a t i o n ;  u n f o r t u n a t e l y  t h e  survey  

showed such  optimism was n o t  well  founded. 

COMPOSITION AND STABILITY 

Heat t r a n s f e r  s a l t  was developed by duPont i n  t h e  t h i r t i e s 6  f o r  u se  

i n  t h e  chemical  and pe t ro leum p rocess  i n d u s t r i e s ,  n o t a b l y  t h e  Houdry 

c a t a l y t i c  c rack ing  and r e f i n i n g  u n i t s .  
40NaN02, 7NaN03, 53 KNO3 which melts a t  288'F; t h e  m e l t i n g  p o i n t  i s  n o t  

g r e a t l y  a f f e c t e d  by a p p r e c i a b l e  a l t e r a t i o n s  as shown i n  Tab le  1. 

The u s u a l  weight  % composi t ion i s  
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Table  1" - The Freez ing  P o i n t s  of NaN02-NaN03-KN03 

Mixtures  

% N a N 0 2  % NaN03 
by w t .  by w t .  

LOO 
50 

44 

42 

40 

40 

38.5 

38 

35 

3 4  

34 

30 

30 

30 

0 

0 

0 

0 

3 

3 

0 

7 

11 

6 

7 

1 3  

3 

20 

10 

0 

100 

0 

% KNo3 F reez ing  
by w t .  Po fn t  O F  

0 

50 

53 

55 

60 

53 

50.5 

56 

58 

53 

63  

50 

60 

70 

0 

100 

540 

282 

284 

287 

289 

288 ("HTS") 

293 

292 

311 

30 5 

328 

305 

312 

333 

5 86 

633 
* 

Table  11, page 3.75, from R e f .  1. 

Apparently t h e  technology grew " l i k e  Topsy," as r e g a r d s  bo th  composition 

and materials of c o n s t r u c t i o n ,  ou t  of many y e a r s  expexience w i t h  s a l t  

b a t h s  used i n  h e a t  t r e a t i n g  and c l e a n i n g  metals. 

Presumably because  of t h i s  and p r o p r i e t a r y  c o n s i d e r a t i o n s ,  t h e r e  i s  

a p a u c i t y  of q u a n t i t a t i v e  d a t a  on s t a b i l i t y  and c o r r o s i o n  i n  t h e  open and 

vendor l i t e r a t u r e ;  t h i s  i n  s p i t e  of widespread u s e  i n  s u b s t a n t i a l  

q u a n t i t i e s  - one Houdry u n i t  used Q lo6 l b .  Low c o s t  ( s t i l l  15C/lb) and 

t r a c t a b i l i t y  under "rough and ready" hand l ing  a l s o  may have c o n t r i b u t e d ,  

A t  t h e  time of i t s  i n t r o d u c t i o n  t h e  low, 288OF, m e l t i n g  p o i n t  was a 
major advantage  s i n c e  i t  was below t h e  tempera ture  a t  which steam was 
a v a i l a b l e  i n  most p l a n t s .  The need f o r  steam j a c k e t s  and tracers, des ign  - 
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f o r  complete g r a v i t y  d ra inage ,  and o t h e r  f reeze-mel t  problems, however, 

gave t h e  compe t i t i ve  nod t o  o r g a n i c s  l i k e  "Dowtherm" f o r  tempera tures  below 

700°F. A pa t en ted  European development a v a i l a b l e  under  l i c e n s e  i n  t h e  U.S ,  

by American Hydrothem Corp. , 7 y  

This  invo lves  adding  s u f f i c i e n t  water t o  t h e  sa l t  a t  s t a r t u p a n d  s t a r t i n g  

a t  500°F on c o o l d o w r t o  keep t h e  s a l t  i n  s o l u t i o n  a t  ambient (Q 50°F) 

tempera ture ,  The water i s  g r a d u a l l y  f l a s h e d  o f f  a t  200 - 500'F w h i l e  

c i r c u l a t i n g  through t h e  system; t h i s  eliminates t h e  severe thermal  shock 

of s t a r t i n g  c i r c u l a t i o n  a t  500'F i n  a co ld  system o r  need f o r  p r o v i s i o n  of 

a n  a l t e r n a t e  p r e h e a t  c a p a b i l i t y ,  

systems of t h i s  k ind  have been i n  o p e r a t i o n  s i n c e  1961 o r  are now under 

c o n s t r u c t i o n ,  American Hydtotherm claims a 20% sav ing  on c a p i t a l  c o s t s  

f o r  t h e  use  o f  sa l t  d i l u t i o n  i n s t e a d  of d r y  salt , '  w i t h  no r e s u l t a n t  

materials o r  hand l ing  problems. 

Hydrotherm 

s u b s r a n r f a l l y  lower c o s t s  f o r  t h e  l a t t e r .  The d i l u t i o n  p r o c e s s  a l s o  

e l i m i n a t e s  problems which may b e  caused by i n c r e a s e s  i n  m e l t i n g  p o i n t  due 

t o  o x i d a t i o n  of n i t r i t e  t o  n i t r a t e  o r  format ion  of  r e l a t i v e l y  i n s o l u b l e  

N a i C 0 3  from pickup of C 0 2 . 8  J .  Alexander ,  Jr . ,  and S. G, Hindin" have 

pub l i shed  d e t a i l e d  s t u d i e s  of t h e  f r e e z i n g  p o i n t s  o f  t h e  system sodium and 

potass ium n i t r i t e s  and n i t r a t e s  and t h e  e f f e c t s  of i m p u r i t i e s  on them. 

Commercially used measures f o r  coun te r ing  t h e s e  e f f e c t s  a l s o  d i scussed  

inc luded:  

eliminates t h e s e  problems by "salt d i l u t i o n , "  

Ten p i l o t  p l a n t  and th i r ty - two  p l a n t  s i z e  

A p o i n t  by p o i n t  comparison by American 

of "Dowtherm A" w i th  HTS u s i n g  sa l t  d i l u t i o n  i n d i c a t e s  9,10 

i o  Use of hydrogen treatment i n  a bypass  a d s o r p t i o n  tower t o  r educe  
* excess n i t r a t e  ro  n i t r i t e .  

2 ,  Addi t ion  of concen t r a t ed  "03 o r  gaseous NO2 t o  conve r t  hydroxides  

and ca rbona te s  t o  n i t r a t e s  and n i t r i t e s ,  
3 ,  Cold t r a p  use  t o  reduce  ca rbona te  levels. 

Sodium hydroxide  i s  formed by t h e  r e a c t i o n  of  t h e  N a 2 0  thermal  

decomposition product  of HTS w i t h  water. 

* 
Pau l  LarsonL2 i n d i c a t e d  hydrogen treatment was no longe r  used because  
a d d i t i o n  of  f r e s h  sal t  proved cheaper  than  p rov id ing  f o r  do ing  t h e  
r e d u c t i o n ,  
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Various a t t empt s  t o  f i n d  d e f i n i t i v e  d a t a  on thermal  s t a b i l i t y  a t  

e l e v a t e d  tempera tures  were f r u i t l e s s  i n  s p i t e  of vendor and open l i t e r a t u r e  

recommendations f o r  u se  t o  1000 and 11OOOF. 1y798913-15 

w e l l  c h a r a c t e r i z e d  by one l e a d  which r epor t ed  s u c c e s s f u l  use  of HTS a t  

tempera tures  as h igh  as 1200 - 1300°F. 

my o r i g i n a l  i n fo rman t ' s  sou rce  b u t  produced t h e  usua l  d i s c l a i m e r .  The 

use  a t  such tempera tures  was occas iona l  and involved only  several pounds 

of HTS, which gave no t r o u b l e  " i f  changed f r equen t ly . "  

happened t o  t h e  HTS, t h e  r e p l y  was, "It g e t s  p r e t t y  lumpy ..... f a s t . "  

These e f f o r t s  are 

A couple  of phone ca l l s  l o c a t e d  

When asked what 

Up t o  Q 850°F widespread exper ience  i n d i c a t e s  HTS is s t a b l e  i n  carbon 

s teel  systems even when opera ted  wi th  a i r  access  t o  t h e  system, Slow 

o x i d a t i o n  of n i t r i t e  t o  n i t r a t e  and carbonate  format ion  may i n c r e a s e  t h e  

f r e e z i n g  p o i n t  s lowly ,  bu t  t h e s e  changes appa ren t ly  do n o t  r e s u l t  i n  any 

d i f f i c u l t i e s .  Thus, Crowley and H e l m s  t r i p  r e p o r t L 6  g i v e s  t he  composition 

% - 
NaNO 3 9.28 

NaN02 30.3 

KNo 3 48.7 

K 2 C 0 3 *  3.38 

KC 1 0.27 

c91.93 

Alexander and H i n d i n l l  i n d i c a t e  N a 2 C 0 3  would be  more l i k e l y .  
* 

f o r  bu lk  sa l t  a f t e r  an inde te rmina te  pe r iod  of o p e r a t i o n  (probably > 2 

y e a r s ) .  

