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Abstract: The SnO,/TiO, microspheres with hollow structure were synthesized by a simple template-free solvothermal
method. The characterization results show that the size of SnO,/TiO, microspheres is about 1 pm, and they are
stacked together. The results of the synthesis process shows that the SnO,/TiO, microspheres undergone from
hollow, filled, split to a hollow structure again during formation process. Subsequently, the electrochemical
performances of SnO,/TiO, hollow microspheres are tested in lithium ion batteries. The initial discharge capacity
of Sn0,/TiO, hollow microspheres can reach 1 484.9 mAh-g™ at a current density of 0.1 A +¢™', with the coulombic
effciency of 49.0%. After 600 cycles, the discharge capacity still reach 565.6 mAh-g™. These results show that
the as-prepared SnO,/Ti0, hollow microspheres have high capacity and cycle stability.
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10 g ZoK A IR (18 25 48 A Ak 5150 A IR
F))AARAE 30 mL JC/K £ B (R HE T Rk 25 3 0 A
B w3 A5 35 BV T, 536 0.508 ¢ KA &k
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A1 0.75 mL KR VO T & (29 0.02 mol , ¥ 2 4 Al 1k
AR A, BEFE 10 min J5 28754 5 €5 B %
W, FEIE L RO A B RS AR 180 °CF KR
N 20 h 5, HARR A G 25 88 1 /K T G Bk i 0K
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P -
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Fig.1 FESEM (a and b) and TEM (¢ and d) images of SnO,/TiO, composites
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TiO, 3K XRD K, #H LT SnOy/TiO, Hi 4K 14 (&l
3a), B G SnOL/TiO, TR (&l 3b) 1T 5T 15 RRE T 5%
FEXGTRZ A1, AT 0 (4 B R LT 5 TR A Y

—H, 1M H ,SnO,/Ti0, Bk I A 417 5 14 R mT LA WY Affy
A8 W BLEKE TiO,(JCPDS No.21-1272, ¥ k) Al U Jr
G LLAT 45 SnO,(JCPDS No.41-1445  4%2k), XRD
H; T 260=25.28°,37.80° ,48.04° 55.06°4L /Y 4 1T
SR 43 391 6 I8 T B EK AT A TiO, 9 (101),(004) . (200)
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61.87°.64.71°.65.93°4b I 77 555 W 43 Jpil %k 17 5 D4 5 4
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(L12)F1(301)fh 1, XRD &l 43 #7145 JLAIE 55 fe 26 7 ) 1L
A Sn0, F1 Ti0,, KWK T Sn0/Ti0, E&
kL,
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2 SnOJTiO, 2 &M FHY EDS FioC =R Bt K
Fig.2 EDS and elemental mapping images of SnO,/TiO, composites
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(a) Precursor; (b) SnO/TiO, composite materials
B3 Prifil 5 #Fdh B9 XRD
Fig.3 XRD patterns of as-prepared samples

24 HRHLLRER ILBARERST
K 4a B8R T SnOy/TiO, A SRR Kz H A Bk /) 45 1R

180
1601
1401
1201
100
801
601
401
201

(a) —— (A)

—e—(B)

Quantity adsorbed / (cm®g~") STP

0.4 0.6 0.8

Relative pressure (P/P,)

0.0 02

1.0

dv/digD / (cm*g~''nm™")

W/ th 2, —E B )E TRV B SRR 4, B
AR T A A Y 25 RS R 81 1) BR B JU0R 1Y) R 4R
PR Z L R A 1a P FESEM 8 A, [ 4b
/R T SnOy/TiO, BT R4 K FHAER i FLAR 0 A it 2k, —
H I ALARTE B A AE 2~20 nm Z 0], BRZ
J& , TiOy/SnO, ERAY LR TN 131 m?- g, P4l
BN 7 nm,
2.5 HREOHEET XPS ER S

T, H FT-IR 4381 & 1 SnOy/TiO, 41K
AWML 1L BN 400~4 000 em™, £L4k
EE N 5a frs, SEICH B TR AE 3 412 FiT 1 633
em™ b W] 4350 U PR F-OH A 45 4 2l R 2 il B 3
1 090 F1 1 048 em™ A AYUER] I K T~ C-0 HEHAT )
Ah,651 em™ &b 04 A 4351 5 KT Sn-0-Sn 1 Ti-O-

0.35

(b) ——()
0.30-

—e— (B)

.°

)

G
1

<

o

=2
!

