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Summary
Dai-ichi Kogyo Seiyaku Co., Ltd. develops products that take advantage of the

unique thixotropic, thickening and dispersion properties of TEMPO oxidized
cellulose nanofibers in various value-added areas. Cellulose nanofibers (CNF)
have so far found practical application in the production of electrodes for
lithium-ion batteries (LIB), and in addition to enabling water-based cathode
coating slurry to be used, they are found to significantly improve battery
deterioration caused by the charge/discharge process. The aim of this project is to
reduce vehicle carbon dioxide (CO2) emissions by utilizing these unique cycle
characteristics and replacing automotive lead-acid batteries with small LIBs in
order to reduce vehicle body weight and improve fuel efficiency. In addition, by
switching from the N-methylpyrrolidinone (NMP) solvent normally used to
manufacture cathode coating slurry to water, the petroleum-derived materials
currently used can be replaced, reducing CO2 even further. In this project, we
examined the performance requirements needed by LIB that utilize CNF in order
to replace the lead-acid battery on vehicles equipped with Idle Stop Systems
(ISS) and examined the issues that need to be solved for practical use. By
participating in the project Dai-ichi Kogyo Seiyaku, which has CNF and battery
material development capabilities, and Elexcel Corporation, an affiliate company
with high technical capabilities in LIB, hope to achieve early commercialization
of LIB for ISS vehicles.

The nanofibers for the TEMPO-oxidized CNF used in the project can be
obtained by mechanically treating the sodium neutralized compound obtained
after oxidation of cellulose using a TEMPO catalyst. Since there are concerns
about the adverse effects of sodium on battery characteristics when used in LIB,
lithium neutralized test products were manufactured and their stability was
investigated. They will be able to meet the needs of the project.

After conducting market research into ISS vehicles we found that for ordinary
passenger vehicles full hybridization was expected to proceed but that the
technical development of ISS would not. On the other hand, the market for
ISS-equipped light vehicles is expected to grow rapidly because their limited
space makes hybridization difficult. However, from the standpoint of cost and
reliability, switching over completely to LIB in the immediate future is very
difficult and it is expected that LIB will be popular as a sub-battery in
combination with a lead-acid battery. The market forecast for light vehicles
equipped with ISS is 1.70 million units and, assuming an effective weight
reduction for the vehicles are about 3 kg, annual CO2 reduction in 2019 is



estimated at about 5,500 tons. Further, by manufacturing cathodes using a
water-based method the petroleum-derived materials that are currently being
used can be cut down. By switching from the use of polyvinylidene difluoride
(PVDF) as a binder to a natural binder such as CNF and by switching from the
use of NMP as a solvent to a water-based one, we can expect a reduction in CO2,
with potential savings estimated to be about 990,000 tons.

The battery characteristics demanded from LIB that utilize CNF, and which are
being investigated in this project for use in ISS vehicles, are short discharge and
regenerative charging times, long lifespans under repeated use, and also good
output in low temperature environments. We are planning to conduct an
evaluation based on these performance criteria using a small cell and will finally
perform trial manufacturing of actual size cells and do the evaluations on those.
Furthermore, the material mainly used and investigated as the cathode was
lithium iron phosphate (LFP). LFP is a very safe material with a long life and is
suitable for wuse in ISS vehicles because of its excellent input/output
characteristics. This cathode material also has the advantage of lowering costs
since no rare metals are used.

Using LFP as the cathode material, Dai-ichi Kogyo Seiyaku confirmed the
physical properties of a coating slurry made with a water-based method that
utilizes CNF. Currently, the cathode coating slurry for LIB mainly utilizes an
NMP solvent-based method that uses PVDF as a binder and so for comparison
our method was verified against solvent-based methods. To examine the stability
of the coating liquid, the density difference between the upper and lower layers
of the slurry was evaluated after it had been left standing for two days at room
temperature. It was confirmed that the CNF water-based method demonstrates
good stability with negligible density differences between layers, just as in the
conventional solvent-based method. To evaluate the binding properties required
during electrode manufacturing, a peel test was performed. Compared with the
conventional solvent-based method, the CNF water-based method tends to
exhibit poorer binding strength, but it was able to achieve 0.20 N/cm, the
minimum binding strength needed as an electrode. Basic battery performance
evaluations were also carried out on cells that used this coating slurry. By
changing the charge and discharge rate and performing cycle tests using a coin
cell, the discharge load characteristics of the CNF water-based method was
confirmed to be comparable to the solvent-based method. These results
confirmed that sufficient stability and binding properties could be obtained,
using LFP with CNF water-based cathode coating slurry, and confirmed basic



battery performance using a coin cell.

In addition, when inspecting the effectiveness of adding CNF on cycle
characteristics, it was confirmed that, compared with lithium cobalt oxide, which
is currently widely used as a cathode material, and lithium nickel manganese
oxide, a next-generation cathode material, the lifespan improved as the amount
of CNF added was increased. The effectiveness of adding CNF was checked for a
variety of battery materials.

Our partner, Elexcel, created electrodes for LFP cathodes using a water-based
coating slurry with added CNF and, for comparison, a general PVDF
solvent-based coating slurry, and combined these with amorphous carbon anodes
to evaluate their actual performances. Cells that utilized CNF were able to
achieve discharge retention rates equivalent to the conventional solvent-based
method. Further, a tendency to lower resistance than conventional solvent-based
methods was observed. This result suggests that using CNF will enable higher
cell outputs to be achieved.

By using CNF we were able to obtain a stable water-based coating slurry for a
variety of cathode materials. Even in coin cell evaluation tests the performances
obtained are equal to or better than the conventional solvent-based method.
Starting next fiscal year, we plan to carry out the design of actual size cells and
identify issues.
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Shazx b AUy TS IE, EV 2608z & LT ISS HiZ

ICRET A2
BIA2H 7y 75—t L CHEHT S LIBICHE

12 80~85°C £ T Difif B 3

"C+/\

EV) ~OBITbRFshTnd, Z

LIB N K &2 H
BT 580

TR I

TREMOFERBEEIBMRA L AL L TIEEZLLNDS, BV ~EA W EER

LIBIZOWTHAEZDOMBEEMREE T 5,
<F 3 ISS B SREMICK T HERNE, T A FRNE>
ISS HH $h & &Y LIB

B ) # FRANEFE LT, &A a— )V K7 T T

A—T1— |, REZAEPERIN | BRERE T O Y U 4hH)
TEY ., ERAKELFE LG | M), RUEFA 7 v FHFa GV
FoTWD, BHMMEREAIL | MERELZ&ED KL RO Hm
(XEM A — I —ORBEA | FrE) DEH I TND,
— AL 7o TBYEEMEDT | REME LKL T, £FEZ2NR
B, Br . RIESL CoRBRIEE N EH

ISnTWb,

=y TARY T Ham R, FEEZAME, 23—V 7T

A—H— | REFMEAR, FEZAR | T IHERE. YA 7 v FEmPE
MNEHRINTND L TS ﬁéhfm

5,

Hbuﬁ%ﬁ& L Cix., iER
Br. $T 0 PR, YA LFH
A R BRI R MR SR S AT 45
ST
CNF st LTEXLND
ERE LT, "= MeRER
Br, o—F ¢ v 7R, Bk
RERBR 72 PR Bz,
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3 £