April 1967 ('L 24000 h (3 800°F maximum) wi th  no requirement  f o r  Composition 

ad jus tment ;  new sa l t  is added on ly  to make up f o r  l o s s e s .  

r e p o r t s 1 7  8 y e a r s  u se  of t h e  same b a t c h  of "Hitec" a t  a maximum b u l k  s a l t  

tempera ture  of  843°F wi thout  obse rvab le  d e t e r i o r a t i o n ;  a i r  access was 

prevented  by n i t r o g e n  b l a n k e t i n g  i n  t h i s  a p p l i c a t i o n .  

recommends such n i t r o g e n ,  o r  steam, b l a n k e t i n g  l3'I4 above 850°F, bu t  

c o n t a c t s  w i t h  vendor pe r sonne l  uncovered no exper ience  a t  such tempera tures .  

The system h a s  remained i n  o p e r a t i o n  w i t h  t h i s  sa l t  charge  s i n c e  

H e l m s  a l s o  

Vendor l i t e r a t u r e  

Data f o r  t h e  rate of d i sappearance  of n i t r i t e  are g iven  by W. H.  v , d ,  

Broekl' f o r  h e a t  t r a n s f e r  s a l t  used i n  f i n i s h i n g  (dry ing  t o  Q 100 %) NaOH. 
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I n  t h i s  a p p l i c a t i o n  t h e  composi t ion 

48% KN03 

49% N a N 0 2  

3% N a 2 C r O 4  

was used.  The a d d i t i o n  of chromate i s  r e p o r t e d  ( ca .  1940)19 t o  i n h i b i t  

decomposition of t h e  n i t r i t e  t o  n i t r a t e  and oxide  b u t  Rot tenberg  (1957) 

states t h a t  t h e  claims had n o t  been e s t a b l i s h e d ,  P a u l  Larson12 a l s o  

i n d i c a t e d  t h a t  duPont had n o t  found such a d d i t i o n s  e i t h e r  harmful  o r  

b e n e f i c i a l ;  b u t  some u s e r s  i n s i s t e d  on making them. W .  H. v .d .  Broek 

showed n i t r i t e  dec rease  rates g r a p h i c a l l y  f o r  1 112 and 2 112 yea r  

p e r i o d s  of o p e r a t i o n  a t  maximum tempera tures  of 980 and 800°F r e s p e c t i v e l y  

as shown i n  F ig .  1. 

given ,  so  i t  i s  n o t  p o s s i b l e  (no a n a l y s e s )  t o  de te rmine  how t h e  two 

p o s s i b l e  r e a c t i o n s  

3 

18 

Unfo r tuna te ly  on ly  t h e  p l o t s  f o r  n i t r i t e  loss  were 

1) 2 N a N 0 2  + 0 2  ( a i r )  + 2NaN03 

2) 5NaN02 2 3NaIJ03 f Nan0 f N 2  

c o n t r i b u t e d  t o  t h e  observed changes.  Also,  du r ing  t h e  h i g h  tempera ture  

o p e r a t i o n ,  concern about  t h e  pump caused t h e  system t o  b e  opened t o  t h e  

atmosphere f r e q u e n t l y ;  t h i s  was minimized du r ing  t h e  second run  a t  800°F. 

S t i l l  ano the r  f a c t o r  may have c o n t r i b u t e d  t o  t h e  r a p i d  l o s s  of  n i t r i t e  

a t  980°F; i t  i s  reported2 '  t h a t  t h e  decomposition of a l k a l i  n i t r a t e  - 
n i t r i t e  mix tu res  i s  c a t a l y z e d  by i r o n  above 520"C, and t h e  system desc r ibed  

by v.d.  Broek was made of  carbon s teel .  
decomposi t ion of a l k a l i  n i t r a t e  - n i t r i t e  mix tu res  even a t  800°F. 

S t a i n l e s s  s tee l  does n o t  c a t a l y z e  
2 1  

Some l a b o r a t o r y  s t u d i e s  i n  316 s t a i n l e s s  steel  c o n t a i n e r s  have been 

c a r r i e d  o u t  a t  1100°F.12 F i g u r e  2 shows t h e  e f f e c t  o f  v a r i o u s  b l a n k e t  

gases  on t h e  m e l t i n g  p o i n t  of "Hitec;" "melt ing po in t "  i n  HTS p a r l a n c e  

r e f e r s  t o  t h e  tempera ture  a t  which any s o l i d  phase  appears .  Reac t ions  

cons idered  s i g n i f i c a n t  in t h e  decomposi t ion of n i t r a t e  - n i t r i t e  mix tu res  

( t h e  sodium sa l t s  are i n d i c a t e d  because  they  are less s t a b l e  ) i nc lude :  21  
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ORNL-DWG 72-12309 
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Fig .  1. Ni t r i te  Decomposition i n  I n d u s t r i a l  P rocess  Loop Using HTS" 
* 
Per W .  H. v.d .  Broek, see Ref. 18. 
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Fig. 2 .  E f f e c t  of Various Blanket  Gases on HTS m . p .  

(See Ref.  1 2 )  
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N a N 0 3  t' N a N 0 2  + + 2  

2NaN02 -f N a 2 0  4- N 2 0 3  

N a N 0 2  + N 2 0 3  -t N a N O 3  f 2N0 

N a N 0 2  f 2N0 + N a N O 3  f N 2 0  

N a N 0 2  + N 2 0  N a N O 3  f N 2  

(3 )  

( 4 )  

( 5 )  

The format ion  of N a 2 C O 3  and/or  NaOM from r e a c t i o n s  of carbon d i o x i d e  o r  

water w i t h  t h e  N a 2 O  formed i n  (2)  account  f o r  t h e  m e l t i n g  p o i n t  i n c r e a s e s  

w i t h  a i r ,  steam, and carbon d i o x i d e  b l a n k e t s .  Conversion of t h e  n i t r i t e  

t o  n i t r a t e  by r e a c t i o n s  ( 4 )  and ( 5 )  probably accounts  f o r  t h e  r a p i d  

i n c r e a s e  i n  me l t ing  p o i n t  w i th  NO as t h e  b l a n k e t  gas .  Reac t ions  (2 )  

t h r u  (5) produce t h e  r ise under  n i t r o g e n ,  aga in  through convers ion  of 

n i t r i t e  t o  n i t r a t e .  This  i s  i n d i c a t e d  by a n a l y s i s  of a s a l t  mix tu re  

a f t e r  s i x  weeks under n i t r o g e n  a t  1100°F which showed t h e  composi t ion 

t o  b e  t h a t  g iven  i n  Table  2, w i th  a me l t ing  p o i n t  of 329°F. 12 

Table  2. Change i n  "Hitec" Composition A f t e r  Six 

Weeks a t  1100°F 

% Composition 

Compound O r i g i n a l  F i n a l  

NaNO 3 7 18 

NaNO 2 40 28 

mo 3 5 3  52 

2 N a 2 0  -- 

Analys i s  of g a s  evolved gave 98.5% N 2  and 1.5% N 2 0 .  

Gurovich and Shtokman,22 and Voskresenskaya and B e r ~ l ' ~ ~  a l s o  conducted 

l a b o r a t o r y  i n v e s t i g a t i o n s  of HTS s t a b i l i t y  a t  tempera tures  > l0OO"F and 

found a p p r e c i a b l e  n i t r o g e n ' e v o l u t i o n .  

The s t u d i e s  from which decomposition d a t a  are a v a i l a b l e  are summarized 

i n  Table  3 .  A f t e r  an. i n i t i a l  pe r iod ,  t h e  g e n e r a l l y  accep ted  o v e r a l l  



Table 3. Long Term Decomposition Studies of Heat Transfer Salt 

Author h Ref. No. Temp. OF Type System 
Wt. HTS Exposure Original Composition 
Used Time NaN02 NaN03 KN03 Na2CrOy Observations 

Equivalent* 
rate of N2 
evolution 

8 (cclmole NaNOg/d) 

Larson. 12 1100 316 ss autoclave 1000 42 d 40 7 53 - Final composition: 39 
28% NaU02,  2% NaZO 

I 980 v.d. Broek, 18 

800 

9 34 22 & Shtokman - 
Gurovich 

1040 

Voskresenskaya 23 
- 6 Berul’ 

18 mo 

ASTM A106 industrial process Very large 
(circulating loop) 30 no 

Steel (.09C, 0.9Cr, 0.24V, 145 30 d 
0.4Mo) autoclave 

Ag autoclave 50 30.8 d 
Ag autoclave 50 10 d 
18Cr 25Ni 2Si steel autoclave 25 10.2 d 

49 

Final composition: 
10% NaN02 

48 3 
Final composition: 
38% NaN02 

40 7 53 - 10 cc N2/d after 5 

40 7 53 - 0.09 g N2 evolved 

40 7 53 - 0.07 g N evolved 
40 7 53 - 0.08 g N2 evolved 

2 

11 

1.3 

d 12 

8.3 

20 

45 

2 ’  
*Assuming over-all reaction is 5NaN02 -t 3NaNO + Na20 + N 3 
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decomposi t ion r e a c t i o n  i s  

SNaN02 -f 3NaN03 f N a 2 0  4 N 2  . 
This  s t o i c h i o m e t r y  w a s  used t o  c a l c u l a t e  t h e  n i t r o g e n  e v o l u t i o n  ra te  from 

t h e  r e s u l t s  r e p o r t e d  by t h e  exper imenters ;  t h e  r a t e  was n e c e s s a r i l y  assumed 

t o  b e  c o n s t a n t ,  a l though Voskresenskaya and Beru l '  23 and o t h e r s  i n d i c a t e  

i t  dec reases  w i t h  time. The c a l c u l a t e d  N 2  e v o l u t i o n  rates are t h o s e  g iven  

i n  t h e  f i n a l  column i n  Table  3 and are  p l o t t e d  i n  F i g u r e  3, Consider ing  

t h e  d i s p a r a t e  c o n d i t i o n s  of t h e  several i n v e s t i g a t i o n s  t h e  r e s u l t s  are 

p l e a s a n t l y  c o n s i s t e n t  a l though more d a t a  would b e  h e l p f u l  i n  more f i r m l y  

removing t h e  p o s s i b i l i t y  of co inc idence .  