0 20 40 60 8 100
Pore diameter / nm

120 140

(A) Precursor, (B) SnOy/TiO, composite materials
FA 7 AR S5 R BRI 2 (o) AL 256 ()

Fig.4 Nitrogen adsorption/desorption isotherms (a) and pore size distribution (b) of as-prepared samples
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oA R A 2 1T AL B RN A 2 R R BT A — 2 R A, &
5b R TR XPS G, &KW SnO/Ti0, & & # K
FEALE Sn Ti 0 Fl C % 4 Fhoo R  Tizp BYGIHE (K
Sd) R T 2 AN S35 T 463.4 T 457.8 eV At
X Ti2py, A Ti2ps, B A HEPUE FFAE , H 5.6 eV 1Y
[ #E R W SnOy/Ti0, & &M R 1Y Ti J2& Ti* 2, Sn3d
HeiE & 5¢ roc, nLAULEE E] 2 A DL 485.7
494.1 eV AL HYE | 53 51UH)E T Sn3ds, Al Sn3ds,
MRFIEIGE 2 U] 8.4 eV MYUERIE R BT T Sn MY HT
B A +4 UL SnO, BB R AN Bl Se WoR T
Ols 118078 &5 2 HE % XPS Y63, & vl LA 4y il 7
530.1.530.8 1 531.8 eV i B LA H 3 Al i
3 %F T B4R, TiO, 3% SnO, H Y U R S AL
Py o W B K b A T SE R CLs AR XPS Ok
% ,C=C .C-C.C-0 1 0=C F A1 535147 F 284.0 .,
284.7 285.8 1 286.5 eV,
2.6 SnO/TiO, & Mk I & B HLIE

SnOy/Ti0, 75 O T BR 1 A 4 AL B v] 58 5 il 4% 3
T B B AR S 30 HE AT IR A T % . R TEM,EDS
HTXRD 45 7 125 AS [ B 1] i) B 3R A5 (0 4 il 147 36
1k, ME 6 B e 5L TEM B8 vl LUE | SnOy/
Ti0, %5 DR ERTE 15 min B 2 (& 6a), Rl S
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(a) FT-IR patterns of precursor; (b) Survey XPS spectra of SnO,/TiO, composite materials High-resolution XPS spectra of
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LB e IR R b | i g R ok s s | i
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B[] 9 386 0, SnO/Ti0, 25 0 Bk T Sn Ti 9 B i) 2
BTG XA R A A X B ) B 1 e I i R
o Sn LA RT R BT S T T S
Bl B 2 R I R E] 4 h B, Sn0y/Ti0, &5
ORI ER TN LTI K

SR, >4 Sy B ) 42 4 22 8 h([&] 6f) Fl 12 h(&l
6g) i, 25 0o S5 KA 1 30 PP R B W AN A L XA
KT Sn AL& Y H Ti AL W00 43 i JE LY SnO, Al
TiO, K BOKLTE Ostwald ZAALHLEL A VE T A1 R AE
Sn0,/Ti0, %5 ik i3k 5e b, MAHEFR 1 89 Sn Ti
FL AR A v LA R BE IS R g iy 1 L1912
W /N, X T BB R A AE Sn AL AW 4 iR B
SnO, Wyt #E e, A &84 Sn 1b& ¥ Al RE K |
JI58 5 10105 FE a0, o, FAELURE /DS, AEL I 25 S 7 B[] 38 o
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(a) 15 min, (b) 0.5 h, (¢) 1 h, (d) 2 h, () 4 h, (f) 8 h, () 12 h, (h) 20 h, (i) 28 h
6 [ )i 45 7 K AR 9 TEM BE R

Fig.6  TEM images of as-prepared precursors at different reaction

F1 AEKREMERGHERN EDS 24 REIME Sn 5 Ti JTTE Y EEF)
Table 1 Weight percentage of Sn, Ti, O, and C element in the as-prepared samples
according to the EDS and their ratio of Sn to Ti

Time ws, | % wr | % wo | % we | % ws,/wr;
15 min 1091 15.32 48.56 25.21 0.71
30 min 11.46 12.26 36.62 39.66 0.93
1h 16.61 12.78 49.54 21.07 1.30
2 h 21.77 10.62 49.93 17.68 2.05
4 h 25.19 8.03 47.5 19.28 3.13
8 h 22.8 13.08 43.53 20.59 1.74
12 h 24.45 15.22 54.58 5.76 1.61
20 h 27.76 15.53 43.35 13.36 1.79
28 h 19.46 11.61 34.57 34.36 1.68

* Ratio of Sn to Ti is calculated by weight percentage in the corresponding samples.

