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Fe-based Metal Foils for Current Collectors in Li-ion Secondary Batteries
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In lithium-ion secondary batteries for vehicles, focusing on safety and cycle life has been required
in addition to improvement of energy density and input/output performance concerning the
travelling distance and power generation accepting characteristics. Therefore, materials for
constituting the batteries are faced to realign some of fundamental functions. Fe-based materials
including stainless steel are excellent in high electrolyte resistance which exhibit excellent mechanical
properties and also have a wide electric potential window. As a result, the Fe-based metal foils for
current collectors would contribute to significantly improve performance and quality of batteries.
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Packaging

Positive electrode layer

Al foil for current collector —

Cu foil for current collector—j
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(b)

Electrode layer

Negative electrode layer

<Requirement matters for current collectors>

Conductivity, Mechanical strength, Adhesion with an electrode layer, Thin, Lightweight

Corrosion resistance, Non-reactivity with Li, Heat resistance, Work-ability, Weld-ability
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Structures of (a) Li-ion secondary batteries and (b) Electrodes
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Au/Au3*
(LiCoO,/Liy 5C005)

Operating potential range of cathode
3.0~4.2V

Ag/Ag*
Cu/Cuz*

NiNize  PPIPR®

Fe/Fe?*
Zn/Zn?*

Al/AR+ Tl

Operating potential range of anode
0~15V

Li/Li*

2 EBRE£BEOBILETENM (vs. Li/LiY)
Oxidation-reduction potential of various metals (vs. Li/Li*)
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Current density (uA/cnf)
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Potential (V vs. Li/Li")
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Cyclic voltammogram of SUS316L in electrolyte
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Anode current density  (pA/cm?)
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Electrolyte resistance behavior of typical stainless steel
grades
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AC impedance measurement results before and after NCA electrode coating when using (a) NSSCFW2 stainless steel and (b)

Aluminum foils
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L Z$i58 & (b) Al §8% AU /= NCA IE#D SEM BEE
SEM images of the NCA electrodes when using (a) NSSCFW?2 stainless steel and (b) Aluminum foils
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(a) NSSCFW?2 stainless steel foil
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(b) Aluminum foil
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Charge-discharge curves of 2032 type coin cells with NCA and Li metal electrodes when using (a) NSSCFW2 stainless steel

and (b) Aluminum foils
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Cycle performance of the NCA electrodes when using

NSSCFW2 stainless steel and aluminum foils

7 VHALES, 24 ZIOVEICHT A 30 1 2 VHO K E
MEFFRIZ 97% CTH Do —T7, AlSHD NCA IEMILY 1 7V
EEDIFEAICERDWLLTBY, 294 7 VHICHT
%30 A4 7 VHOBEEMRFERIT 2% F T L TV,
KIZ, TNH NCA 1B & BEram A A G berza4 »

-,

(a) Output characteristic @ 50 % SOC
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(b) Input characteristic @ 50 % SOC
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Input-output characteristics of the NCA/graphite coin cells when using NSSCFW2 stainless steel and aluminum foils
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Mechanical properties of various Fe-based metal foils for current collectors
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. . NSSC190 H 10 320 1046 978 0.5
Ferritic stainless steel
NSSCFW2 H 10 263 959 928 0.6
Ni-plated steel - H 10 175 851 713 1.0
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Tensile strength of Fe-base metal foils and pure copper
foil heat treated at various temperatures
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Cycle performance of the Si electrodes when using the Ni-
plated steel and copper foils as current collectors
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12 NSSC190 X 7> L X$f5a% A 7= Si0 BB (a) 1 7 )VEFME & (b) FTERUERIIR
(a) Cycle performance of the SiO electrodes when using NSSC190 stainless steel foil with Pl and PVdF binders
(b) Charge-discharge curves of the SiO electrode when using NSSC190 stainless steel foil with PI binder
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L7z BMOMIZ Si0 B3 EIH] : P1=80:5:15 F# % () Copper foil

LU, EREMARIIZEA 10um D NSSC190 27~ L Afil§E %
F 720 &7, BFIICIX IM-LIPF,+EC:DEC (1 : | & L)
%, XL —F 3R TuE L M T A L7,
A Li W R 121340 2700mAh/g, D41 1500mAh/g
BEORENLE L THLIL, 100 1 7 VEOF MR
13 97.8% (100%/10™) T, SHROBENND A SN2V, —T
INA 2 F =2 PL 2 A THERD PVAF & 72856121
INA 2 F =T EROBFEZAIZH 2 Hd, Bt A
I NDFEI 5T D,