Voskresenskaya and Beru l '  are f o r  t h e  experiments  performed i n  s i l ve r ;  

they  and o t h e r  i n v e s t i g a t o r s  r e p o r t e d  lower decomposi t ion rates i n  nob le  

metal c o n t a i n e r s  than  i n  carbon and a l l o y  s teels .  

v .d .  Broek are of p a r t i c u l a r  in te res t ;  recal l  t h a t  t hey  were ob ta ined  

from HTS i n  u s e  i n  an  i n d u s t r i a l  p rocess  loop  (dewater ing  NaOH) and t h e  

only  tempera tures  g iven  were t h e  maximums i n  t h e  loop.  Thus t h e  average  

tempera tures  were a p p r e c i a b l y  lower and t h e  d a t a  should  f a l l  below those  

from t h e  i s o t h e r m a l  s t u d i e s  of Larson and Gurovich and Shtokman - as they  

do. The cons i s t ency  i n  a l l  t h e s e  s t u d i e s  s u g g e s t s  t h a t  t h e  measured 

decomposi t ion rates may b e  reasonably  a c c u r a t e  f o r  an eng inee r ing  o p e r a t i o n .  

The two low p o i n t s  due t o  

The d a t a  due t o  

I f  one  a c c e p t s  t hen  t h a t  t h e s e  d a t a  may be  cons idered  reasonably  

representative of the tertiary lEoop as envis ioned  by Robertson5 (maximum 

tempera ture  lIOO"F), a decomposi t ion r a t e  of  about  40 cc Nn/mole NaNOn/d 

would b e  a n t i c i p a t e d .  

t e r t i a r y  loop ,  t h i s  amounts r o  4200 moles (34.09 f t 3 )  Nn/d. 

l o s s  would amount t o  21,200 (2200 l b )  moles p e r  day; i . e . ,  l .O%/d.  

For  t h e  9 x IO5 l b  of HTS (40% NaN02) i n  t h e  

The n i t r i t e  

E x t r a p o l a t i o n  t o  tempera tures  above 1100°F i s  q u e s t i o n a b l e  s i n c e  

v a r i o u s  workers  2 3 y 2 4  r e p o r t  n i t r o g e n  ox ides  are a l s o  evolved above 600°C. 

These were s h o r t  tern s t u d i e s ,  however, and it may b e  t h a t  t h e  e v o l u t i o n  

of ox ides  of n i t r o g e n  would n o t  con t inue  a f t e r  a p e r i o d ,  as happened i n  

t h e  longe r  term s t u d i e s  a t  lower t empera tu res ,  Voskresenskaya and Beru l  

a l s o  r e p o r t e d  s u b s t a n t i a l  a r r a c k  on t h e  c o n t a i n e r s  i n  some of t h e i r  

exper iments ,  u n l i k e  o t h e r  expe r imen te r s ,  When t h i s  occur red  w i t h  h igh  
C r  a l l o y s ,  a p p r e c i a b l e  amounts of chromate were found i n  t h e  melts.  

t 23 
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Voskresenskaya and B e r ~ l ' ~ ~  a l s o  p r e s e n t  d a t a  showing t h e  ra te  of  

n i t r o g e n  e v o l u t i o n  ai; a f u n c t i o n  of n i t r i t e  concen t r a t ion .  These d a t a ,  

i n t e r p o l a t e d  from a small graph and g iven  i n  Table  4 ,  are only  i n d i c a t i v e ,  

b u t  t hey  are  c o n s i s t e n t  w i th  o t h e r  obse rva t ions .  T h i s  sugges t s  t h a t  a 

mix tu re  c o n s i s t i n g  of 8% N a N 0 2 ,  42% N a N 0 3  and 50% KN03  might r e s u l t  i n  

lower N 2  e v o l u t i o n  rates. The sodium ni t ra te -sodium n i t r i t e  r a t i o  was 

chosen on t h e  b a s i s  of Freeman's25 obse rva t ion  t h a t  t h e  r a t i o  (under  one 

atmosphere of oxygen) i s  5.9 a t  600°C. 

t h e  e v o l u t i o n  of oxygen from t h e  u s u a l  mix tu res  a t  such tempera tures .  

Alexander  and Hindin's'' d a t a  i n d i c a t e  a me l t ing  p o i n t  of  Q 420°F f o r  

such a mixture ,  still. adequate ly  low f o r  s i m p l i f i c a t i o n  of t h e  steam 

cyc le .  

Cur ious ly ,  no obse rve r  ment ions 

Apparent ly  t h e  e q u i l i b r i u m  

N a N 0 3  f-f N a N O 2  f .$2 

i s  s u b s t a n t i a l l y  s h i f t e d  t o  t h e  l e f t  i n  HTS; Freeman's d a t a  i n d i c a t e  Po 

would b e  about  0 .3  at:m a t  600°C f o r  t h e  u s u a l  mix ture .  

however, t h e  e q u i l i b r i u m  would s h i f t  t o  t h e  r i g h t  as t h e  p e r c e n t  n i t r a t e  

i s  i n c r e a s e d ,  w i th  r e su l t an t .  e v o l u t i o n  of oxygen. Perhaps  a mechanism 

change a l s o  occur s  arid t h e  oxygen appears  as t h e  ox ides  of  n i t r o g e n  

observed by some obse, brvers 2 4 9 2 5  a t  tempera tures  > 1 1 0 0 0 ~ .  

2 
Presumably, 

Table  4. Rate of Ni t rogen  Evo lu t ion  - vs N a N 0 2  

Concent ra t ion  a t  550°C* 

% Composition 
NaNO 2 KNO 3 

cc N2/100g NaN02/hr 

100 0 

80 20 

60 40 

40 60 

20 80 

360 

135 

15 
8 

5 

* 
These were s h o r t  term ( t o  20 h)  s t u d i e s  and are 
t h e r e f o r e  only  i n d i c a t i v e .  
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CORXOS ION 
A s  w i t h  thermal  s t a b i l i t y ,  c o r r o s i o n  d a t a  are s p a r s e ,  and then  only  

from r e l a t i v e l y  s h o r t  term tests. Cons iderable  expe r i ence  h a s  demonstrated 

a c c e p t a b l e ,  economic performance w i t h  no apparent  n e c e s s i t y  f o r  q u a n t i t a -  

t ive ,  long  term c o r r o s i o n  d a t a .  

carbon s tee l  above 850°F; a t  lower tempera tures  i t  g i v e s  e x c e l l e n t ,  long  

term service. 3y13y16 Rot tenberg  g i v e s  t h e  fo l lowing  d e s c r i p t i o n  of how 

t r o u b l e s  can a r i se  i n  a poor ly  des igned  maloperated,  d i r e c t  f i r e d  h e a t e r ,  

The vendors  recommend a g a i n s t  u s e  of 

3 

"The main danger  i s ,  as usua l ,  ove rhea t ing  i n  t h e  s t a g n a n t  f i l m  a t  
h e a t i n g  s u r f a c e s .  The danger  i s  accen tua ted  i n  t h i s  case by t h e  a b i l i t y  
of HTS t o  de t ach  p a r t i c l e s  of r u s t  and scale from t h e  i n s i d e  of  t h e  p l a n t  
and d e p o s i t  i t  as s l u d g e  a t  t h e  bottom, Even more impor tan t  is  t h e  f a c t  
t h a t  w i th  g r o s s  ove rhea t ing ,  a t  l o c a l  tempera tures  above 7006C, a new 
r e a c t i o n  sets i n  w i t h  t h e  r a p i d  breakdown of n i t r a t e  t o  oxygen, n i t r o g e n ,  
and oxide .  I n  t h e  presence  of a mi ld  s t ee l  s u r f a c e ,  t h e  oxygen combines 
w i t h  i t  in a thermite  t y p e  r e a c t i o n  which is  s e l f - s u s t a i n i n g  and r a p i d l y  
burns  through t h e  metal. No r e a c t i o n  t a k e s  p l a c e  w i t h  s t a i n l e s s  s tee l .  
I n  p l a n t s  o p e r a t i n g  a t  h igh  b u l k  tempera tures  h e a t i n g  s e c t i o n s  should  b e  
c o n s t r u c t e d  of s t a i n l e s s  s teel  t o  o b v i a t e  t h i s  danger." 

