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Abstract

Electrochemical properties of Li(Ni,CoMn)O, (NCM) positive active materials have been successfully evaluated by

the single particle technique using an Au current collecting probe (CCP), whereas a Pt CCP has been commonly used

in this technique and faced to a technical issue that evaluation of electrochemical performance of a NCM particle

has been difficult in the case of the particle of less than 10 pm in diameter because of a relatively large background

current corresponding to oxidative decomposition of electrolyte on Pt surface. An Au CCP is found to be capable of

the electrochemical evaluation of such the small NCM particle with regard to suppression of the electrolyte decom-

position on Au surface, which is identified by means of cyclic voltammetry. Electrochemical properties of small NCM

particles have been diagnosed by using the Au CCP with respect to influence of charge/discharge cycles.
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22 BAFEBOBRILF ST
221 BEERHR

JEFRIRE 25 CI2C, 2.75V E THE & B2 RAED
5 1 CmA (2.12 mA/cm®) DFEIFHT 4.1 V E TEBR
FEL, ZTOHE 4.1V THEF 3MHOEETFAERE
FhE Lz, 10 pEOKIERR 23T Tz, Db L,
1 CmA OFEHT 275V ETHREL.

222 FHREYAVIVEER

JEIPHIREE 45 °CICTC, 1 CmA DEHT 4.1V ETE
BIRAAEL, TOHE 4.1V THRF 3 REOEEER
BAEFERM L 21%, 10 5HOKIERMZERT 2. 20
He, 1CmADERT275V ETHELRE, 10
DHEORIERE 2T T2, TNEOEEZ 1Y A0
JLE LT, 2,000 YA 7 )VOFHERERE £ L 7.
¥, FTEDY A 7V LIC 2.2.1 HITRT &I
THARMERABRZHE N LTz,

2.3 FEROESCF RS
231 EWREEEERt VOB

IS R BB BR D 2 72 F i L 7= Bt (Fresh),
2,000 Y+ 7 )V DFE L E 2 F e L 7z 5 (End of life
“‘BOL) % 2.75 V £ CRBEI B/, Z0HE, 7y
FHA (B =-70 °C) OFa—T Ry 7 ANTE
NE &AL TIEMRZEO L, I AXAFIVI—Rx
— T (DMC) TYEE L7z, sl UC 3 cm® O &M
RSN T LTz B3 2 MO EMR, fiie LT 5 cm®
OEMERICI T U Li &8, Siie LT3 mm
DLk, TLUTERKRELTH—Rr—FRDE
BRI LiCIO, Z2 VAR & B - AW B 2 L T
=B —H—IV LT

Table 1

Items
Nominal capacity / mAh

Specifications of tested cell.

Specification
600

3.7

W34.0 X H49.0 X D5.2
Li(Ni, Co, Mn)O,

Graphite

Microporous polyolefin film

LiPF¢ dissolved in mixture of
carbonate solvents

Nominal voltage / V
Dimensions / mm
Positive active material
Negative active material
Separator

Electrolyte
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(a) Pt (¢ 20 ym)

(b) Au (¢ 10 pm)

—

20kv  X2,000 10pum 20kv  X2,000 10pum

Fig. T SEM images of (a) Pt (¢ 20 um) and (b) Au (¢
10 um) current collecting probes.
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port) ICHL D DU fz. BXULAAIEICIE RT3 X
2 b (SP-200, BioLogic) Z{#HM L 7z.
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Uy IRIVE AN =R LTz FREE 25
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IC 4.3 Vs Li/Li" £ THalL, #TOiRLT2.75 Vs,
Li/Li" £ CHg | L7tk BUBEREMN X THRgI L.
245 HBRFOFREHRER
JEBEMEE CHIE RV ZHEEE LA D, T AR—
IS— FIc#fi L7z 7 ~8 pmfEE D NCM Zh 1
RO L, Pt £721% Au DEE 7 00— 7 Ol
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& 25 CICC, PEDEIRT 4.3 Vs, Li/Li" £ TEE
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10 CnA #EX) € 2.75 Vvs. Li/Li" £ CHE L7214, 10
SHEOKIER AR /2. D& E, FIEDBR TH
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SEI(Solid Electrolyte Interface) #HEREIC & £75 5 Li

