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(a) Sn—Co-Fe-C(1115) H3S=FEEH ] Ax

FA M EAFA(4.7360 g, 0.02 mole), TUESIHEAA(4.9816 g, 0.02 mole), HOIHEAFA(3.4786 g, 0.02
mole) ¥ =<1(1.2011 g, 0.1 mole, BFOIAAAE SAANE)S (1 11 : 1 : 5) AN Z A&l A%
o] SHFol 83A T, AEZ Ak(citric acid, CA)S F FFol2d thal 1&E H]S(11.5272 g, 0.06 mol
e)s Efste] F L9 <Fo] 20 ml A=V HEF S thE 80 TellA AA3F] 30% B wwkele] &
e, 100 ColA sFshe] SdAl/a4ole 5 A4S Axslal, 7] AL o2 197 FEY A=
A1 300 CT&E 5AIZF &A% $, thA] 550 CellA 3A17EF B¢ dA2] gt T4 534 Sn-Co-Fe-C(1115) &=

EAS AP (= 1 FH=2).
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WA A7) AAY 1-(a)ol A Azs F2A4 B¢ Sn—Co-Fe-C (1115)E &5 EA, 234 2 “HAS =7

ZAgrA = SBR(Styrene Butadiene Rubber)®} CMC(Carboxy Methyl Cellulose)S 6 : 4¢] H]&E Z33dlt}.  SBR
0.18g & THFoll EFste] 400 FENS WE, (MC 0.12g% THFol EFste] 1.20 F89S 727 Az
T, olE Ee AEelA, Sn-Co-Fe-C (1115)E +=ZEd 1.4g7% =HAZA 7HEE (super p. black)
0.3gS Este 558A &8 E AxTt. oA, 7o) 242 54 0 ZRA 0 A¥A =70 ¢ 15
D159 FHEHIER a5, ZEA 1.4 ¢, =44 0.3 g, AFA 0.3 g & AFEEY] 2 g scaled] T

o~

FHAEdEE 10 pm FA9 Cu Td(foil)ell =38k 100CE 158 o] ARAA F52=4d A

ox
o,
2

il

(o3
ol
)
29

9 d EAAS golry] f3 2lE U (foil)S AU Aoz A&3 A3 HAA(coin cell)
t}. Bl oy ZFakA ulolg 2 utoln] HE(GMF : Glass Microfiber Filter)E AFg-3}aL
sl (F) eI =AM m A ] 1.2M LiPFs + EC/EMC(1/1 vol.%) + VC 2%S AF-g&3FTt.

FAMEANY, TREAEAY, HopEAY 9 Eele] fmAuEol (11 1:1: 5 ZelA (1: 1
100 wprolA B9 ALgEA ge A olslol AAldl 1-(a)Sh BASA Sn-CoFe-C(1110)E Al%3}

St
(b) Sn-Co-Fe-C(1110) AFEE o] &3+ T FolxAR 2 A%

Sn—Co-Fe-C(1115)& Sn—Co-Fe-C(1110) 2 u}FoiA] glFo|aX & A A o]9ol= AAld 1-(b)e} Y3}

(a) Sn-Co-Fe-C(2115) B3-S E Ao A%

FA N EA, IAESHEAMNA, HolAEAG B S dxtzAu&o] (1 1 : 1 : 59 ZAollA (2 @ 1
D1 1 5)E nptolA FHolMEAIG S 2vZE AFE3E A o]floll= AAd 1-(a)9} TYEA Sn—Co-Fe-C(2115) &
A 38k T}

(b) Sn-Co-Fe-C(2115) AFEE o]&3+ g FolxAR 2 A%

Sn—Co-Fe-C(1115)& Sn—Co-Fe-C(2115) 2 u}FoiA] glEo|aX & A A o]9ol= AAld 1-(b)e} Y3}
t}.