I n  t h e  o p e r a t i o n  desc r ibed  p r e v i o u s l y ,  however, v. d .  Broek" observed  no 

c o r r o s i o n  of t h e  system dur ing  1 1 / 2  y e a r s  of o p e r a t i o n  w i t h  a maximum 

tempera ture  of 980°F. 

loop  were made of carbon s teel  (ASTM AEOC;) wich n i c k e l  and l ' Incoloyft  a t  

t h e  i n t e r f a c e s  i n  t h e  NaOH c o n c e n t r a t o r .  Convent ional  use of n i c k e l  and 

n i c k e l  a l l o y s  f o r  materials of c o n s t r u c t i o n  i n  c a u s t i c  c o n c e n t r a t o r s  

u s ing  h e a t  t r a n s f e r  sa l t26 and v , d ,  Broek 's  expexience i n d i c a t e  good 

c o m p a t i b i l i t y  f o r  t h e s e  materials t o  ?, 1000°F. 

assessments  of c o r r o s i o n  by h e a t  t r a n s f e r  sa l t  du r ing  extended o p e r a t i n g  

p e r i o d s  are summarized i n  Table  5 .  

The h e a t e r  s e c t i o n  and r h e  rest of t h e  h e a t  t r a n s f e r  

Other  q u a l i t a t i v e  

Misce l laneous  c o r r o s i o n  d a t a  are shown i n  Tab le  6 ,  t aken  from the  

While no exper imenta l  d e t a i l s  are provided,  i t  is  "Hitec" pamphlet l3 

probable  t h a t  t h e  r e s u l t s  are from q u i t e  s h o r t  term ( a  few hundred hour s )  

tests. 
t h e  h i g h l y  a l l o y e d  materials d e c r e a s e  w i t h  time. Note,  however, t h a t  

Incone l  was an  excep t ion  i n  s p i t e  of t h e  e x c e l l e n t  r e s u l t s  a t  1000°F 

and f o r  n i c k e l  a t  2100"F, S i m i l a r  r e s u l t s  are shown by d a t a  f u r n i s h e d  

by J. Friedmanz7 which are p resen ted  i n  Table  7 .  The r e l a t i v e l y  s h o r t  

The two p e r i o d  tests at 1058°F i n d i c a t e  t h e  c o r r o s i o n  rates of 



Table  5.  Q u a l i t a t i v e  Assessments of Corros ion  by Heat T r a n s f e r  S a l t  

Alloy T i m e  Temp. 
vr . "F 

Blanket  
Gas Sys t e m  Ref. 

3 800 A i  1: C i r c u l a t i n g  No n o t i c e a b l e  c o r r o s i o n  27 

ASTM-A-285 Grade C 3 785-800 Limi ted  A i r  C i r c u l a t i n g  No n o t i c e a b l e  c o r r o s i o n  27 

2.5 875 Steam C i r c u l a t i n g  No n o t i c e a b l e  c o r r o s i o n  27 
Carbon Steel 

P 

347 ss  l , 3  1050 A i r  Heat Treat Bath N e g l i g i b l e  c o r r o s i o n  27 

347 ss 2 1000 S ream C i r c u l a t i n g  No n o t i c e a b l e  c o r r o s i o n  27 

Seamless S t a i n l e s s  0 0 8  930-1020 ? C i r c u l a r  i n g  No v i s i b l e  a t t a c k  1 3  
Tubing 



TABLE 6 

CORROSION OF METALS BY "HITEC" 
Metals Corrosion Rate, inches Penetration Per Month 

Steel-open hearth (ASME # 5-17] 
Alloy steels 

15-1 6% chromium iron 
"Alcrosil" # 3 
"Alcrosil" # 5 

Stainless steels 
Type 304 
Type 3041 
Type 309 (annealed) 
Type 309 Cb 
Type 310 
Type 316 
Type 321 
Type 347 
Type 446 

lnconel 
Carpenter 20 
"Hastelloy" B 
Mono1 
Bronze 
Phosphorized Admiralty 
Copper 
Nickel 

61 2 O F .  785OF. - -  1058OF. 850OF. 1 OOOOF. 

0.0003 

- 
0.0002 
0.0002 

- 
- 

0.0000 - 
- - 
- 
- - 
- 
- 
- 
- 

0.000 1 
0.000 1 - - 

0.001 to 0.002 

0.0000 
0.00 1 
0.0005 

0.0007 
0.0006 - 
- 

0.0000 

0.0004 

0.0000 

- 
- 
- - 

0.000 1 - 
- 

0.03 - 

1st Period 2nd Period 

- - 
0.001 10 0.00064 
0.001 56 0.00094 
0.001 17 0.00077 

0.001 11 0.00056 
0.001 09 0.00068 
0.00 1 46 0.00072 
0.001 53 0.00 15 1 
0.00097 0.00059 

- - 

- - - - - - - - - - - - 

11 OOOF. 

0.01 to 0.05 

- 
0.002 to 0.006 
0,001 to 0.002 



Table 7. Resistance of Steeie  t o  Molten High Temperature Eu tec t i c  S a l t  a t  900 and 1100°F 

~~ 

Q u a l i t y  Testing 900'F - 482°C 1100°F - 593°C 

and Time i n  LOSS i n  W t . a  Extrapolatedb LOSS i n  W t . a  Extrapolatedb 
Cast No. Hours MGMS/CM2 Pene t r a t ion  MGMS/CM2 Pene t r a t ion  

a t  1 year  a t  1 year  

24 2.0 
MILD 100 3.6 

500 21.0 
STEEL 

24 2.9 

CML 100 3.3 

500 9.2 

ESSHETE 

ESSHETE 24 2.0 
CRM. 2 100 3.1 

7 . 1  

2.4 

2.74 

21.4 
39.6 31.7 18.4 

9 .8  

14.0 9.2 
- 
9.2 

13.9 10.4 
500 11.0 29.3 18.5 

ESSHETE 24 1.5 

100 2.4 
500 9.3 

CRM. 5 2.3 

RED FOX 24 0.3 

SS) 500 1.9 
(Type 321 100 0.3 0.5 

SILVER FOX 24 N I L  
(Type 316 100 N I L  

SS) 500 0.1 
0.03 

4.1 

8.0 6.3 
17.2 14.7 

2.7 
4.0 

10.1 7.4 

2.2 
3.5 

4.8 3.8 

6.4 

5.9 

3.6 

2.3 

0.60 

a 

bAssumes adherence t o  parabol ic  r a t e  law. 
The l o s s  i n  weight was determined a f t e r  descal ing i n  sodium hydride. 
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term d a t a  p re sen ted  are c o n s i s t e n t  w i th  p a r a b o l i c  rate l a w  behav io r  - 
m i l s  p e n e t r a t i o n  = k &; t h e  e x t r a p o l a t e d  p e n e t r a t i o n s  a t  one y e a r  are 
c a l c u l a t e d  from t h e  d a t a  us ing  t h i s  expres s ion .  The a l l o y  composi t ions 

t e s t e d  are g iven  i n  Table  8. 

The "Hitecl' parnphletl3 (page 10) i n d i c a t e s  copper  is  u s e a b l e  a t  
moderate tempera tures  ( t o  600°F), bu t  co r rodes  r a p i d l y  a t  h i g h e r  

tempera tures  - 30 mils/mo a t  1000°F, see Table  6. Rot tenberg3 i n d i c a t e s ,  

Copper, aluminum, magnesium, and t h e i r  a l l o y s  are a l l  a t t a c k e d  more o r  II 

less r a p i d l y  and should  n o t  b e  al lowed t o  come i n t o  c o n t a c t  w i t h  HTS." 

(See a d d i t i o n a l  comment on aluminum and magnesium under  S a f e t y  Pre-  

c a u t i o n s . )  

The presence  o f  s u l f a t e  i s  s a i d  t o  b e  d e l e t e r i o u s  t o  t h e  low a l l o y  
3 steels l i k e  CML and CRM2 ( s e e  Table  8 ) ,  and Rot tenberg  s ta tes ,  " t h e  

c o r r o s i v e  a c t i o n  of HTS i s  g r e a t l y  a f f e c t e d  by t h e  p re sence  of oxide  and 

hydroxide."  I n s o l u b l e s ,  l i k e  carbonate ,  may l e a d  t o  e r o s i o n  o r  l o c a l i z e d  

ove rhea t ing  problems a 

i n v e s t i g a t i o n  s i n c e  tempera tures  of i n t e re s t  i n  MSBR'S presumably would 

produce a p p r e c i a b l e  ox ide  which would b e  conver ted  t o  hydroxide  by any 

steam leakage .  

