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[57] ABSTRACT 
The addition of cathode materials comprising In+++, 
Pb++ or Cd++ ion, e.g. in the form of salts such as 
In(NO3)3, Pb(NO3)2, Cd(NO3)2 or the corresponding 
perchlorates, to oxyanionic electrolyte cells increases 
cell potential. Such cathodic materials are added to 
lower melting fused salt oxyanionic electrolytes such as 
nitrate or perchlorate electrolytes, e.g. LiNO3, KNO3 
or LiCl04, in a concentration suf?cient to increase cell 
potential, using Li or Ca anodes. A suitable metal cur 
rent collector such as a Ni screen can be used as a cath~ 
ode. The above cathodic materials can be used in con 
junction with other cathodic materials such as AgNO3, 
which undergoes reduction to the free metal. 

19 Claims, No Drawings 

A statutory invention registration is not a patent. It has 
the defensive attributes of a patent but does not have the 
enforceable attributes of a patent. No article or advertise 
ment or the like may use the term patent, or any term 
suggestive of a patent, when referring to a statutory in 
vention registration. For more specific information on the 
rights associated with a statutory invention registration 
see 35 U.S.C. 157. 
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THERMAL BATTERY CELLS CONTAINING 
NOVEL CATHODE MATERIALS IN AN 

OXYANIONIC ELECTROLYTE 

The invention described herein may be manufactured 
and used by or for the government of the United States 
of America for governmental purposes without the 
payment of any royalties thereon or therefor. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to the ?eld of electrochemistry, 

and more particularly relates to thermally activated 
electrochemical cells having an oxyanionic electrolyte 
containing novel cathode materials, resulting in an in 
crease in cell potential. 

2. Description of the Prior Art 
Thermally activated electrochemical cells or batter 

ies have been used quite extensively in military applica 
tions, such as a power source for arming devices, be 
cause of their long shelf life and compactness, and capa 
bility of withstanding shock and vibration. Batteries of 
this type typically include an electrolyte which, under 
normal storage condictions, is solid and does not con 
duct electricity, When the battery and/or the electro 
lyte is heated to a predetermined temperature, as by 
igniting a built-in pyrotechnic heat source such as an 
electric match, squib or percussion primer, the electro 
lyte, upon changing to a molten state, becomes conduc 
tive and ionically connects the electrodes to provide the 
desired electromotive force. 

Nitrate salts have been proposed for use in thermal 
batteries because of their low melting points. See US. 
Pat. No. 4,260,667 to Miles and Fletcher. For example, 
potassium nitrate-lithium nitrate (KNO3-LiNO3) mix 
tures melt at temperatures as low as 124° C. The use of 
a lower melting electrolyte can shorten a battery’s acti 
vation time and reduce the weight of heat sources and 
insulation. 
A particular problem area of thermal cells using oxi 

dizing molten salts such as molten nitrates or molten 
perchlorates as cathode materials is the slow kinetics for 
the reduction of the oxyanion. For example: 

The large overpotentials for the reduction of these 
oxyanions results in signi?cant lowering of cell poten 
tials at moderate current densities. Consequently, silver 
salts have been added to the electrolytes as cathode 
materials to improve cell potentials. These silver salts 
involve the reduction of the metal ions to the free metal 
in reversible electrode reactions, such as: 

However, the added silver salts migrate and diffuse to 
the anode and form metal ?lms on the anode surface 
that interfere with cell operation. 

U.S. Pat. No. 4,416,958 to Miles and Fletcher dis 
closes a thermally activated electrochemical cell having 
a low melting point electrolyte. The electrolyte is com 
posed of a layer of a mixture of lithium perchlorate and 
lithium nitrate adjacent the anode and of a layer of a 
mixture of lithium perchlorate, lithium nitrate, and sil 
ver nitrate adjacent the cathode of the cell. 
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The article titled “Problems Associated with the 

Electochemical Reduction of Metal Ions in LiN03 
KNO3 and LiClO4-KC1O4 Melts” by M. H Miles et al, 
Journal of the Electrochem. Society, Vol. 134, No. 3, 
March, 1987, pages 614 to 620, discloses electrochemi 
cal studies of certain ions including Cd++, Pb++ and 
In+ ++ in molten LiNO3-KNO3, showing the effect of 
the addition of such ions to the molten nitrate electro 
lyte. 
The article “Cyclic Voltammetric Studies of Nitrato 

