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Abstract: Mesoporous SnO, was synthesized via a hydrothermal process using tin chloride (SnCly-5H,0) and urea
((NH,),CO) as raw materials, with a block polyether F127(EO;¢,-PO70-EO;6) as a template. The analysis results (XRD,
TEM, BET, etc) show that the amount of F127 has significant influence on pore structure of mesoporous SnO,. With
increasing dosage of F127, specific surface area and pore volume of the mesoporous SnO, increase with pore size dis-
tribution relatively broad. The results of the electrochemical tests indicate that existence of mesopores not only provide
the path for deinsertion and insertion of Li', but also buffer the huge volume expansion of tin dioxide, which conse-
quently improves the electrochemical performances of mesoporous SnO, as an anode material. When the amount of
F127 is 6.0 g, the as-prepared 6F-SnO, with a BET specific surface area of 124 m*/g and average pore size of 4.94 nm,
displays optimal cycle performance and rate performance which the reversible capacity of the 6F-SnO, maintains
434 mAh/g at 60 mA/g after 30 cycles. In addition, the cyclic voltammetric test reveals that the reversible reduction of
partial Li,O with high activity can provide additional reversible capacity.
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Fig. 1 XRD patterns of mesoporous SnO, samples synthe-
sized with different F127 additive amounts
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Table 1 Crystalline sizes of mesoporous SnO, synthesized
with different F127 additive amounts

Sample Dj10/nm
SnO, 3.98
3F-Sn0O, 4.39
4.5F-Sn0O, 4.06
6F-Sn0O, 3.84
7.5F-Sn0O, 3.66
9F-Sn0O, 3.59
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Table 2 Pore structural parameters of mesoporous SnO,
synthesized with different F127 additive amounts

Samples  BET/(m’g") unfe‘jz;?_lg'.l) Averags pore
SnO, 94 0.097 4.10
3F-Sn0O, 104 0.110 4.25
4.5F-Sn0O, 110 0.122 4.42
6F-SnO, 124 0.153 4.94
7.5F-Sn0O, 126 0.152 4.86
9F-Sn0O, 138 0.179 5.19
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AL YR ) ) 2R RE, RN 2 ALk fe
T R (R AR R K SR AL T — 58 I g2 b 2 (]
Bl 8 25t T ANFEIRE A e bh e i 2k . o
L nl 4, s InBER ) F127 #1404 3F-Sn0,.
6F-SnO; LA I F127 45 IIFE i SnO, HAT T4
(5 PERE, FRBEAE S L~ A A g
EORFER, UL I AN BEAR A R T oS AR £
B IXSE U NN TG AR TN F127 n] DAZEA K5
NS AL, 1 A B2 ) PR kA R )
BIEMEIE . 854 XRD Biie vl LUE H, ISR
FIIN T B SnO; IR R ST, BRI F465 Li'h
BORT L AR B4R, 388 T LiTi9 Hod =, i
PRI A bk B o B F127 Ml 21, ke
9F-SnO, M5 RELL ARG I F127 & FIFE &
SnO, 2%, G480 A BT LLE H, BRI 7
2, M A LE RS 2, LR A a
WA E, TEEZ T RMALE R, 330 IR 451
Faoe AR 25, fE LiT i PRas i e ok f2 P AR 25 5 R AR

Ty 600

=

g 450

Z 300 F

g I

g

g 150+

=2

3 0F —=—SnO,

Z | —e—3F-$n0,

:O:'li—l:!O_- —&— 6F-Sn0,

3 -300 »— 9F-Sn0),

o - L I | L . N
0 10 20 30 40 50 60

Cycle number

K8 ANIF F127 B o il & AL SnO, M5 Z g i £k

Fig. 8 Rate capability of mesoporous SnO, synthesized with
different F127 additive amounts