The ox ide  and hydroxide e f f e c t s  would r e q u i r e  



Tab le  8. Analys is  and Heat Treatment  of Materials 

Ana lys i s  P e r  Cent 
Q u a l i t y  and 0 r i g  i n a l  

Cast No. C Mn S i  N i  C r  Mo Ti Heat Treatment  
~~ ~ ~ ~- 

Mild Steel 0.116 0 ,44  0.24 700°C 1 H r .  AC 

ESSHETE CML 0.074 0-53 0.54 0.92 0.52 920°C 1 H r .  FC 

ESSHETE CRM.2 0.114 0.48 0.24 2.26 1 .01  920°C 1 H r .  FC 

ESSHETE CRM.5 0,069 0.48 0.30 5 .03  0.56 920°C 1 H r .  FC 

RED FOX 0 ,047  1 , 7 3  0 ,60  8.56 18 .44  - 0.42 1050°C 1 H r .  AC 

SILVER FOX 0 , 0 5  L,66 0.37 11.26 19.28 2.79 1100°C 1 H r .  AC 

(Type 321 SS) 

(Type 316 SS) 
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PHYSICAL PROPERTIES 

5 Table  9 ,  compiled by Robertson,  compares several salts u s e a b l e  i n  

MSBR'S. H i t e c  compares f avorab ly  wi th  t h e  o t h e r  two coo lan t  s a l t s .  

The remainder  of t h i s  s e c t i o n ,  and t h e  subsequent  one on S a f e t y  

P r e c a u t i o n s  i s  taken  from t h e  "Hitec'' pamphlet. lJ  

numbers are t h o s e  used i n  t h e  pamphlet.  

F igu re  and Table  

"Fresh ly  prepared  "Hitec" i s  a wh i t e ,  g r a n u l a r  s o l i d ;  i n  t h e  molten 

s t a t e ,  i t  h a s  a p a l e  ye l low c o l o r .  It is  a e u t e c t i c  mix tu re  of  i n o r g a n i c  

s a l t s  having t h e  foll.owing composition: 

Pot.assium Nitrate 53% 

Sodium Ni t r i t e  40% 

Sodium N i t r a t e  7% 

Freez ing  P o i n t  

"The f r e e z i n g  p o i n t  of f r e s h  "Hitec" i s  288"F, and i t  can t h e r e f o r e  

b e  mel ted  r e a d i l y  by plaf i t  steam a t  a p r e s s u r e  as low as 50 p s i g .  

p re sence  of a small amount of moi s tu re  s h a r p l y  reduces  t h e  f r e e z i n g  p o i n t ,  

and i n  o r d e r  t o  de te rmine  t h e  f r e e z i n g  p o i n t  a c c u r a t e l y ,  i t  i s  recommended 

t h a t  t h e  s a l t  b e  nlelted and d r i e d  by h e a t i n g  a t  about  480°F. Dr iv ing  o f f  

water vapor  i n  t h i s  manner may cause  e f f e rvescence  o r  f r o t h i n g ,  depending 

on t h e  amount of moi s tu re  p r e s e n t ,  and i t  is  recommended t h a t  s u i t a b l e  

p r e c a u t i o n s  be t aken  t o  p r o t e c t  personnel. from s p a t t e r i n g  by t h e  h o t ,  

molten sa l t .  

The 

V i s c o s i t y  

"The v i s c o s i t y  of molten "Hitec" was measured ove r  t h e  tempera ture  

range  from 300 t o  820"F, and t h e s e  d a t a  were e x t r a p o l a t e d  t o  1000°F wi th  

an accuracy  b e l i e v e d  s u f f i c i e n t  f o r  des ign  purposes .  The exper imenta l  

p o i n t s  and e x t r a p o l a t e d  cu rve  are shown i n  t h e  graph of v i s c o s i t y  ve r sus  

tempera ture ,  F i g u r e  6.  

Electr ical  R e s i s t i v i t y  

"The e lec t r ica l  r e s i s t i v i t y  of molten "Hitec" i s  1 . 7  ohms p e r  cu.cm. 
T h i s  v a l u e  i s  approximately midway between t h a t  of  water, 25 x 10' ohms 

p e r  cu.cm. , and t h a t  of mercury,  95.9 x ohms p e r  cu.cm. 



5 Table  9 ,  Se l ec t ed  P r a p e r t i e s  of t h e  MSBR Molten Sal ts  

7LiF-BeP2-ThF4 -UF I+ NaF-NaBF4 7LiF-BeF 2 KNO 3 -NaNO 2 -NaNO 3 

Composition, mole % 

Molecular weight ,  approximate 

Densi ty ,  l b / € t 3  a t  1000°F 

Viscos i ty ,  l b / f t - h r  a t  1000°F 

S p e c i f i c  h e a t ,  Btu/lb-OF 

Thermal conduc t iv i ty ,  Btulft-hr-OF 

Estimated c o s t ,  $ / l b  

C i r c u l a t f o n  r equ i r ed  pe r  loopb 
€ o r  556-MW(t) h e a t  load: 

l b  / h r  

gpm 
Lfquidus temperature ,  OF 

71.7-16-12-0.3 

6 4  

212 

41 

0,32 

0.67 LO 0.68 

57.00 

23.4 x IO6 
14,260 

9 30 

92-8 

104 

117 

3 

0.36 

0.23 

0.50 

18.3 x lo6 

19 , 5OOc 

725 

66-34 

33 

1 2 4  

29 

0.57 

0.58 

1 2 " O O  

13 .3  x IO6 
1 3  , 380 

850 

44.2-48 9-6. ga 

84 

105 

3 

0.37 

0.33 

0.15 

a E u t e c t i c  composition, 

p3 c 

1 4 . 7  x l o 6  
1 7  , 370 

288 

Based on p r o p e r t i e s  a t  average  temperatures  i n  MSBR system. 

Based on 250°F A t  i n  modif ied MSBR. 

b 

C 
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26 

Dens i ty  

The dens i ty- tempera ture  r e l a t i o n s h i p  f o r  molten "Hitec" i s  p r e s e n t e d  I 1  

i n  t h e  al ignment  c h a r t  of F i g u r e  7. 

d e s i r e d  p o i n t  on t h e  tempera ture  scale through t h e  r e f e r e n c e  p o i n t ,  d e n s i t y  

can b e  r e a d  from t h e  c h a r t  i n  grams p e r  cu.cm., pounds p e r  c u . f t . ,  o r  

pounds p e r  U,S. g a l l o n .  

By drawing a s t r a i g h t  l i n e  from t h e  

Thermal Conduct iv i ty  

Thermal c o n d u c t i v i t y  measurements on "Hitec" h e a t  t r a n s f e r  sa l t  have 1 1  

been r e p o r t e d  by W. D .  Powers, ANP Q u a r t e r l y  P r o g r e s s  Report ,  September 30, 

1957, ORNL-2387 ( C l a s s i f i e d ) .  A v a l u e  of  0 , 3 5  B.T.U./(hr , )  ( s q . f t , )  

(OF. / f t . )  independent  of tempera ture  i n  t h e  range from 468 to 689°F was 
o b t a i n e d  us ing  a p a s a l l e l - p l a t e ,  v a r i a b l e  sample gap a p p a r a t u s  such as 

t h a t  d e s c r i b e d  i n  ASME paper 56-SA-31 by C. F. Lucks and H. W. Deem.  

Battelle Memorial. I n s t i t u t e ,  i n  a similar a p p a r a t u s ,  extended t h e  t e m -  

p e r a t u r e  range  and o b t a i n e d  a v a l u e  of 0 , 3 3  B.T.U./(hr.)  ( " F , / f t . )  

independent  of tempera ture  i n  t h e  range  from 400 t o  900°F. ( p r i v a t e  

communication from H .  W. Hoffman, Oak Ridge N a t i o n a l  Labora tory  and 

Bat te l le  Memorial I n s t i t u t e )  

"An ear l ie r  Russian a r t i c l e  by V a r p a f t i k ,  Neimark, and Oleshchuck 

which appeared i n  t h e  B u l l e t i n  o f  t h e  V . T , I . ,  September 1952, No. 9 had 

r e p o r t e d  values i n  t h e  tempera ture  range  from 302 t o  932OF which ranged 

from 0.26 t o  0.17 B,T.U,/(hr . )  ( s q - f t . )  ( O F . / f t , ) ,  

Heat T r a n s f e r  C o e f f i c i e n t  

"Heat t r a n s f e r  c o e f f i c i e n t s  (h) f o r  "Hitec" f lowing  i n  t u r b u l e n t  

motion i n s i d e  h o r i z o n t a l  c i r c u l a r ,  i r o n  p i p e s  have been determined o v e r  

t h e  tempera ture  range  o f  580 t o  960°F a t  l i nea r  v e l o c i t i e s  up t o  6 f e e t  

p e r  second,  Details of  t h i s  exper imenta l  work are p u b l i s h e d  i n  

T r a n s a c t i o n s  of American I n s t i t u t e  of Chemical Engineers  36, 371 (1940). 
Data on t h e  thermal  c o n d u c t i v i t y  of "Hitee" were l a c k i n g ,  and the e x p e r i -  

m e n t a l  r e s u l t s ,  t h e r e f o r e ,  were c o r r e l a t e d  i n  terms of t h e  f u n c t i o n  
_c hD 
lJ .o .4°  S i n c e  t h e  p u b l i c a t i o n  of t h i s  work, a d d i t i o n a l  d e t e r m i n a t i o n s  of  

t h e  h e a t  t r a n s f e r  c o e f f i c i e n t  were r e p o r t e d  by H,  W. Hoffman and S .  I. 