Complexes of Various Metal Ions in Molten LiNO3+ 
KNO3 at 180° C., by M. H. Miles et al, J. Electoanal 
Chem, 221 (1987) 115-128, discloses addition of various 
metal ions including Pb++ and Cd++ and other ions 
such as Co++ and Cu++ to molten nitrates, and the 
effect of such additions. 
However, neither of the above articles discloses or 

teaches the application of the principles or concepts 
that are disclosed. in the above articles to thermal batter 
ies, particularly employing lithium or calcium anodes. 
One object of the invention accordingly is the provi 

sion of an improved thermal electrochemical cell. 
Another object is to provide a novel thermal electro 

chemical cell utilizing low melting electrolytes. 
A still further object is the provision of improved 

thermal electrochemical cells incorporating certain 
cathode materials in the electrolyte. 
Yet another object is to provide thermal electro 

chemical cells having an oxyanionic electrolyte and 
containing certain metal salts as cathodic material, to 
increase the potential of the cell. 

SUMMARY OF THE INVENTION 

According to the present invention, it has now been 
found that addition of certain metal ions in the form of 
salts to oxyanionic electolyte melts such as nitrates in an 
electrochemical cell containing a lithium or calcium 
anode, when activated by heating, produces cathodic 
currents at potentials signi?cantly more positive than 
the reversible potential for the metal ion/ metal reaction, 
as in the case of silver salts, as noted above, thereby 
producing greater cell potentials than previously 
achieved. 
The increase in cell potential is accomplished em 

ploying a cathode comprising In+ + +, Pb+ + or Cd+ + 
ions as the cathode material and a lower melting fused 
salt electrolyte. Such ions are added in the form of a 
suitable salt such as ln(NO3)3, Pb(NO3)2, Cd(NO3)2 or 
Pb(ClO4)2, to a lower melting fused salt. electrolyte 
such as LiNO3, KNO3, or mixtures thereof. This cath~ 
ode material/low melting electrolyte combination is 
necessary because of the high melting points of the 
above additives used as cathode materials. The cathode 
materials can be added directly to the fused salt electro 
lyte at various concentrations, as noted hereinafter. 

DETAILED DESCRIPTION OF THE 
INVENTION AND PREFERRED 

EMBODIMENTS 

The cathode material comprising the In++ +, Pb++ 
or Cd+ + ion, or mixtures thereof, which is added to the 
oxyanionic electrolyte is added to the fused salt electro 
lyte in the form of a salt containing such ion, which is 
soluble in the electrolyte, such as a nitrate or perchlo 
rate salt, and diffuses in the electrolyte. The cathode 
materials in the form of salts such as In(NO3)3, 
Pb(NO3)2, Cd(NO3)2 or the corresponding perchlo 
rates, e.g. Pb(ClO4)2, can be added directly to the fused 
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salt electrolyte such as LiNO3, KNO3 or LiCl04 in con 
centrations ranging from about 2X 10-4 to about 
2X 10-1 m(molal). The cathodic current increases di 
rectly with increase in concentration. 
The electrochemical cells of the present invention 

can employ various oxyaniom'c electrolyte salts such as 
nitrite, nitrate, chlorate, sulfate and sul?te salts. The 
preferred electrolyte salts are nitrate, nitrite and per 
chlorate salts, and combintations or mixtures thereof. 
Speci?c examples of such electrolyte salts are LiNO3/ 
KNO3 (42-58 mole %), LiClO4/KC1O4 (72-28 mole 
%), NaNO3/KNO3 (50——50 mole %), and NaNOZ/ 
KNO3/NaNO3 (25-50-25 mole %). 
The cathode materials such as Pb(NO3)2 are added to 

the fused salt electrolyte, e. g. NaNO3/KNO3, at a tem 
perature of about 250° C. The cathodic current in 
creases directly with increases in the above range of 
concentrations. The performance of the cathode materi 
als varies in different electrolyte melts and at different 
temperatures. Thus, for example, in the nitrate electro 
lyte melts, In+ + + performs better than Pb+ +, and the 
latter performs about equally as well as Cd++. In the 
perchlorate electrolyte melts the Pb++ cathode mate 
rial performs better than the In+++ cathode material. 
Although applicant is not certain as to the particular 

