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Preparation and electrochemical properties of
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Abstract: Fe,O; modified Si/SiO, composites (SNSO@Fe,03) were synthesized by introduction of nano
Fe,0; via mechanical ball milling into Si/SiO, composites (SNSO), which were prepared by sanding of
micron Si powder with nano amorphous SiO, (Nano-SiO,) using anhydrous ethanol as sanding agent,
characterized by XRD, XPS, SEM, TEM, and evaluated for their electrochemical properties through
constant current charge and discharge, cyclic voltammetry, and electrochemical impedance. The results
showed that SNSO@Fe,0; exhibited a regular spherical core-shell structure with an amorphous layer on the
outer shell, and a particle size of ~2 um when the Fe,O3; mass fraction was 8% (SNSO@8% Fe,03).
SNSO@8% Fe,0; displayed excellent cycling performance, with an initial discharge capacity of 2150
mA-h/g, and initial coulombic efficiency of 81.95%; At a current density of 110 mA/g, the SNSO@8%
Fe,0; still maintained a stable discharge specific capacity of 986 mA-h/g after 100 cycles, 43.3% higher
than SNSO. The stable cycling performance of SNSO@8% Fe,O; was attributed to the FeSi phase
generated during ball milling and the amorphous layer shell structure of about 30 nm on the Si surface
formed during the in-situ reaction of amorphous SiO, and Fe,Os, which effectively alleviated the volume
expansion of Si.
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Si/Si0, B &M KL ( S@pSi/SiO, ), 7E 1 Alg (K HL IR %
FER, P 300 BEAKSRFAEF 1035 mA-h/g BTl 5 L
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KT, 13BNTRME AR SNSO,

1.2.2 SNSO@Fe,05 #4 %) %
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40 : 1, ¥ 500 r/min BREE 10 h, A5 Fe,05 ik
PE Si/Si0, B & MR ( SNSO@Fe,05 ), 434t
SNSO@6% Fe,05. SNSO@8% Fe,05. SNSO@20%
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Fig. 1 Schematic diagram of preparation of Fe,0;@SNSO
composite materials

1.3 RIESMK

XRD #AF: $4F Cufll, FHE 40V, EHRA
40 mA , FAEVEFE 20=10°~80°, 43 2K 10 (°)/min.,
TEM #4E: TAEHJE 200 kV, @it XPS E#AEE S
HIEAE S ST RN ST

CR2025 30} it 20 25« T AR AR AN [A] B B
il 5 B E G A RBHER R A e, H S PR
( SNSO 5% SNSO@Fe,05 ). Super-P Flffi 534
3% 1 P PR N /K VA A BB b 6 ¢ 2 0 2 TR ALK
BE, I 200 wm 596 71 AR G LIRS,
HASVIA R Li B X b, RO AR AR - P A -
PR R -Li P s — 2, O R TE T R
[ FEFE DT

AR REI . e s ERE I R SE F AT E
I AR PEREMNL, W H R X R A 0.01~1.50 V;
FEHLAGA: AR, BT I B AR 2 (Cv) il
W, FAMEZE 0.1 mV/s, HJEJLH 0.01~3.00 V;
fb2F BT (EIS) MRATE 0.01~100 kHz 4 %35 [
W7,

2 RS

21 RIEERSW
2.1.1 XRD #= XPS & #7

2 K Si #r . SNSO Fll SNSO@Fe,0; fit] XRD
TE
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A7 AR, EEJEH T Nano-Sio, BI5I A, HiIK,
B Fe,Os a3, ARG, X ULHH Fe,0,
5 AF B 0k 4ifk .

a v Si 1 T 00/
Tresi | . SNSO@20% Fe,0,
N AL X v v

SNSO@8% Fe,0;
Lﬂ 4, SNsO

Nn PRSI
‘ FeSi: PDF#76-1748
L L L
Si: PDF#75-0589
i |

1 1 11
10 20 30 40 S0 60 70 80
20/°)

10 20 30 40
20/(°)

E 2 K Si#y. SNSO Fll SNSO@Fe,0; ) XRD %4
Fig. 2 XRD patterns of micro Si powder, SNSO and
SNSO@Fe,0;
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Fig. 3 XPS full spectra of SNSO@8% Fe,0;, Fe,03 and
SNSO (a); Si 2p high-resolution XPS spectra of
SNSO (b); Fe 2p high-resolution XPS spectra of
Fe,03 (¢); Si 2p (d) and Fe 2p (e) high-resolution
XPS spectra of SNSO@8% Fe,05
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ME 4 FTLUE S, SRk E0RE, SNSO
WORLAH N, [FIE, Si Uk R T AN 5] HA BIER IS
(E 4a), XFEZREPFA, #EtToK BRI 7
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HUO TR 3 R Stk Ahot FEEEH R EEZ) 30 nm Y
b2 (Bl 4d. h), 5 SNSO ML, 2ty
i R AL B, A% SE 4 e i B A B
SR PERER,