Cohen i n  a paper  e n t i t l e d  Fused Sal t  Heat T r a n s f e r  - P a r t  111: Foxced- 
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Convection Heat T r a n s f e r  i n  C i r c u l a r  Tubes Conta in ing  t h e  S a l t  Mixture  

NaN02-NaN03-KN03 ,  ORNL-2433 (1957).  The l a t t e r  work a p p a r e n t l y  u t i l i z e d  

a more a c c u r a t e  a p p a r a t u s  t h a n  t h a t  used i n  t h e  ear l ier  d e t e r m i n a t i o n s .  

The d a t a  was c o r r e l a t e d  u s i n g  t h e  Colburn 9_ f u n c t i o n ,  (&] (y]2'3, 
Hoffman and Cohen r e p o r t  t h a t  t h e  v a r i a b l e s  ranged as fo l lows:  

4850-24,710 DG Reynolds modulus (NRe), - 
1-1 

P r a n d t l  modulus (Npr), cpll 

Average f l u i d  tempera ture  552-828°F. 

4 e 2-9.1 

Heat f l u x  62 , 800-194 , 500 
B.T.U.  / h r  . - f t .  

Under t h e s e  c o n d i t i o n s ,  t h e  h e a t  t r a n s f e r  c o e f f i c i e n t  v a r i e d  from 800 t o  

2900 B.T.U. / ( h r . )  ( s q . f r . )  (OF) e I n  h e a t  t r a n s f e r  a p p l i c a t i o n s ,  ltHitectt 

behaves as a normal. f l u i d  and t h e  s t a n d a r d  c o r r e l a t i o n s  may b e  used i n  

d e s i g n i n g  h e a t  exchange equipment. 

Thermal Expansion 

"The c o e f f i c f e n t  o f  l i n e a r  thermal  expansion f o r  s o l i d  "Hitec", 

measured by t h e  D i l a t o m e t e r  method of ASTM-D696-44, i s  2.85 x LO" 
p e r  O F .  

i s  2.016 x LOm4 p e r  O F .  ( p r i v a t e  communication from H ,  W .  Hoffman, Oak 

Ridge N a t i o n a l  L a b o r a t o r y ) .  

The c o e f f i c i e n t  of c u b i c a l  thermal  expansion f o r  l i q u i d  "Hitec" 

S p e c i f i c  and L a t e n t  Heat 

"The t o t a l  h e a t  of "Hitec'l was measured c a l o r i m e t r i c a l l y  over  t h e  

tempera ture  range  of 70 t o  1 1 O O O F .  

t empera ture  l i n e s ,  F i g u r e  8, i n d i c a t e d  t h a t  t h e  s p e c i f i c  h e a t  of  s o l i d  

ltHitectf i s  0.32 and t h a t  of t h e  melt 0 . 3 7 3  c a l o r i e s  p e r  gram p e r  O C  

( o r  B.T.U. p e r  pound p e r  O F ) .  L a t e n t  h e a t  of f u s i o n  appeared t o  b e  

approximately 20 c a l o r i e s  p e r  gram (35 B.T.U. p e r  pound).  

The s l o p e s  of r h e  t o t a l  h e a t -  

E f f i c i e n c y  

"The e f f i c i e n c y  of llHitecll h e a t  t r a n s f e r  s a l t  i s  w e l l  i l l u s t r a t e d  by 

a d i r e c t  comparison t o  h o t  a i r ,  o r  f l u e  gas ,  on a performance b a s i s .  - 

http://sq.fr
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Such a comparison is g i v e n  i n  Table  I, and t h e  d e t a i l s  of t h e  ca lcu-  

l a t i o n s  used t o  o b t a i n  t h e s e  d a t a  are g iven  i n  t h e  p r e v i o u s l y  c i t e d  

a r t i c l e  appear ing  i n  T r a n s a c t i o n s  of American I n s t i t u t e  of Chemical 

Engineers  2, 3 7 1  (1940) .  
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TEMPL?RArUn--? 

Fig. a 

TAME I 

COMPARISON OF "HITEC" AND AIR AS HEAT TRANSFER FLUIDS 
Basis of Cornpariron: 

Fluid Carduit: 1' I.D. Tubes 
Average Fluid Temperature: 8OOOF. 

Pressuro Drop due to Friction: 3.5 Ibs. /(sq.in.)/l 00 ft. of tubing 
Difforme botween inlet and outlet fluid temperatures 5OOF. 

AIR " HITEC" 
ot 3 otm.prorr. 
3.5 Ibs. /sq.in. 
185 360 
2310 B.T.U./hr. 

48% 25 
8970 8970 
24.1 7.2 
28 40 

at 10 dm.pmrs. 
3.5 Ibs. /sq.in. 

4500 B.1.U.h. 

Press. drop./l00 ft.. . . . . . . . . . . . .  3.5 lbs./sq.in. 
Lbs./hr./tube . . . . . . . . . . . . . . .  6000 
Heat corrrying capacity/tube. . . . . . . . .  11  1,900 B.T.U./hr. 

B.T.U./hr. at 5OoF. temperaturo differme. 
Total Ibs. /hr. . . . . . . . . . . . . . . .  6000 
Theoretical HP required to overcomo friction. 
Individual coeffiient of heat transfer. . . . . .  858 

No. of 1 ' tubes required to transfor 1 1 1,900 
. .  1 

. .  0.01 4 
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SAFETY PRECAUTIONS 

P r i n c i p a l  Hazards 

"The p r i n c i p a l  h a z a r d s  a s s o c i a t e d  w i t h  "Hitec" are t h o s e  which apply  

t o  any o p e r a t i o n  i n v o l v i n g  t h e  u s e  of  l i q u i d s  a t  e l e v a t e d  tempera tures .  

Adequate p r e c a u t i o n s  should  b e  taken  t o  p r o t e c t  o p e r a t i n g  p e r s o n n e l  from 

burns  i n  case of  equipment f a i l u r e .  There i s  a lesser danger  t h a t  llHitec," 

by s u p p o r t i n g  t h e  combustion of o t h e r  materials, may escalate a n  e x i s t i n g  

f i r e  hazard .  S i m i l a r l y ,  t h e r e  i s  a danger t h a t  prolonged c o n t a c t  o f  

Hitec" w i t h  human s k i n  may cause d e r m a t i t i s .  F i n a l l y ,  "Hitec" should  I t  

n o t  b e  i n g e s t e d  by o p e r a t i n g  p e r s o n n e l  i n  more t h a n  trace amounts because 

of t h e  sodium n i t r i t e  which i t  c o n t a i n s ,  

" 'Hitec '  i t s e l f  l i b e r a t e s  no t o x i c  vapors ,  b u t  adequate  v e n t i l a t i o n  

should  b e  s u p p l i e d  t o  remove p r o d u c t s  of combustion due t o  a c c i d e n t a l  o r  

p r o c e s s  contamination, of t h e  "Hitec" system. Although t h e  combustion 

p r o d u c t s  of most o r g a n i c  compounds are p r i n c i p a l l y  carbon d i o x i d e  and 

water, traces of  h i g h l y  t o x i c  g a s e s  such  as carbon monoxide, o x i d e s  of 

n i r r o g e n ,  e t c . ,  may a l s o  b e  p r e s e n t .  It i s  r e p o r t e d  t h a t ,  i n  i n s t a n c e s  

where a p r o c e s s  u t i l i z i n g  "Hktec" g e n e r a t e s  steam, o p e r a t i n g  p e r s o n n e l  

complain of a s a l t y  t as te  a f t e r  b e i n g  i n  t h e  area f o r  a p e r i o d  of t i m e ,  

p a r t i c u l a r l y  when t h e  weather  i s  humid. 

t h i s  c o n d i t i o n .  

Adequate v e n t i l a t i o n  w i l l  re l ieve 

Combustion Hazards 

"Although "Hitecl' i t s e l f  is nonflammable, i t  w i l l  suppor t  t h e  

combustion of o t h e r  materials, and sa l t  u n i t s  should  n o t  b e  l o c a t e d  i n  

t h e  v i c i n i t y  of wooden c o n s t r u c t i o n .  S i m i l a r l y ,  contaminat ion  of t h e  

work area w i t h  "Hitec" may i n c r e a s e  any f i r e  hazard  c r e a t e d  by t h e  

p r e s e n c e  of combust ib le  materials. 

washing t h e  work area r e g u l a r l y  w i t h  water and by s u b s t i t u t i n g  non- 

flammable materials f o r  combust ib le  materials. For  example, sand  r a t h e r  

t h a n  sawdust should  b e  used f o r  clean-up, d i k i n g ,  etc.  A number of  tests 

have been c a r r i e d  o u t  t o  estimate t h e  h a z a r d s  a s s o c i a t e d  w i t h  t h e  

a c c i d e n t a l  c o n t a c t  of flammable materials w i t h  hot, molten "Hitec," b u t  

These problems may b e  minimized by 



32 

s i n c e  i t  i s  impossible  t o  a n t i c i p a t e  a l l  condi t ions  under which t h i s  

product  may be  used, i t  is recommended t h a t  t h e  use r  c a r r y  out  a d d i t i o n a l  

tests be fo re  undertaking any novel a p p l i c a t i o n s .  