ISS HIZHH SN D LIBIZOWT, EERIFWMN/EOND 5 FhLE X —
o hE LTCHGRAEEIT 72, TORE, EEEHTFIT HV (L2324,
BREHBEICBWVTORISS OFEANRET, LovL, A E<CME MO m
DHEITOHFEMEE LTH REMMNDS LIB ~D5EaE & # 2 13 £ 7,
ShWBEMAEAA LY T RNy T V=L L TOLIBBRHEHIND, &
FIZ XD CO2 HITEIZOWT BEHEDOY 7Ny 7 U —& L TLIB 2
WINDEWREL TRAEEZITO,
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3. R (bR FHIBE T I

CNF ZF|fl L7= LIB |2 £ YV B3 2 R &L CO2 HITEZIFIZ O
THE L7z, £72. LIB O EISCHERF OB L CTHEH S5 A
HoREELZ CNF £ DO RARAMBHIE S 5 2 L1285 CO2 HIJEZI R IC
DN THRBIZCRE LT,

(DLIBZY T RyTV—¢ LTERLEZEOERE/LHRE

RO =B AT AL — MEEEO LB ZH4A X VX —FEHOY T
T U= LTHEAL, 8 - WEBEBMOT VA ML LTHOHERTSHZ L T,
BATOE “REMEM & ik LK kg BEOBE/IPAEEIND, HljE
BN 100 kg AT IEH 1 km/LIREDN W ET H(SEER )2 &b &
MO 3 kg HIJKIC X 2R B & FEIX 0.03km/L TH D, EHEOEMELT
FEEEA 15,000 km & LT, BR#E % 15.00km/L & LA Y U &
% 1,000 LAETH Y, BHEED 3 kg HIIC L 207 U o OFIEE I
1,000-(15,000/(15.00+0.03)) = 2.00 L/4F - B &b, YV U BAHEZD O
CO2 HEHI &I, 2.322 kg-CO2/L(ZEEF b)) TH 5D T, L HH#IZ K D CO2
B 1. 2.00X2.322 = 4.64kg-CO2/H - LD, £2 X, BEHED
BEBHEZ 170 T s L, KRFHZBIT D LIB DY =T % 70%E 35 &,
£ CO2 B E 1 5,500 Fo/AEERRE SN D,

(2) AMEREEHEIRIC X 2202

LIB 832 L Cida MBSk EEI A fEH S TWvWd, B TR O NMP, N
A HF—=DPVDF, B —& —EDRIFICLD CO2HIBNRZHAET 5,
@ NMP &, PVDF REIZ L % CO2 HIB R &

LIB O EMRE TR O s TR CIXA#EAI TH D NMP Z W5 D h &
W&o TUWD, NMP O TER 2R FHIZ oW T, VOC JEH i H| . REACH
HHIDO SVHC U A b ~DFE., EERAEEORW R ERx RHIRA® 2 7-
D, BEAMODRVWKRTOEMRBIETEAROLONTND, LML,
EM R T 2IEMESCHEENA 2L EICTBIED Z EIFFEF] ’Ez?/ﬁﬁ’a
HEDFENE W2 O KB IEMITE K LTV, CNF OFF O BMIc L v IE
FREE TR DY) — BB ER S VR, EROKRIEE & ITHk J’i D D )
EbIEEND,

PVDF O ii%i% 2013 FF/E(m)) (HA : 2300 t /4, LSS : 2400 t /4)
Z JGIT 2020 - F THFE 110% DMk, LIE 105% O ffigk & LT, PVDF (X
5%NMP & ik & L CflEH S4v, NMP IZEIIMEH &b, RIEIL TS S
S NMP % 3% &35, £7-. NMP 5% PVDF /"o > X —% CNF & OHEY) H
RIFEHZE 2 5 Z & TARRILL, KM OREICHER T 7 H&E
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ZT0%N v hTExHLE LT .NMP 7705720 F 7V HEZBEMIC 1.0
mL, 77V OBEMENST-Y O CO2 #AHEAH: 224 t CO2/ b & LT CO2
I EA 2B T 5 L, 2020 12T 67,350, 2030 AEI2i%. 987,348t D Il

MFRE L T2 D,

<F 4 NMP & & O PVDF &I L 5 CO2 HIl & >

2020 & 2025 & 2030 4F
PVDF 4 FE & (t/4F) H A 2,533 3,233 4,127
P4 4,677 5,969 7,618
FrEl NMP i H & (t1/4) 4,326 5,521 7,047
KFRACERE (%) 10 50 90
CO2 HIl & WLid L (t/4F) 67,350 429,785 987,348

©@ ZEHIRIZ LB CO2 HIBZ R

NMP Z H W2 EHIR O 4A . BMEE TRICE W TRIE L7 NMP O
IRORE B AN LB 7N L I K & U T 35 A 1R B I R A 08 R BE T HERG 181
INFEE, FLIRBE DR L, B2 A M T =7 ax FOEEL Al
B LR DT AKRALEMOEAN KD LILT VD,

WBIEEIINMP B KIZEZ D Z L TI120005 100C~TFiF 5 Z &7
AIRE R IEEH &2 K E NMP T—E L T2 &8 74,0000 F D HE L 72 5,
NMP D EEV 1.67 & L C, HAE O %EPEH 422 0.000521(t-CO2/kWh)
ZERAT A L. FEEVE L LT 8,600t D CO2 Bl & 725, NMP % [H[IL 9
L7 DENREMETDHE BIEETIEES> TWVRWVAELR D CO2 HIE
NHIfF SN D,

<FE S5 BEHIEIC XD CO2 HIlEE >

2020 4 2025 4 2030 4F
W EVE L LT CO2 HIE(t/4F) 8,600 8,600 8,600
KFRACERE (%) 10 50 90
CO2 Al & WL L (t/4F) 860 4,300 7740

® R —F —REICL B CO2 HIE D T REM:

CNF OEEEHM~DOFH L LT, LIBOE AL —F —~DIEH b L
TW5B, BITEO R A/ — % —%{IZ CNF Jf Bt OB /N L — & — (2@ &
M T-5E60 CO2HIBEARAET S, B L —% —DFF&% 10g/m2 CTHE
BHE . PP, PE R#fioF 7 i &E/g % 1.14 mL (PETfECHH)., +
TV IEE A 0.695g/L, TV OREMESR D O CO2 HBERE: 2.24 t

-18-



CO2/t(o)M 6, KM EtOEIC VT 7V EHEZ 70% P v hTX % &
WE L., Rz L —&—OHigix 2013 £ (n)o)) (HA : 360 T
m2, ¥EF: 1395 H U m2) % ITIZ 2020 4 F THEFE 110% DO ME, LIFE 105%
DR &35 & 2020 F121E 1,306t, 2030 411X 6,380t D HIJE A AT HE & 72

50

<F6 BAL—X—REIZKLD CO2HIHE>

2020 4 2025 4 2030 4F
AEPERCE(H /7 m2) H A 702 895 1,143
TZAN 770 982 1,254
FHRRZE AL —% =2 = 7 (%) 5 10 15
PR — 2 —AEFERE (/) 736 1,878 3,595
CO2 Hil 8 & Wil L (t/4F) 1,306 3,333 6,380

3) £&®

ABFECHIS L5 CO2MIMRE % Lo L FROMY, KHODHO

FREHILZ Y CO2 Bl o A Bl o TR &E W,

<F T AKRKFHBIT 5 CO2 HIE & > <R (VAR NV =
2020 4 2025 4 2030 4F
BRI BALIC X DI ok E 5,500 5,500 5,500
KRBT £ B A% 67,350 429,785 987,348
R HI 860 4,300 7,740
TN — 2 — R 1,306 3,333 6,380
& F 75,016 442,918 1,006,968
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4. Eﬁ‘?;ﬁlﬂﬁ

