XPS/PES stability studies of iron silicate cathode materials e
for up-scaled Li-1on batteries GCEP

David Ensling, Kristina Edstrom, Torbjorn Gustafsson and Josh Thomas

Global Climate & Energy Project
Angstrom Advanced Battery Centre/Materials Chemistry, Uppsala University, Box 538, SE-751 21 Uppsala, Sweden.

Introduction XPS surface analysis of cycled Li,FeSIO,/C electrodes |

1 2 3
] b
: L . : : : : A comparative st : LITFSI vs. LIPF z 36
e Li,FeSiO, Is a recent addition to the group of interesting and potentially cheap cathode materials for comparative study 6 o 341
large-scale lithium-ion battery applications. [1,2] LITFSI Cls LIPF, LiTFSI |Fls  LiPFg = t
5 30
- - - .- © EF]%§| Ei:F:J-FS6 -CH Fls c_;d 2,8 -
e The correlation between cycling performance and the chemical composition of the SEl formed on Q _CH S 5.
the electrode has been probed by a combination of XPS and electrochemical measurements. & CE C-C g 2.4-
Csd 2 3 22
- - - - 2,0
e Differences in solvent- and salt-stability have been observed for different electrolyte systems. S c el
An example of a comparative XPS study for LITFSI- and LiPF;-based electrolytes is shown here. T 2 2 . > 0100 01 02 03 04 05 06 07 08 09
5 5 2 2/ x [Li, FeSiO,]
: : : ) ) B ~| LIPFg Discharge curves for the first three cycles of
Overview of salt systems studied and cycling performance o +binder Li,FeSi0,/C (55°C, C/25) in LITFSI EC:PC 1:1.
E +P-F Minimal irreversible capacity observed during
Salt Structure Solvents: EC : DEC 2:1 0 0" o o E:g?sirr?:rgspcﬁ%ty : d _COO d ,\ the fi rSt CyCIeS-
° ~ — o : —’J\A
. 1o R SR A I A
LITESI Fac—j)—N_j)—CFa 2.0-3.7 1M bls(zﬂr:gr?;gznrﬁi;heane- AAAeEgZZZMM““ LCTT = LITFSI_1b binding energy [eV] binding energy [oV] 694 bﬁl%%ng gr?grgy?gs] 682 é)\05394 bﬁl%%ng gr?grgy?g\sl] 682 o]
b8t toag, aaent BT EREE R0 0000000500000,,,, 2LTFSI2e 1
S A AA D;f=:.. A .'l. flestastaa, . - - B \A L
| A . ithium gt R, T LiTFSI stable on cycling SIZ2p & _ o]
- 2T hexafluorophosphate b DD”DDD _ ‘i . LU o LiPF6_1 S _ S _ % Degradatl()n of ]
g o o DDDL LITFSI ] e [ L|PF6 ] m LiPF6 1 b - O [urs 'S|O4 LiPFé 'S|O4 \2\ - - D o °
= — —_ e RGLELEET s2ey ) Dynamic SEIl coverage Q | L1, FeSIO,’ 2
NC N Lithium O gt 0 "tmammaa,, " "%09090000ggy ééﬁégi A LiPF6_2 a . (@) f b, X 4 E 0
I@> P M | wiforomethyt | et e I S A for LiTFSI system due = / &« -
N dicyanoimidazole | < s ) to p0|ymerization of EC % : o o
T IS - carboxvlate fvne Q C ll\ . Decomposition -
NC]@}?_% 2.0-4.0 1M pentafuoroethyl B\ . . . o - 20 e ( Y yP ) ﬁg g etz . of LiPF6 salt and ™
. dicyanoimidazole " — Cycle Number FE’ Fcﬁ - - 18 20 22 24 26 28 30 32 34 36 38
: z £ £ LIF formation s, LILP (V
= o) I'iJro 0 car . Q. el I I : . . .
- L . Lithium bis-oxalato | (g _ oLiTDI 12 R_educe_d Intensity of O 't Cyclic voltammetry of the first five cycles of
LIBOB . 2U 2 ] borate @) [ LiTDI ] 00600 ° | FeSiO lectrod D - y ] Y ] ] Y
- : o : hgoee ooyt e e T oLy I, xFeslY, electrode o | -Si-Fj Small LiF peak Li,FeSiO,/C (55°C, C/25) in LiTFSI EC:PC 1:1.
e 120, N 8 R & ZXXAAAAAfAAi0000090000‘0“00” alLi a - - d i i
Safe t far f Il to XPS lvsi Ik Xﬁwfgzﬁ:mefmé%:mmtxf:wz:iwzh o fr:?éisésgzﬂgi;?a or & Jj \ o when using LITFSI The undoped Li,FeSiO, material undergoes a
afe wranster 1rrom ce O analysSIS Q §§§§§.?e.::fff§2223.3333333:::ffff:f:fffffééffgg N y O i AN A A P AN transition during the first cycles. The system
_ P xelge : oo N 107 105 103 101 99 107 105 103 101 99 stabilizes after the 3rd cvcle.
Ar glove-box  Transfer vessel  PES analysis ;! LiPDI : binding energy [eV] binding energy [eV] y
o LiPDI 2a

