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FUSED SALTS AS THERMONUCLEAR 
REACTOR BREEDER BLANKETS 

D, M. Gruen 

Cer ta in thermonuclear reactorsv-'^) may use a fuel consis t ing of a 
50-50 mix ture of deuter ium and t r i t i um. To produce power economical ly, 
the react ion neutrons mus t be uti l ized for t r i t i um production in a blanket 
containing l i th ium-6 . Since substant ial amounts of power will be devel 
oped in such fer t i le blankets (about 5 Mwd/gm-a tom of t r i t i um produced) , 
liquid sys tems a r e of i n t e re s t because of thei r ability to remove heat 
readily.(2) F o r a var ie ty of r easons which will not be d i scussed h e r e , 
fused sa l t s of l i thium offer one of the be t te r compromise s for liquid 
b reede r b lankets . In pa r t i cu l a r , fused LiNOj, LiNOs, and s l u r r i e s of LizO 
in ei ther LiN02 or LiN03 have been thought to be pa r t i cu l a r ly attractive.(3) 

The p r e sen t d iscuss ion will l imit i tself to a few e lementa ry con
s idera t ions regard ing the chemical and physicochemical c h a r a c t e r i s t i c s 
of such s y s t e m s . 

Although n i t r a t es and n i t r i t e s have beeh studied for many y e a r s , 
per t inent information about the lithiunni sa l ts is v i r tual ly nonexistent . The 
studies that will be d i scussed he re concern themse lves with some p r o p 
e r t i e s of alkali me ta l n i t r a t e s and n i t r i t e s . These s tudies should, of 
cou r se , be extended and supplemented by s tudies on the cor responding 
l i thium sa l t s to allow a p roper evaluation of the utili ty of the l i thium sa l t s 
to be made . 

1. The rma l Stability 

The t h e r m a l decomposi t ions of NH4N03(4) NaN03,(5.6) NaNOa,^^.^) 
KN03,(6) andKN02^°/ have been studied. Only a few of many s tudies of this 
sor t a r e r e f e r r e d to , pr incipal ly to indicate the lack of ag reemen t sti l l 
existing in this field. Thus Lux(o) maintained that , with NaN03 and KNO3 
above 550°C, the gaseous products of decomposi t ion consis ted of O2 and 
NO while Freeman , (5 ) employing m a s s s p e c t r o m e t r i c m e a s u r e m e n t s , found 
O2 as the only gas on heating NaN03 to 650° C. Heating to higher t e m p e r a 
tu res res t i l t s in the formation of N2 gas , but even at 780°C F r e e m a n ob
served only very smal l amounts of n i t rogen oxides. F r e e m a n a lso 
invest igated the decomposit ion of NaN02 in s t a in less s tee l between 650°C 
to 780°C and found the decomposit ion gases to consis t of N2 and O2. When 
this reac t ion was c a r r i e d out in a p la t inum cruc ib le , t r a c e s of NO and /o r 
NO2 were a lso observed . This would point to a catalyt ic effect influencing 
the mechan i sm and products of decomposi t ion. 



The products of decomposit ion in the liquid phase (oxide, peroxide , 
n i t r i t e , etc.) a r e in equil ibrium with the gaseous p roduc t s . In pa r t i cu l a r , 
the ra te of the react ion 

NaNOz +-7O2 ^ • NaN03 

has been studied by F r e e m a n . 

A detailed knowledge of all the products of t h e r m a l decomposit ion, 
indeed a complete understanding of the the rmodynamics , pa r t i cu la r ly of the 
sys tems Li20, LiOH, LiNOz, LiNOs, H20,02, N2, NO, and NO2, is n e c e s s a r y . 
The react ion 

LiNOg + y O2 = LiN03 

has been studied(7) and has led to the value 25,1 kcal pe r mole for the heat 
of formation of LiNOs from LiN02 + O2. 