£ 20 h, X #53 SnOL/Ti0, 75 Lok L% 101 B
SnO, M99 K BRI AE Ostwald ZALPLER/EH T | &
B A RAE SnOy/TiO, 25 O ek I T4 I Sn/Ti 1
fEmEA G0, W5 12 A1 20 h RAFFE A Bk IR
WA LRI TE 12 h B, 3645 SnOy/Ti0, %5 O sk 1y
BRACJEEFE 2SR 85 nm, 1 20 h([&l 6h) 3k 15 FE & i 2k
FEIEEZA) R 110 nm, BR T SnO, 4K 0k AT L3 13
Ostwald 2 kit A R AE Sn0/Ti0, 75 O i Bk i Bk e

22 AN RO ZR R A B TiO, 49K UKL AT L
RAE SnO/TiO, 25 Lk k7 | (B Tio, 49K
TR ) Az B 2R LG SnO, 1942 B %18 L2 F H #
28 h B A 5 R AE SnOy/Ti0, Z5 DI ER I ERFE |
M SnOL/TiO, 25 O i ER B9 Sn i (9 He 6 FE kR
R 1), 100 28 h FRAT 1Y HiF SRR JL - A2 B 1 —Fh
MZFE LA (F 61).,

XRD Bl — 25 0ESE 1R 56T SnOL/Ti0, %50l



512 0] LR B AL TR PE Sn0,/Ti0, %5 0Ok 1 i 45 S UM fi 2223
BREIIE G B IR I 7 PR AERON IR FE29 0.07 VAR Bk SRR R Li-Sn f & B9 W (O7

By BE (15 min)St A T Sn0, 4% TiO, MIAT 5 0% | i
SREEAR, vE Ak, Ul TRE S BRLARAR /N | 45 AR S0
F| 30 min, ST IEAR B, MRLAZ K S B 4 h B
AT 5 W 1) 22 B (B 19 AR 4k BT UL SnO, TE 26=
51.78° .33.89° Fll TiO, 7E 20=53.89° i 1iT & W (1) A8
k), BB Sn0, A9 2E Wi % 3 K T Ti0, 4 i ) A
M SnOy/Ti0, & A M R ST 15 1] SnO, AT ST 06
15 T m A% | iX 5 EDS B IIAEE SRAH — 8, R &
28 h B ,20=53.89° 1 117 i W 3 5ik | AW SnOy/TiO, &
HAE TiO, B RIGIN, %, Sn0, 5 TiO, TEHIER
AR TR G I IE B SnOy/TiO, 25Ok

~ TiO, JCPDS No.21-1272
— SnO, JCPDS No.41-1445

20/ ()

Wl 7 ASTRI i B il #  AA BG XRD ]
Fig.7 XRD patterns of as-prepared precursors

at different reaction

2.7 SnO/TiO, = REK I BB AL S BERR 5T

£ 2016 B4 Mt R IEAL T SnOy/TiO, %5 0
THER I L AL PR BE o0 T BB SnO/TiO, ik i1 Li
AL, 7€ 0.01~3.0 V I EIEFEIM L 0.1 mV -
71 B A R T A R R 0 O B R 2 i R
(CV), Kl 8a /R T SnOy/TiO, %5 LR AERT 3 4~ A
H 008 PR IR 2 PR 76 56 — WO R ) RS 2 AE
K% 0.9.0.07 VAR 2 AW IR IR IERTE 1.7 V
Ab B 55 B IR S L FE R 2 1.7 VAR AR TR X
BAEA S TIO, h(OrFE 1), BT TiOo, B & & AR HL5E
BRI 28 A, TiO, A ER A A7 15 JL T4 11 55 21 AT
FERZ 0.9 VAR B B AR 50 | X Rl P F 7R
We FR T80 1V B [ A L £ o AT (SEL) RS AT 3
A, AR E L0 BB BMEE SnO, A Al 3 1) 8
SRR 4 8 Sn(J7 8 2), TEBE S PG T 7E 09 V
Aib B 3 i 0 T Sk K55S | 3 AR R ST R IE(SET) AR
(AN ] 38098 )8R SnO, AN AT 386 1 38 JE A Sn— 3K,

