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Phase transformations of nano composite alloy electrode during lithium insertion—extraction

(1)

HE

The phase transformations of Ags,Snsg and Agse4Sn;s ¢Snsg nano-composite electrodes during
electrochemical lithium insertion/extraction were investigated with a large Debye-Scherrer-type
diffractometer, A = 0.5 A, at beamline BL19B2, SPring-8. Electrodes were prepared at selected
voltage points in the discharge-charge curves and high-energy synchrotron X-ray data was
collected in order to study the reaction mechanism in detail. The structures were verified with the
Rietveld method using the program FullProf. According to the obtained data, the following
reaction mechanisms of nano-composite alloys with lithium have been revealed.

In the case of Ags;Snyg electrode, the start material consists of Ag;Sn and Sn that during Li
insertion forms ternary compounds with the compositions Agy«LijSn (0<x<1) which forms
stepwise. This is beneficial for the long cycle life by preventing a large volume expansion which
is due to formation of Li,Sn alloys. At lower voltages, Li;Sny, Li1,0Sns, AglLi and AgsLi; could be
observed. After many cycles, Li is trapped in both Li,Sn and Ag,.«Li;+xSn and thus the capacity
finally decays. The superior performance gives 200mAh/g for 300 cycles.

For the Agss4Sn;seSnag electrode, the mechanism proceeds via Li insertion into AgzSn and
SbSn respectively. In the first case, upon extrusion of Ag, Li diffuses in between the layers of the
remaining Ag thus forming Ag«Li;+Sn (0<x<1). In the second case, Li is inserted into the
Sb-host structure upon displacement of Sn forming fcc a-LisSb which at lower voltages
transforms into hexagonal B-LizSb which has shorter bonding distances and therefore lower

density. At lower voltages also binary Li,Sn compounds form. Upon charging, the reversed
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process occurs, extruding Li from AgLi,Sn and Li,Sn to form Ag,.,Li;+.Sn and finally Ag is
inserted upon extrusion of Li, thus forming the starting compounds Ags;Sn and Sn. Morever, Li is

extruded from a-Li3Sb and B-Li3Sb forming SbSn upon insertion of Sn in the Sb-host structure.

KEY WORDS
Lithium ion batteries, negative electrode material, composites alloy, mechanical alloying,

Lithium insertion/extraction, Synchrotron Radiation, Crystal structure.
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BHRIC A BENEDRFEM, EARIC)F T LB ZE W=V F T LAF Y IR E I,

BEHAEE OB T A AHBIRELTRIEL, BLE, BEBHREO KELY
2, FicEE ), mABREEEIN TS, AR R M EHT, BREICLIF 203
HZEWTE, $9370 Ah/kgDHEFRAEEZFZHL, KB EN D2, &R IVF VL0 HD
B ik T&2729, AMIEMELELTERAILINTHDR, Lidm A O R A & 3860
Ah/kg DOKI105r D1 TLeL, B O @A BELIZITZR AR H 5. Si, Ag, Al, SnRZFDH
S RMENT, LitE4 bl, LAWK T 520N T, = p/bX¥ — B3, AERNRM BV
REWD. BRI, K== E N RKREL, FA7VFmOm ERBFFTEZ5Sn0F0
BEZMEORBINEDLN TS, LvL, BAIRDOSnE 4 7 A M ik, Lilk ik
e DR SRR FEEAL I, MBS b L, EMAEETL0T, 47 1vF a4 (K
HEOBRVIELEEHIZ, BMICERR FT2ELD) 38R, ERAICE STV,
ZZT, LILEAHMZEIERLLT VS E B L, LIS LA UICWE 2 D IEHE LD A DED
BREAM-SIEA B M RERHL TS 723, Agzm Wz Ag-Snf & & @ ROIERZITH,
Zhae O TER BRI Z LR R, AR &P RES, BEMRTL22L0bho7. Z0
B AT 572012, TR COLINE L S EAEA B DFH LIz DN T
BRFLCTODY. XBREHTOT —4—IDBLIR T ONLEEfEE T HIEN TEReWedll, =iufbd
) Ag-Li-SnDAEE I TR E S IV TR, 2 2Tl OXFREIFTCIE, L1045 Bk g2 8152
THITIE, Ao ThDLN, BT —HHtEHNDETF T AR DI EERRET HIEN
T&5HEE 25, Hilal, SPring-8 TO RS Y% W TXERIEIPTIZ LD LD W e Ak H SO i FE H o>
MERLIEA M DEREIZ OV TIHARIFEREZR S L2V, LI 7 ISk L7z IR RE ©
DFE A2 DVF T LMEEG Y OWTE D Ko7, 4, LiEERTHDEH OB Z /)
SKLTC, Ag,Sn Bl A EEERPICEKLIZLULEMEZTH X2 LE, Ag,,Sn, B EH
BEMIVEEIZE A B THDAG, Shys oSn M8 & & & 5k D FE B MO i F2 12>
TH AT REHRE T 5.

