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/ Purpose \/ Impact on DOE OE Energy \
* To develop a lower temperature, thermally cycle- Storage Mission
able, Zebra Fell (chosen by big corporati.ons Iike.GE, e e e R el e
etc) for stationary large energy storage installations solidifying cell chemistry, allowing battery shutdown
°Strategies; *Zebra cell (Na/NiCl,) and Na/s cells with planar technology are robust.
+ Anode: Use Na-K alloy anod e e o e
- Separator: Na-K alloy anode demands use of joint

Na+/K+ conducting separator: use ”-Al,0;. - Lower temp operation improves system efficiency

*Cathode contact electrolyte: NaAICl, freezes at 1852C. * Systems running at low temperatures, such as the Zebra cell
Need low-melting non-volatile additives to produce “ionic and Na/sS cells we proposed, will have higher voltages and
oils”. Best choices are ionic liquids like EMIM-AICI,. may include alkali halide types not yet evaluated,
*Cathode: NiCl, on Nifoam (or a “red oil” Br,, or sulfur) | * e g Na-K/NaAICl,-Na,K(XYZ)/Br,"red oil”

f Recent Results \ / Research Plan \
|_+ glalss plate o At ASU:

At ISU, we are commissioning a

* New density-stable flat panel . Determine liquidus surfaces for systems of ionic
Na/K anode cell with exchangeable electrolyte
» Alumi : liquids with (Na,K)AICl, using DTA system for
p” Alumina and solid state separator parts for limi _— b) and DSC for k
o NITRITED - o T e T (pre |m|r.1ary s. u |e:<,).( ) an or key cases.
Liquid NaAICl, - : + Liquid alkali anode contained 2. Determine viscosities to compare with measured
+ [EMIMJAICI, Nickel shell | inside B”-alumina/composite cup. conductivities, and then use Walden plots to evaluate
*lonic liquid electrolyte is contained in the bottom immersing nickel conductivity losses by alkali cation self-trapping
(uncharged S'Fate) cathode, !iquid (sulfur complex or bromine red oil) suggested by results Figure 3.
cathode or NiCl, (Zebra version). 3. Develop all-inorganic plastic crystal alkali ion

*Single ion conducting separator $” Al,O, (or novel Na boro-epoxide

glasses or complex inorganic Na*-conducting plastic crystal) conductors of Figure 4 as alternative (higher-

*Powdered B” Al,0;, as base conductor, incorporated in Na* conducting conducting) electrolytes for sodium-potassium-
Na,S + P,S; glasses at ISU, then heat treated at 380 °C and 480 °C ambient-air storage systems.
80 xNa,S+ (S, 4 S ”T(“C)“ VN2 Figure 2. Na* ion conductivities
_ :: "’ﬁ ",ar‘S*P:S«G‘“Sn‘ of pure Na,$ + P,S; glasses (left) At ISU :
Ed j; . B“:;m;zzn_s ° and composites with Na ” Al,0, 2 - =
Es .8 Yaepm e consolidated at the indicated T 1. Using commercial $” Al,O, separators, homemade
Y d -9§ (right) and compared to oxide i .
s AP -1 g glass - Na f” AL,0, composites of composite, and plastic crystal separators, test the
X hi ductivi . . . . e
= o R adjacent cell design with ambient liquid Na-K anode
Cathode electrolyte: Low-meltlng”egm(l:tlgs (at ASU) (see phase diagram), and liquid cathode (bromine for
1. Cells  2.DataFig.3 *1 7T | alkali-halide cell), or gas cathode (for Na/air cell).
% e L PREVIOUS WORK R a
TR Ve, | 2. Develop liquid halogen
E T nuswone | and liquid sulfur-type form- - J
° 1. NaAICid,, JEMIM]AICIA, . . w .
5_” LNatlat - T ulations for cathodes. o ot

Temperature, °C

‘ 3. Produce prototype energy
185°C 140°C 100°C 60°C 25°C Storage ce"’ u S|ng

3. Syntheses (i) of new low-melting N 1 best combination of above  ~h e,

inorganic salts: unsuccessful

£ - F|gure 4 cell components. Na-K phase diagram showing
(i) of novel inorganic Na*-conducting ¢, S ambient liquids, 13 to 72at.%
S ) ./

plastic crystals, successful . Gl sodium, (from ASM 90146).
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