R 13 121%, SiO M e Li s TR L 72 2032 Bl o A
YRV E, VR LTEHEL B HEEBKORET 2R
Ty RAMLIB TICHRHA SN T8 2 fEDIEAIZ
Y35 18um O Cu fETld, FTHEBOMFEZEILIZHT 2 ;
ONTEERDPLIEHIAL T2 D120 L, JEA 10u4m O K14 SiO/LiFePO, tIL&FE L /=18 D (a) CutEH LV

2F VLR OB AL LD 7 X — Ui (b)NSSC190 27 > L ZSHAKE _
ROl LB, COTMROBEBICLBHEE, ot volectors after ohange and Siacharss of S0y
1417 L9 10, EERO LS 2 ATROBEOY & LiFePO, cells
IZIE S BITHEE I 2 B0, FERD CufEICBVTY, SEE
DIEHZE 35um BREETRE L, FTHEBOBREIIC FEAT DAL, REEMEE N YT — ) &b
it % 51Dt 43 7B A H 720 5 2 b B T REC b B 2S00, EHAA B 5 82 Do

BADILL 72 2 L BROBIENIE L 2 5720, 47
DOIANF—FESRKBAETLTLE) . L5 T, 35 YREEBEEBHOEH
20 & B FHER O EANH L\ B O Bk R Wik X512, RBEOEAIEARLEDLEETT 2
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<Cathode / LFP>

10 pum SUS foil
<Anode / SiO>

10 um Ni-plated steel or SUS foil
360

340
<Cathode / LFP>
<Anode / graphite>

15 pm Al foil
10 um Cu foil

320

15 um Al foil

300 10 um Ni-plated steel or SUS foil

@ 15umAlfoil
/ 20 pm alloyed Cu foil

280
[ ]

260

Energy density (Wh/L)

15 um Al foil

240 35 pum Cu foil

200

150 160 170 180 190 200

Energy density (Wh/kg)
Cell size :

Electrode size :
Cell type :

58 mm x 35 mm x 3.6 mm
50 mm x 32 mm (dead space: 37%)
pouch cell

K15 BREESESFRZAVEEHROIXIVX-EEDER
X

Calculation results of cell energy density when using

thinner various metal foils for current collectors

FTEELZFEO—OTHY, BMAERIITFT LRWV0
WHELIR ) HWZ DR SN D, ZDIEA 10um FiED
YRGB EBT A 720OG T ETAETIE, $RME
DREEEDS Al R Cu IR B EIERICEN 20, FEHEMED
WP SMET — s a— Va2l BB s 5 A5 —[FIEH
BHWONL, HEEZF IAN&E&~TY TUTIE, Sk
AT L AT 12 BRIEERR R VWb 2 812k,
JE A 10 um DORFETHIZ BT 0.3 um OEN /AT
REBTHIEDTETH S,

FERHZ, FAEMECIREZR IR Y W EBEAE T, '
A NVBEZRANT O A X 2 58mm X 35mm X 3.6mm @ LiFePO,
(LFP)/SiO IV ZEEI L 2B O N TRV F —HE %
AR LR EZRAS IR, $RARSBHEOLEIZIE
JEAH 10um T EAREMOTHEI L) LI 2
bNb7z, BMABNOELBRESLEOLEEGE/SLT
X, BVWIAR-ZAEYEATIET A LN TE D, £
D7z, RFEL720) O A ) F—HE L Cu iz Hv 728
BIZHRTI16%EE R L L TWb, 72, — &% Cu
DILEHN8I6g/cm® THHDIIxF L, SUS304 Tl 7.93g/
cm? E/NEWz, HELRDDI AN F—EEIL 8%
L, BEbicbFE595Enz b,

4. EHALIBOAHNMERELE EHREEED

BT
HIEH LIB I2BWT, /3T — - [EBE O Ak

WZRIER S A A REO M) FIZ K& 23 ECTH Y, LIB D
WEBERHLD AT Z TN TV B, K1 I2HR LIB OREE %
AL7zEHIS, BWANOEIIER L LCE, £EBESEN
HOBFIIL 52 L4055, EAROEYWEREED
Hl, WAL= FENEORM G EFEITHRA RERD
Hbo