2 EBRGE
2.1 EAEKMARMR

IR REL T, 8 H R ER LR OB RBETH L m 200 m*/kg, L—F
Bl P EPRIAAET .87 u m) SR (BET LR I AH{E 150 m®/kg, L —WEIFrPEEK523.48 um)
T F U RBETE # EFEESS0 m?/kg, L — W RIS EPRI£AE9.8 1 m)%& FAV =, AgdSn%
52:48 (JFL1-kt) X°AgdSn, Sb#36.4:15.6: 481272557l &b C, MK EREL T, A—13
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JUZE > T RO L L LB IZA B LT AZENTED A =L TaA 7 (MAEICLVES
GEALE I ToT-.

2.2 HESRALFAIFHM

VESLL7- -5 ¥ K485 masshe, Polyvinylidene fluoride(PVdF)%&N-methylpyrrolidione (NMP)
IR AN —AMRIZL7EH O TPVAR43 £ L T10 mass%h, EEMM L TryF =7 Fv /%5
massh CREA L, RARL, ATV —Z/ERLT-. 18 H &R EH T E R B AR A m s, ERL
T2AZY—%OE T, KV/Z =T L —RTEBAL, v —Mbliz. ZOERIL7- — 4353 K, 10 min
[H CHZBESH, NMPAHER I, BuSE 7. BHIZ, e — V7L AZ LT, RIENZ B TE 7R
MBI ARG SE . Zha1X10 m® O EARL T CHRERWY, 403 K, 720 min [#, EZZHl4
SETC, MEBRBEMELT-. RIAR Y7 ZAHPT, &RIF VL3 imE L T, 1 8/VOLIPF A5 A
77 ethylene carbonate(EC)+dimethyl carbonate(DMC)({Af&E L 1:2) & gk E L, oA L M EY
(CR2032)ZAERLT-. fFbN/=Eiz, 2 A/m* OEEREEL T, 0 VICET HETHESE, 2.0
VICETAHAETCREIY, BEXIbLFAFHIEIT 7.

2.3 A T XHRR BT A

I B R P OAEE BAL CTEO L2 ERIE, K DIRBAZR LT 572012, TO/ERLT
)7L ABURNICRE LT, SRR T OB OEE TORBREMm T OE S ROMEE(
ZFARD72D1Z, SPring-8 COE — LT A BLIIB2D KT NRAY =T — A7 (HF L =0.5A)
Z T, XEREHTCHl 7. XERETLIERERIZIP (A A= 77— IZREEk L7203,
D FHITHHENTEN DD CuD IR 1T EAR D85 ~90%E KENZDIZ, F DA D L TilE
AR ORI EEIT-T=. [ (2 ) 136~20° OFPHT, 1 1% fif #71%, FullProf7 /7 1%%
W TY— ML NETREFT LT

3 EBRERBIUOEBE
3.1 EHEEGEHER

Ags,Sn DG BBMARIL, AgSn& B-Sn D 2HHDIEEFHNG, Agy,Sby;(Sng DEEGE A
3R 1X, SnSh, Ag,Sn, B-Sn @ 3 FHDIRAFHNG/RY, £ 2 OFBHMAIZEALL, — KK 1
XERIBACITVBARICZRD, 30 T/ A—=F DY A RETHAME 2L TL, Tk F A3 & kb L C,
LIRS u m D ARBLRNZ2 R Z R LT

