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The hostile conditions of Venus surface, i.e., high temperature of ~465°C and high CO2 
pressure of ~90 bars1 have limited the previous surface missions to less than two hours. For 
example, the Russian Venera series and Vega-2 Landers,2 barely survived for two hours after 
deployment with lithium-primary batteries, despite the use of considerable insulation, phase-
change materials, and similar heat sinks to isolate batteries and avionics from high surface 
temperatures. There is a need for long-duration Venus surface missions for a better understanding 
of its surface. The recent decadal survey, ‘Vision and Voyages for Planetary Science in the Decade 
as well as the more recent VEXAG study3 have recommended long-duration landers, probes and 
seismometers  to gather basic information on the crust, mantle, core, atmosphere/exosphere, and 
bulk composition of Venus, to understand it evolutionary paths in relation to Earth. 

In order to enable extended surface missions on Venus and Mercury, NASA has initiated 
the development of high temperature electronics and power technologies, under its ‘Hot Operating 
Temperature Technology’ (HOTTech) program. Under this program, we have been developing 
advanced primary batteries that are resilient to the hostile surface conditions of Venus and operate 
for several days with high specific energy. Here, we will describe the development of high 
temperature batteries based on lithium alloy (e.g., Li-Al) anodes, molten salt electrolytes 
containing binary/ternary mixtures of alkali metal halides, cathodes consisting of transition metal 
sulfides, and designs similar to the aerospace thermal batteries.4 With FeS cathode and changes to 
the electrolyte composition, binder and active material ratios, we have shown improved 
operational life to ~20 days at 475oC in the laboratory cells.  Incorporation of these design features 
into ~1.5 Ah prototype cells led to even longer operational life of 30 days. Furthermore, these cells 
have shown good rechargeability by operating continuously over 150 days at 475oC.  

To further improve the operational life of the batteries in the primary mode,  new surface 
coatings have been developed on the cathode which would minimize its dissolution in the 
electrolyte, which include Al2O3, AlPO4 and AlBO3.  Preliminary results with the coated cathode 
are encouraging, with about 50% improvement in the operational life in the laboratory cells.5  
Implementation of the AlBO3-coated cathode in prototype cells to demonstrate similar 
performance enhancement is underway. 
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