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Approach |: In situ TR-XRD, XAS and TEM during heating of charged

cathode (thermal stability study)
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3. In situ Soft XAS of charged cathode
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2. In situ Hard XAS of charged cathode

Incident
** hard X-ray
(6 ~ 10 keV)

Heating

* Local electronic and structural
information (bulk) in elemental-
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4. In situ TEM of charged cathode
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Electrochemical performance of Li, ,Ni; ,sCo, {Mn, ::0, Sample
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Electrochemical performance of Li, ,Ni, ,sCo, 4Mn, ::0, Sample:

(a)Charge-Discharge curves at 1st, 2nd, 25th, 50th and 75th cycle
(b)Cyclic performance

(c)Rate capability
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Delithiation Kinetics- Time resolved XAS
Comparing the contribution of Ni, Co, Mn to the rate capability

Rate performance
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(1) Lis o(Nig 15C0g sMnyg 55)O, shows
not too good rate performance;

(2) Sluggish delithiation kinetic of

Li,MnO, component.

Brookhaven Science Associates

800
700
600
500
400
300
200
100

0

00 05 10 15 05 10 15 20

00 05 1.0 15 20
R/ Angstrom

4.8V constant voltage charging,

Ni, Co, Mn react simylfaneously, .
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Time resolved XRD of 333 at different C rate

19.0 18.0 , 19.0 18.0 18.5 19.0

30C

(003) Peak evolution BROOKHRVEN



ing

i e
e
L.

2

32) ||CO, (mz=44)

53

900

)

700 _Oz(m/ Z=

|
o
o

—

|
o
o
Lo

o

(220),,

I :__ my
G JJHE.E.E;WFF&

%&5@3
fa = Aj/%A QJJ ,_ = EEH
4_ e ]
; b)) I o

) wﬂ% w@%ﬁ. o

e s

32) || CO, (m/z=44)

L O, (m/z

333

900

]
(=]
o

|

o

o

(s o™

{400 |

Thermal stability of charged NMC during heat
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Figure 10

FCG, TXM result
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Thermal stability of NCA and FCG charged to 4.5V
using synchrotron soft X-ray at different

NCA Fce temperatures
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- The FCG sample shows less oxygen release than
bulk NCA samples.
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Synchrotron soft X-ray at different
temperature.

The fist cycle capacity of NCA and FCG at 4.5V is around 230mAh/g. The
FCG samble showed much better thermal stabilitv
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Nano-spectroscopic Characterization of Battery
Materials with Synchrotron Infrared Radiation
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« Nanometer spatial resolution iy
« Wavelength independent
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IR nano-spectroscopy allows identification of very similar phases with
unprecedented 3D sensitivity in gentle beam conditions at <20 nm
resolution