T2 3)Pe G o A S SnO, FIE B AR L A 5 5 T
(SEI) J2 25 K10 In A ] b 258 1 2 R 1) = 2R
PRIRT ) FEAH N A9 B AR 45 0 0.64 VB UEEAE AT LA R
F N LiSn T HEHCEE B 7 Sn AR 22 18] 5 4 L RN
B4 RV VR EAE 3 AMEA R IE T Sn 5
B R] Y SN T T AE 1.22 VAR 55 1 AR
WERT AP F Sn 11 SnO, M55AS | AT RESE i SnO, A1
Sn Z ] (&R 43 v 5L AR SRS A 5 ZRNEE =AM
W) eV £ LT HE |, £ SnOy/Ti0, HHK i AT
LA TN

TiO+xLi+xe” — 4L1,TiO, (x<1) 1)
SnO,+4Li*+xe” — xLi,0+Sn (2)
Sn+xLi*+xe” — Li,Sn (O<x<4.4) 3)

H T PG SnOy/TiO, M3 MERE 76 0.01 AT 3 V
Z [A) AN [m] H 0 2% BN AT AR i ] 8b WoR T
SnO,/Ti0, 75 O BRI Fe 0 2, 6 H U %% B 3 )
270.1.0.2.0.5.1 15 A-g™ B} SnOy/TiO, 3K 1) 78/
T 25 4 00 O 726.1/1484.9 .599.7/1299.0 .531.3/
1175.7 .414.1/1158.7 1 252.7/784.3 mAh-g", KA
A3 25 5 5 SO, 7 J5 LA B [ 44 H A 5T 5 T O
AKX X5 CV st —3k,

X N [E) BsF (] 3845 1 SnOy/Ti0, %5 /U Sl Kk 2 17 906
IR M 25 R an1&l 8c Irn , FLILZEE R 100
mA g™ I8, 20 h ZRAF B SnO,/TiO, 1Y E YO HL 75 5
1 484 mAh-g™,600 KAE 5 25 & A5 9K AT LAk 3
565.6 mAh-g™, 5 20 h /) SnO,/TiO, %5 0> K AH LE |
12 #1128 h A i A AL 25 B ARG, AT REJE T
MEH S FOC R | o L& R 22 552 W T Sn0y
TiO, MR R S i, R T E— 25 T AN [ s [R] 3R
15314 SnOy/Ti0, 25 O BRI A5 Fe M i | 76 AN ) 1) H Ui
R AT ORI WE 8d BN FEAH R 7
AT, B E 2518 0.1.0.2.0.5.1.0 2.0,
5.0 A-g 7 B ,20 h FKAF 9 SnO,/TiO, K 1 i 25
R 726 .542.9 424.9 343.8 .290.2 .206.6 mAh
o, EHABEENZE, YHREERER 01 A-g!
5,20 h FR13H9 SnOy/TiO, fsk 09750 L 25 115 98 7T LA
T A RFTE 486 mAh-g™ LA L S0 RO 27 &
FL 3L 70 L /B I L 20 h ARAS Y SnOy/TIO, B &
AR AT DA R G i AR R AR X PT RE AR F 20
h RT3 SnOy/Ti0, & G M B 5 A Gl 1 Tio, i,
RGBSR T Sn0, I RIEFRAE L
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All the measurements were conducted using a voltage window of 0.01~3.0 V
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(a) Cyclic voltammetry curves of the first 3 cycles of SnO,/TiO, composite materials; (b) charge-discharge profiles of

Fig.8

Sn0,/Ti0, composite materials electrode at different current rate between 0.1 and 5 A-¢g™'; (¢) Cycle performance of
Sn0,/Ti0, electrode at current rates of 0.1 A-g™ and reaction times of 12, 20, and 28 h, respectively;

(d) Rates performance of SnOJ/TiO, electrode at different reaction times
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