(1) LIBIZ# L7- CNF OFH%E

o LRI FR) A > CNF X, TEMPO filfiEfg{b & /X 5 (b % 5
EREMALEIZ XD IC L B — A BHEA B 3~4 nm A XD
R T 4 T VIIVHNMNICEB T ik Eo s —A v L
T T ANR—=TH D, B —AREEEEZAE LBREREEL2EEOZ L
DD, R EEMECIEEZLIZE NV E—EE RS, 20X 0 REEENG,
CNF ZHR DA E L THWD Z LTk » CEMOIEMEEE A %2
WO BETHERCOBEENNSEDLZENTE, BLITRICBW TR bE
BRI IS IEMERHEDAIOFRESNS VX —Dv A 7 L —T =
CVEBGIMENC RN H D, BH O D EMITIEYE LB H A 5
LY— kT2 LT, ErsEEomE, SOICHBNRBELET S
EDLRIREYA 7 NVRPABRICL DHEMBILICKH L THLEMNTH D,
ARHEETHWSD TEMPO 21k CNF (%, &/ 7 — R % TEMPO fit#if |z L v
it L7 b oA fL TR LNIbAEMEBRRLEEL T 77
AN—THZLTHELND, £, Ere—R I TRHICEZEOE KR
XUNEERETLHOBKREREWEAMTED, ERREIC LV ELND
CNF (X & DICH KM 7 L3 5720, BHIZE IS L 72 BE O W iR e N R a S
N5, 2o OBREFHEICK L, LIB EMEHMH O CNF & L Tl )i nl gk
ZRRET LTz,

O FrNIULERFEDOHRHE

FHREEIZIVELND CNFIZBWT. T 77 A N—%28 57D
Al EZRHET L2 TCH NI DAEREZKTTHZ T, Tk
U LR EMBEE~OEELRBA RS 2D, £/, TEMPO M1k
CNFZHWTHER L7 4 VA ZBHEOKBRIZERTHZ LT A4
YOF N U LAEEBEL, DVEUBICERT S ENARETH D, ok
BDT 4N LB LR R, BRATD 7 4 b DT AWK\ BT D
TEEBERLE, 74 AOMMAKMOMR B2k Y, CNF & HWizk S —
A — et DB OmAMER EABEIR D,

@ VFULBEOKRS

TEMPO [2{t. CNF 1T U v ZELSNCH ) F U LBICHET 52 8%
AEETH S, TEMPOEE{L CNF O U F U LA HT 5 Z & T, FERICE
MAFE~DREEL R REE D, BRIV TFULEELELTT 7747
—fERFRETHY . Kok E L ToREMES R LT,
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TNHORFHFERIT, VEZS U TCARFEIICHT LI ZENAEETH D,
LIB O E A F CNF O3 s r REME 2 7”2 L TN 5,

(2) B —F —~® CNF |G A O A fEHEFHE

BE, LIBOE R L —F—X, RUA L7 0 VBIEOMS ILE &y 1K
BNV —%—XPE & PP OHEMEE L —F— (AR OEWPE Ty v
v N D URERE. BLAR OB W PP TR L7 L — & — i 2 HERE) 2
Ao Tng, ZhbiEAMBRER Th 5720, KINHKRIFEE D CNF
~ORBFICE D CO2HIMAHIfFSN D, —F . CNF AT 2 EDRKEL
TN —& —O5gER LICFHFE5 T 5, CNFERHW AN —F% — %2 {ERL
THHEDO1ISDE LT, CNFEMARTDHZEICED T ) 774 3—%FHL
L., ThZEHEHEL TAREMET 2 HERET NS, CNFOTF ) 77 A4
—biZiZ=v 7 e R =TI LAk BAMEEILLND, =L |
HAE=VZICEVIEREN D Rikfix LIBAHE L —%—& LTHRIHL
a0 RIE, ERENEGSH-2KABELNDL Z &, EEL ATEE
I ThDH, Flo, bt BREKOREMERES &SV,

Al EEBSL R P LN TEEom hob & CNFEH Wz L7
FNEAE=VTEICLDT ) 77 AN —%2/E#- L, CNFOENNL—F —~
DI O REM Z MRET LT,

O CNFEBOZLYZ huRP v O8%
<T L7 hrRAE=U 7T X DH5% &M >
i A NEU (B F —7 v 7 RS &
BT 13 kV
J AN —4& =24 NEBEHE: 15 cm
J A b TN — AW 10 cm/min
X —77y h K7 A[A#HEE E: 600 rpm

<5 R IFIR AL ST >

Bl A E 3K
CNF (L4727 U X% S-2SP) 1.0
fli 7K 1.0
A FaxR ) — ) 1.0

TV hRrARE=VT%%R, T/ 77 AN—DKFEE SEM HIEIZ LV HE
BLIEHER, T/ 77 A NR—DERIZRD N> 7-, k> T, CNF H
MTHOHZ L7 hr A= ZI2BWTC, BHENDRIINETH D &l
L,
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@ DARY ~—L CNF L OHEHEDLEDLFTIZ XL BH5%

OOFRERNS, HH R R 2B BT, thoAR Y ~—E& CNF & Ol
HEDLELFTIZLDH R EIToT-, RU~—o e L TR =T L2
— NV ERY T L E KRG HEE ROV, EROHRSFHEIC LV RREITo T,
< bR SRR AL T >

i & 4K
CNF (L4727 U & #& S-2SP) 0.002
RYE=)LT7/)La—)L 0.6
AV TasR ) —)v 2.7
KU T LE Ky EAR 1.1
ik 5.7

fiidRY ~—& CNF 2l by Foga . vy fn A= 7
XL E LA BELNT (FE 1D, GOk D SEM BlE %217 -
TR, T 77 ANR—ORERRBO LN (GE 2), BEME TiX, CNF
DWMEIFMOR Y ~— 1T d TL WA, SERIOHEENS . CNF &
AWl ) 77 A4 NN~ ARETHY . ot/ 77 A NN—%4EFEL
R DORIE R AIRE & 70D, k. WINEOFRHFECMOR Y ~— & O
AbEERFNTDHIETC,. CNFOEREREEZHERE LT/ 7 74 N— % ER
LAREL B X B XD,

WD6..5mm! 11550k V. x60! 500um

<EH 1> <HBH2>
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5.CNF # VW7 B A LIB KR IEMR D32 B H

LIB @ IEARIZ CNF 215 H L T, IEARE TR O K RIS K OVEE fh Fr 1 3F
Mz T -7, FrlZ, UV UBekY F oA (LLF, LFP) % EfRkELE L TH
V. CNF RN £ 2 KRB EBEE O WtE, K OVWERL L 7= 1IEAR 0 H i 1Y 55 Ry
PR 21T > 7o, BUIR LIB O B N4 X — & L TERTH DEAIR
PVDF % [kt & L TRt 21T o 72,

1) UV EEgkY ?WA—f‘IE@H?H'@COb\'C

I TIRBHMOEBETHZ ZEDDLT-DICHET D LIBIT.GR R, BLAE,
mAH . B kb\oﬁsaﬁﬁf%&ﬁd?&)%ﬂé O)J:Ofoisaﬂﬁ%‘@%
13572 OIZKRILEME LT LFP EMA £ 2 EICBA¥ 3 5, LFP (358 72
fEEEIC LV ZRERNEmN L L REGBRMEITH L, £/, FOXRE
KERLREREICEWN TS —EOAMNEELZALTEY | Z OFMHITIK
ENOEEEFTRELENNDERDODOND ISSEAICHEL TS, £,
LFP EMIIEEBNEEN 32VEE L a /L MY F 7 L% D 3.7V ICHRT
DA, BEFED 12V 8 “IREBMICKH LT 4 BANCHER T 5 2 & TIEEEE
FHICEBER D VE B IANES ThDH, IDICEBMEHCA V&R %
FHLTEBLTE A MBICHLEBNTH D, BHEEICE T 2EREAMND
R e WiE = 2 FHIIC O BT 2B E S 2 5.
(2) CNF KR IEfBDOBEHEIZ DV T
O EMRBEHE L BB L