R 2 ICEEMEROBEMMEE, REWRERHITHLT
Y F LT Ty OB EZRT 0, BRIZEMD KD
B\ Cu% 100% & L7235 (IACS : International Annealed
Copper Standard) &, a, y RAT Y LV AFIBL U NI H- &
i & I 2~ 13%FEE LW, EEMFITHLT LT L
YTy LB LA, BREBIED TIN5 HTLL
FUEBVEERLA L C0D, RENZIEBRGEYWE TH S
LCO % LiMn,0,(LMN), LFP %O b 0EEHIL 107
~107'S/em EFEFITALL S, BEFEEEDSIEFICEVE &
NEEBIEMED 7T 7 74 MR CHBRME L 0 EE
AR, L72A > C, BMAMOEIEZOF TLRD
EIAREVERFER RO EErAET L E 2N
L, BRAMEORVEERIIRE LMEIC RS WEER
5N %o

X 16 12, NSSC190 A7 > L A4i§E % Fv 72 LEP EEARD
WS Z, AlTEOBE LR L7262 RT 9, 7B, &
WOBEEEIL 1.3mAh/em? & L, HN— 7 )VIZCEEi%
107z EHELOEEMEEHNTD 10C F (b1
T 5B RFEOBEMOMTIIILE, 1C LiL, AMAERED
B ETE, MELT I EBTRE WEXKT %S
BitE%/RT.) CLFPEm247:1 138mAh/g 231551,
50C ZETIE 50mAh/g DR HN TV 5, D IZIZFEFESEE

Th), EBEOEERDENL LB EAOREIL

FHOLN E7/2, K17 12 NSSC190 A7 > L ASi§t%
V372 LFP/SiO RFEMMD 25T 12 BT A 42 R 30,
FEEIZ02CE—EE L, HEZ 01CENPLS50CHEET
LS ETze AT v L ASMIE, — RIS C, EH
BIZIEAFZZE EN DA, 10C HWFE T 140mAh/g, DT

*®2 BREEESHREEEHEIOETIEMOLEER
Comparison of electrical resistivity between various metal foils for current collectors and conductive additives

. Thickness Electrical resistivity TIACS
Material
(um) (@-cm) (%)
. SUS304 10 71.2 x107® 24
Stainless steel
NSSC190 20 535 x107® 32
10 12.8 %107 13.3
Carbon steel Ni-plated steel 5 126 <10 35
Copper 15 1.7 x107¢ 100
Aluminum 12 2.7-3.6 x107® 63.0
Conductive additive - 3-5 x10° 0.00006
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34 0.1C

320 10C

— Stainless steel foil

— Aluminum foil

3.0

28

26 |

Voltage (V)

24 |

22 F

0 /5
50 mAh/g

16 NSSC190 X 7> L X#fEE AlSEE BV LFP IE
O L — M

Rate profiles of the LFP positive electrodes when using

NSSC190 stainless steel and aluminum foils as current

collectors

20

100
Capacity (mAh/g)

\ 150

138 mAhlg

4.5

4.0

3.5

3.0

Voltage (V)

25

2.0

1.5

100
Capacity (mAh/g)

150 200

K17 X7 L XHEEERE AV LFP/SIO EithDH 7
bEis

Rate performance of the LFP/SiO cell using the NSSC190

stainless steel foil for the current collector

22 5 OIE 30C =) THEFE=DOH 2/3 14T 5
HOmAh/g 5N TEBY, A7 v L AfiiEz Huwi-&ith
WZBWTHENEL G EFEITE 22 LD %,

& 512, HEV X PHEV IZHWHND L ) K E R EHEAYT
A LIB Tl&, ¥ 7 — FORY FHFALELHEETOW R
&, TELIZTEMONEIRTLE T 57200 1A K
DHND. FBMENE, MBOEIEEN R THEEE I E
NL720, kPS5 7T)—REDFEHFIZEZHENRTHS