<A Ao 4> - H] L
(a) Sn-Co-Fe-C(2110) B3S=gE Ao A%

T EAS, ALECHERNY, HolAEANY Bl S dxzgdulEol (1011 : 5)% AellAM (2 : 1
D1 0) e HHtol A FHOMEAG S 2ulE AREStal SAS AREEHA] @2 A ol9fel= Al 1-(a)t &



[0092]

[0093]

[0094]
[0095]

[0096]

[0097]

[0098]

[0099]
[0100]

[0101]

[0102]

[0103]

[0104]

[0105]

[0106]

[0107]

[0108]

[0109]

[0110]

[0111]

[0112]

[0113]

[0114]

S550dl 10-1386150

A3kA Sn—Co-Fe-C(2110) & A| %3} T},
F el EolAbd A o] Az

Sn—Co-Fe-C(1115)& Sn-Co-Fe-C(2110)Z H}EojA g EoIHAAE Axd A oo AAd 1-(h)9} FU3)
o},

<Al 5>

(b) Sn—Co-Fe—-C(2110) ABE o] &

r°“

(a) Sn—Co-Fe-C(3115) H3S=dEH A=z

Z“‘)Vﬂ‘z"}oﬂ IUESIHEAS, HolHEAY ¢ 3“54 YA E]Ee] (1 01 11 52 HoflA (31
2 5) B HloA] FA LM EAG S 3ulE ARSI A olYell= AAld 1- (a)@r T BAGE st
Sn—Co—Fe—C(3115)v§— A Z3A T}

(b) Sn-Co-Fe-C(3115) A BE o] &3l glHo|xpdR 9 A%
Sn—Co-Fe-C(1115)E Sn—Co-Fe-C(3115)E u}ojA gEFolxAAE A|xd A oo AXd 1-(h)9} U}

<A 6> - B4

(a) Sn—Co-Fe-C(3110) H3}S=&EH] A=z

s

FASPIZY, BN, YUY R 59 U
1 0002 upolA] FAChdENGS 32 Abgeta 5

A3 B}AS F3q3se], Sn—Co-Fe-C(3110)2 A %3t}

o] (1 :1:1:5)2 AelA (3:1
Ze A ol9ol= HAld 1 (a)9) &

(b) Sn-Co-Fe-C(3110) A=E o]&3 Fo|xdA 9 A=

Sn-Co-Fe-C(1115)& Sn-Co-Fe-C(3110) & H}F-o]A @Ho|xAAS #| %3+ olelo|= AAld 1-(b)9} U3}

<A g o>

gAde 4 23 Sn-CoFeC SF8E4do AAFZx9 FHIAS XRD9 FE-SEMS E3) &213tgith. XRD
22 Xopert PRO MPD PhilipsE ©]&3Fe] <83} 3L, FE-SEM #2412 Hitachi S$-4800% ©]&3}4]
Y33t

A3 =438 AA(coin cell) S E L (Toyo)AFS] Toscat-3000 seriesS o]&3dte] 24 AHS A Ps+T).

A gEolAAANA SFEEHL Hxo FHoA AHVE FAsE wWakelw, oo wEhA B A=
A7t Fadte FFo2A A7t - S FHoZ YERAY

Azt GFolxdA e HolEe wE H & 2 AE EA4S Yepdlz] gste] ofdle] Sd W
< A8

1~23] Ao T4 0.1 &9 AFE 0.005 VA AAFZ F3kaL, 0.005 VoAl 0.01 C& AF7HA 3

SR L 0.1C&Y AFE 1.5 W7HA AHA o2 WAzt

o] FHL 0.2 C&S AFE 0.005 VA AAFZ FHskar, 0.005 VoA 0.02 C&2] AF74A A
5 A 0.2 C&e AFE 1.5 VA AAF Wyoz wdsiot.

of
t
>(

31~333] HH9 FHL 0.5 C&9 AFZE 0.005 V71 AHAFZ FHskaL, 0.005 VoA 0.05 C&ES AF{F7HA
AAgor 4 3o, WAL 0.5 C&9 AFE 1.5 WA BAF WHoz WA,

S 1089 AFE 0.005 VX AHAFE FA38kaL, 0.005 VoM 0.1 C&2] AF7HA AA
o He 1 & ARE 1.5 VX AAF io s WAttt

o
S
o
-
=2
X
=
o
2
o,

FHAL 2 &9 AFE 0.005 VX AHAFE FHAsaL, 0. A7 4
o, BHE 2 &Y AFE 1.5 VA AAF wHoR sl
FHAL 3 09 AFE 0.005 VX AAFEZ FA38kaL, 0.005 VoM 0.3 C&2 AF7HA AA
o, BHE 3 &Y HAFE 1.5 VA AAF wHoR sl
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[0115]