IEAR SRR K OV BHE 1R I S W TR FIcR T, #Efiic > T, LIB
EMBANA X — L LTERTH DK PVDF &g L THRE LT,

<F 8 IEMEEEHERL >

g " [i=gnd
R4 258 (B
EYE Y BESK)F o L (LFP) 87

Hh—Ro TS5 7
EEH

Hh—ARoT7A/3— 2
jyeg |DONFSRLE/LALURS) %gﬂg'ég'_;:?ﬁ

@cMC(H4t Fh/WS-C) (PVDFI%0)

DB HIRPVDF yms
N — |QIKFRNAFT—A -~

BKRN(HF—B (PVDFI(%4.0)
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<EK9 BEHEERTTE>

ICNF/CMC /K ik + 35 75 5]
?4iﬂ~fﬁé
i% W E (B ) 2 1R 2 ([ TR
?4iﬂ~fﬁé
L@@l%%74w v 7 A (EIERERAEE) CTRE D
Iﬁ% W B B

L — AU EF—ZFN
J

T 4 AX—TIRAE
l

773 H ) — I %Y —THhiE

!
EVETLLY

< BB T4 Mo OV Wi 1 R A 7 3 >
FRRARMER 2B T (m— a—4%—) [ZTTAIFEIChmELLE,
a) TV : (GLFE : UACTHE JEE - 154 m)
b) A — K : 30cm/min
c) HLMRIE NI E hm/ > 1=80°C., Wil — 2 25100C
d) #EEVEREM ¢ ERE/ERILZEM A 130°C X8 FFEWERB L, 7L
2 OFER A 180° B — L FIBERER 1 TR L7,

T 180° £ — Izl

r

‘H"\-\. [ b
Al 9

T \%@
HHE

mF-7 ’
FIBERE SR T L ORISR <BE 3 FEEMIRAT >
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@ EMARIEBE OREHER

CNF Z i L 72 EROK R BB OMET L7 & & A CNF B R IZIEHEITF
7 IVENRELS BITHEREDRBEL  EBRLZEERICHIMERLE T,
F T, BEOWEIM A BT 72012 CNFHCMC DR Z B E L 7= i 2.
G T VB R EVE WS T DR RS b7z, FFIZ CNF+CMC fFH %
O CMC U » FUG TR RMBEMMAHR SN, 7272 L. CNF KRL T
I REAICHEEES 2HEmR R o, BEErdET20ERNHD, £
T, N U —IRMEZECT LT, EMAGEICLELEXONDIEE
PO B 0.20N/ecm 227 UV 7952 &N TE T,

<F 10 ERREEHMHE &K O TR 8 >

No 1 2 3 4 5 6 7 8
U EREEUF L (LFP) 87 — - - o p - —
BEH-1 (h—KRrT5vH) s < - h A A -
BEH-2(h—RrI741\—) 2 b b b b b b b
BRI CNFH CNF/CMCHtR#&
. 05/15 0.3/1.7
AR SHRPVOF 05 03 0 (312.0) (3t2.0)
A T8 KRNNAVE— | KBNAVE— | KRN T — | KRNAAF — | KRNAE—| KBNS F— | KRN T —
A A A A B A B
wINE 4 2 — — — — — —
FEHRE®) 48 38 36 36 38
B | 6rpm 12400 12350 10870 9890 16330 14400 16000 14330
= | 60rpm 3020 2100 1850 1720 2860 2633 3030 2820
Tl 41 59 59 58 5.7 55 53 5.1
DEE BiF B BiF B BiF BiF BiF BiF
FIH BiF B B FB BiF BiF BiF BiF
BHREN (6] X (BfK) X (BfK) x (BfK) (6] @) @) (6]
FEETEN/cm) 0.46 - - - 0.10 0.08 0.12 0.08
No 9 10 11 12 13 14 15
U BEERF ) Ls (LFP) 87 - - - -
[BEH -1 —FTFvD) 1 = = = = = =
BER-2(h—RT74/3—) 2 - - - - < <
B HIEE CNF/CMCHtR &
FNE 0.5/0/5 0.3/0.7 0.1/0.9
: L0 K%/ A afgﬂ?g%: A K — | KR AT — KT A ﬁ '?2?@ A KR K
ook 3 RN KBNAVE— | KRNAUE— KRN T— | KRNAAF—| KRNAAF—| KRN F—
N5 1848 KRN\15—B A B A 8 A B
RINE 2 — — — — 3 3
ERRE®%) | 45 38 43
e 6rpm 13670 4330 5170 3160 2850 2670 2330
SRR | 60rpm 1550 633 733 550 550 420 400
Tl 8.8 6.8 7.1 57 5.2 6.4 58
S ERTE Bif RiF RiF BiF BiF BiF BiF
FTH POFR RiF RiF BiF BiF BiF BiF
ZHRENE @) @) (@) (@) (@) @) @)
#EEMEN/cm) - 0.05 0.04 0.17 0.14 0.25 0.23

* SERtE: VI —UTHR
* ZRREN: 20 B RED
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< M AR >
CNF HMA FIXI FREEO@EV RO BE T RENBAEL 2D,
CNF+CMC R CIZ BB THIE O, B TR ENHR I L,

A" B (wle

T TR e ] Fiimiat w 1
<'BHE 4 CNF HEIRAAL 75 > <BHE 5 CNF/CMC=1/9 {f H )7 & >

< BBy BRCL T PR AT >

B 25C X2 ARFHROTE, LEBEZRRL TREZHAE L, 415
GERHREICH T O REAZHAR LT, TORE, CNF KRLITITEHR
PVDF & [R5 LU ~/L D E ) B2 8 & R8T & 72,

BHENA TEEE LEEE
PVDFGEEIZR) +0.09% -0.08%
CNFALA(KR) +0.06% -0.05%

<HH6 BERIFIE>
* CNF &L : CNF/CMC=0.1/0.9 /XA > &% —3%ih
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< B O SEM 822 >
A IEMREB B CER U 7= MmO SEM #l52 % LL N IZ R,
CNF KR IEMIL, A% PVDF &R L)Ly BURE 2 R T & 7=,

»

Miniscoped4036 2016/02/19 17:13 AL D68 x3.0k 30 um

Miniscope4161 2016/02/26 13:45 AL D9.6 x3.0k 30 um

<BEH T &A% PVDF AL > <HH 8 /K% CNF &) >

< £ FE IE MR D ik 5 MRS B >
X 2 |24 FE CNF KR IEM O A MRS 2R,

060
050
E 040
>
ﬁ 030 _.
020 -
4o B m ARIFPVDF
010 - R
) - : B KRN E—A
0.00 ) ' w KBRNALUE—B
& /“3\ /,»\ /,13\\ /%\ /0;\
Xl h -)ﬁ _)\"} _)\’3} ')‘6'
4 ;}:) A A QU J
o N\ A o N
N N Q Q Q
/‘o\ Q’b\ C’Q?)\ (‘,/0"\’\ C,N\
W o & & &
S I\ \ \ A
& § ¢ ¢ o

