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Center for Electrochemical Energy

Oil and Gas consumption degrades the
environment and exhausts a critical RF resource.

Hydro Renewable (6%)

World Energy Consumption

Electrochemical energy storage provides

efficient use of fossil fuels and
commercial opportunities.

* Grid-level power shaping

and time shifting

* Energy buffering for
intermittent alternative
energy sources

* Transportation and mobile

devices

Current electrochemical energy storage technology can not meet these needs,

but there are known solutions.

Advanced Li and polyvalent
ion batteries

Coll-Lewve! Capacity

Vet < Dnangy Denaty WAL
y B EEREE

S e e

G wvrra e Enes gy O niiry (WS /bg)

Mg*? vs. Li*': 4-fold increase
in capacity and density.

Rechargeable metal-air
batteries
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Li-ion vs. Li-air:
3-fold increase.

Fuel and Electrolysis
Cells

Efficiency improvements
for stationary and mobile
applications.

Aqueous flow batteries

Suspension-based
approaches Li-ion; with
low cost, long life, safety,
flexibility.




Approach

Rechargeable metal-air batteries

Research:

*Fundamental studies oxygen reduction and evolution

*Design and synthesis of nanostructured electrodes

*Electrolyte and membrane development
Approach:

*Computational modeling

*Materials synthesis

*In-situ studies

Systems level analyses



Description

People involved

Synthesis and
characterization of
electrode materials

Hydrothermal and “soft
chemistry” synthesis of
LiMPO, and LIMBO; (M =
Fe, Mn, Co). Phase
analysis, electron
microscopy,
electrochemical
measurements.

Staff:

Dr. O.A.Drozhzhin
Dr. E.V. Stenina
Dr. L.N. Sviridova
Students

V. Sumanov

|. Tereschenko




B

CoTpyaHN4YeCcTBO:
000 «MuHepan» u HUNIOU (DnekTpoyrnu)

35 =
33 "
1 =
@29 +
S
3:’ 2.7 +
&
g 25 —
[=
T 23 —+
2.1
1.9
35 1.7
33 - 0 1 Z 3
@ 3.1
g 29
:
g 2.7
§ 2.5
£ 23 . 0,2C nntoc 24°C
\ 0.2C _munve 20 °C
2.1 \ + 5 y
1.9 | 0,2C-munye40-°C
1.7 |
0 1 3 4 5 6 7 8 9 10 M 12

EmkKocTb, A4

0,2C
==—0,4C
0,6C
——1C
1,5C
——2C
4C
5C




Description People involved

Testing of Stability study of “high- Staff :
compatibility with voltage” electrolytes and Dr. O.A. Drozhzhin
selected electrolytes  'OMiC liquids at high Dr. V.A. Nikitina

potentials. Spectroscopic
study and atomic modeling
of solid/electrolyte interface
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Description People involved

In situ X-ray, Development and testing of  Staff :
synchrotron, neutron  experimental cells for in situ Dr. O.A. Drozhzhin

diffraction and X.'ray’ ?ynChrOtmn’ T Dr. S.M. Kazakov
diffraction and Moessbauer

Moessbauer spectroscopy. Detailed ) )

spectroscopy structure characterization of /1 collaboration with :
cathode materials stated Dr. ILA. Bobrikov
above. Dr. I.A. Presnyakov

Dr. B.P. Tolochko, Zubavichus
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Li,FePO,F: HOBbIV KaTOAHLIN MaTepuan Ans MUTUN-
MOHHbIX aKKyMYJIATOPOB C YJy4lleHHbIMU
3HepreTMYeCKUMU napameTpamu
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N.R. Khasanova et al., Chemistry of Materials 24 (2012), 4271
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[locToMHCcTBa HOBOro maTepuana:
-  MuHumanbHble 06 beMHbIe n3aMeHeHus (<2%) npu 3apsaake/paspsigke -
HU3Kasa gerpagaumsa npuv aKkcnsyartauum
- OpHodasHbIN MexaHU3M 1 BbICOKUN KoacdhduumeHT andcpys3nm noHoB nnutuaA
(>>1000 pas, yem y kommepueckoro matepuana LiFePO,) — Bbicokasi MOLHOCTb
- Bo3MoOXHOCTb AenHTepKansauum 6oree ogHOro MOHa fINTUA —
BbICOKasi 3HeproeMKoCTb
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[lepcneKkTUBbLI MarHMeBbIX aKKyMynATOPOB
Katoa: ®a3za LLleBpensa Mg,Mo S,