[0116]

[0117]

[0118]

[0119]

[0120]

[0121]

[0122]

[0123]

[0124]

[0125]

[0126]

S=53 10-1386150
43~453] A FHL 5 &Y AFZE 0.005 V7HA] AAFZ S-S, 0.005 VoAl 0.5 C&2] AF7HA AA
gow = stglon, WAL 5 &Y AFE 1.5 VA AA

_“Ir_:_'l_
46~483%] T4 T2 10 (&9 AFZ 0.005 V7HA] AAFZ FHsFaL, 0.005 VoAl 1 &9 AF7HA AA
oz T o, WH2 10 (&Y MFE 1.5 WK AMF WHoz s,

49~7038] HA FHL 0.2 C& HAFZ 0.005 VA AAF
AARYgor =4 slgon, WAL 0.2 C&Y AHFE 1.5 VA

oA 0.02 C&2 AF7HA

o
o
ol
=9
QL
£l
o
O
O‘I

A SANE olgdel T B0l Ba u}o]—g =40

T 2& 7 YARAWRZ Ax3 Sn-Co-Fe-C(1115), Sn-Co-Fe-C(1110), Sn-Co-Fe-C(2115), Sn-Co-Fe-C(2110),
Sn—Co-Fe-C(3115), Sn-Co-Fe-C(3110) H3HA &=2E4d<9 XRD H-& Yepd Floltf. JCPDS #4-& F3 Sn-
Co-Fe-C(1115), Sn-Co-Fe-C(2115) F4 HEHFA|= CoSn, Fe, &do] F&EdE= AS Foladon, Sn-Co-Fe-
C(1110), Sn—Co-Fe-C(2110) F4 H3 A= CoSn, Ferl &8 AS A3 Uh. Sn-Co-Fe-C(3115) 4 =3t
A& CoSn, Fe, &4 & Sn0, 7} F&Edh= AL st on, Sn—Co-Fe-C(3110) F4] H&A|= CoSn, Fe

Sn0; 7F &Edk= AS Flskdith. & 1o dAzAgRE S5g2=de] 2442 Y

H

¥ 1

A A4 g5 S5gE4d F9
A A

AAd 1 Sn—Co-Fe-C (1115) C, CoSn, Fe &
Ao 2 Sn—-Co-Fe-C (1110) CoSn, Fe &
A A4 3 Sn-Co-Fe-C (2115) C, CoSn, Fe &
AN 4 Sn—-Co-Fe-C (2110) CoSn, Fe &
Ao 5 Sn-Co-Fe-C (3115) C, CoSn, Fe, Sn0; &
A 6 Sn-Co-Fe-C (3110) CoSn, Fe, Sn0, &

= 32 Azl mE Sn-Co-Fe-C H3HA1e] FE-SEM ARS vepdl Zlojoh. &
Col A=A 7)+= 15~25 um AEolH, IAE 60~70 nmPBEe A7 = 2% X

T 4= 4 A5 JEE B4 ATolrt. dRbEd dxe] HAE DGOl & 20 n
D(90)S 7247 4 pm 2 45 pm AEolth. I 29 Sn-Co-Fe-C A8 YAzAuE ALE e,

X 2
A A4 =854 e
D(10) (ym) D(50) (ym) D(90) (ym)

AAE 1 Sn-Co-Fe-C (1115) 5.9 21.1 61.9
A A 2 Sn—-Co-Fe-C (1110) 4.6 16.3 38.7
AAd 3 Sn-Co-Fe-C (2115) 5.3 18.2 43.0
A A 4 Sn—-Co-Fe-C (2110) 4.2 17.0 41.8
AAd 5 Sn-Co-Fe-C (3115) 3.7 17.2 41.6
A 6 Sn—Co-Fe-C (3110) 3.1 14.2 34.4

H

6 ~ % 9% 4719 wHel uet Az DFolAAA] FUA SHL e Eold,
=

gl M AAIR dajele] Aab= HHst 54 egken



[0127]

[0128]

[0129]

[0130]

[0131]

[0132]

[0133]

[0134]

[0135]

[0136]

[0137]