Cu wire

Arm of micromanipulator

i Glass-sealed Pt or
Au current collecting
probe
(Pt wire: ¢20 pm,

Au wire: ¢ 10 ym)

Particle
Glass paper

Glass frit

C.E., R.E.[Potentiostat /] W.E.
Galvanostat

Microscope

Ni wire

Electrolyte
Li metal oy

Fig. 2 Schematic illustration of the electrochemical
cell for the single particle technique.
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% Fig. 5 1TRT. WMEDTO—T RN RRD 7280, it
i EREETHOD LTS, kit 2 FEOEE S
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(o)
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600}

400+

200}

Discharge capacity / mAh

O 1 1 1
0 500 1000 1500
Number of cycles / -
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Fig. 3 Change in discharge capacity of a Li-ion cell
throughout charge/discharge cycle test at 1 CmA at
45 °C.

<Capacity check condition>

Charge: At constant current of 1 CmA to 4.1V fol-
lowed by retention at the constant voltage of 4.1V,
for 3 h over the entire period; Discharge: At constant
current of 1 CmA to 2.75 V; Temperature: 25 °C.
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BT % &, Au Kl ETORBGETCEFRIE Pt O
ZNEOBNEV. Lieh>C, WA FlEZ IS
ZENHIP (2.75-4.3 V vs. LI/LI) ICHBWTC, Au Eifl
L COEMBROMAL D RIEEE PtOZFN XD BN
LEZONS. £E S 0— T ETOBMIKOMEICI
ZHIHIS 5 T L, EYERER OBESUE AV b
HICHET 25 A TR TEETHD LEZLNS.
CORERWERT B0, PtE T Au DEES
0—77%HWT “Fresh” ¢ NCM ki + D7/
BRI L. ZOMRZ Fig 6 XU TICENTE
TURY. TTT, PtBXTC AUDEE O—T%ZHN

O Fresh

100
Specific discharge capacity / mAh g-'

150

Fig. 4 Discharge profiles of positive porous elec-
trodes of Fresh (O) and EOL ([J).

<Capacity check condition>

Charge: At constant current of 1 CmA to 4.3 V vs. Li/
Li* followed by retention at the constant potential of
4.3 V vs. Li/Li*, for 3 h over the entire period; Dis-
charge: At constant current of 1 CmA to 3.2 V vs. Li/
Li*; Temperature: 25 °C.

-2.0 '
3.0

3.5
E/V vs. LilLi*
Fig.5 Cyclic voltammograms of Pt[¢ 20 um](O) and

Au [¢ 10 um](A) current collecting probes at a scan
rate of 5mV's™ at 25 °C.
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RMEREOEZ ZWIIHA L HENR. KfEEES
00— 7" CHIE U7z NCM ki 1O FE ik dE Ak B SR 7%
Table 21T/R9. Au DEBFET0—TJOfEHICKD, &
FRER OB RIS E R S NcBK EE KT KR
TEBHTENDMD. TDOXSIC, KFEN10 pm
LUF D NCM fi v 72 E 3 25 el Au DFEE T 1 —

©
—
o

©
—
N

©
o
=

o
o
(0]
Charge current / nA

o
o
S

E / vs. Li/Li*

, - (b)
0 20 40 60 80 100
Ratio of amount of electricity / %

2.7 :

Fig. 6 (a) Charge potential / current profile and (b)
discharge potential profile of NCM secondary particle
(Fresh, ca. 8.4 um) using Pt current collecting probe.
Charge: At constant current of 0.15 nA to 4.3 V vs. Li/
Li* followed by retention at the constant potential of
4.3 Vs. Li/Li" to 0.075 nA; Discharge : At constant cur-
rent of 0.10 nA to 2.75 V vs. Li/Li*; Temperature: 25 °C.

