06008

UF I LA F 2 EMEBIAEID XAFS 17

S IE B m e BRgeT  T480-1192 SIS AL E A TR AT R RoE41-1

Z B

U I AA & BERIERF R OB O—>Td % LiNipsCo0.15A19.0502 122V T, FEalih s L OBIRE Ik

D XAFS i w41V, BMOBEMKT « SONEPUEMOBERZ(E - /oo YA 7 IVIHA D 5 WL SRR T ARBREOE
M Cid, IR RANICEME s Ni 2L TR Y, S5 —#o Ni J{ T 2B RIS S RO BRAHEIC
B L7 7> T bH T EBbh Tz, O XD IRIEBR T RAICIB S N 5 BRACFHNC NG M- KA Ni M (NiO
D) 28, WAEET « RIGESHEKOBERIC /L - TO LR ARE S /s,

1. FU®IC

UF LA VRME, 8 FERLS y 7IVIKEER
LN, FRORE L RIVF—%FERT 5010, BT
6EHD 8E, EEIHNESEVOBN/HEHEEL W
b5, £z, BELIMFULEBONS /D, 8 FELC
S TIVKFEBMD 3RS OBEE 1K TENLLS &
PHEETH H, D L7aiGne L <, #HirEas /—
Py av i EONIETEREBICK T AHEHENZHEL T
WAHZ EIFAMOMEY Th b, —77, TEISHT A0 M
APBEHBEIC 2D OO0B5ABHHEERICES T, UF
DA T VEBANOWRIE A EHE B EN D TH S, K
By L AR AR L WEREICE L WEBIE O
A7)y ME, BREABE, BEEHELZLY) KB\ T
3, BE, M ANT—, REWEZKEBOFIEIKD S
NTn5, THOLEEROT, VFTLA XV EMOGENE
RRAbA 72 BARE B S A I REE TR I T b T 5,

UF LA T VEMOFEEIL, VFILA TV B
T E AR & ARKT, YV —X O EmL T
VFIIAFVEEESE, TrVF—%l e« i +5%
L DOTH5 (Fig. 1), VFIAAFVEMTE S OESE,
T bIER, Ak, \HE, L —%, £BELED
LR INTWEA, ZOhTHIEMmIE, BibtkiEs £H
THEVIERICEWT, BOTEELREEDDEDOTH
%o IEOMELE L T, EBBEMBILY LiCoO; H)A <
HAobnTwWaAD, ZhbaH-kEmmRtE LT,
Z o IVt EB & AMBRTAEE B A OT TV
ALY, LiNIOyi3ET A+ ThH A E EEGBEETHAHHT
LiCoO, X D & ENTW5AY, L L7 5, LiNiOs 37
TR A 7D WS LA K E L, EBWICL
REECTHHECDFENDHI-0, KEERMICITE-
TWwiz\, COREERT L, NiJETFo—#% Co
BT r AlFETCERT S LICKOESHICREILSh

Charge —¢€ - € «— Discharge
Separator

Cathode Anode

Charge
"
®Li

o ®

(| Discharge

Fig. 1 Schematic diagram of Li-ion battery.
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Fig. 3 Cross-sectional focused ion beam-scanning ion microscopic
image of a LiNij 3Coy 15Aly0s0, cathode particle.

Table 1 Conditions and capacities of cells from which cathode
sheets are produced

. Capacity?

Cell condition (mAh/g)
Fresh: One charge/discharge cycle 160.0
Cycle test: 1000 charge/discharge cycles at 60°C 122.6
Aging test: Stored at 60°C for a year (100% SOC) 125.0