Ensling et al., J. Mater. Chem. (2008) (in press)

80 r

n e LiPDI 2b
5 % Qv- X X y . XLiBOB_ la
s o0y, | Lisos | Conclusions
0 | ST | SEl model SEI model
References: [1] A. Nytén, A. Abouimrane, M. Armand, T. Gustafsson and J.0. Thomas, ' "¥><><xx\,v\*/* XX x oy gy xLIBOB_2a
INARIMMN WY Wy & XX vy R N N

Electrochem. Comm., 7 (2005) 156. 40 | | X Y e wxx xx LiTFSI PEO LiPF6-based eleCtrOIyte Li P I: LiPFg/Li,PF /Li,PO,F,
[2] A. Nytén, S. Kamali, L. Haggstrom, T. Gustafsson and J.O. Thomas, 0 8 16 24 32 40 48 ] LiTFESI ) ) 6 PEO
3. Mater. Chem. 16 (2006) 2266. Cycle number = | co, e forms thin surface I_ayer with small amounts of o
R carbon-based reaction products -
. . . llll c/LiFesio, M c/Li,Fesio,
Electrochemical performance of Li,FeSIO, electrodes - LiPF. salt is unstable - decomposing to Li.PF
3,8- {4 3,84 - EC (C0H,) —— Lj PCG) F d LiF A
6 o Xy AN LiPF;
L aa s LITES / - indications of Li,FeSiO, degradation through reaction free  PEO
+§ 312_- 312_- First_cycle Charge and discharge Wlth HF (fOFmed |n hydrOIyS|S Of LiPFG) surface? /
= 30- 3.0- of Li,FeSiO,/C electrodes (55°C, ’ /
0 2,8- 2,8- C/ZO) IN: a) LITFSI EC:PC (11) - /
IC_E 216_— 216- and b) LIPF6 ECPC (11) LITFSI_based eIeCtrOIyte i“: 53656543 .
T 24 24 _ e polymerisation of the EC/DEC solvents; the salt is st
UPPSALA & 2,2_- - 2,2_- LITFSI - stable ‘ H
UNIVERSITET 201 'fll‘1': Cha.rge .9.3. mAh/g i 201 .ﬁ.r.s. 'char'ge1'OO .mA.h./.g.- SOIVent deCOm OSItIOﬂ ° dynamic - even reversible - SEI coverage depending Salt/eIeCtrOde de radatiOn

0 20 40 60 80 100 0 20 40 60 80 100 H

Specific Capacity (mAhg™) Specific Capacity (mAhg™) on State'Of'Charge (SOC) ‘ ”Hm