20145128 ENNE $28|

THW2 T EW#ETH B L ZIASMMC L. T
00— 7 RN ELUCANREIC I KIF T BT S % OM
HHETHD. LFIZAUDEEFE T O—TEHNT
“Fresh” 38X T “EOL" @ NCM 1E¥E DB ZRE
P72 FTAM L 7z
34 BENCM ZREFOMEL— b IERESTE

Au DEE T —T7 72 LT, “Fresh” 5K U “EOL
O NCM b 7O L— MEREZFHE L 7z. NCM
KT ORTFRE, TNENNTIBRT TS5 pm
Thd. TNTNORTOREMIRE Fig. 8 () BX
U () ITRg. &b, REERBIURERIEERZ
ZNFN0.05BXT 002 nA THi—L, WEBHRZ
FNF1N0.05,0.10, 0.20, 0.50 nA £ L7z. “EOL" d
IR Roy 725870k, “Fresh” OFN &L T
HEEBEROKRE JITHFIL TREV. TN O/ERIE,

4.4 0.16

42l /
{0.12

40k

3.8 mm— {0.08

0.04

Charge current / nA

43@ 0.00

E / vs. LilLi*

27020 40 60 80 100

Ratio of amount of electricity / %

Fig. 7 (a) Charge potential / current profile and (b)
discharge potential profile of NCM secondary particle
(Fresh, ca. 7.3 pm) using Au current collecting probe.

Charge: At constant current of 0.10 nA to 4.3 V vs. Li/
Li* followed by retention at the constant potential of
4.3V s. Li/Li" to 0.02 nA; Discharge: At constant cur-
rent of 0.10 nA to 2.75 V vs. Li/Li*; Temperature: 25 °C.

Table 2 Results of charge/discharge test of NCM secondary particles (Fresh) using (a) Pt and (b) Au current col-
lecting probes. Charge and discharge conditions are shown in Fig. 6 and 7.

Current Diameter of particle

Amount of charge

Discharge capacity at  Ratio of amount of electricity

collecting /um electricity (Qua) 0.10 nA{(Qqs.) (= (Q4is/Quha) X 100)
probe /nAh /nAh /%

(a) Pt ca.84 0.162 0.070 432

(b) Au ca.7.3 0.044 0.038 86.9
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9%, TIT, FTEREYA7IVadBRZD NCM X
RIyDfFE L — HMEREZ ERIICHHIT 5 72ic, )
WwL— b O EREMETRP LOMGRZRHE L. T
N5 DNT A= —DEMTEZDEITIRT.

Cd =d/ 00.05
Pd = (Od /00.05) X 100

(1)
@)

TTT, dl¥0.05~ 050 nA DEER, Qs B&
U Q4 005 BXKUdnA THELE EOMERR
TH%. (1) XKD, Qs ZIEMHEEH DMEANR
T2, Cild Quos & d THE LTz & EICHET 5 I
EHHTHLEDLLIEEDTHSB. 2 KKD, PiX
Qoos ICXT % Qy DILETHD, MEL— MEREZR
LTWa. CiBXU P EDBRZ Fig. 91/Rd. 10
CnA TD “Fresh” OEBMERFRIIH 74% TH2—77,
“EOL” DZ4UHKI 63% T D FAIERERZIC NCM —
TR EEOREL— MERME T2 &M 5.

E / vs. LilLi*

10.00 0.02 0.04 0.06

Discharge capacity / nAh

Fig. 8 Discharge profiles of NCM secondary particles
of (a) Fresh (ca. 7.3 um) and (b) EOL (ca. 7.5 um) using
Au current collecting probes at 0.05 (O), 0.10 (4),
0.20 (0) and 0.50 nA (). Charge : (a), (b) At constant
current of 0.05 nA to 4.3 V vs. Li/Li" followed by reten-
tion at the constant potential of 4.3 V vs. Li/Li* to 0.02
nA, respectively; Discharge: (a), (b) At various currents
to 2.75 V vs. Li/Li*; Temperature: 25 °C.
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15

Fig. 9 Relation between capacity retention (P) and
discharge rate (Cy) of NCM secondary particles of
Fresh (O) and EOL (@).

OFresh .
03l @EOL 0 .

0.4 0.5

Fig. 10 Relation between discharge current density
(/) and polarization () of NCM secondary particles of
Fresh (O) and EOL (@).
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