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Development of binder for Si anode and evaluation of electrode expansion
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Recently, capacity improvement of lithium ion batteries has been an important issue. Si based anode especially
has been known to show a large capacity, while it shows poor cycle performance due to volumetric expansion of the
Si anode when lithium is inserted. In this study, in-situ measurement of electrode expansion was tried to quantify and
understand the anode expansion during charge / discharge cycles. Actually, this measurement afforded expansion
diagrams of the electrodes in accordance with each charge / discharge cycle. When different binders were applied
to the anode electrode, it was revealed that the binder which can suppress electrode expansion shows a good cycle
performance. In order to further understand the relationship between electrode expansion and binder properties,
elastic modulus of the binder was evaluated by tensile test. The higher elastic modulus the binder has, the better
electrode expansion suppression and cycle performance shows. These results suggest that a binder with a high elas-
tic modulus fix the whole structure of electrode and keep sufficient conductive pathway to afford good cycle perfor-

mance.
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Figure 1 Schematic diagram for slurry preparation.

212 EEER
HRBRDOHETHONIZAT) =2 T 7)) r——I2XD
JEE20 um®Cuifi M8 A4, BUREZE: L CHRMZ 572,
BAMOB T HEI1T40 mg/cm?E L, 7L AR W THE
M6 g/cm’ 127 5% L9 ME L CEMB o B & L7z
21.3 EER

HR o) ETHRLoNAlE, H2GHREE T
160 “C COHFHIFZMEL 7. F72, LiFePO, EFEF, KV
TALE =) F ULk A A HEL, %EL30 g/cm’
275 &9 7V AR TINER, FERICHE: L7 hzo
B, I, SHIEE20 umDOR) TF LR L —
FEMNTIIA—MIOZ VBV EHAT T, BREE
L CTIM D LIPF i (EC/EMC=1/3 vol% + VC 2 wt%)
L, FHEifHEvE L7
22 YA VST

TP % TR 1% |2 24 WRg ] I L 7 B A 2 v % T2
25 ‘CoOMEEMIZ AN, 01 CL—MTHEB43 V, CC)
L7:t%, 105 B oRIEEZPA, 01 CL— b THE (270 V,
CO L, MMFTHEEEmM L. 0k, FHliHEL iR
JE45 ‘CoOMEMMEICELT, 1 CL—17%E (343 V, CO)
BITICL—=IMHE @270 V, CO) Z#DETILIZE-
THA 7 VR E L7z
2.3 EiRiEREE

MO A K217 F. F 3 EBRIH221Z5 RO M)
W E %247 - 725l V2 HEL, Lo ki2SUS
BTy 7 B0 g/cm’ DM EZE DT 51
SUSE T T v 7 O FAZHfE R &2 5 iE L7z, Rl
LV IFERELEE I HA L CRBER OB LTV RS,
BRI OEA T — 7 il NICREET 5 2 L T,
in-situ EARMREEA % F2 06 L 72, AR AP R O FE
BEME, 1A 27VHE0L CL—MEE (343 V, CC)
BIOOI CL—MIEQIOV, CO &L, 2~4%1472
V%E02 CL—PMREEB43 V, CCOBXU02 CL— Mk
E\QR70V, CC) L7

Contact-type
thickness meter

I/
U

Test Cell

Figure 2 Set up example for in-situ measurement of
electrode expansion.
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Figure 3 Cycle performance of cells with each binder.
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Figure 4 Expansion diagram of electrode with TRDZ2001 by in-situ measurement.
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Figure 5 Relation between dV/dQ curve and electrode
expansion rate.

WA, RRENZBT 5 in-situ BB ENE T, Efs
8L — 55 AU O DRI E RIT LT
WRWHHERT 2R E T 072, 494 7 VH O FEER
Tl 2L L, VAL TIER, faf w51 —
¥ OF&FRM 2D 1L CDMC Tk s, X~ 7o
A= —H HWTIREAZWE L. KM OITCDOEARIZ
W%, WMAEKETOBRFEZM6IIRT. EHEP
NL—#1%, BN TOIEAZEDT L A LD >
72, =T, BMILRERET ORED S 52% ik L T,
VEXD, AREHICB % in-situ BRI, 1ZITEMK
ZALDARERZ TVBEEZLNL, 7B, in-situlFikiF
MDA 4 7 VHBIERD32%THLHDIZ LT, £
TRARF D BARIE A3 52% AT B2 BA%, i
in-situ B REFAM R L IZAT R 2 A2 TV B DKL,
RRBRIIMEEZ 2T TR, L) EnZHkd s e
EF Ry (W3

DLEofER LY, in-situ BHE A2 SiR O
izl LCHMEHIBCE 720, NS v 5 —0fl
HAEEZ CMEERERL. N vy —FEH»EHE L

100
9 f
L
L
60 f
L
40 oo
30 oo
204
10

Expansion (%)

Cathode Anode Separator

Figure 6 Comparison of expansion rate after charging.
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Figure 7 Expansion diagrams for electrode with different
binder.
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Figure 8 Stress-strain diagrams for binder film.

Table 1 Elastic modulus for binders calculated from S-S

curves
TRD2001 TRDI105A BZET A
1 (Ref.) 6.1 187
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