<[ 2 KFRIEMOGEE M >
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(3) CNF KR IEMR D E iR FEM I D\ T

ERL L 72 CNF+CMC PFR O KR EMEZEHIC L 5 a4 2L TOE T
E & BRI OME Lz & 2 A CNF /K% IE 0 ) 8 78 H B 4
PR OV A T 5 M IR IA A 5% PVDF & A4 L Lo fE R3S STz,

O #IHIEBRERERE R
TR LD CONF KR EMIZIEHRI R PVDF & [ L)L 0 7 B Rk
%%ﬁ)ﬁﬁmu éj/bf\—o

< @A BV T >
a) EILHEAK
- XfHR : Li
kRN —H  F LT 4K
- FBfRULZ : IM LiPF6 EC/EMC=30/70 VC Iwt%
b)H T & : £ 8mg/cm2
o) e Al 5% 1
- R 20C
T : 0.1C/HFE : 0.1C
cut off 2.0V/4.0V 0.01C

==
FEAFT R E R R
4.5
—BHIFRPYDF
43 e CHF/CMC=0.30.T A6EN {254 2%
— CNFICMC=0.3/1.7 EN{5°-B 2%
4. 1 CNFICMC=03i0.7 3% 17 -A 2%
—— CNFICMC=0.3/0.7 RN {47 -B 2%
39 ——— CHFICMC=0110.8 J&n {07 -5 3%
——CNFICMC=0.1/0.9 &N {58 3%
= 37
sl
m 35 N\ —
3.3 ‘
3.1
2.9
27
258 ' ' ' |
0 50 100 150 200

FE/ME ZE mAh/g

<[ 3 Fe kR dhgr >
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@ BRI R

TRUAE R L V. CNF KR IEMRIXIEA R PVDF &[R4 L)L O fi 8 AT fE
ﬁ%ﬁ)ﬁﬁmu éj/l/fk_o
<aA v VAT E >
a) BILHERR
« XFH% : Li
NV —HF— F LT 4K
HEMEWK 1M LiPF6  EC/EMC=30/70 VC 1wt%
b) HfT= : % 8mg/cm2
c) REAm SR
< JEE :20C
(£&E : 0.5C/HXFE : 0.1C)x Scyc =
(F£&E : 0.5C/LFE : 0.5C)x 5cye =
(K£%E : 0.5C/HLE : 1C)x Scye =
(3‘6% : 0.5C/It&E 3C)x 5cyc =
(£ : 0.5C/XE : 5C)x S5cye =
cut off 2.0V/4.0V 0.01C
i ER=REEE L
180
160 W’W
02C 2000
' 0.5C 1c eeee
R 140 3C N v
5 5C
<
£ 120
ol o JBHIFRPVDF
E; @ CNF/CMC=0.3/1.7 KKR/NAF—A 2%
& 100 ® CNF/CMC=03/1.7 KRNATZ—B 2%
CNF/CMC=0.3/0.7 IKR/NA(UF—A 2%
20 & CNF/CMC=0.3/0.7 )KR/NA5—B 2%
A CNF/CMC=0.1/0.9 &KR/NAH—A 3%
A CNF/CMC=0.1/0.9 )KZR/\(5—B 3%
60 T T T T T 1
0 5 10 15 20 25 30
AU

<X 4 JEAINFEE>
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(4) 5 R

BEFO S ECLE EMEIZ DWW TIL, BEF ORISR PVDF & [AER I B EHR 77
OETREZTIZEAERS BERDMEZENEDHER I, EMOEE
PEAZ DWW TIE, BEFIEHFISR PVDF L 0 & DL @M B A G2y, E
BEICB W TRIRBLE LB X SN LA 020N/cm Z#KT 25 2 &N
T&7z, 72, ZO CNF KR EMEH Wz a4 Bz X598 7 i E R
PR O E AN R EZ 50l L2/ R, E b oo BEmERE & L BEFORA R
PVDF & [A% L~ L DR DR S T,

VL EDFERENS | LFP & H 7= CNF KR EMBEHZ DWW T, 720k
WEMEFEEENEON., aA e Alc k2 HEBEEE S BT ORH
H PVDF ERIFE LNV OMREZHERT LI N TE T,

B £&0

CNF O IEMRAKZBEH L~ I DWW THREI 21T o -/ R, BB
BRyBe ErE, fGA MER OVE R S M AR 3 15 H 4. CNF @ IEAK R b~
DOEMEZHERT LN TEL, SR OMFREALEL LT, £HEEDEM
Bt~ CNF KOS ANA X —RIMEIC L S EME LB EE 7 7 & A
DFT 2TV, BEBMOBEMERILEKLS Z ERXLETH D, o, KRR
FRNA U H— L CNF DA EDLEEZRRT 5720 BEHME G & OV
B FEM 21TV, RIKB/NA v F— & CNF & OMAEbEIC L D alREM %
AR 5,
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6. B R EI~D CNF & ER

CNF O =R = 8 L & W o 7o FEE 206 L. LIB O AER A I BN
THZETHERMEOFEHAEOHIE L L IR EiconwThiat+ s, £
F. B EHC B W TR FERBL L N, X —OERE LRI
HZ LT, RIMOKIETIRE~DREZ B LT,

(1) CNF L EEBHR L DREM

CNF ([EE57 : 0.5 wt.%) BEEZT7T VI =0 AEOEER LITEH T4
8O CTCTHLIEL . EEMHR & OFEEMEZ MR LTz, CNF 721 TIXEER L OFE
EMEICZ UL, BRIy — MIRICHBEA R Z LTz,

(2) CNF # EEMBMEL DN A X —RINEl & U THRE

D LiCo02 IEM~DHIN

LIB O #lBR EMRIL, {E®E LiCoO2 (LT, LCO) &, KEZT 7 U, A
A= b LLITEDO % CNFIZEH L, 11 OMKNGRDHAT Y
—ZER L=, 72 =L (1220 um) ICHB T L, 140°C THEZRT S
ZETHERIL, EMAE&EIE 1.7 mAh/em2 & L7z,

<K 11 LCO EMMDOEE D (x=0., 0.5, 1. 2. 3 %) >

. 77U J—aR TEFL
B% 57 LCO | CeNF : . . o
NA B — | 77 A4"— | 7F v 7 (AB)
& T 53 H (%) 90 X 5—x 1 4

AL, fE LT Li&EE. BiFKE LT IMLiPF6 (EC: DEC=
50: 50vol%, +VC 1 wt.%), B XL —F L LTA LT 4 VIS HIELE T %
g (GA100) ZJHWTIER L 72, FAERBIT. REIRE 30C., 4.2 -
2.8 Veutoff, 0.5CETRMET D & TlroT,

Esmumm@w%%&w%@%ﬁ# KMEAZ Y —%fH L T CNF
ZURIN L 7= i, %ﬁﬁ]f@i@%rwv@% HERF L T2, CNF &S0
0.5, 1. 2%0EINE &Iz (A 7 vFd) Om ERRD LI,
2%@%#?%%%w%A(%4ﬁw% n) M ERRED LN, L,
CNF AN 3 %Ll ECIXEmE Gt (B Lagfiy) (ZHIEE L EmER
TEJ, BMZEHERT DN TERholz, CNFITHEEEIMEW 2O
BHMOERICBWTEZEOIRIMIHE LN ER Do T,
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<[5 LiCoO, IEMR~® CNF iIN&E EZE DY A 7 )VERPE >

)