M &l 4e ) HRTEM 1] LLE ), SNSO@8% Fe,0s5



. 2444 -

M 4m 4 T FINE CHEMICALS

41 4%

B A Si XS SR RIEE A 0.31 nm, XFRE Si(111)4%
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B FEZIEH T Si 5 Fe 05 A A AL i i i 5
H Fe MMM ASREAL, )5 HIEHER & Fe 5 SifEH
TE B FeSi AR, 4% sLHEWT, J8 G 2 3R fh X 0] fE
RIE LY SiO, 5 Fe-Si-O ¥ izt

MK 4f 1) SNSO@8% Fe,Os 4% N 5 44 156 X A1 5
ST LUE &, ATSEES XN E A Si(111). (311)F

FeSi (210)
4=0.20 nm

N

Si (311)™
RS

Si (220)

(220)fhTAT . LA, PINEHOR AT IERRHE (1A 4g),
A3 %F R AR LK) Si0, Al Fe-Si-O ¥, Rl &5
BB AN IE SR, R A 2 Si AT, 15
B I0 A Si(311)F1(220) 5 1 .

M 4h~i () TEM LR AR BTG R 00 ol LR
W, SifENERAL AR FERK, HoRFESE
PR e [a] 58 S8 12 55 A A6 FE 43 AT 5 O Al Fe JUER 40 A 7240
BANT, I ES FZok HF Fe-Si-O IR )Z
eI Si0,, X LA S I = FE R A Si R T IE
I —E N FE R, X5 A A A 50 45 KA A G I o

Si (311)

A SI(LD) g o),

Si (111)

i

4 SNSO (a), SNSO@8% Fe,03 (b), SNSO@20% Fe,05 (¢ ) KJ SEM [&; SNSO@8% Fe,O; ) TEM & (d. h),

HRTEM & (e ). SAD & (f, g) #1 EDS & (i)

Fig. 4 SEM images of SNSO (a), SNSO@8% Fe,0s (b), SNSO@20% Fe,0; (c); TEM (d, h), HRTEM (e), SAD (£, j) and

EDS (i) images of SNSO@8% Fe,03

22 BUFEHESW
& 5k Si. SNSO. SNSO@Fe,0 1 Hi fk2F P fE
M ZE 5 F 1 25 SNSO Fil SNSO@Fe,0; M fiE
M Sa BT I AT LA H , SNSO .SNSO@6%
Fe,0;. SNSO@8% Fe,0; fil SNSO@20% Fe, 05 [ ikl F,
(HRBE) SFEHIE, 255 0.10 'V, X7 S AHE 6 i A1
Bl SNSO@6% Fe,05. SNSO@ 8% Fe,05 7F 0.52 V

RRFIE PR T S B % 5, SNSO@20% Fe,O5 1E
1.70 F1 0.75 V Bt s 80 T BN B R T 5 08 . X
P, B Fe,O5 Tt 04034 in ( SNSO@ 20%
Fe,05), B BLAYIE4E FeSi BT &5,
SNSO. SNSO@ 6% Fe,0;. SNSO@8% Fe,0; #l
SNSO@20% Fe,O5 B UK HL LA &40 Hh 2215,
2238, 2150 F1 1940 mA-h/g, & P8 7o HL HL 28 &>
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1559, 1813, 1762 F1 1496 mA-h/g, ICE 45K
70.38% . 81.01% . 81.95% Fl 77.11% , H i,
SNSO@8% Fe,O; 1 ICE fix =, #H%F SNSO, ICE
[ S 11.57%, X FEIHEF5]A FeO5 J5 T
) Fe-Si-O W S5AE Si R A Bl T MR 2 7 1M
¥E; 34N, SIA Fe 05 JE T UM R SR Bk R ~F
AAXFF SNSO #k, ik )X ~F 498 R fefi JHE He 26 g A
AN, B TR AR R kR, AT RRAIE T
HLIRIR A T FERL B 7, TR T £ Y SEI P,