It is a lmost ce r ta in that in the p r e sence of appreciable concen t ra 
tions of NO or NO2 in the gas phase LiNOj will be the stable liquid phase . 
More will be said about this in sect ions 4 and 5. 

2. Neutron Damage 

Neutrons , ul t raviolet light, ot r a y s , and X rays have been shown to 
produce n i t r i t e and oxygen in c rys t a l s of NaN03 and KN03.(8,9) Studies of 
7 i r rad ia t ion of aqueous n i t ra te solutions show that n i t r i te is produced. (1^) 
However, no studies of radiat ion damage in fused n i t r a t e s or n i t r i t e s a p 
pear to have been made . In the in tense neutron flux of a the rmonuc lea r 
r eac to r extensive radia t ion decomposit ion will undoubtedly occur . The 
extent and na ture of this decomposit ion is difficult to p red ic t , s ince damage 
will r e su l t , not only from coll is ions with neu t rons , but a lso from the f rag
ments of the fissioning l i th ium-6 . The study of this question and of the 
thermodynamics of the sys tem obviously will have to go hand in hand. 

The re is the additional quest ion of the effect of neut rons on the 
gaseous products of decomposit ion and, indeed, on any gaseous a tmosphere 
maintained over the liquid phase . As pointed out by P r i m a k and F u c h s , ( l l ) 
ni t rogen can be fixed in a nuclear r e a c t o r . If the products of t h e r m a l and 
radiat ion decomposit ion of LiN02 or LiN03 aije N2 and O2, a ce r ta in amount 
of NO would be formed. It will be impor tan t to find out to what extent this 
react ion goes . In this connection, the solubility of O2, N2, NO, and NO2 in 
the liquid phase will be an impor tan t p a r a m e t e r since the energy of the 
fission f ragments will be available for ni t rogen fixation in the liquid. 

It is c lear that if the products of radia t ion decomposi t ion of the fused 
salt a r e O2 and N2 and if n i t rogen fixation, e i ther in the gas or the liquid 



phase , is not extensive, then auxil iary nitrogen-fixation facil i t ies wotdd be 
requi red . The effect of this additional chemical step on the economics of 
n i t ra te blankets r emains to be evaluated. 

3. Neutron Multiplication 

Fo r efficient breeding of t r i t ium, a neutron multiplication scheme 
must be employed. One suggested possibi l i ty consis ts of the addition of 
bery l l ium-9 to the blanket. The re levant nuclear react ions a r e 

(1) 9Be(n .7 ) ' °Be ( -10M : 

(2) ' B e ( n , a ) ^ H e - ^ - ' - ^ L i ; 

(3) 9Be(n.2n)«Be ^ 2^He 

Reactions (2) and (3) will be the predominant ones with high-energy neut rons . 
Addition of Be(N03)2 to the blanket to produce neutron multiplication poses 
cer ta in chemical p roblems ar i s ing solely from nuclear t ransformat ions of 
beryl l ium. Nuclear react ions (2) and (3) a r e equivalent to chemical r educ 
t ions. The net chemical react ions that a r e most likely to occur as a resu l t 
a r e : 

Be(N03)2 ^ L i N 0 3 + NO + O2 [due to react ion (2)] 

Be(N03)2 ^ 2He + 2NO + 2O2 [due to react ion (3)] 

If a beryl l ium compound were added to the modera tor instead of to the blan
ket, react ion (2) would act as a sink for neutrons in two ways. Energet ic 
neutrons would be lost by the react ion itself, while t he rma l neutrons would 
be lost due to absorption by l i thium-6 produced in the modera to r . The 
neutron-breeding efficiency of beryl l ium would, therefore , depend somewhat 
on whether beryl l ium were incorporated into the blanket or the mode ra to r . 

Additional problems of cor ros ion and radiat ion decomposit ion would 
a r i s e for beryl l ium sal ts added, for example, to a water modera to r . In case 
beryl l ium were to be incorporated in the blanket, it can be seen from a con
siderat ion of equations (1), (2), and (3) that, to maintain a constant ra t io of 
lithium to beryl l ium, it would be neces sa ry m e r e l y to add a beryl l ium salt 
at a constant r a t e . No metal contamination of the sys tem would resu l t from 
burnout of beryl l ium. 