Discharge capacity (mAh/g: LCO

@ LiNi0.5Mn1.504 IEH&~ D ¥

LIB O #BR EM L. #5%'E LiNi0.5Mn1.504 (LLF. LNMO) &, KAR7T
JUVNNA U E— H LLIEEDO % CNFIZEBRL, £ 12 OME» 5
RAHATZY—HFRL, 7 I =72 (20 um) IZE L L, 140°C TRUE
T2 ECIERI L7, EMA®EIX. 1.7mAh/cm2 & L 7=,

<3 12 LNMO EMFH D E 7 (x=0, 1. 2, 3%) >

. VaNI% =R TEFLY
D&% LNMO | CeNF | i ‘ o
NA L — | Ty A= | 777 (AB)
[ % 73 b (%) 90 X 5—x 1 4

AR VIT, e LT LieRE., EMEKE LT IMLiIPF6 (EC: DEC=
50: 50vol%, +VC 1 wt.%), B XL —Z — L LTAHL 7 4 VMEBHIEL S
ARG A (GA100) 2 W CERI LU 7=, FERBRIT, BREEE 30°C, 4.8
-3.6 Vcutoff, 0.2C BTHRKET L & TITo T,

6 |2 LNMO [EMRD Y A 7 VErE %2 77§, LCO 1IEMR & FAARIZAKME R Z
U—%FHLTCNF ZRMLUZERIZ.RBFENEYD EWEEEZMER L C
W5, CNFIRIME 1, 2%08INE & IctEmR (F1 27 vFEm) Om LR
DO, 2%DOFEETRbEWER (VA4 7 vF4a) RRd b, L
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L. CNFIRI&EZ 3 %L B3 2 L EMIERGS (B Ligie) ([CHEEL
EAERI X9, BAKRK T2 Z LN TER o7, LCO IEM & [FEE
IZ, CNF [T B MED R W20, EROERIZBWTEZEORMITE LW
DR o T,

Discharge capacity (mAh/g: LNMO)

<I¥] 6 LiNigsMn; 504 [EMR~D CNF {RINE L F DY A 7 LV E M >
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(3) CNF % EMBM B OEME OBMA & LU TR

LIB OREREMIT. iIEWE LCO D2 A NOME 4% % T, CNF OERINE
BEEEVMEOEE CHEALEZGAE . R IB3OMEENLRD AT ) — & EH
LT, fIFBESEIC TR EITo7-, ZORE. mINC X 2ERITIFE
A ERD BT MERE (A 7 v Ff) I 220 R IO b e o7z,

<F 13 LCO LML DEE 4 (x=0. 0.5, 1. 2. 3%) >

. 77U J =R TEFL
D% LCO | CNF \ ) ‘ o
NA UK 7y AN— | 77 v 7 (AB)
[ 43 b (%) | 90—x X 5 1 4

PLEDFERE NS, CNF I, ZOWRMEZ T TR, 727 UL X —
DIRINE EAEDLETHRE (A7 1vFMm) ITEEEZRIFLTWVWD I EMNR
2 X7,

4) SHDOBER

CNF L7 27 UNAA U F =D 2 DIRMEITER LT, MEkOIEWHE %
AW B O ESHERELIC OWTHREEZIT O, BRICHO O DTEME I
NA L HE =L DORMWERH D72 Flx DRA o F—|THRAE LT= CNF iInzh
RIZOWTHFEIT S, £/o. CNFIIREEMEICZ L, Rimmn FiEe4EE
K~NBTIFHE LN 20, EHEHICMMNAH S —F—2xf LT, B
REVERT 50T 2 v 7 a— N HERAI L L TRaT 5,
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7. CNF ZKRILEMHE FV 72 1SS B A LIB D FREHH

ISS H./ LIB ~? il 2 H 48 L 7= CNF & K R AL 1E MR D FEAf 2 5 it L 7=,
ISS i~ LIB # H iR &M R4 5 F 2 ARFEE L 5C L ED AW Iy
Z 9 HEEXINE “REMOY T Ny T — (OB VBRICET LT,

CNF & F 72 LFP IEM D K REMA L 7" = & X 2 faE L, & A 78 %
BT DBV E2FEE L=, EMOKREBILIC OV CTILE — T 3R
(2T @R A ORE R R L 7 +— KNy 7 LBAFE &N
WEET, @ AR 2D 72 O I IEMmIE Y S TR AT
BNV —F —EOHMFEM G I L. A R O R BT oW CEEAT
L7,
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1) BNV —F —Fli_EEt

LFP O A oM L2 B E LT HEEO R L —F—6
K¥EA, B, C, D, E,. FZHWTTHEEVIi%Z % L7, LFP Efz& 7
EBENT 7 ARFERAME OMAGDEE LT,

P WL —F — (LR A R 14 17T,

<FE 14 Fflit L — & —fEE>

Yo T4 ke J& 7.
pm

A R b RHEE 25

B R/ hme 7 Iy 7 a—7 407 25

C o — AR 28

D R e rRhmte72Ivyra—7427 25

E RV F Lo RmmkeI7Ivyrsa—T 47 25

F Fa7/AVIFEARY) Z7ar’ Ly /R oF L 25

FEAR 2 L O IE R FE AR (X LA R IEFI R PVDF 2 AW, B VR e A B3R 0.5
Ah & L7,
(iEfR) LFP{E%E : HEBAl : PVDF = 84:10: 6 (wt%)

Al VI OWTHII ERERREZFE LI A L —F — RO
BV XD BIERXBOEITHER SR>, KIZ, 35CA L TOHE
AR 2 E e L 72 R A X 7 1R T,

1.0
< ) - ! N e
g 0.8
Pos
@]
W LT ILA N=1 \\\\
# 04 ——+H927ILBN-=1 S
gi_é 4> FJLC N=1
il 02 | Y2 TILD N=1
K ~—4#>T)LE N=1

—~—4H5>FJLF N=1
0.0 : ' ' '

0 5 10 15 20 25 30 35 40
WEL—F / CA

<E7 RO MEBANEE (TS L— 5 6 MRAARRER) >
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& Al L D I B AR BR IS BV T, 20 CA R O MBS B R
(0.2C fEBEBREIZHT 2K L — N TOREBEBEFEEOL) FKELEL 85 ~

87 %k, BNV —F—REDOEWCLDIBEEREZITRLONRN- T,
25CLLEDKELY— N TIRBEFREDNERINT, FRlZH 7V AC,D D
REFERD mWERP 2 b T,

Wiz, FEBAMAEERRZ L - RE2 X 82T, REAMEMER
BRIZEWT, 20CA REBORERFER (02C AEBEFEIZHT L84 L—FT
DEBMAEREOL) FHEELEDL 8 ~ 89%ERD, /N — XL Fl
DEWICLLBEEREITR LN o122, 25C UL EOFEL — FTiIE
REENER SNz, FRICHBAMEE L FEICY > 7L A,C.D ORFFER
B WE R 23S S T,

1.0
< v v
CNJ 0.8 .
O.I
2 06
? 4T ILAN=1
ﬁ_ 04 | 4> 7 ILB N=1
?.Té 4> F)LC N=1
*B—“ -7 )LD N=1
% 02 | «+HoF)LEN=1
. ——4H>FJLF N=1
00 | | 1 | 1 | |

0 5 10 15 20 25 30 35 40
FTEL—F/CA
<P 8 FEMiEAOFEAGRENE (8L — % —6 M/AREFR) >
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Wiz, BEEBREYA 7 NVEERBREEB L, BHREL— MNMILEE -
B L HICERME 6 CA LI TR/VEEEP 2.0-3.8V &H TFEME L7~
1000 4 7 VE CORERFFROMERZ X 9 12/~ 7,