3.2 EEAREEAM

ZOBE BBV AW TZEBBOY A7 VEHEIZ DWW T Fig.l (R 891, Ag, Sn id, 7
DR LS BE A7 VT, IR EOIK 2R, Ag,Sn & SnSb &, 127 /L
BOEMELHIZRBEDIKR T2 /R, RIZ, 300 YA Z/LVETOREBE I A7 VEEELT,
Ags,Sn DA G T 5L, BOMER R85 200 Ah/kg IR &R T 2203007z,
Ag.,Sn, T Ag D—#B% Sh TEHLL 7= Agys ,Sbys SNy B A4 EMIT 330 Ah/kg ZHERFL,
W, mAEALTHIEN DTz, FIRBEF A7V OEINELHIC, HEREMETT501Z,
FEHLFERFIZ Li OB LM IR U TIRFEZ L E T | 2SR ks, diiESEE
REEEEEMRKOBEXIPINHEINL, BEEME T LIZ2D THHEE Z LI TND. Sn 1E
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Li W& T 5 LiySns 720, RERERBEIZIEAELZ 9. Li EIGLS VY Sn SR H IR Ag
23 MA I ZZ o TS 2207223 —E Ag,Sn B RMbA M E L, Zité Sn BEELT5HZ
&C, Li WRFIZ Ag,Sn AT, AgLi,Sn FH~ZALT 5. ZAUHS Li Wik H 2 KD ISR I D%
EOZREZRI-L, 2L THEHASEMRKOBEL(LEEL, EE58mRKOMEIZES
W bZMHI T2l Ag DL O BA/HEENE TEBMER FTOMEIZIRNKEL, HFEOK
TEMHIL, BEMEFFCXI-LEZOND.

3.3 Ags,Sn,, DA G4 FERO T2 ik T SO

Fig.2121%, Agy,SnDEA B EEBMOD 1Y A7V DR &E— B h#RE R, Fig.312i%, 1917
JLTDAG,Sn A G A EMT OLIWES S COFEEDOELERT. 1 A7V TOLINE
AL ERTIIRE T HEREO~®); 1.010 V)TIX, Ag,Sn& B -Snd2FH0D £ F TLIO W ik
Bz monzhoi=. @(0.680 V) Tix, AgLiSnfHOARRIZAEL . Figb TRT LI,
Ag,LiSnHH Ok fh A% 15 1%, 10 N 5 #E 7-F43m(no.216), a=6.602 A TH 5. 3(0.200 V)T,
Ag,StARITFRTF 9573, Ag, L, (St (Fm=3m (no. 225) a=6.6136 A) B3 HILT 5. @(0.147 V) T
%, V=L MRS B & A DOLIEAgDIRAD DD, Li =0 b G W DR 2 — 3R 720,
2008 — 7 1EH L, AgLi,StAHD AN EUT-Z 8% R L TA. AgL, SntH O #E S 15 1%, Oy
N 7R F-Fm—-3m(no.225), a=6.56 A T 5. (0.100 V)TlE, V—br UL MENHHALLSN, Li Sn,
& LiySny FADIFEN RSN, (0.056 V) T, B =213V BNOFNERDEHT-DIZ, B
[ D FEERINHITAEE R E T HZETTERD T2, S EIDOEBRIHIZTIR O L7204 Ba 57, Li
AL EWOE —21TIENY, 2008 — 71X H R LIz ZEMBELTESEI T L. IRAMO1I11E—
IS D AgLL,SNE B DL SnFA AN HHEL L 72, 11122208 — 7 [ D FRE O 45 BAFLEN D,
BRI mEEH1c, i I XF-43mA>5Fm-3m (no. 225), a = 6.5681(8) AlZZ&{LL7=
EEZ NG, V= UL MIENT DD e b G WL SN, ELL, SnAH D FTED RIRS AL, 0 VITHT W
IRENLIZZ2 DL, BIBRIZFEIE MR >T2h3, mLIEA OLySnFE ERR LT EB 2 bbb, LiAg
DA EE ZH5NAE =B FEIELZ. ®(0.0 V) TIE, fEsatHEIEREM S RENTZ. V—FX
JVMENTANDAG,LE; and Li,SntH THHEE 2 HND.

Lil s FE T, F2>HAg, LiSnAH ~D A= 5 Tl 3% DIRFE D T8 139.937258.03g/cm®~
B LT AZAgLLSAH ~ZEAL T2 LARFH A 131 % T, B Ft4% DA &720, 5 I
5.66g/cm’(Zjs L7z, Li SR, K0 REREF R LARE AL (2.5-3g/cm’) 25| R 2.
Fig. 5121%, Ag:SnDLIREALIZIEO MG i E A b a =T .