594 TS| R =

#3145

PHER IS, TR I A5 R R RE I PG, PRI,
AL BRI A B T AL SnO, M EHE
(R HED U
& 9 45 H1 T #E i SnO, AT 6F-SnO, T = IR AG R
Rz e (FARGERE 0.1 mV/s, FHITER 0~3.0 V).
ML 9@) T LAE H, 6 T SnO, B E R
i, 7F 0.70. 0.60 F10.32 V HL AL E LT =ANE
JE S I 3K = ANIERT Y. SnO, AT Li J AR G
JE Li;O M4 )& Sn (I K SET JE 1) B e # (an 2
X 1R RN, A7F 0.08 V A2 A7 [ B T LiSn
HaMIERC RNV 2 FR), A8 VL
1 B 260
4Li"+4e+Sn0O, —> 2Li,0+Sn (1)
xLi™txe+Sn=—Li,Sn (0<Sn<<4.4) (2)
X T i SnO, I B IR FHAR A4, £7T-0.56 V /e
A7 (R B B A8 A 5 Y T LiSn A4 (30 1) 22 & 44k
KN, T AT 1.30 VIR BHAR AL I S e T
NS 7 n v, RIS LibO F1 Sn S8 AE i
SnO, F1 Li e . 7655 s = kG EA T, 0.60 V
2 A PR3 D U HEL L RN B R AT O, R

3 L {d) " I-.I

o 2n\l

______ 3[!]
<
E
s}

0.0 0.5 1.0 1.5 2.0 2.5 3.0
Potential / V(vs. Li'/L1)

h . I-J

2L (b) .

e zll

0.6 _an
<
E
5
5
Q

0.8
I 0.52
-2 0.27
0.17 | . | . .
0.0 0.5 1.0 1.5 2.0 2.5 3.0

Potential / V(vs, Li'/Li)

K9 (a) SnO, F(b) 6F-SnO, BT = IXAEF K 22 Hh 2%
Fig. 9 Cyclic voltammograms (CVs) of (a) SnO,and (b) 6F-
SnO, for 1st, 2nd, 3rd cycle

R 2 — AT R . A7 0.56 V IFIFH
WA I T — AN/ FRL RS N, R WA S -
BB R N S AT AL T 1.30 VIFIBH AR
AAIE I T — MU LD, R RY(1) 2
157 e BN TS W B 1 ) € (B2 N N SN
PEA, B0 uE W ER R L SRR H A2
AT BULL 8

W T BURIR, FESL 6F-SnO, AR %
ZTEAR S SnO, FELEER AR (B 9(b)). AHM
(1) BRI S e A7 ) (1 H R 7 Tl w8, 4 Sl AE 0.52.
0.27 F1 0.17 V I T8N L R g, X2
VSN F127 52044 1 /v 4L SnO, (11 FLLIE 1
n, LA e RGO, A AT SEL MY
R, Yk ANTTIN ) Li R, HETIRCN T AN A Y
(B2 . 6F-SnO, 45 24 3 IRIMAGIRR 22 thk B
PELL SnO, SEUF, R WIFE S 6F-SnO, 15 A2 25 1 Fiith
SRR IR P Ak 2% SO I ] A R B vy, 7R B A
WAE M Ar. M H, 25 2. 3 IKIMIEIA R 2 2k
b, FEBEE N B B RRGE BRI TR 2%, 7E 0.80 VBT
HIELT —AN 3 Bk SR, %W 1.30 VP HL
T AR A, S H R Li,O F1 Sn W AR B
SnO, 1 Li Wit FEA prmag, dE—D8n T 5t
BlnTwizs e, DL EgiREE 6 hINIGI 2 & i o
INGE 2 X SnO, AR S, HES
P BT 0 A RNV R, T 6 A
Ao/ i U TR HH BRAIE W] 5 AN R334 i S B )56 43 T 3
PERTSRAE PSR LUAMO I N ZE . Couetney 251%7)
O 40 00 Ik A 2 RS 07 68 2R 3% SI2 56 e I AE 78 rlL (I
PR, MR 1.0 V BUE, Li,0 thafg /b
SEEE T B, FES 6F-SnO, MR R T il
5 A G TR A RS 2 2 SR 9 5 T 1) BT ik -
—MALE RN, FEOREVEEAIN 2, IR
R o e P AR B A SR T R s R, R R
N A B LinO HAA B s d v, e o 51 KA
AT I RN () ) AT, AN SR AR B im0 A
It H B A R

T H A 2 A U BEL BT 1 (BIS )l SR AFF 58 FL
SERIRT SnO, TR B S (5 m . B 10 45 T &
7RG PR 2 J5 B i SnO, Fl 6F-SnO, (A2 Uit BT B,
378 1 2 KA A L 1% P 1 A sk e i, v Ro AR
()02 HOLAA VS FELARCRH B IS 1 A L RHL, Re R C 23 AR
F SEI JBEHBHATEL 2R, 6N X (12 R,
1 CPE 53 AR 3 H Ao i B F BHL R 2 2R, X6,
FrRAX B2 5 wARER Warburg BRET, 5818 F7E
FEL A — P A 80 7 T 3 e [ 2 7 B N 3 1k ) 1 4%
BRNAT G, TR IR B2 . M 10 1] L



