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Investigating the phase transitions of graphite by in situ neutron diffraction
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1. Stage transitions in graphite 2. In situ cell

Motivation: graphite stage 4L Li-C phase diagram 1) XRD: Pouch cell (polyimide and polypropylene window)
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3. In situ x-ray and neutron powder diffraction

In situ XRD: In situ NPD:
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4. Results
Refinement of different phases: Lattice parameter evolution:
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: refinement of NPD data with good fit =) C-C distance follows Vegard’s law
phase identification possible = graphene interlayer distance non-linear
Summary: In situ XRD: |
1) less good method for Li-graphite system (low scattering of C, Li) Lattice chidis, | Space |a-axis|c-axis |FWHM |fraction| Rwp/
2) easy to redo at any synchrotron, very good electrochemistry in cell parameter: voltage | _groug %] | zero shift
In situ NPD: NEWOEWANMSN standard 1213 10.25 0.32 100 8 /-0.31
' . L . Stagel h0.01V P6/ 0.37 94 5 /-0.28
1) very good results for Li-graphite diffraction :; St:gz =~ ° PG/EEQ 2'23 ‘;"(7)2 e .
2) high overpotentials for 200 mg/cm? loading and neutron sources needed o) Stage 2 ch01V  P&/mmm 4:29 7:02 0:55 26 45 1-0.3
c) Stage 2L P63/mmc 2.47 14.13 0.46 28
f) Stage 3L dis 0.16V P6/mmm 247 10.37 044 44 4.5/-0.24
== Phase identification of stage 1, 2, 1L and graphite according to literature 2)2ageh‘_‘tL » Eggjmmc 247 27.16 00-342 ?2 -
: raphite pristine mmc 246 6.72 . -0.
== Phases 2L, 3L and 4L could be refined S NCPTIRR -3V Ram 246 1007 037 28
=) or the first time, proper determination of Li-in-plane concentration in disorder stages Graphite dis3V Pe3mmc 246 672 04 100  7/-0.27
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