Fig.4121%, 1M A7/ TDAg,,Sn &G EiH OLI TS COEED AR, 1
P ANV TOLINKEHTHHEE@~®):® (0.100 V) TIE, Ag, Li,, Sn&LiSn, Agli %
Blez Tx7-.(0.236 V) TIE, Agli,SnéLi,,Sn,, Ag,LifH #8122 Tx7-. (0.338 V) TIZ,
Ag,Sn& B -SnfHEEBHIZ, U—h UL MENT B Ag, Li, SnfRN B -7=. (0.553 V) TlE, [Al—HT
HoToM, LiZ e/b AW EIXEA L, Ag,Sné B -SntHEITHEML7=. D (0.943 V) TiX, B
-Sn&Ag,Sn, Ag,LiSnfH2NVERK L7z, B IZ® (1.927 V) T, & DAg,LiSnfl DFIE%
MR T, IZEAENRITED B-SnkAg,SnFAIZNZY, ZOE G & 4B ML, v n
IZLIOWL & M T CND I Ea R T 7=,

VLRI Li WO O 2 2 LR

Li+ Ag,Sn — Ag,LiSn + Ag

—153—



Ag,LiSn + xLi — Ag, Li,, Sn + Ag; (0<x<1)

Ag, Li,, Sn + xLi — Agli,Sn + Ag

yLi + Li,AgSn — Li,Sn + LiAg; (y<4.4); Li,Sn, and Li,,Sn, (I8ZESi7c
LiAg + Li — Ag,Li,

IKENL (0.1V) B

yLi + Sn — Li Sn (EEA); (v<4.4)

Fig.6 (21L, 3 A2/ ThD Ag,Sn B E A EEME O Li WSS TOMEE O E{bE R
T 3P ATNVD Li fr R T, HAREOETAgLISn RN EFE LT Ehs, 1Ao7tk
T, 0.429 V T Ag,LiSn fH~DOMEHNET. 0.147 V TIE, 1 A7V THRB
nlemaf LiAEEmoROVITDED B-Sn fHEEBIT AgLiSn FHZEI £ LT,
0.130 VTIX, P EDB-SnfHEEHIT Ag, i, SnFHAZBIZR L7z, FIC Li OW sk &1
720.023 V TIX, V=V MEHT 22519 A4 271 K0 % <D Li,,Sn; and Ag,Li, FH ZfEFE L
7.

Fig.7121%, 1,10, 50 A2V TDAg,,Sn, M EH @B OLIFH IS(1.0 V) TOMEIE
DEALZRT. 10 A7 V% O, LI 218 T00.968 VTIEL, Ag,Sn&b&d B
~-Sn&Ag,LiSntEZ MR L=, 50 A7 % OLIAKHE T 5\ TDL.077 VTIX, I
AgLi,Sntl TH D & DAg,SnFH & THERL 4L, B-SnfHIXIFEAEHERR CTXamno 7.
XRD/AZ — U WIEGE DL F &R 372912, LiSn HOKE B E —ZIZ R oo
72, SnlFLICHE B SN TWNHEB X HND.

3.4 Agy.Shys¢Sn DA G4 BB D T8 i FE RS A

Fig.8 Tl, Agy,SbysoSn BEAEEBD 1 A7V EHORE—EMERE/RL, Fig.9 IZ
1%, 1 B AZILTD Agy,Sbys oSnye A GBI D Li WSS TCOMEDELE T, 1
YAV TD Li HMEEGE BRI T 5mRO~); O(1.687 V)TIX, FIEROE
FC, B-Sn #H, SnSb #H& Ag,Sn FHOIRAHZRLTZ. @(0.830 V)TIX, SnSb #H2°5 Sn A3
AL Li 230l C a— Li,Sb FHIZ72Y, Ag,Sn FHIZ Li 23R L T Ag,LiSn FHIZZ{ELT=. ©
(0.672 V)TIX, a— Li;Sb #H, Ag,¢Li, ,Sn #H, 7%VI% Ag,Sn tHE Sn tH TH o7z, Z<H 772 Sb
FbBIEESIZ. @(0.405 V)TIE, a— Li,Sb AHO—E8IE B -Li,Sb AHIZZAEL, Li —Jefb&aw)
(ZHZ Li 23 L C AgLi,Sn AHIZ 72 o 7=, DL TH D03, BEMLL 7= Ag 1d Li LT AgLi 48
(AL L=, B)(0.090 V)TIX, Agli,Sn #H, «— Li,Sb #H& B -Li,Sb #H, Agli 8, Li,Sn #H(LiSn,
& Liy,Sny) Td o7z, 6(0.052 V)T, AgLi,Sn fH, Li,,Sn; #H, AgLi FH(AgLi FHIZ Ag;Lis AHIZZ
L) & MR LT, Ag,Sn, BE A EEBEMEFERIZ, Agli,Sn FHOE —Z R AL20, BEEK
Liy Ag,,Sn BMERL TWAHEB 2 B, (0.0 V)TIE, Liy,Sn, tH, AgsLig#H, Agli,Sn fH, «-
Li;Sb #H& B -Li,Sb tHA R L7=. Fig.11 1ZI%, SbSn @ Li Wk I EO#E fui & 2 b a7