"Combustible vapors gene ra l ly  react r e l a t i v e l y  slowly wi th  "Hitec" and 

escape before  combustion i s  complete. Gasoline vapors,  high i n  unsa tura ted  

compounds, were bubbled through t h e  molten sa l t  f o r  two hours  a t  1100'F, 

and over 90% of t h e  gaso l ine  was recovered unchanged. 

"Hitec" and ammonia was a l s o  s tud ied  under similar condi t ions ,  and less 
than 50% of t h e  ammonia r eac t ed  wi th  t h e  "Hitec" over  a two-hour per iod  

a t  1100'F. I n  both cases ,  changes i n  t h e  s a l t  were minor. 

The r e a c t i o n  between 

"F lamab le  l i q u i d s  tend t o  vapor ize  r ap id ly  i n  con tac t  wi th  molten 

"Hitec" and burn a t  t h e  su r face  i n  t h e  same manner as they might be  

i g n i t e d  on any ho t  su r face .  Crude o i l ,  f o r  example, burned i n  a similar 

manner on t h e  s u r f a c e  of "Hitec" a t  1150'F. and on t h e  s u r f a c e  of molten 

l ead  a t  t h e  same temperature.  Motor gaso l ine ,  cracked gaso l ine ,  gas  o i l ,  

and crude o i l  mixed wi th  s u l f u r  were r e l eased  below t h e  su r face  of an  

open conta iner  of "Hitecl' a t  1100'F. 

vaporized and burned, and i n  t h e  cases of crude o i l  and gaso l ine ,  t h e r e  

was cons iderable  s p a t t e r i n g  of hot  sa l t  due t o  t h e  r ap id ,  sub-surface 

vapor iza t ion  of t h e  l i q u i d s .  Again, t h e r e  was l i t t l e  change i n  t h e  sa l t  

composition, i n d i c a t i n g  t h a t  t h e  p r i n c i p a l  r e a c t i o n s  were between t h e  

vaporized hydrocarbons and t h e  a i r  above t h e  sa l t  ba th .  

"Combustible s o l i d s ,  such as wood, coke, paper ,  p l a s t i c s ,  cyanides ,  

I n  a l l  cases ,  t h e  hydrocarbons 

ch lo ra t e s ,  ammonium salts,  and a c t i v e  metals, such as aluminum and 

magnesium, o f f e r  somewhat g r e a t e r  hazards .  Magnesium, except as an 

a l loy ing  agent i n  low concent ra t ion ,  must no t  come i n  contac t  wi th  "Hftec." 

Heat t reatment  of aluminum p a r t s  i n  molten "Hitecll i s  a common and s a f e  

p r a c t i c e  when s u i t a b l e  precaut ions  are taken,  as discussed i n  "Po ten t i a l  

Hazards i n  Molten S a l t  Baths f o r  Heat Treatment of Metals," Research 

Report No. 2 ,  The Nat iona l  Board of F i r e  Underwriters ( 1 9 4 6 ) ,  85 John 

Street ,  New York 7 ,  New York. Thus, w e  s t rong ly  recommend t h a t  be fo re  

a t tempting t o  use  "Hitec" i n  t h i s  type a p p l i c a t i o n  t h e  p o t e n t i a l  hazards  

as discussed i n  t h e  r e fe rence  a r t i c l e  be reviewed. 

"In t h e s e  cases i t  is  poss ib l e  f o r  t h e  s o l i d  combustible materials t o  - 
remain i n  contac t  wi th  t h e  hot  sa l t  u n t i l  they are  completely oxidized,  
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and l a r g e  volumes of combustion g a s e s  can b e  formed r a p i d l y  benea th  t h e  

sa l t  s u r f a c e .  T h i s  could,  of course ,  r e s u l t  i n  r u p t u r e  of equipment o r  

v i o l e n t  s p a t t e r i n g  of h o t  s a l t .  

"Vio len t  combustion r e s u l t e d  when ground pe t ro leum coke was h e l d  

benea th  t h e  s u r f a c e  of I I H i t e c ' I  a t  E15O0F., and i n  c o n t a c t  w i t h  i r o n ,  a 

t h e r m i t e - l i k e  r e a c t i o n  took p l a c e .  S i m i l a r l y ,  m i x t u r e s  of f i n e  aluminum 

and i r o n  f i l i n g s  reacted w i t h  "Hiteclt a t  l0OO"F. w i t h  t h e  e v o l u t i o n  of 

enough h e a t  t o  burn  through a n i c k e l  c r u c i b l e ,  

"F ine ly  d i v i d e d  c h a r c o a l  f l a r e d  up and burned v i g o r o u s l y  when p l a c e d  

on t h e  s u r f a c e  of  "Hitec" a t  1200"F., b u t  g r e a s e  burned q u i e t l y  under t h e  

same c o n d i t i o n s .  When an  oxygen-balanced m i x t u r e  of "Hitec" and p a r a f f i n  

was h e a t e d  r a p i d l y  t o  l lOOaF.,  t h e  p a r a f f i n  merely v o l a t i l i z e d  and burned,  

l e a v i n g  t h e  sa l t  p r a c t i c a l l y  unchanged. However, an  80120 m i x t u r e  of 

"Hitecl' and nylon  burned v i g o r o u s l y  a t  750°F., and subsequent  a n a l y s i s  

i n d i c a t e d  t h e  o x i d i z i n g  s a l t s  had taken  p a r t  i n  t h i s  r e a c t i o n ,  as t h e y  

had i n  t h e  case of  the coke h e l d  benea th  t h e  sa l t  s u r f a c e .  

" A l l  a t t e m p t s  t o  d e t o n a t e  "Hitec" o r  m i x t u r e s  of "Hitec" w i t h  

combust ib le  p r o d u c t s ,  such as p a r a f f i n ,  petroleum, nylon ,  and topped 

Houdry condensa te ,  a t  375°F. and 25 i n c h e s  of mercury vacuum, were 
u n s u c c e s s f u l  u s i n g  e i t h e r  a No, 8 b l a s t i n g  cap o r  0,5 l b .  of b l a s t i n g  

g e l a t i n  as t h e  i n i t i a t o r .  The s a l t  was s i m i l a r l y  i n s e n s i t e v e  a t  11OOOF. 

Attempts  t o  d e t o n a t e  oxygen-balanced m i x t u r e s  of "Hitec" and e i t h e r  f i n e l y  

d i v i d e d  c h a r c o a l  o r  topped Houdry c o n c e n t r a t e  by h e a t i n g  t h e  m i x t u r e s  

vigorousZy under confinement were a l s o  u n s u c c e s s f u l .  It was e s t i m a t e d  

t h a t  p r e s s u r e s  as h i g h  as 18,000 p s i  were a t t a i n e d  d u r i n g  t h e s e  tests. 

V a t e r  from s p r a y  s p r i n k l e r s  o r  low-veloci ty  f o g  n o z z l e s  w i l l  n o t  

p e n e t r a t e  t h e  s u r f a c e  O f  molten "Hitec" s u f f i c i e n t l y  t o  c a u s e  dangerous 

s p a t t e r i n g ,  and t h i s  t y p e  of f i r e  p r o t e c t i o n  is  recommended f o r  o i l - f i r e d  

u n i t s  and f o r  p r o c e s s e s  i n v o l v i n g  combust ib le  materials, Carbon d i o x i d e  

and approved dry-powder t y p e  f i r e  e x t i n g u i s h e r s  can b e  used s a t i s f a c t o r i l y  

t o  e x t i n g u i s h  f i r e s  512 t h e  v i c i n i t y  of a salt u n i t ,  b u t  v a p o r i z i n g  l i q u i d  

(carbon t e t r a c h l o r i d e ) ,  foam, and aqueous t y p e s ,  o t h e r  t h a n  s p r i n k l e r s  

o r  low-veloci ty  f o g  t y p e s ,  should  n o t  b e  used ,  

c l e a n ,  d r y  sand i s  u s e f u l  f o r  s l a g g i n g  and d i k i n g  t o  c o n f i n e  t h e  s p r e a d  

of escaped molten sa l t .  

An adequate  supply  of  
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" I f ,  f o r  some reason, water i s  introduced i n t o  a u n i t  conta in ing  

"Hitec," the hea t  input  should b e  kept  low u n t i l  a l l  t h e  water has been 

evaposqted, and t h e  system should be  vented adequately i n  o rde r  t o  

release t h e  steam which i s  formed." 
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APPENDIX A 

November 4, 1970 

To : W. R. Grimes 

From: S. Cantor 

I concur with the conclusion of Ed Bohlmann, namely, that the equilibrium, 
given above can prevent tritium from reaching the feed water and steam of a 
molten-salt reactor. 

The basic data and considerations are as follows: 
Nominal Composition of HTS 

KNO3 - NaN02 - NaN03 53 - 40 - 7 weight % 
49 - 44 - 7 mole % 

HTS is a reciprocal system: 
KNO3(R) + NaN02(R) KNO2(R) + NaNO3(R) 

Assuming that nitrate ion is larger than nitrite ion, this equilibrium is 
shifted somewhat to the left (the "large-large, small-small" rule in reciprocal 
systems). The ratio of activities, KN03/KN02 and NaN02/NaN03 would, therefore, 
be greater than unity. 