theory of operation of the above cathodic materials in 
the above-described electrolytes, the increase in the cell 
potential obtained employing the cathode materials of 
the invention is believed achievable because there is no 
reversible reduction of the metal ions of the cathode 
materials to the free metal as in the case of the silver 
salts. Instead, the metal salt cathode materials of the 
present invention combine with the above described 
oxyanionic electrolyte melts to form oxyanionic com 
plexes of metal ions which are reduced in irreversible 
cathodic reactions. The presence of the metal ion, that 
is, Cd++, Pb++ or In+++, in the complex signi? 
cantly improve the kinetics for the reduction of the 
oxyanion, as shown by the following reaction: 

where M is the divalent cation Pb or Cd. 
A similar reaction occurs to form a complex where M 

is the trivalent cation In, as follows: 

The metal salts comprising the cathode material ac 
cording to the invention, can be employed in electro 
chemical cells having Li or Ca anodes because the metal 
ion of the cathode material is not reduced to the free 
metal, as noted in the above reaction. This prevents any 
metal ?lm from forming on the anode surface. Instead, 
the oxyanionic complex of the metal ions of the cathode 
material, is reduced to the metal oxide, as shown in the 
above reactions. The metal oxide of the metals used as 
cathode material in the present invention are usually 
soluble in the electrolyte melt and diffuse therein and do 
not passivate the cell electrodes, and the cathode mate 
rials hereof can accordingly be allowed to mix with the 
electrolyte throughout the entire cell. 
The metal salts of which the cathode materials are 

comprised can be used in conjunction with other ca 
thodic materials such as silver salts, e.g. AgNO3, that 
undergo reduction to silver metal. Under these circum 
stances, a small concentration of silver salt not to ex 
ceed the concentration of the metal salt cathode mate 
rial hereof should be employed, eg a proportion of 
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about 0.01 to about 1 mole of silver salt per mole of the 
metal salt cathode material, and it is essential that the 
silver ion be kept near the cathode or cathode collector, 
so it does not plate out on the anode. 

In the electrochemical cell of the present invention, 
the oxyanionic electrolyte containing the metal salt 
cathode material hereof is disposed between a lithium or 
calcium anode and a cathode collector in the nature of 
a metal current collector such as a nickel screen, with 
electrical connections to the anode and the cathode 
current collector. However, if desired, the metal salt 
cathode material hereof can be used as a solid cathode 
layer in the electrolyte in solid form, spaced from the 
anode, and adjacent to the cathode current collector, 
instead of being added directly to the electrolyte melt. 
According to a preferred embodiment of the inven 

tion, providing a thermal battery cell with a lithium 
anode, a nickel screen cathode current collector spaced 
from the anode, and a LiNO3/KNO3 electrolyte con 
taining Pb(NO3)2 cathode material in a concentration of 
0.02 m with respect to the electrolyte, the electrolyte 
can be provided as one or more discs such as of ?ber 
glass ?lter paper, with the electrolyte containing the 
cathodic material absorbed thereon. Such electrolyte 
discs can be prepared by dipping the discs into the mol 
ten LiNO3/KNO3 electrolyte having the lead nitrate 
cathode material diffused therein, removing the so 
treated discs and allowing the electrolyte to solidify. 
The treated ?berglas discs are then placed with their 
flat surfaces adjacent each other and sandwiched be 
tween the anode and cathode to form the cell as de 
scribed above. 

Operations of the thermal cell according to the inven 
tion can be carried cut within a temperature range of 
about 150° to 350° C., with a preferred range of about 
150° to about 250° C. 
The increase in cell potential by practice of the inven 

tion has been observed in nitrate, nitrite, and perchlo 
rate melts over a broad range of temperatures from 150° 
C. to 350° C. The table below lists oxyanionic electro 
lyte melts, metal cathode salts, and temperatures in 
which positive effects of adding metal salts for increas 
ing cell potential have been observed. 

TABLE 
Electrolyte Cathode 
Melt Salt Temperature °C. 