Fig.10 (21X, 1 A 7/LTD Agys ,ShysSn GBS EMAT O Li i BOS TOMREIE D2
bR T . 1AL TO LI BT 5HE(@~6):®(0.105 V) TiX, Agli,SnfH, «
- Li,Sb fH& B -Li;SbH, AgLifH, LiSnfiCh-o7z. Li et &MY — 73 v—7 12785
722, EEIA Ly, Ag, Sn 235 AgLi,Sn FH~ZEEL TV EE 2 BID, @ (0.498 V) T,
Li,Sn #H23H L, Agli,Sn #H, a— Li,Sb fHE B -Li,Sb #H, AgLi fHAfEFRL7-. @ (0.804 V)
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TIX, B-SnfH& Ag,Sn FHNHHELL, AgLi,Sn #HIX Ag,LiSn FHIZZALL, o - Li,SbFHE B -Li,Sb
FZMER Lz, @(0.888 V)TIX, B-SnAHE Ag,Sn #H, Ag,LiSn #H, a - Li,Sb & B-Li,Sb fH%
B L7z, @(1.081 V)TIZ, B-Li,SbFHIZIHILL, SnShAHAHELL, @3(1.243 V)Z#TA(2.03
V)TlX, B-SnAHE Ag.Sn AH, Ag,LiSn AH, a— Li,Sb H, SnSb AHZMEFRL7-. Lifb &% —i
FEIEL CWAD, JTOAEIZ RS TWNAZEN DT,

BK9 5, SnSh AH, B -Sn AHE Ag.Sn FA2Y Li 2L TV <&, SnSb ABIE Li &G LT B
-Sn FH& Li,Sh AHIZA3 L, JE068H5 B -Sn FHES3FHL 72 B —Sn #H2S LiySn FHIZZ8{EL, Ag,Sn
FAIE Li ERUS LT Ag,LiSn fHE Ag FHIZA3FEIEL, 20D Ag #HE Ag,LiSn #0723 LiySn #H & [E 404
B ACRIGL, AgLi,Sn #HIZ720, B\ Li W3 5&, —EB Agli,Sn FAA EAIFND
LiyAg, ,Sn fHE LiAg FHICOHT2DEB 205, Li T 5L 0fEziks. L ELDY,
Agys Sbys :Sny BB A BRI L T A E SO FE T, AW Li 2 s L CnbES 2B
5.

%72 SnSb 1E, SnSb H1 Sn 25 Li L{E#ATHEEHIT, BT Li 2MZATHZET LiySh 1ITZ21E
THEEORREIZIEIL LASRRE THD V72012, RREEEERSND. ZOMEE, Sn Itk
LTI b2 M CE L7201, S bIic L2 EE G &EMOLILEMEIL, A7 Ve
A ELTEbDEE BN,

4 ¥ L

A= ANT oA 7 EEHNTIF U LA A BMAMHA- SnREAEESEER- L. Zh
ZHWEEG GBI, oM ESREIVS FRIE R &L R EffE R CEN AL R L.
Fe R T OB A G EMOIEL L% & =R X — e E O XER BT I LD FE A 1 28
fbE2BRET 328, LiSntHAER T HERERERBEIZEZ S SEZL TRl R EL DS TS, B
BoemEimE, Lz oEEbIlLi=ubaWAg, Li,, Sn (0<x<DICEALL, ZOARIE, K
FEMIEZINHIL, AL B 286 T& 5. LIERIREFRIELI = 0 b B D= 1 A i &
3R D, B BIIE, BT O HEMEHITD TR, LITRIAEN T, HEE 4 E
LA R BNl lBE 265, IRENMRETOEMTIE, LiSn,, Li,Sn, Agli & Ag.Li,
DSV TCNWDI e DT, 5%, A 6 & O T HE KOS O B L Lt & WE
B2 ET, LA Bl A A L L CREMEREZ R Sn A 4 R BB LA B 9 RIEME R S 5 85
25.