B GEEDANIRUEES O L) FEEO B W EEE
M EECTH D TEME VR D,

FoRRO L9, ATy LATHNE—oDEESL
DOFEFIZEARER L7234 R— I B ROEBARIZLE
ATZ%, 181213, ZOEART Y DL %NS
R—FMEMOEEMRE LT, FNENIEAMMBIZIFLL
Te&BH R R G b2 Ty R OB MEF ST
WBEHM, AT YL ASTHIUTHE—~DERBEKOATE
T D 2 EDWEETH Bo T OFEIE TILFH VBRI
T T TN IEF 235458 S A 72 O IEFERHR PV & <
%Y, AT YLV ASFEORmCESIRIOEE L VR {TE
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Bipolar cell Laminated cell

5  Positive

""lmm\hhhlmh\l\l\lm L7 electrode —

..... layer

— Separator —

QO G,

............. | S —

Negative
—— electrode —
layer

H Current
collector

% The direction of an electric current

18 NAR-FRE ML HBEREHDES
Structures of the bipolar and the laminated cell

%o

—JTATF Y L AHIOFEIZIE, Al DA LRI, &
SR 2 R HARER LR ST S TR Y, BARE A
S LTI A2 LS 21EH00) TR, BREHOS
LB IRICE ST 2MHE b H D, LAL, SORBIREREIC
£ AT v L RS L ERE & O RS E TR E O
FIZ B 720, FRSEMIIEDSRO 515 F@EIcB Wi
YEDOFHAEDH D ENZ D,

PERD AlHEELRTIE, T0XI R ARNEEOmR
ZHMIZ, B THWE (914 ~a—}), 7—FK
va— MEIKGE, BHEINTBY, A7V L AHEEE
HTHRBEOFHRIC L LR UEIBIFETE L, $72,
LIB O#iE 70w A TlE, $£EAOERMEIZEME % BT,
VIR Lot BBEEE LT A0l T L AL S
bo Al CufEIMEEME V20, 27V AINLIZLY
TEWEOREGARDAEL, FIHIKIIAME T 5525, FFICA
7 L AR E 20, FOMEDIES IV,
L7255, BbOPIIRII 2RI T 57201218, L Dk
B Niwo ZEo#HR, A7y LA THIUILEE
B R BRI X D IRE LA D % &, RO BIESMR
BB L7218 ) G b EM OME DB b L v
%o

5. EHHALIBOZRLMX{EREMER LICHE 721
V) # A

5.1 BEMEOLRE

JE O LIBXWICTTREOAREMRE T D> TBY,
FLEVWIANVF—RELH T 5720, #HTLESLEE,
HRRITAE, BOKET, 100T LA R SRE B2 Ll 4
PRICEB L 725E121E, B OB, OBEEICED,
BRLIERKT HENDH Do TDEH) BRfERE LT 5720
2, ¥ MN¥ 7w/ —% % PTC (Positive Temperature
Coefficient) ¥— I A%, FRFERIEEE L O EIGERTEE, %2
ERBEDL L OREREIPHINTNLH, EihOH
BB D B 6 b ZEEBET 2 UENHLH, AT L
A, BRALEICEMAY 3.5V (vs. Li/Li*) 32128 % Cu

EHL AL
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Cathode: NCA:AB:PVdF=93:4:3 (wt.%) Cathode: NCA:AB:PVdF=93:4:3 (wt.%) Cathode: NCA:AB:PVdF=93:4:3 (wt.%)
2.20 mAh/cm? 2.20 mAh/cm? 2.43 mAh/cm?
NSSCFW1 stainless steel foil Al foil NSSCFW1 stainless steel foil

Anode: Gr:HC:SiO:AG=76:9.5:55:5 (wt.%) Anode: Gr:HC:SiO:AG=76:9.5:5.5:5 (wt.%) Anode: Gr:HC:AG=87.3:9.7:3 (wt.%)

2.22 mAh/cm? 2.22 mAh/cm? 2.51 mAh/cm?
Cu foil Ni-plated steel foil Ni-plated steel foil

45

40 F

35 r

3.0

2 25
w20 -
15 -
— 1 — — 15
10 - 10 10
— 20 — J0d e 279 (QV dlischarge)
05 | 30°C. 0.1 CA 05 F  weeam: 3u 30°C. 0.1 CA 05 F wawam 3rd 30°C. 0.1 CA
o Il Il Il 1 0 Il 1 1 1 0 1 1 1 ll
0 50 100 150 200 250 0 50 100 150 200 250 0 50 100 150 200 250
Capacity (mAh/g) Capacity (mAh/g) Capacity (mAh/g)