M 5o (IR RMEREIR 0T LUE Y, 2 i
M 0.105 A/g 3] 1.05 Alg, SNSO@8% Fe,O5 FHAL
FCABAE S A B AP WA R PR RE s #E 0.105 A/g Y HLIR SR
BE A 5 S, SNSO 5 SNSO@8% Fe,0; F-1
JiERL FE 28 B4 5o 1200 1 1388 mA-h/g, 2 41~45
Pl 17 418 P L 2 5 40 31 Dh 200 AT 836 mA-h/g, TE
0.105 A/g HIHFLEE T, SNSO WA EIKE E N
16.7%, 1 SNSO@8% Fe,O; FUZ K E E H 60.2%,
A HL R TE 43.5%, 1400 SNSO@Fe,05 AEMSHE T4 KL
FIRE MR L R e R RE R, 2, fE R
T, R TIIEAR I &, BB A Fe,0; X T
B P PR TR RCR AN, 5 T 25 HAt Rl O
W ik — 2B T IR

ME Sc. d WIEAHEREMMZL T LIE H
SNSO@Fe, O I Fh A2 PR A X T3k Si b ifii 5 B &
HEIMGE . YR R 0.01~1.50 V., B
JEN 110 mA/g BF, Si BRI LA o0 3724
mA-h/g, ZEIE R 20 P S HL 25 B 550800 0, H ICE
LA 63.18%; SNSO HLHLWI4R AL S o0 2215
mA-h/g, TE¥ 100 Bl L2570 688 mA-h/g,
BN 31.1%,

# 1 SNSO Fil SNSO@Fe,0; f ¥ P ik
Table 1 Cycling properties of SNSO and SNSO@Fe,04
5 P ;
Si 3724/2353 63.18 39
SNSO 2215/1559 70.38 688
SNSO@6% Fe,05 2238/1813 81.01 812
SNSO@8% Fe,04 2150/1762 81.95 986
:g%(})@ZO% 1940/1496 77.11 711

4543 1, WK Sc.d ) SNSO Fll SNSO@Fe,0;
PERERERT LLE H, EMEI AT, SNSO@
Fe,0; fE¥F 100 [ 12 i AR R R 1 & FRCK Si S
SNSO, H:AFES SNSO@8% Fe,05 Ay HL AL 2 1k fiE
FHi W, R AR ETE 986 mA-h/g,
SNSO 271 T 43.3%, AafrFeRFE T 14.8%.
AT A PR ER S i R b 4 R A0 AP FeSi ARG A
B B3R & S10, Fil Fe,O5 J5A [ N 7E Si 2 1 TE BUE
JEZ) 30 nm AR ARIZ SN, ARG T Si ik
BUZIK; BiE Fe,0; B8NS, SNSO@20%
Fe 03 [ ICE DI K KAFIF ] 3 b 25 i A0 A AR R AR S
f9 R B 3 AT BE S 1 T Fe,05 BB N2 S B0 1 FeSi
FHEBE TN, 5 800T 300 H 25 ARG s 53 40, 33 21 Fe, 05
S E Z /A Si0,, X AT fESE ICE KA —4

% 2 HATCHI ) SNSO@8% Fe,05 FISCHk H i
T RITE Si/Si0, 3k KL, A T2 K ffb A4 fg
FEAT g R, nTLUE Y, SNSO@8% Fe, 05 1E il
Fe it LA K B AR A MR L EA — e R, (G
TR il 25 e e S A AR, BLTE AR Z5F T, ICE
k%) 81.95%, T HATKZREA G A ICEW,

#2 SNSO@8% Fe,05 5 3CHk Si Fatk el B fb = REXT He

Table 2 Comparison of electrochemical properties of SNSO@8% Fe,0; and Si anode materials in literatures

RE SRR il T2 HCHL LS B/ (mA - h/g) ICE/% IR AR /% %30
Si/Si0, HCUHF Zi|i, Bk 1050 58.60 400 95.0 [23]
S #2224, Si/Si0, SiO ik 2302 69.60 300 45.0 [39]
ALK SSIO@C KR, AR, BEEA, Zibh 2425 58.00 200 52.7 [40]
Si/SiO,@AL_C BE-HUR b7 SN 1000 73.10 150 87.1 [41]
%4l Si0,@C FEsEAR A S 1200 45.00 100 98.0 [42]
SNSO@8% Fe,0; s, BRE 2150 81.95 100 459 AL

. Si/SIO,@AL_C RERVIABREATAEM (AL) NRFEAERTIRG Si/Si0,.

ME 5e B9 Nyquist AT LAE i, #HEE SNSO, 5]
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