However, var ious questions re la t ing to the the rmal stability and 
radiation damage of Be(N03)2 would have to be considered. Some of the 
alkaline ear th n i t r a t e s , for example Ca(N03)2, a r e quite stable thermal ly 
and can be melted without decomposition. The change in chemical binding 
energy in going from calcium to beryl l ium i s , however, too la rge to enable 
extrapolations of chemical or physical p roper t i e s to be made . 



F o r example, one study(12) of the t he rma l decomposit ion of Be(N03)2 
indicates that decomposit ion of this salt begins at 170°C. The react ion was 
formulated by these worke r s a s : 

Be(N03)2 »-BeO + N2O5 

A thorough study of this sys tem is requi red , as well as of solutions of 
Be(N03)2 in fused Li(N03). 

The melt ing point of the salt mix ture will depend on the concentrat ion 
of beryl l ium sal ts to be added, A low melt ing point i s obviously des i rab le 
(LiN02-232°C, LiN03-255°C) and it will be impor tan t to know the change in 
melt ing point as a function of concentrat ion of beryl l ium sal t . Binary salt 
mix tures of this so r t often have eutectic composi t ions , so that in the mos t 
favorable case a marked depress ion in the melt ing point of the pure c o m 
ponents could a r i s e . Complete phase d iagrams would have to be worked out 
in any case . If one were not working at a eutectic composit ion, phase sepa
rat ion might occur on solidification of the mix tu re . This would be especia l ly 
t rue if t he re were no extensive regions of solid solution. 

If the densi t ies of the two components were quite different, density 
gradients would be es tabl ished. Thus, unless p roper mixing were provided, 
concentrat ion gradients would lead to inhomogeneous neutron, and therefore 
energy, product ionin the blanket. This p rob lem m e r i t s ser ious considerat ion. 

4. S lur r ies of Li20 in LiN02 and LiN03 

The use of Li20 s l u r r i e s in LiN02 and LiNOs was suggested(3) p r i n 
cipally because in this way one could obtain higher a tom densi t ies of L i . It 
tu rns out that Li20 has a density about 50% g r e a t e r than that of Li me ta l . As 
implied in the p r e sen t r epo r t , a n i t r i te or n i t ra te sys tem will probably have 
to be opera ted in the p r e sence of considerable ni t rogen oxide p r e s s u r e to 
prevent decomposit ion. The equil ibrium 

LigO + 2NO2 + -5- O2 ^: ;=^2LiN03 

may lie very far to the r ight . If this si tuation preva i led , s l u r r y would be 
converted to pure fused salt at the expense of NO2 and O2. In other words , 
Li20 s l u r r i e s in LiN02 or LiN03 would be thermodynamica l ly unstable in 
the p re sence of NO, NO2, and O2. S lu r r i e s of Li20 in LiN02 might s t i l l be 
used in the absence of ni t rogen oxides . In this ca se , t h e r m a l and rad ia t ion 
decomposit ion would resu l t in the continuous t r ans format ion of LiN02 into 
Li20, necess i ta t ing continuous additions of f resh LiN02. 



5. Tr i t ium Holdup 

The production of t r i t ium re su l t s from the nuclear reac t ion 

^Li + n »r'*He + T 

The net chemical changes occur r ing in the fused salt as a r e su l t of this 
nuclear react ion alone may be formally wri t ten a s : 

LiN03 =;=:i: TNO3 + He 

It is l ikely, however, that in the mel t the fur ther reac t ion 

2TNO3 *" T2O + 2NO + 3/2 O2 

would occur . Tr i t ium holdup in the blanket would then depend very 
strongly on the solubility of T2O in the fused LiNOs. Some p r e l i m i n a r y 
observations(13) indicate that the solubility of H2O in fused LiN03 is 
much g rea t e r than in other alkali meta l n i t r a t e s , p re sumab ly because of 
the great polar iz ing power of the smal l l i thium ion. Obviously this q u e s 
tion dese rves very careful considera t ion. 