LiNO3/KNO3 Cd(N03)2 350 
LiNO3/KN03 Cd(N03)2 18° 
LiNO3/KNO3 In(NO3)2 180 
LiNO3/KNO3 Pb(NO3)1 160 
LiClO4/KC1O4 In(NO3)3 250 
LiClO4/KC1O4 Pb(ClO4)2 250 
NaNO3/KNO3 Pb(NO3)2 250 
NaNO3/KNO3 Cd(NO3)2 250 
NaNOz/KNOg/NaNO; Cd(NO3)2 250 

The following are examples of practice of the inven 
tion: 

EXAMPLE 1 

In (NO3)3 as Cathode Material 

Cycle voltammetric studies at 50 mV/s (millivolts per 
second) of 0.02 m In(NO3)3 dissolved in a LiNO3/ 
KNO3 electrolyte (0.58 mole fraction KNO3, mp= 124° 
C.) at 180° C. show a new cathodic wave beginning at 
0.0V (vs Ag+/Ag). These results indicate that a ther 
mally activated electrochemical cell having a lithium 
anode, a LiNO3/KNO3 electrolyte, and containing 0.02 
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m ln(NO3)3 would yield an open-circuit potential (Eoc) 
of 3.4 V. A current density of 3 mA/cm2 can be 
achieved for 0.02 m In(NO3)3. A cell potential of 2.7 V 
can be achieved at 15 mA/cm2 for 0.1 m ln(NO3)3. 

Similar studies in a LiClO4/KC1O4 melt (0.285 mole 
fraction KClO4, mp=210° C.) indicate that a thermally 
activated cell having a lithium anode and containing 
0.02 m In(NO3)3 will yield Eoc=3.0 V at 250° C. A 
current density of 80 mA/cm2 can be achieved with 0.1 
m In(NO3)3 in LiClO4/KC1O4 at 250° C. at a cell poten 
tial of 2.4 V. 

EXAMPLE 2 

Cd(NO3)2 as Cathode Material 

From cyclic voltammetric studies similar to Example 
1, a new cathode wave begins at —0.6 V (vs. Ag+/Ag) 
at 180° C. in LiNO3/KNO3 and at 0.0 V (vs Ag't/Ag) 
at 350° C. in the same melt, with 0.02 m Cd(NO3)2 
added in each case. Therefore, a thermally activated 
cell constructed with a lithium anode, a LiNO3/KNO3 
electrolyte, and 0.02 m Cd(NO3)2 will have Eoc=2.8 V 
at 180° C. and Eoc=3.4 V at 350° C. For 0.1 m 
Cd(NO3)2 at 350° .C these studies indicate a cell voltage 
of 3.0 V at a current density of 50 mA/cmz. 

EXAMPLE 3 

Pb(NO3)2 as Cathode Material 

From cyclic voltammetric studies at 160° C. similar 
to Example 1, a new cathodic wave begins at —0.2 V 
(vs. Ag+/Ag) in LiNO3/KNO3 with 0.03 m Pb(NO3)2 
added. Therefore, a thermally activated cell with a 
lithium anode, a LiNO3/KNO3 electrolyte, and 0.03 m 
Pb(NO3)2 added would have Eoc=3.2 V at 160° C. For 
0.1 m Pb(NO3)2 at 160° C., these studies indicate a cell 
voltage of 2.4 V at a current density of 90 mA/cm2. 

EXAMPLE 4 

Pb(ClO4)2 as Cathode Material 

From cyclid voltammetric studies at 250° C. in Li 
ClO4/KC1O4 similar to Example 1, a new cathodic 
wave begins at 0.6 V (vs. Ag+/Ag) with 0.02 m 
Pb(ClO4)2 added. Therefore, a thermally activated cell 
constructed with a lithium anode, a LiClO4/KC1O4 
electrolyte, and 0.02 m Pb(ClO4)2 as the cathode mate 
rial would have Eoc=4.0 V at 250° C. For 0.1 m 
Pb(Cl04)1 at 250° C., a cell voltage of 3.0 V is indicated 
at 50 mA/cmz. 
The present invention has the novel feature of pro 

ducing cathodic currents at potentials signi?cantly 
more positive than the potential of the reversible metal 
ion/ metal electrode reactions or the potential observed 
for the irreversible reduction of uncomplexed oxyan 
ions, thereby producing greater cell potentials than 
could be previously achieved. 
The effects of increased cell potential have been ob 

served using the cathode materials of the invention in 
nitrate, nitrite, perchlorate and other oxyanionic melts 
over a broad range of temperature and the cathode 
metal salts can be used at various concentrations by 
adding them directly to the electrolyte melt. The use of 
the cathode materials of the invention does not interfere 
with the lithium or calcium anodes employed. As previ 
ously noted, the use of the cathodic materials of the 
invention can be practiced in conjunction with other 
cathodic materials such as silver salts, which undergo 
reduction to the free metal. 