I 2
TS SR AT TR et () s EE BB 2 A JE o # — D SPring -8 I WF ZERR B I ER AR
S, IS TAT N 22— ARSI, AHFFE FE M TS Z 8 EH B L £

'S /N

1. Y. Xia, T. Sakai, T. Fujieda, M. Wada, H. Yoshinaga,“ A 4 V Lithium-Ion Battery Based on
a b V LiNixMn2-xO4 Cathode and a Flake Cu—-Sn Microcomposite Anode” Electrochemical and
Solid—State Letters, 4(2)(2001)1-3

2. J. Yin, M. Wada, S. Yoshida, K. Ishihara, S. Tanase, T. Sakai, "New Ag-Sn Alloy Anode
Materials for Lithium—lon Batteries”, J. Electrochemical. Soc.,150(8) A1129-A1135 (2003).

—155—



3. V-H.-U.Schuster, D. Thiedmann, H. Schonemann, Z. Anorg. Allg. Chem. 370, 160(1969).

4. FE1Z,” LB AR B O FERCEIC O ENT B DIRIE”, hIA 7 /b 2— X FE i
e EhaEE S 2003A0857-Rl-np, 2003.

5. H. Pauly, A. Weiss, H. Witte, Z. Metallkde, 59, 47 (1968).

6.M.M.Thackeray, J.T.Vaughey, C.S.Johnson, A.J.Kropf, R.Benedeck, L.M.L.Fransson and
K.Edstrom: J. Power Soueces 113(2003)124-130.

Caption

Fig. 1 The discharge capacities of Ag, Sn, Ag,Sn, SnSb Ag;,Sn,s and Agy,Sb,; Sn,g electrodes
as functions of cycle numbers.

Fig. 2 The discharge and charge curves of Ags,Sn,s composite alloy electrode in the first
cycles.

Fig. 3. XRD-patterns of the Ag,,Sn,; composite electrode at the given voltage points during
discharge in the first cycles.

Fig. 4. XRD-patterns of the Ag.,Sn,; composite electrode at the given voltage points during
charge in the first cycles.

Fig. 5 The structures of Ag,Sn, Ag,LiSn and Agl.i,Sn.

Fig. 6 XRD-patterns of the Ag.,Sn,; composite electrode at the given voltage points in the
third cycles.

Fig. 7 XRD—-patterns of the Ag;,Sn,, composite electrode after charging to 1V after 1, 10 and
50 cycles respectively.

Fig. 8 The discharge and charge curves of Ag. ,Sb,: ,Sn,s composite alloy electrode in the first
cycles.

Fig. 9 XRD-patterns of the Ags,Sb,;Sn,s composite electrode at the given voltage points
during discharge in the first cycles.

Fig. 10 XRD-patterns of the Ag,s,Sby;Sn,s composite electrode at the given voltage points
during charge in the first cycles.

Fig. 11 The structures of SbSn, «-Li;Sb and 3 -Li,Sb.
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Fig. 1 The discharge capacities of Ag, Sn, Ag,Sn, SnSb Ag.,Sn,; and Ag, ,Sb,s ;Sn,q electrodes
as functions of cycle numbers.
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Fig. 2 The discharge and charge curves of Ags,Sn,s composite alloy electrode in the first
cycles.
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Fig. 3. XRD-patterns of the Ags2Snass composite electrode at the given voltage points during

discharge in the first cycles.
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Fig. 4. XRD-patterns of the Ags2Snss composite electrode at the given voltage points during

charge in the first cycles.
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Fig. 5 The structures of AgzSn, Ag,LiSn and AgLi,Sn.
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Fig. 6 XRD-patterns of the Ags2Snss composite electrode at the given voltage points in the third

cycles.
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Fig. 7 XRD-patterns of the Ags2Snas composite electrode after charging to 1V after 1, 10 and 50

cycles respectively.
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Fig. 8 The discharge and charge curves of the Ag,,,Sb,; (Sn,s composite alloy electrode in the
first cycle.
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Fig. 9 XRD-patterns of the Ags,Sb;Sn,s composite electrode at the given voltage points

during discharge in the first cycles.
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Fig. 10 XRD-patterns of the Agys,Sb ;:5n,, composite electrode at the given voltage points
during charge in the first cycles.
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—167—




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