Crmax= 122 mA'h/g

Yucno uuknos > 2000

A %)

D. Aurbach et al., Nature,
407, 2000.
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Novel cathode materials for Solid Oxide Fuel Cells

Main requirements for cathode:

- High chemical stability (with respect to
electrolyte and interconnect materials)

- High electron and oxygen-ion
conductivity,

- Thermal expansion coefficient
(TEC) £ 20% of electrolyte TEC

- High catalytic activity for oxygen
reduction

ALS - model

P RT / 5
Veell = Vopen — (Vact T Veone T Vohm ) = VNernst — Vioss chem "~ 2F 2\ ( 1 — g)aCE
M. Winter & R.J. Brodd, Chem. 104 (2004) 4245

If D*ek > 10-'* (cm3/s?) — activation losses are
acceptable



Thermal expansion peculiarities in Co%*-contained perovskites

Compound TEC, ppmK-1
LaMnO3 10.7
L20.65r0.4Mn0O3 11.8
LaFeO3 9.5
La0.65r0.4FeO3 14.6
LaCoO3 24.6
L20.65r0.4Co03 18

LaNiO3 t 13.2

Temperature activated transitions between spin states of Co3*

r=0.525 A r=0.61 A



Q: How to solve a problem with high TEC in cobaltites?

A: Choose compound with already HS Co3*
Crystal structure of Sr2Co01.2Ga0.805 at 2K

Magnetic moment
Co3*(oct) - 3.82 uB

HS Co3t
both in octahedra
and tetrahedra

Sr,Co,0, TEC (298-623K)
11.75 ppm K-!

G‘ LaCoO, TEC (298-623K)
24.6 ppm K-1




1. Kobanbtconepxawme neposckutel (MY cosmectHo ¢ NETT PAH)

Srg.75Y0.25C00 sMng 50, 75 (SYCM):

KTP=15.2 ppm K-' (go 600°C — 13.3 ppm K1)

- MoaenbHble TOTO:
— o

=110 Cmicm (300°C) nekTponunt - ZrO,(Y,03) - 1500°C, 12 h (500 um)
AHopa - NiO/Ce0,(Gd,05) - 1300°C, 4 h (20-30 pm)
3awmnTHbIn cnon - Ce0,(Gd,03) - 1300°C, 4 h
Katoa - SYCM - 1100°C, 5 h (20-30 um).

§ ‘.- ) ' --:j : i .. _.' -J-“’ Mo
E m 4 "K\SYCM‘(cathode)
ol e o

e GDC (protecting layer)*

YSZ (electrolyte)
30kv . X500 50pm 0931 1060 SEI

dopmupoBaHuMe cnoeB: TpadapeTHas nevyaTb

Power. mW/ecm’
w
=<
o
=

oh  1=2150mA/em? .Bo3MoxHaa npuumHa gerpagaumm — «kXMMUyeckoe» pacLumpeHue

. - . & Burmistrov 1. et al., J. Electrochem. Soc. 156 (2009) B1212
Time, hours Drozhzhin O.A. et al. Patent RU 2331143 C1.




2. Cnouctble kynpatbl P33: Pr,CuO, (coBmecTtHo MI'Y, UDPTT PAH un FZ Juelich)
Cu
KTP=11.8 ppm K-!, 0(900°C)=110 Cm/cm; 0(600°C)=40 Cm/cm :

Oupeysua kucnopoaa B Pr,CuO, (SIMS): O
D* (cm?/cek): ‘ Pr D l;l ‘ 0 i
LSM ~ 10-14-10°1> (800°C) 0 ©) 0&‘ 0
Pr.CuO, ~ 10"  (800°C) O Bakascun O ‘ - ‘0
La,CuO, ~ 108 (700°C) .
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Oueppysua kucnopoaa B Pry Srg 4CuO; o5 (SIMS)
9

.

n - E. (k)= 85+3 kAx/mMoAb °
"
= = BAok
S aal ; NaCl A
R *  E_ (D)= 175215 k[x/Monb
j A Baok ‘: |
?.“ " CaF2
Ay oy
5 I'l’ 145 L 155 154 144 °
La,CuO, Pr, ¢Sr,.,Cu0O; g4 Pr,Cu0Q,
700°C: Baok NaCl Baok NaCl + baok CaF, Baok CaF,

D*, cm?/cek 108 6,7:-10-10 7.2-10°"3



