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Studied objects

Commercial Li-ion cell
(18650-type, cylinder)

& 18 mm, H,,,;=65 mm
Protected

Qmax ~ 2600 mAh
Operating voltages:
3.0-4.2 V window
Accessible C-rate:
0.5C at 25°C (standard)
1.0C at 25°C (rapid)
Electrodes:

LiCoO, (negative)
Graphite (positive)
Electrolyte:

EC/DMC

Separator:
Cellgard™

Weight:

46 g

Operating temperature:
0-45°C (charge)
-10°C-60°C (discharge)
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RA(s, 9,)

ANTARES - Neutron radiography and tomography
Collimation ratio L/D=800,
Field of view 100x100 mm?2 ~ 60 um pixel resolution m;\ .;{

> L

l_l_\

Computed neutron tomography 77

number of projections 600;

I

Assignment of Absorption Levels
to a chosen color scheme
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Tomography reconstruction on 18650-type battery
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Tomography reconstruction on 18650-type battery

CoBeLlLaHve No NCMOSb30BaHNID PacCesiHUS HEVMTPOHOB W CUHXPOTPOHHOTO U3My4YeHUs1 B KOHOEHCUMPOBAHHbIX cpefax 27-

07.11.2014 31 okta6psa 2014, CankT-MNeTepbypr, Ctapeiii MNeTeprod



e
ot MLZ
I~ Forschungs-Neutronenquelle

Heinz Maier-Leibnitz Heinz Maier-Leibnitz Zentrum

Rletveld refinement of typical diffraction pattern
for 18650 Li-ion battery |

1001 “fresh" Li-ion battery
(charged to 4.10V)
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Fatigue of battery: an experimental study

Two batches of Li-ion cells purposefully and rapidly cycled (CCCV, 1C)
o fresh” — single cycle for testing purposes
cycled at 25°C and 50°C - 200, 400, 600, 800 and 1000 times
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Fatigue of battery: crystal structure

Possible reasons: Li-plating (dendrite.growth), microcracks formation in
electrodes; oxidation processes.and phase transformations; SEI growth;

electrolyte decomposition _ _
Effect on Li-concentration
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Fatigue of battery: neutron radiography
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Evolution of diffraction data vs.

(Cathode LiC00,, 1=2.536 A)

Electrochemical treatment
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Phase diagram of Li-intercalated carbon
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Cation mixing in NMC-type cathode

The LiCo0O, has a high energy density, but cobalt is expensive and reactive ...
The NMC materials - Li(Niy3Mn,,;C0,,5)O, or Li(Niy :Mn, ;C0, ,)O, are used as
an alternative Diff. pattern of NMC-based cell

© observed

| Bragg position

Distorted rock-salt N eenohaged  —gewm | 1 — cathode Liy(Nig sMNg 5C0g 2)O2;
structure

2, 3 — lithium intercalated carbons
LiC,, and LiCg4 respectively;

4 — copper current collector;

. . | 5 —aluminum current collector;

% 6 — steel housing.

Intensity (arb.unit)

|| u: H‘}‘ W w\ i W“ FH" W“,uh‘l H“\W\’wh \‘WH“"\“‘DZ):@) 0. Dolotko et al., J. Power
(— : w\j Sources 255 (2014) 197-203

20 40 60 80 100 120 140

Angle 26, degs.

Obtained structural parameters

. CC €S
Cell capacity, Li site occupancy xij, frac. un. Rp, Rwp, xz
mAh

, 4 Li1 (3) Li2 (3b) vy
(GRS C(C

0 0.77(3) 0.054(6) 1.10 1.42 5.70

1200 0.52(5) 0.047(8) 1.10 1.43 5.10

1400 0.48(4) 0. 060(8) 1.02 1.36 4.58

1600 0.53(4) 63(8) 1.05 1.35 4.00

1800 0.42(4) 1.07 1.38 5.35

2000 0.34(4) 1.08 1.38 5.34

2237 J5 0 26(3) ,y 114 1.48 6.01
[GRN CC

07.11.2014 COBeLLlaHVIe MO NCNOJ1Ib30BaAHUKD pacceaHna HeI7ITpOHOB N CUHXPOTPOHHOIO I/I3]'IyquVIF| B KOH,EI,eHCVIpOBaHHbIX Cpe/:l,aX 27- 13

31 okta6pa 2014, CaHkr-lNeTepbypr, Ctapbi NeTeprod



e
FRM Il Ml Z
I~ Forschungs-Neutronenquelle

Heinz Maier-Leibnitz Heinz Maier-Leibnitz Zentrum

Tomography reconstruction on 18650-type battery

Polychromatic beam
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A. Senyshyn et al., J. Power
Sources 245 (2014) 678-683
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Spatially-resolved neutron powder diffraction
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- strain scanner SALSA (ILL, France) with S | :
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(Gough-Stewart platform); gauge volume 5 H
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- engineering diffractometer STRESSPEC g" o0 | ,|¥ ,,,,,,,,

(FRM 11); gauge volume 2x2x20 mm?

Lateral scan x, mm
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A brief summary

Still long way to go ...

- Effect of temperature, charge rate, depth of discharge, overcharge,
materials morphology, various chemistries, cell shape need to be
studied,

- Adaption of Li-ion cells to capabilities of existing instrumentation;

- Instrumentation with better resolution (both diffraction and spatial),
higher neutron flux, improved signal-to-noise ratio;

- Use of other neutron scattering techniques: spatially-resolved
activation analysis, small angle neutron scattering, positron
spectroscopy, neutron reflectometry, inelastic neutron scattering;

- Complementarity with other techniques (electrochemistry, NMR,
theory);

- Synchrotron-based techniques have significant potential for studies of
Li-ion batteries.

Thank you for attention. ¢
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