1.0 —
e o]
<
g_ 0.8
oI
P06
& — 427 JLAN=T
) 04 > JLB N=1
$ ' —H>FILC N=1
ﬂm_ﬂ 02 L —H > FJLD N=1
i —H 27 JLE N=1
—H 2T LF N=1
0.0 : ' ' '
0 200 400 600 800 1,000
YA7)L% / [E

<KX 9 FHE/LD6CH A 7 IVEME (B —% 6 fli/RERFER) >

6CA YA 7 VEPERBRIZEB W T, 1000 1 7 /VH £ TOREHREER (1
VA NVEOMEREICKT HIMEREOL) IO TEANL—F —ifE
DEFEVIZ LD VEREZED MR S L7z, 1000 %4 7 )V BIZER T D ER EIRFF
RFV o TNVBEY T ILCTI %Beibm<<, WTH T ILA LW
YIIVE T92 %, OBBMWMRFEZRLIZOEY T ILE T %E o
7=

UEDRERID, St L —%—6 MEIZOWT, /LD AH TR
M EICIE S 7V AERIEIDREL TS EEX NN, Fakits &
BLIEGEICEN I kb ERTEHREEZ T 2 ERHERINT, &
TR —F — I AT A AERICHE L —F —E K
RETHLEND D,

-38-



(2) EmiEMEFNMm_FEE L

LFP v A RO L2 BR & LT IEWE Ok 718, b £ EAE .,
WrEIRF R RO e 5 IEARTEYE LFP 3 fifE (A, B, C) % MW TH
e LVEMEEm Lz, TELNT 7 ARERAME OMAEDEIZT, &
N —F —IZER25um DR VL7 4 VREEE LT,

R N 72 LFP A BHMEEE e ONIERREE A # R &2 R T, £ 70, BAKRETE
IR 0.5Ah & LT,

< FEAfi LEP %> 7L >
@ LFP ¥ 7 A (CE¥kiEE K 9um BET R EE # 8 m’/g)
@ LFP > 7V B (CEHKE $99um BET LLREA £ 11 mY/g)
@ LFP ¥ > 7/ C (CEWKiA # 10pm BET HLFEmEE 23 mYg)

(IEAR) LFPIE¥'E : HEBA] : PVDF = 84:10: 6 (Wt%)

FEAT & /L2 DT SOC50%aM i 2 12 Fl L 7= i A v B — 4 2 ZIE D
R 2 X 10 (2R, 8% 20 kHz~ 100 mHz O #iPH T, ENEE 10 mVp-p
E L7z, Bz (3EBLAk sy, ftlh z” XV 7 X A&~ L7, LFP
WZEo TRV TN R EMIMMEDICS ZNAE LT TV I EE
WX NERIIN B2 5 Z LR I LT,

0.020
0018 L —LFPHY > 7JLAN=1
----- LFP# > 7JLAN=1
0.016 | — FpH> 7B N=1
0.014 - ~——LFPH > JILBN=2
0012 | —LFPH2FILCN=1
Mle LFP4 > FJLC N=2 Vi
< 0.010 /
N 0.008 V4 /
0.006 /
Y/
0.004 T
0.002 /%7
0.000 |
0.000 0.010 0.020 0.030
Z'IQ

<X 10 % LFPMEHZIBITZFT A FA M7y b (LFP3 fitaa) >
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UAZ T R A s R PERURR & S0 L 72 R R 2 X 11 12,

< 0.9
N \\‘\\
S0.7 — BN

\\\ S \\\‘
| ——LFPH>FILAN=T e S
B 4~ LFPH LT LA N=2
404 - S

+o ——LFPH> 7 LB N=1 e
K03 T

—+-LFPH 27 ILB N=2

0
{g“] 02 |~ —LFPHLFILCN=
0.1 [ —-LFPH>FJLC N=2
00 | | | 1 | 1 1

0 5 10 15 20 25 30 35 40
WMEL—k / CA

B R OB RS (LEP3 HEM /2 RARFF ) >

ARl 2 L O BB A R RBIC B W T S CA LD E L — R T
PEREDBAF 22D A D, 20 CA MFED SRR ERFFH (0.2 CA KERE
(2% 2% L — b TOMEREOL) 1L LFP ¥ 70 A DV b m O R EF R
Zon L7, WIS, JeB AL Rtk sk B & S0 L 726 R &2 X 12 12m T,

1.1
1.0 s

D R S SN
g 0.9 m\
Q 0.8
S,0.7
P06

G5 L —LFPHUIILAN=T

A -4--LFPH > 7 JLAN=2
ﬁ g: |~ LFPY>TJILBN=1
o8 -+~LFPH > J LB N=2
I 0.2 = irPyoTcN=t
0.1 [ --LFPHoFILCN=2
0.0 ‘ ‘ ‘ : : : :

0 5 10 15 20 25 30 35 40
FEEL—F/CA

<K 12 FHEEAOBEAWREYE (LFP3 MG /A BIRFE) >
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FBEAMEERBICB VT . SCAU EOFTEL — b TASERE D D A
53, 20CA BREOEFERFEER (02CAREREICHTIHHEL—FTOFRE
EREOL) IXLFP V7 BN 95 %eEikbm WREFRZ R LD
LT, LFPH 7V A L CIEHRAIFEDORFEERZ LT,

LEDOFRER I D, LFP 3 bW T, mitERmEBEY A 7O 7V B
DENT AT IR EZE T EE LoD, U7 AT TIREICER D
BNL0N, A2 ERT 258IEY 7V B E2HWD Z ERHR I
77

3) AmEYMEFNMm_BEE L

LFP B/ D ANEMEDOM EEZ B E LT, TEILT 7 ARRFEOIEYWE
fEE L Chi R EEEORS 4 5% (D,E,F,G) ZHAWTHEE® LI
iz 5E6E L=, LFP ERZH W CTERMLAEZEmREDHAEDEIZT, &
NU—FITIREL 25 um ORI F LT 4 VR EBRE L, FHHIZHWE
BARIEYE OAEERIT TREOHE Y,

At BRI 4
O AWEME D CEF¥RIE 7 um BETHEmEE 3 m’/g)
@ AMEWE E CEXRL #10 pm BET HLEEME #5m?/g)
©® AWMEWEF CEER S5 pum BET EmEE K 7mYge)
@ BWIEME G CE¥RIE 9 um BETHEEME 9 6m’/g)

A2 v O BRAARIILL T O Y, BVREAEITN 0.5Ah & LT,

(IEMR) LFPIEW'E : HEIA : PVDF = 84:10: 6 (Wt%)
(Atr) AWGEWE : BEBH : PVDF = 93:2:6 (wt%)
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FEAlE L2 DWW T 0.2 CA EERB O R ZX 13 127R7,

4.2

4.0 ol

3.8

3.6 — BB EYED /N=1
3.4 } —EBEYED /N=2

>3:2 \ 7 smwnEe N

™~ 30 ——— BBEYIEE /N=2
lj‘-l 28 \ —BBEYEF /N=1
B L NN\ @EnEF /N2
24 / \\—E@EMEG /N=1
2o | N\ N\ —amEmEc /N2
2.0 J
1.8 | '
0.0 0.2 0.4 0.6 0.8