[0138]

[0139]

[0140]

[0141]

ple Bouwge] W Aew ¥ 4 9l

o
rr

=l

0;

6 UAFAHE (3 1 1 : 5)& 31 ANEZ A(citric acid)/FE0)

550 Coll Al EA st Sn-Co-Fe-C(3115) &FEHS AMES AX (A« 1) <) d
Sn-Co-Fe-C(3115) &5&EH %7]5H H]&52 1448 mAh/g oo, Z7|WA vE§3&
237e=8

T 72 &5 2EFAY =S 2estar 550 CeolA A este] Axg Sn-Co-Fe-C(1115)(HAldl 1), Sn—Co-
Fe-C(1110) (A Alell 2), Sn-Co-Fe-C(2115) (A4l 3), Sn—Co-Fe-C(2110)(H A<l 4), Sn-Co-Fe-C(3115) (]|
5), Sn—Co-Fe-C(3110) (Al 6)2] 6FF SLEHLE ol&sto] AxT gFolAdA §5854d Ui 54
o2 Wdge] v&FE AolF o sty yERA Aot

¥ Ase B owwAsl 459 vw
3

rlo
and -ll{t
o
M
lo
i
=
~

4, =9 WE 10-2011-0057088) 2] PVDFE Ap&3}e] A %3h

. R pud

AABG A 12F AR 96 @ FE 5ol

> [
e
HI
o
e

A 12 #E 8] 8FE Sn—Co-Fe-C(1115) (Ao 1)-& 501 mAh/g, Sn—Co-Fe-C(1110)(A A4 2)¥ 356 mAh/g,
Sn—Co-Fe-C(2115) (A Al 4 3)¥ 613 mAh/g, Sn-Co-Fe-C(2110) (A Aol 4)+= 558 mAh/g, Sn—Co-Fe-C(3115)(2A]4)
5)% 614 mAh/g, Sn—Co-Fe—-C(3110)(AAldl 6) 613 mAh/gS YEFNA T}

3 C&e WAgse 747 Sn—Co-Fe-C(1115) (A Ao 1)-& 237 mAh/g, Sn-Co-Fe-C(1110) (Ao 2)-& 203 mAh/g,
Sn—-Co-Fe-C(2115) (A Al 4 3)2 286 mAh/g, Sn-Co-Fe-C(2110) (A Aol 4)& 255 mAh/g, Sn—Co-Fe-C(3115) (2 A]4)
5)& 376 mAh/g, Sn—Co-Fe—-C(3110)(AAldl 6) 362 mAh/gS YEFNA T}

B oAt 428 Mess(RE S5, 29 WS 10-2011-0057089)9] POFE AHgete] Az 47wk
AN 140 % FdE A elt).

o

EXN ANY T 0.2 (&9 WHLHe 77 Sn-Co-Fe-C(1115) (A A4 1)< 340 mAh/g, Sn-Co-Fe-C(1110)(AA]
d 2)& 284 mAh/g, Sn—Co-Fe-C(2115)(AA)4d] 3)& 460 mAh/g, Sn—Co-Fe-C(2110)(AA)d] 4)& 436 mAh/g, Sn-
Co-Fe-C(3115) (A A4 5)& 514 mAh/g, Sn-Co-Fe-C(3110)(XAldl 6)& 465 mAh/gS YFEFHATE.

2 dtg 7l AEE BuES(FEEFHEY, =9 H3E 10-2011-0057088) ] PVDFE Apg3Sle] A|x3 AART
WA u) 88 131 % SE EAolt).

= 0 B wd wese e 6%
Kel

T 82 SAS g5l FEol2uA e A4S EEstal 550 TolA EA st Alx3 Sn-Co-Fe-C(1115) (A
Alell 1), Sn—Co-Fe-C(2115)(A Al 3), Sn-Co-Fe-C(3115)(AA]¢] 5)¢] 32F &=&E2S o]&alo] A|x3 7
FolakaAe] 588 WA 5402 WAy e] njEgd 2 Ah G885 AolF ol diste] vebd Aol
Z7] WA ve% W Ah G888 747 Sn-Co-Fe-C(1115) (A A4l 1) 501 mAh/g, 40 %, Sn—Co-Fe-C(2115) (A A]

of 1)& 340 mAh/g, 100 %, Sn-Co-Fe-C(2115)(AAld] 3)2 460 mAh/g, 98 %, Sn—Co-Fe-C(3115)(A A4 5)&
514 mAh/g, 101 %= ‘FeER AT,