5 

15 

25 

35 

45 

55 

60 

65 

6 
Since various changes and modi?cations can be made 

in the invention without departing from the spirit of the 
invention, the invention is not to be taken as limited 
except by the scope of the appended claims. 
What is claimed is: 
1. A thermal electrochemical cell comprising 
an oxyanionic electrolyte which is a non-conductive 

solid at ambient temperature and is capable of be 
coming an ionically conductive liquid upon being 
heated above its melting point, 

a cathode material in said electrolyte, said cathode 
material comprising a metal ion selected from the 
group consisting ln+++, Pb++ and Cd++ ions, 
and mixtures thereof, and 

an anode in contact with said electrolyte, selected 
from the group consisting of Li and Ca anodes. 

2. The thermal cell of claim 1, said oxyanionic elec 
trolyte being selected from the group consisting of ni 
trite, nitrate, chlorate, sulfate and sul?te salts. 

3. The thermal cell of claim 1, said oxyanionic elec 
trolyte selected from the group consisting of nitrate, 
nitrite and perchlorate salts, and mixtures thereof. 

4. The thermal cell of claim 3, said oxyanionic elec 
trolyte selected from the group consisting of LiNO3/ 
KNO3, LiClO4/KC1O4, NaNOg/KNOg and NaNO? 
KNO3/NaNO3. 

5. The thermal cell of claim 1, wherein said cathode 
material is derived from a salt containing said metal ion, 
said salt being soluble in said electrolyte. 

6. The thermal cell of claim 5, wherein said cathode 
material is selected from the group consisting of In( 
Noah, Pb(N03)2, Cd(N03)2 and Pb(C104)2 

7. The thermal cell of-claim 5, wherein the concentra 
tion of said cathode material in said electrolyte ranges 
from about 2><10—4 to about 2X 10'~1 molal. 

8. The thermal cell of claim 5, and including a cath 
ode current collector in contact with said electrolyte 
and spaced from said anode. 

9. The thermal cell of claim 5, said metal salt cathode 
material comprising a solid layer in said electrolyte 
spaced from said anode. 

10. The thermal cell of claim 5, said cathode material 
also including a silver salt in a proportion of about 0.01 
to about 1 mole per mole of said salt containing said 
metal ion. 

11. The thermal cell of claim 6, wherein said electro 
lyte is a nitrate electrolyte. 

12. The thermal cell of claim 11, wherein said electro 
lyte is LiNO3/KNO3, and wherein the concentration of 
said cathode material is said electrolyte ranges from 
about 2X 10-4 to about 2X 10-1 molal. 

13. The thermal cell of claim 6, wherein said electro 
lyte is a perchlorate electrolyte. 

14. The thermal cell of claim 13, wherein said electro 
lyte is LiClO4/KC1O4, and wherein the concentration 
of said cathode material in said electrolyte ranges from 
about 2X 10-4 to about 2X 10-1 molal. 

15. In a thermal electrochemical cell comprising an 
anode, a cathode and an electrolyte disposed between 
said anode and said cathode, 

an oxyanionic electrolyte which is a non-conductive 
solid at ambient temperature and is capable of be 
coming an ionically conductive liquid upon being 
heated above its melting point, 

a cathode material diffused in said electrolyte, said 
cathode material comprising a metal ion selected 
from the group consisting of In+++, Pb++ and 
Cd++ ions, and mixtures thereof, and 
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an anode in contact with said electrolyte, and se 

lected from the group consisting of Li and Ca an 

odes. 

16. The thermal cell of claim 15, said oxyanionic 

electrolyte selected from the group consisting of Li 

NO3/KNO3, LiClO4/KC1O4, NaNO3/KNO3 and Na 

NO2/KNO3/NaNO3. 

5 

15 

25 

30 

35 

45 

55 

65 

8 
17. The thermal cell of claim 16, wherein said cath 

ode material is selected from the group consisting of 
In(NO3)3, Pb(NO3)2, Cd(NO3)2 and Pb(ClO4)2. 

18. The thermal cell of claim 17, wherein the concen 
tration of said cathode material in said electrolyte 
ranges from about 2X 10-4 to about 2><10-1 molal. 

19. The thermal cell of claim 18, and including a 
cathode current collector in contact with said electro 
lyte and spaced from said anode. 

* IF * * * 