X 19 BREEEHFMEZBAVWEBOTIERR
Charge and discharge curves when using four different current collectors; using NSSCFW1 stainless steel and Cu foils, using
Al and Ni-plated steel foils and using NSSCFW1 stainless steel and Ni-plated steel foils

IR TESACFN R GEET BN 2 s, AL EE EFDBIARPRAFN L EEE LIB OFEHIZBNTYH,
LT S N5 BB ISR WEMSEHR TE LR S ZOBENT &M Z G2 L7 SRR ORI HFES L
5o %o

B19 (21, SAEEERMEZ 7B O TR E R

RS e FEMICBWTHE LR BMRFHIRZL00, 5.3 &EEFMEIC L 2LLeMDrE L
BRI Cudfi, IEMERMKIC AITEZ HW2EMlTIE, INFTLIB EBOEBMKICHALN TV AL, &l
1V A7 VHEHIZBWTISV ETI0OEER 2 TERONE F2T660CHIEE LKL, T3y MUSTHIGNS LI
(01C =) L7z, 294 27 VEUETIIRREI 2L T L OBl E HELWETH D, ZD720, A5
v, L LARBBEROKIBLET2EL TV, PORNCEMABREEICES L RIEE IET 2 EREDH
—%, BEERIC NI Do X5, EREERMRIZNSSC Bo CNEMIET H72012 AL S I AT » L A5HTHE
FW1 A7 > L Atz w2\ ith Tk, oV ZClREL FIZLCO IEmM R A L, EFETA 70 —RET TR
7L OFTERE R ESHERF SN TG, 21U, £F BT (DTA) L72#5R AR 20 127”8, AT ¥ L AGTE
R RO BEALEN B ith O 8 i B AR B 12 Tl 700TC F TH- L T B 2 BSUSIERRD S n s,
KEGEBEZRITTIE2RBLTWA, Al T 600C VL CREBIEAS A U 2 i3S E UG A3 A

CCTWhe REMEHN ABEETH L0 IEm O L

52 <@k LB NDXER ALDSRIET 5TV Iy MNUBHHE L /28 EZ BNb, 2D
B X 9512, BFRICHEIE) LIB T, BV il F— L9 B RS X ) IR AT EAH L T L B IE
TR LWL 2o g EhE LT, £ AR DBl % & O EEEANE DR 0SB fEREATRIE S
EME LIB 257 EH S TWwWb, ZOLREER LIB (21ERR, Bk Nhe THUIXFLAT v L ASORTIE 1400CFEEE & 5 <
BLUEBEOETHEEME P OB STV 720, HEEIZENL TV D720, EEARICHNLZE TRBLOL
BRI DERED R, ZREDE SHHEHDO—> EWERNETEIENTELEVZ D,

LENH =), HBOWEMFETH 2 EEBEOEINLE

SOk TORBERIEOBN T &Ik S Bk, & 6. & B

CHIRIAT T, AREMEL T2/ 001+ v (mgss AT YLV AHEII D E LR EBEE BRI, 5
LAY R BB E DS N F TICRHE I TV B, WA R WERMEL Y. O EEIZIE
COWALIN & MO EANDFEPFEE ST BEN B D 2 SRR R R A D O
%o PERD Cu % BAMEEMIIH A2, £ERF L. AR NCA TEHLB £ O Si B R0 EHL IR
DN TRALHAER S 5 = EAHESTED, Ni oo REEALE L =g CHEEE S v BB CORE
20— K2 2= NIk A RIPHEABH ST, BALATTIEE 42, 27 B SNABRIEZoVT
—, ATV LRABEE LS LT RN, He OB 13, BHHEORILS) S K — 7 MMM L2 &
FETICBWTENCTTEREZELTBY, SHOTEIE BRI XN T\ B, A SRR ORI
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80

400 600 800
Temperature (°C)

(a) Aluminum foil

DTA (uV)

80
60+ ]
§ N\
20400 600 800

Temperature (°C)

(b) NSSC190 stainless steel foil

20 IEBZERINEERD DTA SiFiER
Differential thermal analysis results of LCO coated (a) Aluminum foil and (b) NSSC190 stainless steel foil
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