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The study of battery degradation is an important topic nowadays, requiring a . To use LFP as reference electrodes in « Scanning Electron Microscopy (SEM):
deep understanding of the inner mechanisms through various advanced three electrode pouch cells. analysis method for conductive
scientific approaches. materials which uses an electron
beam to produce high magnification
images of the surface of the sample.

« LFP was chosen as it provides stable
One such method is the use of a reference electrode (RE) in the battery’s potentials [1] and the possibility of
components (Fig. 1). Doing this enables us to differentiate the high temperature operation [2].
electrochemical phenomena of the cathode and anode. . Energy-Dispersive X-ray
Spectroscopy (EDX):
surface analysis technique paired up

with the SEM used for elemental

. To design safer batteries by studying
The aim of the project is the implementation of LiFePO4 (LFP) based RE in the degradation of electrodes beyond
single crystal LiNipsMng 1Co.10, (NMC811)/graphite pouch cells. Scanning ambient conditions.

Electron Microscopy was used to determine the thickness correlated with the

. : : investigation.
kinetic data from the Electrochemical Impedance Spectroscopy (EIS) (Fig. 2). = &
um
L : : : - 150 o} e X-ray diffraction (XRD):
There were 2 pristine samples tested with the Scanning Electron Microscope: 3 B zzoum ’ ‘g et t( ) ) it
: .. non-destructive technique used to

20 um and 220 um blade gap calendered LFP coatings on Aluminium. | | , , que

%] 20 um has less identify the crystal and grain
Moreover, X-Ray Diffraction s”] internal resistance structure of a material.
and X‘Ray Fluorescence were >eparator (one-side) RE >eparator (double-side) RE E’ ] (139.63 ohm) vs.

- T — - 220 um (150.9 . X-ray fluorescence (XRF):
utilised on the NMC811 SETATAN Separator rns |ohm) , )
cathode and graphite anode | pe: non-destructive analysis method used
of the pOUCh cell for quallty Fig. 1: Schematics of how the RE would be inserted in the pouch cells. The T : T e o 1 o 140/'1('50 o to StUdy the chemical CompOSiﬁon of
control of the materials drawings show two initial designs of the RE, with LFP on one side and both Re (Z)/Ohm a sample by Scanning d |arge surface
. sides, which would be tested.
Fig. 2: Electron Impedance Spectroscopy (EIS) of the 20 and 220 dreaqa.

p1m LFP coatings.

. The following pictures are SEM and EDX images of cross-sections of XRD spectrum of the pristine NMC811 cathode of the pouch cell (Fig. 5):
th'e calendered RE with 20 um (Fig. ;5) and ?20 um bl.a'de gap . The NMC811 sample .
(Fig. 4). These were used to determine their compositions : : = s
(Table 1) and thicknesses preparqhon required an 2 N
' argon-filled glove box, as the Li &
« The pristine samples for the SEM and EDX imaging had been would react if exposed to air.
prepared with an ion miller which uses an ion beam to create a . :
clean cross-section for the microscopes + Priorinto the project,
' monocrystalline NMC811 was g
. For 20 um blade gap, the thickness reduction after calendering was chosen for the cathode, rather i
50%, whereas for 220 um, the reduction was only 10%. than its polycrystalline =] \ 7 s 23 = )
counterpart [3]. e JWLMWM N - N NMW%M?@ ‘ % |
« As such, the graph can show the - P—
L = Single CFVSta| nature Of the Fig. 5: XRD spectrum, each major peak has been labelled with the corresponding crystal plane of
11 as per the reference code 01-070-431 .
tﬁ*f‘y‘g;@j:%:{g‘%: NMC811 used. NMC811 s per the ref de 01-070-4314 [4]
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XRF analysis of both the NMC811 cathode and the graphite anode (Fig. 6):
. By analysing the peaks, it can be crpnte e
et calculated the atomic ratio between Ni
Fig. 3: Micrographs from 20 um calendered sample: (A) SEM Image of the electrode, and Mn in the Cathode to be 81 %moi . g
(B) SEM Image of the inset at 3500x magnification, (C) EDX map analysis of the inset. . ] . R § ? § 7 g
T - I confirming the material that has been - e ; LJ e
.b utilised- 0 ‘ﬁ:fl'l?foI,?IIL.‘ZT%ILE""["W'i—\
220 . . ot
Cal . Advantage of XRF: registering
contaminants (Sulfur) and trace o
e e — elements as a result of testing a large ... ;g ]
Fig. 4: Micrographs from 220 um calendered sample. It can be seen the substantial difference in g f f $ g é
thickness of the LFP coating compared to the 20 um calendered sample. >u rface area. §§§§§ i g g é T %% '
Sample Al (0) C Fe P Ag L4 Disadvantage Of XRF: the inabi“ty to 075‘ E ‘1‘01 - ‘1‘5‘ B ‘2‘0‘ - ‘2\5 3‘0 i ‘3|5 § ‘4‘0 - ‘4|5‘ i ‘5‘0‘ i ‘5|5‘ ) ‘6‘0‘ - ‘6‘5‘ - l7‘o‘ - ‘7‘5‘ - Is‘o‘ - ‘8“5“7‘ H9‘o
. . . 2-theta(deg)
20 cal 70.6 11.3 7.9 5.1 3.3 1.8 capture light elements such as lithium,
. L. . Fig. 6: The XRF spectra of the Graphite anode (above) and NMC811 Cathode (below).
220 cal 324 20.0 13.3 23.5 10.2 0.6 WhICh IS 1M pOrta nt When StUdyl ng The Rh peaks in both of them is an artefact left from the XRF source used and not part
Table 1: Chemical compositions in weight% of the RE samples determined by SEM-EDX analysis. batte ry degradation a nd |_| p|at|ng of the anode and cathode.
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