2ndTHEARZE / Ah
<X 13 FHliE/A D 0.2 CA EECEMAE (AMRIEWE 4 FRE) >

2nd MBI T 5 B EEITAMEYE D 2 bRV 2R L

cOWK LT, EEHELITABEME F &b 25N AL
7=
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WA, 7B V2DV T SOC50% SR ICFE M L7 1 v B —& v AHE
DFER A 14 127T, JEHE 20 kHz~100 mHz O T, HIMEE 10
mVp-p & L7c, FR#h Z" (ZHPLE sy, Melh 27 13V 77 2 v RERT,

0.020
0.018 — BBEYED /N=1
0.016 |~ REEMEDN=2
SAEEYEE IN=1
0014 simmmee n-
o 0.012 = __ simmmer n=1
=< 0.010 r - amzmer N2
N0.008  —aEEmEG/N=1
0.006 [ - &tEFMEG/N=2
0.004
0.002 oo
0.000 f '
0.000 0.010 0.020 0.030

Z'1Q
<K 14 HABMICBITLTAFA M ey b (ABEWE 4 R >

WIZ., & FEEIRAE(SOC %) THIE L= Byl (DC-IR) %X 1512
RY, 75& SR, FEEAM L 124 SOC TEMIEYE F 2N i b IE W RHUE 2 7=
L7,

200 100

180 ~BIEEMED — 90 - BIBEMED —|
cé160 SIEMEE — C 80 BIEEYEE —
140 —mEEREF —  C 70 ~ mEmEF —
120 < ~gmEnEc | = 60 ~ EIEEMEG |
®100 £ 50 —_—
wm 80 \ ﬁ 40 —
al N\ @ P —
0 TN g
8 20 Q10

0 1 1 1 1 1 1 L L L 0 1 1 1 1 1 1 L L L
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
SOC / % SOC /%

<K 15 FHiit/Lo DCR 71 v b (AWMIEWE 4 FaH/EEM) >
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WIZ, REAMFFIERBRZE L 7-EREE2X 16 12777,

1.1
1.0
N \\
S,0.7
gae
1§ﬂ_0_5 L <~ 81EEYMED /N=1
# 04 —— ~ REEYHEE /N=1
K03 — -« ammEmEr /N=
E‘! 02 ™ ~giEzmEc /N1
0.1
0.0 ' ' | .

0 5 10 15 20 25 30 35
TEL—k / CA

<E 16 FEAliEL O FRTEARNE (RRIEDT 4 FR S REER) >

KRl L D FE B AR ICB W T, 5SCA U LEDKE L — F TEAM
EWEOEWNIZE D ANEROZED A LI, 20CA BEORERERFFE
(0.2C HEREIZXH T HH/ L — N TOREBREEOLL) ITAMIEYE D 25 i
bHEmnoT,

bR, MEREEBEORZDIEME 2 H T ANREO S E
ERATE A, AMIEMED PR bEWEREE R LTz, EFT-ABEYE
F @WK ELHELEEZ RSO NBEEOR ERBGTXOIMEITH D
ZEDBbhol,
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4) KFJRNA ¥ —FHli_ Bz

CMC HAHERE A & DO KB NA v —% D TIEWEIZ LFP 2 H W
FRESTEMAERL, 7LV T7 7 AIRFBZRAME OMLE DI T/
W E g 2 VR A S L 7, DA ICER L 72 B ER 2 oR T, B VR EEA
X5 30 mAh & L7,

CMC 7k % LFP {EW'E : HEA] : CMC: N A/ = X1~5
= 86:10:2:2 (Wt%)
PVDF & LFP {5 . HEBAl : PVDF = 86: 10 : 4 (wt%)

P LT U —XI~S5 XS FERE (77 VLR, UL HUFR) DK
RTwNYa s ThD A TICENAL U F =BT 5 EA N2 5
L. TOMEMREREZ R LT,

e b\\\\
80
g
m N —X1
o 60 — =+«/N\AH—X2
E N —X3
0 L = INA 5 —X4
=N —X2
=+PVDF%
20 ‘ ' ' ' '
0 2 4 6 8 10 12
MEL—k/CA
<17 KRR 2 H T BT DR ARSI B R >

KFBNA VH—Z AT 10CA £ TORBAWMEZRELZEZ A,
WO NS 2 F—F TN T b H ) EE & U THFAIR PYDF % & A% 1
l‘iﬁb%’fﬂ“'ﬁ—o

ZITHEBEDOKRANAL U F—IZOWNT20CIERBMEBEBRBROBRE X &
wto74FUV?XFyfﬁﬁ@ﬁﬂﬁﬁ&LT:~wL&7/x/7
BIRE RS 5 & VAR AR ENME 2 37l 5 L TAR EERFm AR L 22 5,
A BT FEEIRREN S D 25°C1 CA it &£ -20C 1 CA BB CTOREEEAL
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IZOWTRHME L7z, K18 ICZF DR ZR LT, IKIBERMEZFEML 7= &
A ENA U H I X 5 T20C8E PR 2K BERFFRICED R
iz, AR PVDF RERESEMERBIELNTWVD L OB A X —X4
THHD AN EF—FEICL > TRIETO LiA A BENCEMEOEOND
NA UV —ZRETHIENTET,

4.5
——PVDF20°CHLE =~ eeeen PVDF 25°CIRE
—_— A —X1 20°CIE ... INF—X1 25°CIRE
40 | —N(UH—X2 20CHE  ..... INAH—X2 25°CIE |
—_— N —X3 20°CHE  eeeee IN(UH—X3 25°CIRE
— N E—X4 20°CHRE ... NS —X4 25°CIRE
> 3.5  —AUH X5 20CHE e INAUH—X5 25°CIRE |
| OR
|i:| n}};.;.u‘u””
AL T YISV
f# 3.0 .
~ LTI
= (£ .‘ceé;,u
-Fl 6}655..'
2.5
l“‘
2.0 \
1.5 | ' | | |
0 20 40 60 80 100
oo =
BMEBE/%

<K 18 BIKRFNA U F =BT D IRIE B R R >
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5) A ¥ —Fm_HEE L
CNF+CMC fif ., CMC BIREEREH] (KRN A X —5Tr) & PVDF %
NAUE—FHWTIEWEIZ LFP Z W i TEMmAER L, 7E /L
7 7 ARFEDRAW L OMHAE DRI TN E v LN & S L7,
PUFICEEAN U 72 IEMBFR R 2 9, B VR EHAR EI1TH 30 mAh & L7z,

PVDF & LFP {E%E : EEBAl : PVDF = 86 : 10 : 4 (Wt%)
CMC K % LFP{EWE  EEHA : CMC: M) -X

= 86:10:2:2 (wWt%)
CNF+CMC /K2  LFP{EWE : H&EEH . CNF: CMC: M fv§ =X
= 87:10:0.3:0.7:2 (Wt%)

CMC Hl&., CNF+CMC ftH % & PVDF R EMRIZE T B ik A Fr ik
EREE L, T OMERFFEOMEEZR 19 IZRT, MINDNA X —RITE
WTHRIZEDERERFFENGE LN, KRIEMIZEBWTHIEHFR & RS
DN HE LT,

120 - PVDF GE#IR)
o CMC (k%)
§1OO w%)
B
Eso -
oK
Il
{g“] 60
I
X
=40 |
20 ' -

o 2 4 6 8 10 12
REL—bk/CA

<K 19 KA U HF—RITBT D EA MR >
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FENWTENAL U H—RITE ;.L;CJEE# (DC-IR) HIE#EHE 2 20 (2R
T, & FEEIRHEE (State ofcharge) BIFDHAHIIEEE LT 1 CA, 3CA,
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