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Two-phase transformation ilithium-ion battery
(LIB) materials such a LiFePC,, representin a flat
potentialal a low discharge ra, has been demonstrated
be one of the most critical factors in determining bati
discharging rate anccapaciy. During rapid discharge
(e.g. 20C), however,the flat potential is replaced with
downward curv. It is hypothesized that a n-
equilibrium phasetransformatio occuis due to sluggist
lithium ion diffusion across the miscibility gap, wch
distorts and shifs to higher lithium compositior. This
nor-equilibrium  behavior could tve significant
implications tchigh-rate battery kinetic andnew material
desigt.

Despite recent significant advancesin
uncerstanding intercalation dynamics and miscibility g
theoretical and quantitative investigation of the -
equilibrium phase transformation in battery materials
remains elusivelnitial viability studies byour grouj have
produced a 'musl-zone' approact? to confirm the no-
equilibrium phase transformation. It has showed
significant effect of this nc-equilibrium phenomenc
there is a strongest dependence of-phase miscibility
gap width ad position on the hig-rate discharge c
LiFePC,-based material<This pape, based orour recent
simulation developmen™®, will investigat the nor-
equilibrium phenomenon and determine under wi
conditions (e.g., discarge rat anc particle geometry
electrode composition, transport anisotropicity) the -
equilibrium effects are most significant, as well
guantification of the effect In addition, two
complementaryin-situ techniques— in-situ XRD and
micra-Raman- havebeer combined t validate the nor-
equilibrium phase transformatiormodel at different
lengthscale. We have developeunique transparerL1B
housing which enable i-situ XRD and micr-Raman
studie’’ on an operating LIB electroc. The different
results obtained from the two -situ techniqueshave
reveaec phase ransformation phenomena at differe
length scales. Tt in-situ XRD picks up the electroc-
level phase transformatic informatior (thus average
over multiple particles)while the micro-Raman collect:
only particle-level phenomer (as theRaman lasebeam
size is ony 1.5um).

Refer ences:

1. Liu, F.; Siddique, N. A.; Mukherjee, P. |
Electrochemical and Sol-State Letters2011,
14, (10), A14:-A147.

2. Liu, F. Meeting Energy Demands of the Futu
UT Energy Researcher's Symposii2010, May
19-20, Richardson, Texe

3. Siddique, N. A.; Liu, F.Electrochimica Acte
2010, 55, (19), 535-5366

4. Siddique, N.; Salehi, A.; Liu, FJournal of

Power Source2012, 217, (0), 43-443

Liu, F. IEEE Dallas Emerging Technologi
Symposiun2009, Oct. 15, Dallas, Tx

Liu, F.; Siddique, N. AECS Transaction2011,
33, (24), 2'-32,

Salehi, A.; Siddique, N. A.; Rajeshwar, K.; Li
F. Electrochem. Comn2012, Submited



