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Basic Research Needs:
Electrical Energy Storage
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Basic Research Needs:
Electrical Energy Storage
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Potential vs. Li/Li (V)
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Adapted from: Y. Wang et al., J. Power Sources 286 (2015) 330

Improving battery performance will be driven
by:

e New/modified materials

e Understanding how the systems function

e and why they fail -characterization
(diagnostics)

Energy density:
Need to increase the amount of charge stored
per unit of material

Power (rate):

Need to increase Li+ diffusion (and electronic
conductivity)

Engineering of cell design



Li,Ti:O,, spinel as anode material
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Li,Ti:O,, spinel as anode material
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Particles size (nm)

a-LTO a=8.33-8.36 A, s-LTO a=8.363(4) A

Oxygen defects and/or Ti**/Ti3* reduction?

D ~ 180 nm (Rietveld refinemnt, DLS)



Li,Ti:O,, spinel as anode material
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Intensity (a.u.)

Li,Ti:O,, spinel as anode material

P AR AR A A 100_& i I ' ' ' ': B.E.T.
(hk)LigTisO,, ¥ TiO-rutile %F I + ' ] tyr(min) Sa (n’/g)
400) 7 WG 2 by & 0 3.7
G ) £ 88‘; ®» LT0,, (Fdim) L 30 9.0
N ty=0min asy © s 8 of Lo, 2y B ¥ 60 10.0
t_=30min ~ 2 6f ] 150 17.0
M & Lt 1
) b | 8 o ] 300 21.0
t, ,=60min o Ra ) pa ) f ) 4 h 480 320
L AM \v/ 0 100 200 300 400 500
milling time (min) | | |
”‘J tM=180m|n ~ 180 i L1 1 1 R I | 1 1 L) 1 1 1
* o 2
J ty,~300min }I. A
et A S A A 160 $§ © © & 0
| tM=480m|nA i ‘F . [0
pow’ | \ N\ \ A
Pl A S . 140 § # %
20 30 40 50 60 70 P o % Q [ ]
2Theta (angle) ?E: 120 —
SR
o (@) 4 (b) 100 :
- ; N m Sa37mg’
= & 5 0 _. 5 O Sa9m’g
% j:: E M 60 ® Sa10 ng'1
§ 204 § . ; O Sat7Tm’ g
% . LTo_21 % :- - 40 o . Sa 21 m2 g-1
(% 'l" |l0 1‘. 2‘0 2‘2 2“ ‘?f - 1l4 |l0 1‘. 2‘0 2‘2 2" D 0 Sa 32 mz g 1
Potential vs. (Li/Li*) V Potential vs. (Li/Li") V B
543 2 "es4 3 2 654 3 2 !
10 1 01

-1
scanrate/ mV s



Li,Ti:O,, spinel as anode material
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Li insertion into Li4Ti5012 spinel prepared by low temperature solid state route: Charge capability vs surface area. In Electrochimica Acta, 2018, vol. 265, p. 480-487.
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e Target materials of further interest:
Li-La;Zr,0,, (Ta>*, Ga3*, ... ) (electrolyte)
K,TigO3, solid solutions (Na, K) of Li,Ti:O,, (anode)
Li(Na);V,(PO;); (cathode)
Implementation of carbon source: graphite, graphene, organic sources of carbon,....



Motivation
£

U.S. SOFC market revenue by application, 2014 - 2025 (USD Thousand)
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Motivation
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Intensity (a.u.)

La1xCaxAlOs.4 - synthesis
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Intensity (a.u.)

La1xCaxAlOs4 - synthesis
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Lattice Volume (A3) Crystallite size, D Strain (x104)
parameter (A) (nm)
0 3.80339(12) 55.019 11 19
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0.1 3.79065(7) 54.468 33 52
0.15 3.79008(7) 54.443 39 57
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log Oigtal (chm_1 )

La1xCaxAlOs.q — functional properties
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8 10 12 14 16 18 Temperature dependence of total electrical conductivity
10T, K of La, Ca,AlO, ; ceramics in air.
X T,° C E,, kd/mol
0 680-1000 148.4 = 1.0
0.05 630-1000 109.3 =04
415-630 140.1 = 0.9
0.10 630-1000 104.7 = 0.4
370-630 1155+ 05
0.15 340-1000 109.5 = 0.2
0.20 340-1000 102.0 = 0.3




La1xCaxAlOs.q — functional properties
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Thank you for your attention!