Sn—Co-Fe-C(1115) (A Aldl 1) 10 C&9 WA LL 170 mAh/gl 24 WASE EAAY & 0.2 ¢ WALZ 50 %
Frol AT

Sn—Co-Fe-C(2115) (AAld] 3) 10 C&< WAL 183 mAh/gl2A Wd & EAAE 3 0.2 C WdL9 40
% G- o] ATt.

Sn—Co-Fe-C(3115) (A Aldl 5) 10 (&9 WALL 291 mAh/gl 24 WASE EAAY & 0.2 C WALZY 57 %

FEol A

|

T 9E 54de ARRSHA gu FEol28Ae AS sty 550 TolA dAeste] A|Z23¥ Sn—Co-Fe-
C(1110) (AA €l 2), Sn-Co-Fe-C(2110) (A Ao 4), Sn—Co-Fe-C(3110) (A A4 6)9] 3FHF S=d=4S
A EdomA wAdnAge v& 2 Ah EE&S MolF o skl vE

_12_



[0142]

[0143]

[0144]

[0145]

[0146]

[0147]

[0148]

S=50dl 10-1386150

7] WA v 2 Ah 882 27} Sn-Co-Fe-C(1110) (A A4l 2)2 356 mAh/g, 39 %, Sn-Co-Fe-C(2110)(HA|
4)= 558 mAh/g, 43 %, Sn-Co-Fe-C(3110)(A A4 6)& 613 mAh/g, 46 %= Sn-Co-Fe-C(3110) (A A4 6)o] 7}
b %2 Ah B8 JERSIT. &858 A8 F 0.2 (&9 WHEH 9 Ah 282 717 Sn-Co-Fe-C(1110) (A A]
o 2)2 284 mAh/g, 98 %, Sn-Co-Fe-C(2110)(AA]d] 4)L& 424 mAh/g, 99 %, Sn-Co-Fe-C(3110)(AAl¢] 6)&
465 mAh/g, 99 %= YERAT}.

2 }-N'

o

Sn—-Co-Fe-C(1110) (A Aldl 2) 10 C&Y WA LS 153 mAh/go 24 WdE EAAY 3 0.2 C HA&F 56 %
FTolAt.

Sn—-Co-Fe-C(2110) (A A4l 4) 10 C&9) HALFLS 154 mAh/glZA WA & EAAY £ 0.2 ¢ dL%9] 36
% G0l At

Sn—Co-Fe-C(3110) (A Aldl 6) 10 C&Y W HLL 269 mAh/go 24 WdE& EAAY 3 0.2 C A& 58 %
o)l

J719] AR HE W8, AL

W5 e,

il
A
o,

19

=)
rN
o

EAS =3slo] Sn-Co-Fe-C(3115)(AAl4 5)7F 7p4 =& 2

AAld 194 AAo 6744 YEl 659 FHA FEol25TA FolA AN FEHEEFTRAAS AFET HA4
59] Sn—Co-Fe-C(3115) &=&Edo] A 12 WHAIgolA 614 mAh/ge] v]&S YeEl, 3~30%] 0.2 C&
o] kAo A oF 515 mAh/g9] H] &S JENG O, 46~483] 10 CEolAE 291 mAh/gS YFEFNQIT),

rze 49

1o 2ol Ak A] 20 &5
3 = 4: A= ol el
5: A&7 6: & YPFA
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F1
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10-1386150

Sn(Ir) Co(ll) Fe(ll) Graphite
I | ]
80T 1A% 5849 $4
Sn-Co-Fe-C |2 2adA Citric acidgug
I |
l 80°C mt
Acrylamide (.gag | 4 | N, N-methylene-bis-acrylamide ygug) | + (Sn-Co-Fe-C) 784
I | |
¥
Sn-Co-Fe-C CAM;1gug)

| #ztio0e, 12m)
Sn-Co-Fe-C S&H
1 gRE(300C, 5h, AY)

-

¢
S

F1

M"WMJ’MWN

Sn-Co-Fe-C(1115)

Sn-Co-Fe-C(1110)

\amde L

Lot aa i

s
AT g,

Sn-Co-Fe-C(2115)

T AL At Ve B g VA e,

Sn-Co-Fe-C(2110)

Ay s A

S eyt g i P e AN A m A3 A A

WMM_.

