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Electrolyte Composition Influence on Oxygen
Reduction in Li-Air Cells
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Background and Motivation Oxygen Concentration
 Li-air and Li-O, batteries can achieve energy densities 10X greater than Li-ion O, Solubility (from 1 atm dry air) e vm e
 These systems require a Rate Limiting Reaction: O, + e~ « O," »  Solubility of a gas in a liquid is related to s} ~O-LiTFS
constant influx of O,, but - — o the free-volume of intermolecular _,,f "o Z
slow diffusion through a ["@"'{ cavities (i.e. between solvent molecules) €% ™. : :
stagnant liquid electrolyte |_i+"'| « However, the presence of electrolyte EOA'-'.[: L
impedes the O, supply >wdh O, species affects solubility in two ways: & oa} g DO Eletcs
R ' ' ' ca— : : S | g T ceeez B m--LiTFSI
Delivering O, rapidly to the B i;‘-’ 0, Salting-out: electrostatic ion-solute| o ,| "‘*~'-~::;;;-~-‘-‘Irr333 ------ meUseT
eIectrer sur.face 'S e £ ‘y.!‘ As interactions reduce solubility | [ .
eszer?.tlil for_high ptf)wer 3 5’.4 o, Salting-in: dispersion forces make ¢ .~ —omc
dn ener operation ‘ " 00 02 04 06 08 10 12 14 16
+ To delgign a g\e/ttepr ba![tery \'z‘ € room for additional solute Salt Goncentration (M)
we must understand the ° dla SNOWsS 1tha IS reauced wi € addailtion or LI" sa
')b‘_ O Data sh that C(O,) is reduced with the additi f Li* salt
influence of electrolyte on Fast diffusion Slow diffusion « An an_alysis of 6 anions @Ilustrates thgt larger anions can reduce the impact
O, diffusion and solubility More O, Less O, of salting-out from high Li* concentrations
_ * lLarge TFSIT and [0, o7 o . i
Experimental BETI- salt anions | | . T T e T -
] } .. ] also exhibit good ano- o | ‘ : -
Diffusion Coefficients Oxygen Concentration D(O.) in DI\%SO R . D: CFS0;
 The transit time method using a| < Cyclic voltammetry using a rotating sugéesting e; I N i = AF | A f
rotating ring disc electrode (RRDE) disc electrode (RDE) measures better O, supply | % oxf A - Fac/ﬁf/ \?;Tf’!\ca
measures D(O;) and D(O;") C(O,) by the Levich equation . Concentration of * & | % _ e TFSE
2 2 1 1 - : : o 0 0
7 (L e e i = 062nFAC(OND(0-)5w3v "5 salt is important| | | & OISO Electrotes N
S (D(OZ)) w | | Liim n ( 2) ( 2)3(1)21/ 6 to show the affect | 010l A.B : (1)(5) ::} | Fgc\c/:-i\// \}?\C/CH
. K geqmetrlc con_stant; v, kKinematic| < n, number of electrons; F, Faraday’s of anion size on - ¢ oo P % A s s v p s A Fé_BETc:’_
viscosity; w, rotation rate constant; A, elecirode area C(0,) Anion Volume (A9 |
0.0020 - 128 Eim Mor . .
B Li-Air Cell Performance
< 0.0015 < -0.02
}:: %_0_03_  To validate the impact of mass transport on cell
g5 oo §_0_04_ ——200RPM performance, Li-air coin cells were constructed and
2 e ' o oo RPM discharged under dry air at various rates
o e | o T ja0ReM - Theory indicates that the product of D(O,) and C(O,)
oo sl j ——1 N M LICIO/DMSO - divided by a characteristic length (6,) is a good metric
| A ) rp TR to determine the mass transfer-limited discharge rate:
Ts (s) Potential (V vs. Li/Li") T nFADpCo d,: thickness of the stagnant
) electrolyte diffusion layer
Diffusion = e lectrolyte diffusion lay
Discharge capacity and current is T M LTrsomse
O. Diffusivit i T ° ~ : --@-- 1M LITFSI/DMSO 1300
2 iy y - - - | ' compared for different electrolyte " %' @ IMLITFSI/TEGDME -
« Traditionally related to solution viscosity  mu . - , £ A-- 1M LITFS/IDMSO-TEGDME |
(i.e. Stokes-Einstein relation) o - - R solvents of varying D(O2), C(O;) < 1T '+ 1>’ E
* No strong correlation found between D(O,) 2 i f ) Ca:lcutlatfd l”"_";, valube? correspond % 0-10F +V 1200 &
and electrolyte viscosity (i.e. high salt =™} ooy }(/ve O trlaim'stl |don edwi_ent.ma;lss S oos| A L 1.2
concentration in dimethyl sulfoxide, DMSQO) & | ¢ oin © ] I_raqszot'; 'r']m'_e an ineticatly- § 0.06 - A “u |
+ For low donor number solvent (i.e. s BroM R -5 imited behavior S | e.cd AV {100 8
tetraglyme, TEGDME), salt concentration | & 01 { | * Passivation of the electrode by 5 %1 ° o§+ " N
and anion type do, however, influence O 1oM products also affects cell capacity g o.oz2} o N 190
) y 1E-8 b——--"7+m—-"—"FT—""T"—"—7"—"""TF—"—"TF"—T——T— . A I . A \ 1
D(O,) (through O,-anion coordination) 00%0® 8,Znior110\30Iu1nz1(;(Al:O 60 180 200 at longer time scales 000 by '091_4141_0
O - DiﬁUSiVity Edp—r—T—T T T T T T T V¥ indicate calculated ilim values Discharge Rate (mA/cmzreal)
2 | §
* Influenced by the solvation of O, and | | CO"C'USiO"
solution viscosity o E
 The solvated structure of O, in DMSO is 2 | 0 Selection of Li-air and Li-O, electrolytes must account for oxygen solubility and
~29X larger (in volume) than unsolvated O, ="y o ™ o diffusivity in addition to stability and reaction kinetics. Mass transport in these
« Stokes’ correlation predicts an order of & | ™ ] B '@gg@ § cells affects both the cycle rate and the capacity of cells. The influence of
magnitude lower O, diffusivity with this es} Solvated ‘{' " ;? electrolyte concentration, anion size and solute-ion interactions cannot be
larger size — confirmed by the data | Oz IDMS0ls ¥ & BN neglected. Salt and solvent species must be selected synergistically to promote
« Data also shows an influence from O,~- .. ‘N ' these properties. Here, we highlight several electrolyte design parameters to tune
anion coordination (a change in solvation) 2w p e = and improve battery performance.

Anion Volume (A%

ENT OF
& ~& U.S. DEPARTMENT OF ///A '

U/ ENERGY /I A AN

ecurity Administration

Sandia National Laboratories is a multi-program laboratory managed and operated by Sandia Corporation, a wholly owned subsidiary of Lockheed
Martin Corporation, for the U.S. Department of Energy’s National Nuclear Security Administration under contract DE-AC04-94AL85000.
SAND No. 2011-XXXXP

&5