In the p r e sence of substant ial p r e s s u r e s of ni t rogen oxides , species 
such as LiOT would be expected to be re la t ively unstable . How^ever, in the 
absence of ni t rogen oxides, secondary reac t ion products such as LiOT 
would be favored, especial ly in sys t ems involving Li20. The stabil i ty of 
LiOT would make t r i t ium holdup in such systenas an ex t remely se r ious 
p rob lem. 

Final ly , attention mus t be given to the gas phase . It is expected 
that the volatile t r i t i um species will be T2O. In the p r e s e n c e of n i t rogen 
oxides, equi l ibr ia involving the formation of TNO3 mus t be cons idered . 
Exper iments designed to t e s t the effects on container m a t e r i a l s of H2O gas 
in the p r e s e n c e of ni t rogen oxides mus t be pe r fo rmed in o rde r to a s s e s s 
the cor ros ion p rob lems assoc ia ted with this sys tem. 

6. '̂*C Product ion 

The production of carbon-14 through (n,p) reac t ion on ni t rogen-14 
will r e su l t in the format ion of carbonate . The chemical reac t ion is 

2LiN03 ^LizCOj + NO + O2 

Lithium carbonate is quite a stable subs tance . It does not decompose 
appreciably below 600° C. However, the stabil i ty of carbonate in the p r e s 
ence of n i t ra te is not known. It is conceivable that apprec iable concen t ra 
tions of carbonate could be built up in the mel t . Decomposit ion would lead 
to the formation of CO2 in the gas phase , which could be scavenged out of the gas 
s t r e a m . 



7, Cor ros ion 

Stainless s teel i s apparent ly not at tacked by n i t r a t e s , even at 
600-700°C. However, the cor ros ion p rob lems assoc ia ted with Li20 and 
LiOT in the mel t , as well as with T2O and TNO3 in the mel t and in the 
gas phase , must be explored. There is the additional problem of e l e c t r o 
lytic potentials which may be set up in the mel t . Highly reac t ive meta l l i c 
species might be formed. Such species would be expected to have very 
short l i fet imes in the n i t r a t e medium, but, if they occur red at the m e l t -
meta l in ter face , thei r co r ros ion effects might never the less be apprec iab le . 
The unknown factor of the effect of the radia t ion field on co r ros ion r e 
mains to be studied. 

8. Conclusion 

The p re sen t d iscuss ion envisages fused LiN03 as a b r e e d e r blanket 
for a the rmonuc lea r r e ac to r . This salt would be pumped in closed con
t a ine r s p r e s s u r i z e d with ni t rogen oxide g a s e s . The radia t ion field is 
expected to aid in maintaining chemical equi l ibr ium. Under the conditions 
envisaged, LiN03 would be the thermodynamical ly stable condensed phase . 
Carbonate and t r i ton ions would accumulate to some extent in the mel t . 
Tr i t ium would end up in the gas phase as T2O and could be removed as such 
from the gas phase . Tr i t ium holdup in the mel t would depend on a mult i tude 
of fac tors which cannot as yet be evaluated for lack of exper imenta l data. It 
has been assumed throughout the d iscuss ion that the chemical equi l ibr ia 
tending to r e v e r s e the effects of radiat ion decomposit ion wotild be fast c o m 
pared with the radiat ion decomposit ion r a t e . The validity of this assumpt ion 
can only be proved or disproved by exper iment . The r a t e de termining step 
will probably be diffusion control led, i . e . , the r a t e of diffusion of ni t rogen 
oxides into the mel t . The f i r s t exper iment that i s planned, the re fo re , is a 
study of the 7 - r a y - i n d u c e d decomposit ion of LiN03 in the p r e s e n c e and 
absence of ni t rogen oxides. 
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