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;,' Full Air Breathing Battery Concept

Lead-acid (. « Conceptisto use O, and N, as the electrodes in
N-Cd - a battery
NiFe (mm— » Novel because N, is considered inert
NEH? -

» Our group routinely reacts N, electrochemically
Z0/Ag0 » Challenging but appears feasible based on

P E— preliminary experimental results
Zn/Br2 OO « Enormous potential impact on stationary and

Vanadium-Redox @ mobi!e energy storage _in both energy storage
density and in economic value

Ni-MH D

g 375 750 1125 150C
Theoretical Energy Density (Wh/kg)

Zn/Air has the highest energy density of aqueous
battery chemistries because the weight of the
cathode is not included in the calculation. The
energy density would increase greatly beyond

Zn/Air Iif the anode material were also derived from
the air.

 Year 1 objectives
* Focus on nitrogen

e establish electrochemical behavior of
nitrogen species

e measure gas solubility in electrolyte
solutions
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},. Many Science and Engineering Challenges

 Nitrogen has a high energy
density and low normalized cost

— 6 electrons per molecule Theoretical Calculations for the 6-e- 6-H*
s 5743 mAh/g Reduction of Nitrogen
— low cost Half-reaction N, + 6e" + 6H* = 2NH;

— benign (safe)
* N, reduction is highly complex
 Numerous other challenges

— electrode structure

— cell design

— solubility

— high reactivity of intermediates

and products — e.g N*
— electrolyte

« Half-reaction in aprotic media

— N, + 6e = 2N%
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;,.' Electrolyte Working Range

* Molten salt as baseline electrolyte
— high temperature 0.0002

Comparison of Pt and GC in Neat TEHA-Im

— room temperature ionic liquid (IL) 000015 |- counter Pcoi
Fer Agr A ITTIMINC
 Numerous criteria 0,000 — .
o * Ft. 1.6 mm dia
— Electrochemically stable over the é% < 10
requisite working range >
. = 0
* have synthesized and 8 ehassy carbon
. . e ) f i 2 i
evaluated a number of ionic g -0 | [ (="
liquids Y 0000l
e some are stable
-0.00015
— reasonable solubility of gases ooy L] TEFATES G207
3 2 - 0 | 2 3
Voltage (V vs Ag/AgCI-IL)
0 o :
FSC_%’_O ].iG-) LiBr
q/v\ ® o aqueous phase
NEt; +BU CH,CN - [/\]‘3N/\/\/\\ © DI water organic phase ®
reflux, 24hr e
14hr N
E
Synthesis of triethylhexylammonium bis(trifluoromethane sulfonyl) imide (TEHA-Im) O=¢7CFa
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Gas Solubility in the Electrolyte

» Have determined the solubility of gases

in a variety of ionic liquids
- 0O,, N,, CO,
— CO, very soluble
— O, and N, - vanishingly small

* Increasing the solubility of species in the
electrolyte to optimize rate
» Tailoring the solution to increase gas
solubility
 gas diffusion electrode
» engineer the properties of the ionic
liquid
— fluorinated IL increases O,
solubility
— N, not yet measured
(\ F Fy N
Br'\™ c C-cr, HC_ N/\ é\/C\ _C
\:/ CHscN reflux —/ &°
14hr

partially fluorinated N,N’-hexylmethylimidazolium bis(trifluoromethane sulfonyl) imide i
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Chemistry of Nitrogen and Reaction Products

*Understanding the chemistry of N, and the species involved in its reduction is

critical

*\We have used a variety of techniques to characterize these species

espectroscopy of N3 in ILs

IR
*Raman
*UV-Vis
*NMR
Thermal
*TGA
DTA
DSC
*others
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' Electrochemistry of Nitrogen
Nitride Oxidation

» The electrochemical behavior of nitrogen oo Electrochemical Behavior of LiN at Ni
species is most important oonrs ||| G0 with L N

— thermodynamics (voltage) 561 | it st e

— kinetics (power) —oo00s g i T &

— mechanism (power, reversibility, etc) =k // z
« Basic electrochemical process in aprotic media 3 o0 | I~ .

fis
- NZ +6e = 2N3_ 0.001 Li tistal
0.0015 E 222?:‘?1:5?;:?@\

« We have completed preliminary -

electrochemical evaluation of nitride (N*%) 20 100 0 100 200 0 40 50 600
and nitrogen Voltage (mV vs Li(Si)

Electrochemical Behavior of Li3N at Ni

— Two cell configurations O T Hoobed cal
) LiCI-KCI 450 C
 flooded cell deS|gn reference/counter with Li_ N
. . electrode - Li_Si, A _ o
b pressed pe”et Conf|gurat|0n -0.005 | Ni-wire \_&rnr!{ing lectrode in solution

n solution

— High temperature molten salt electrolyte

n\/sec

« LiCI-KCI (45:55), 352 ° C melting point =
— Li3Si, ref and counter electrode 2 I
» solid at high temperature, stable reversible e \
couple, 149.2 mV vs Li 0.005 Kt
« also deposited Li at working to provide another b ek
reference
— Ni foam and Ni wire working electrode W e 6 mu ao mm a0 Toc

Voltage (mV vs Li(Si))



V; i; \ Electrochemistry of Nitrogen

Nitrogen Reduction

* Reduction of N,
e N, + 6e = 2N*
* Experimental Details

— flooded cell design Electrochemical Behavior of Nitrogen
— Ni foam on stainless steel tube as the blank with nitrogen
. (no bubbliling across
working electrode 0.02 |nitrogeny Ni-gatize-electrode
— High temperature molten salt electrolyte \ ﬂ
. o . . 0.01 ™\

— LIiCI-KCI (45:55), 352 © C melting point

— Li,53Si, ref and counter electrode % 0L |
— nitrogen bubbled over Ni foam electrode o

: S 001
— numerous redox process evident 3

Flooded cel
LiCl-KCl.450.C
reféerence/counter

electrode - L|138|‘1

-----Li---rr-_l-eial - Ni-gauze warking etectrode
plating/stripping on stainless steel tube
(usefui reference) 10 mVv/sec

— reduction a very negative potentials -0.02
— retain high energy

-0.03

-0.04 L. .
02 01 0 01 02 03 04 05 06

Voltage (V vs Li(Si))
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;,.' Summary and Conclusions

e The electrochemistry of nitrogen is clearly non-trivial

 However, nitrogen can be reversibly reduced and
oxidized at voltages consistent with high energy
systems

e a path forward for increased solubility of gases in
room temperature ionic liquids has been identified

» Select ionic liguids have the requisite electrochemical
stability to allow their use as a room temperature
electrolyte
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;,' FY11 Proposed Work

 continue investigations of nitrogen electrochemistry

« continue low temperature electrolyte development

» develop oxygen cathode
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