Three equilibria to consider are: 
(i) KN03(11) KNO2(R) + 1/2 02(g), AGi(kca1) = 27.6 - 24.4(T/1000) 

(ii) 

R e f .  - R. F. Bartholomew, J. Phys. Chem. 70, 3442  (1966). 

NaN03(R) $ NaNOz(11) + 1/2 02(g), AG;(kcal) = 24.0 - 24.O(T/1000) 
Ref. - E .  S. Freeman, J.  Phys. Chem. 60, 1487 (1956). 
Freeman's data reworked by L. E. Gastzrt and E. F. Johnson, 
MATT-98, Aug, 1961, p. 157. 

(iii) Hz(g) + 1/2 02(g) 2 HzO(g), AG;(kcal) = -58.9 + 13.1(T/1000) 
Ref. - 0. Kubaschewski, E. L. Evans, and C. B. Alcock, 
Metallurgical Thermochemistry, 4th Edition (1967), p. 424. 

Combining (i) and (fii) , 
(iv) H2 + KNO3 2 KN02 + H20, AGO(kca1) = -31.3 - 11.3(T/1000) 

'HzO aKN02 
*Hz %03 e 

at: 873"K, K = 2.06 x 10'' =I 

2/%No3 = 0.1, then p = 5 x pH20. Guessing that aKNO 
Assuming that p should be less than atm, then p < .02 atm is tolerable, 

HP 
H2 H20 - 

U C Y - 4 3 0  
13 5 - 6 1 )  
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W .  R. G r i m e s  2 November 4 ,  1970 

S imi l a r ly  when w e  combine ( i i )  and ( i i i ) ,  

(v) H2 + N a N 0 3  N a N 0 2  + H 2 0 ,  AG"(kca1) = -34.9 - 10.9(T/1000) 

a l so  a t  873"K, 

Now assuming t h a t  % 
i n i t i a l l y  c o n s t i t u t e d ) ,  then 

'H20 %aNO2 

pf12 %aNO, 
K = 1.30 x lo1' = 

qNO 2 l aNaNO 3 
= 7 ( t h e  mole f r a c t i o n  r a t i o  when HTS i s  

= 5.4 x 10-l1 pH20 
2 

2 0 '  
Thus a t  873"K, equi l ibr ium (v) r a t h e r  than (iv) f i x e s  t h e  t o l e r a b l e  pH 

Again, supposing t h a t  p should be  less than a t m ,  then pH should 

be maintained a t  less than 2 x arm. 

increases with decreasing temperature.  For in s t ance ,  a t  800"K, t h e  equi l ibr ium 
cons tan t  = 8.25 x loll, which f o r  
PH20 i s  a f a c t o r  of 6 h igher  than%82/3"K. 

H2 2 0  

Fina l ly ,  p l ease  no te  t h a t  t h e  equi l ibr ium cons tan t  f o r  r e a c t i o n  (v) 

/aNaNO 3 
= 7,  means t h a t  t h e  t o l e r a b l e  

S .  Cantor 

SC:mp 

cc: E. G. Bohlmann 
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APPENDIX B 

Reac t ions  of HITEC w i t h  G r a p h i t e  and w i t h  72-16-12 (liF-BeFz-ThF4) S a l t  

C.  E.  Bamberger and R e  G .  Ross" 

A b a t c h  of 50 g of HITEC was prepared  by m e l t i n g  t h e  a n a l y t i c a l  g r a d e  

components ( N a N 0 2 ,  N a N 0 3 ,  KNO3) i n  a q u a r t z  t u b e  under  argon.  A f t e r  

m e l t i n g ,  argon was bubbled through tRe l i q u i d  f o r  1 5  minutes  ( i n  o r d e r  t o  

remove any s i g n i f i c a n t  amount of m o i s t u r e ) ;  t h e  melt was cooled  under  

f lowing  argon and s t o r e d  i n  a d e s s i c a t o r .  

I n  t h e  f i r s t  experiment a 10 g p o r t i o n  of HITEC was mel ted  i n  an  open 

q u a r t z  t u b e  g i v i n g  a Liquid l a y e r  of 3/4" depth .  A p i e c e  of 4 .5  g of 

"MSRE" g r a p h i t e  hanging from a p la t inum wire was dipped b r i e f l y  (30 t o  

120 s e c )  i n t o  t h e  melt a t  s u c c e s s i v e  i n c r e a s i n g  tempera tures  and t h e  

v i s i b l e  s i g n s  of r e a c t i o n  were noted .  Fol lowing i s  a l i s t i n g  of t h e  

o b s e r v a t i o n s .  

t o  t h e  atmosphere o r  was b l a n k e t e d  by f lowing  argon.  

It macle no d i f f e r e n c e  whether  t h e  q u a r t z  t u b e  was open 

No g r a p h i t e  i n t r o d u c e d  - 
340°C: Very small bubbles  formed i n  t h e  b u l k  of t h e  melt which on r a i s i n g  

d i d  n o t  seem t o  d i s t u r b  t h e  s u r f a c e  of t h e  l i q u i d .  The bubbles  

were s o  small. t h a t  t h e y  were observed only  by means of a c a t h e t o -  

meter. 

G r a p h i t e  i n  t h e  Melt 

340°C: Large bubbles  formed a t  t h e  i n t e r f a c e .  

440°C: F a s t e r  e v o l u t i o n  of  l a r g e  bubbles  a t  t h e  i n t e r f a c e ,  t h e  melt 

remained elear yel low.  

The m e l t  became b l a c k  10-20 see. a f t e r  t h e  g r a p h i t e  was i n t r o d u c e d .  

The format ion  o f  bubbles  was more v igorous  t h a n  b e f o r e ,  A f t e r  

removing t h e  g r a p h i t e  t h e  melt c l e a r e d  up i n  ca. 5 minutes .  

490°C: 

3( 
P r i v a t e  communication - MSR 72-5, February 2, 1972, 



545°C: The m e l t  became b lack  again,  then t h e  m e l t  s t a r t e d  foaming 

vigorously and a f t e r  approximately 45 seconds t h e  g raph i t e  p i ece  

became suddenly incandescent.  A t  t h i s  po in t  a sharp  r ise  of t e m -  

pe ra tu re  was recorded. The g raph i t e  was removed and a f t e r  approxi- 

mately 10 minutes t h e  m e l t  c l ea red  up aga in ,  

terminat ed. 

The experiment was 

The experiment was repea ted  and t h e  r e a c t i o n s  were recorded on 16 mm 

movie f i lm,  t h e  only d i f f e r e n c e  being t h a t  t h e  melt was heated r ap id ly  t o  

440°C and then t o  550°C. The observa t ions  were t h e  same as above but  t h e  

t i m e  requi red  f o r  t h e  incandescence of t h e  g r a p h i t e  was ca. 2 minutes.  

Af t e r  removal and cool ing t h e  g raph i t e  used i n  both experiments was 

washed and examined v i s u a l l y ;  i t  revealed a high degree of p i t t i n g  and 

enhancement of t h e  cracks t h a t  were i n i t i a l l y  p re sen t .  

I n  a t h i r d  experiment,  approximately 9 g each of HITEC and 72-16-12 

(LiF-BeFz-ThFr) sa l t  were loaded i n t o  a qua r t z  tube  ( t h e  HITEC a t  t h e  

bottom) and were gradual ly  heated.  A t  250°C t h e  molten HITEC bubbled 

a t  t h e  i n t e r f a c e  wi th  t h e  lumps of f l u o r i d e  sa l t  and became cloudy-white, 

then completely opaque. I n  t h e  range 350-410°C a l a r g e  amount of yellow- 

brownish gas was evolved. The lumps of sa l t :  were no longer  v i s i b l e .  A t  

430°C vigorous foaming occurred which d isp laced  l i q u i d  and suspended 

material upwards. The experiment was terminated.  Upon cool ing,  t h e  

s o l i d s  were d iges ted  En ho t  water and repea ted ly  washed p r i o r  t o  

analyzing t h e  r e s idue  by x-ray d i f f r a c t i o n .  

presence of Tho2 (major phase),  Be0 and LfF.  (A  few u n i d e n t i f i e d  l i n e s  
were a l s o  p re sen t . )  

The results ind ica t ed  t h e  

This  could b e  i n t e r p r e t e d  t o  be  t h e  r e s u l t  of r e a c t i o n s  such as 

ThFk(d) -I- 2N03' i- 2N02-  3 ThOn(c) -I- 4F- -I- 2N204(g) 

BeFn(d) -k N03' 4- NO2' BeO(c) i- 2F- i- N20t+(g) (o r  2N02(g)) 

From what is  known of t h e  oxide chemistry of U(IV) t h e r e  i s  no doubt 

t h a t  UO;! would b e  t h e  f i r s t  i n so lub le  phase t o  form i f  f u e l  sa l t  i s  

contacted by HITEC. 
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