a Discharge capacity obtained at 0.1 mA cm~2 (~0.1 C) at a cut-off
voltage of 3.2V
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DEf SN, RibFEE (Li A 4 BEE) (S fE > 28k
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PR =90 nm BETh 5 EH#EE L 7o, CEY-XAFS #llE
B KUk XAFS W %€ 13 SPring-8 D ¥ — A 5 1 v/
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SHAE LD TR IVF—EE %47 - 72, EXAFS (extended
X-ray absorption fine structure) AX7 FIVOENTICIL,
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Fig. 4 Representative normalized XANES spectra for Li;_\Ni;gCoq 15Aly,050; at the Ni and Co K-edge obtained in trans-
mission XAFS (Trans.) and conversion electron yield XAFS (CEY).
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Fig. 6 Comparison of approximate lines obtained by least-squares
fitting the average Ni valence data, which represents relation-
ships between average Ni valence and x in Li;(Niy3Co0q. 5
Aly0s0,. ““Li;NipsCo31sAL5s03~ model’”’: the model line
obtained by assuming that all Co, Al and O atoms are
present as Co3*, AI3* and O?~, respectively.
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Fig. 7 Fourier-transforms as a function of x for Ni and Co in Li;—NiggC0q,15Alg 050, (fresh cell, CEY-XAFS).

316 © gt Nov. 2008 Vol.21 No.6



MEw 7R FrI LA F EHIEBMEID XAFS fZHT

PG 7 — V) TEHANY VT Co-0 V¥ — 7 BEDK T
BRONE, FELTHIFEAEELLLE VY, ThiT
Co3* 75 Jahn-Teller NEM:/ A 4V THH12DTH %,

F1IBLUOE2HMEY — 71T >WTERBNE 74 v T
4 VTR HA T 572 22T, T4 v T4 VIICBLEL
TO LD SRR TSIV AR L 72, Ni-O ¥—2
FEBRICIE 3 DORL I 2 DO NB+-O s 1
DNt -0 i) PO INTVWAHEEZOLNENR, H
—DFEHNI-OFEBEIC L > T 71 v T4 V7 L, Ni
(Co)-M (M=Ni, Co) ¥'—7%, Ni(Co)-Nifi&D AT
ETIMEL T2 WY — 7 OENEICOWTE, KdbxRbai

Fig. 8 Local structures around Ni atoms in Li;(Nip3C0y.15Alj050,.
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Fig. 9 Variations of structural parameters obtained by fitting the first two peaks of the Ni and Co K-edge FT; Ni-O bond
length, Ni-M (M =Ni, Co and Al) bond length, Co-O bond length and Co—-M bond length.
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Fig. 10 Schematic of a possible mechanism of battery deterioration based on this study. In the fresh cell, Ni valence
changes from 3+ to 4+ upon charging. On the other hand, at the surface of deteriorated cell, Some Ni atoms
oxidize from 2+ to 3+, however, others remains unchanged. The growth of such NiO-like surface layer includ-
ing electrochemically inactive Ni atoms may reduce electronic and ionic conductivities of cathode material.
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XAFS Studies on Cathode Materials for
Lithium-ion Batteries

Takamasa NONAKA TOYOTA Central R & D Labs., Inc. 41-1, Nagakute, Aichi, 480-1192, Japan

Abstract We have used Ni and Co K-edge conversion electron yield X-ray absorption fine structure (CEY—
XAFS) and conventional XAFS in transmission mode to investigate LiNiy sC0¢.15Alg.0502, one of the promising
cathode materials for Li-ion batteries. The former technique is surface-sensitive having a probing depth of
~90 nm, while the latter is bulk-sensitive. X-ray absorption near edge structure (XANES) analysis revealed
that the bulk-averaged Ni valences for cycle-tested cells and aging-tested cells were lower than that for a fresh
cell throughout charging. Further reduction of Ni atoms was observed at the surface of the cathode material
particles, and the ranges of the Ni valence change upon charging were narrower than that for a fresh cell, in-
dicting the presence of Ni atoms which are unaffected by charging. Extended X-ray absorption fine structure
(EXAFS) analysis revealed that the change in bond lengths (Ni-O, Ni-M (M= Ni, Co and Al), Co—0 and Co-
M) is consistent with the presence of inactive divalent Ni atoms in the tested cells. Based on these studies, we
proposed that the growth of NiO-like layers at the surface is one of the main causes of capacity fading and im-
pedance rise.
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