Sn-Co-Fe-G(3115)

Sn-Co-Fe-C(3110)

Counts (a. u.)

Reference Fe

Reference FeCo

Reference graphite

Reference CoSn,

Reference SnO, ,1 ]1

10 30
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S=50dl 10-1386150

¥ GRS i
% n 1 ”’;" » . 3 ¢
-8 P g 3 L ¢
) 500, 10Dk 8:0 <600 SE(M) 100 Hm

a) Sn-Co-Fe-C (1115) b) Sn-Co-Fe-C (2115) ¢} Sn-Co-Fe-C (3115)

d) Sn-Co-Fe-C (1110) e) Sn-Co-Fe-C (2110) f) Sn-Co-Fe-C (3110)
Eyd
9
8
7
S
o s
T
K
= 3
2
1
0
0.1 1 10 100 1000
Uz 37| (um)
— Sn-Co-Fe-C (1115) ____ Sn-Co-Fe-C (1110)
——— Sn-Co-Fe-C (2115) —— 5Sn-Co-Fe-C (2110)
—— Sn-Co-Fe-C (3115) —— Sn-Co-Fe-C (3110)
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S=50dl 10-1386150

——Qd_Sn-Co-Fe-C(1115)

=8—Qd_Sn-Co-Fe-C(1110)

12M LiPFs in EC/EMC=1:1(/v)+ 20% VC_GMF
/D Test:0.005V~ 1.5V/DiaLdcm

0.1GE 0.2 50.505 16 520 - 3C » 5C 510(25 0.2
[H KKK
H ; ; i H B 2 e H - .
0 10 20 30 40 50 60 70
2 A (5
MOIZ == (2])
120
L2V LiPFs in EC/EMC - Lfuv}= 20% VC.GMF
€/D Test:0.008V~1.5V/DisLdem
®eq
®
o o°
o
u®e .o - |
| geabestentTatpenaiteansote of 93 oo o8 gy, SHoealgengtes,s"onnel 100
* S 8 % o oo
4 *
-
50.505 1¢ s 20 : 305 56 - 1005 0.2¢ - 80
&
- 60
o
o
=
40 <
~f—Qd_Sn-Co-Fe-C(1115)
_____ TQd Sn-CoferCl2115) | iiieiiiiiieo-
“=@=Qd_Sn-Co-Fe-C(3115) - 20
=== 5Sn-Co-Fe-C(1115) Ah Efficiency
—®—5n-Co-Fe-C(2115) Ah efficiency
—.—Sn—Co—Te—c(Slls) Ah efﬁc\iency ; 0
10 20 30 40 50 60 70

MOIZ == (2D)
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EH9
1000 12M L, in EC/EMC=1:1(u/A)» 209 VC_GMF
X
v X X
*xxat ¥ FAKT K, Ko g XK X -
200 ,,1,m*ﬁ#z#zw¥¥%ﬁ*,,’fﬁ,,g‘,‘;%;%ﬁ;ﬁg,,,-, AAREE kg aand? 7
X -
0.1C: 0.2¢ f0.5C: 1C - 2 - 3G : 56 : 10¢: 0.2¢
e 600
<
=
—
0
o0 400
I8
K
_:I.:I_O == Qd_Sn-Co-Fe-C(1110)
200 |- ==Qd-sSn-Co-Fe-C{2110) -~ - -] [
=6—Qd_sn-Co-Fe-C(3110) -
Sn-Co-Fe-C(1110) Ah efficiency
=#=S$n-Co-Fe-C(2110) Ah efficiency
O —‘—Sn—Cu—Fe—F(ﬂlD)Ahefﬁcien‘cy i
0 10 20 30 40 50 60 70
MOl == (=)
[HA AR A
(4914 1]
(23] 9
[2AgARE=] F73 A1
(A7 4]
371 Sn—Co-Fe-C HFA 55LE4d SHF7l
[H7d5]
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