%6 W BWNEE, & BGH F127 AL SnO, HIFLEE #Y K HiAk 24 0k B8 () 5% i 595

)
250 " -
= SnO, " .
 6F-Sn0, . "
200 | .
-
L] i "
L]
150 F nunE, J*
a - . . -
= e o .
-
¥ 100} S
]
. C, CPE
50 s R,
L /\/ R, R,
U " 1 L 1 i 1 L 1
0 200 400 600 800

21Q

K 10 SnO, I 6F-SnO, [{IAZ U BT it
Fig. 10 Nyquist plots of SnO, and 6F-SnO,

Fotll, BESh SnO, (07 FE LI i1 — AN T o X
B BIAR . /MR T AR B 4 fr T
IR 45° AR AL, 55— AL FI0E E T
BLBS 79t SELBUALIEI (LA L. 38— AN7E i
I 172 88K I 9 W 2 e B 5 7 o
SRS HBLIT B. A LTS, BER 6F-SnO, AL
A FLAR TN R E LR 4 KT 45° 2%
SRR, WA K I . Uk, BER 6F-SnO,
1 Iy ORI VA I AT TN R W, L Ry, 4
0, FRWIHLES T A5 % SELIL, 4 HE RS 5 0
25, ELBLES T 2 5 e R R T B R

3 it

1) LLF127 A#EHFR], SnCly-5SH,0 N8, JK 2%
PR, KK IAGE A 5 S b LR T 5
AL SnO, MEL, FTf/r 4L SnO, HAT 3~5 nm 1144
KL R RS, 94~138 m¥/g (1785 L2 A, 2~20 nm )
B FLAR S ATV

2) LLEANFLEHRIN SnO, MOEHE 8 5 7
SR RL, AT DA RUZE I SnO, BuAR £ Mt ik 20 ot i
TR, RIS IR S i A O A RS e . A
FLGERE AFAEIE TT AT R SnO, F0RL I A1, 4
TR R e G Y

3) BRI F127 B I XAFL SnO, 1 EL R T B
LA ALK B A T . A LU RS 52
I BT IR RS R S AR R AR B, AT
TR AR TR RS R A . 24 F127 00
BH 6.0 g N, FTAHFEN 6F-SnO, ELA e I b & AR
FIE PR LR AT X ), I o 1 1 Hfb 22
£ 60 mA/g HIFEEE FRMTARBH, HXn s

ik 609 mAh/g, 30 XA G AR IR RFAE 434 mAb/g;

4) JE IR 2 AR A FLALIE PR R LiO
JSFRN, HEA R, £ w fRiu i,
1NN 57 -2 ST VLR R A ks o A X 9 I TP UL 5+ 8

S 3k

(1

[2]

B3]

(4]

(3]

(e

(7

(8]

9]

[10]

[11]

[12]

DAHN J R, ZHENG T, LIU Y, et al. Mechanisms for lithium in-
sertion in carbonaceous materials. Science, 1995, 270(5236):
590-593.

IDOTA Y, KUBOTA T, MATSUFUIJI A, et al. Tin-based amor-
phous oxide: a high-capacity lithium-ion-storage material. Science,
1997, 276(5317): 1395-1397.

COURTNEY I A, DAHN J R. Electrochemical and in situ X-ray
diffraction studies of the reaction of lithium with tin oxide com-
posites. Journal of the Electrochemical Society, 1997, 144(6):
2045-2052.

FAN J, WANG T, YU C Z, et al. Ordered nanostructured tin-based
oxides/carbon composite as the negative-electrode material for
lithium-ion  batteries. Advanced Materials, 2004, 16(16):
1432-1436.

WANG J Z, DU N, ZHANG H, et al. Large-scale synthesis of
SnO, nanotube arrays as high-performance anode materials of
Li-ion batteries. The Journal of Physical Chemistry, 2011, 115(22):
11302-11305.

YIN X M, LI C C, ZHANG M, et al. One-step synthesis of hierar-
chical SnO, hollow nanostructures via self-assembly for high
power lithium-ion batteries. The Journal of Physical Chemistry,
2010, 114(17): 8084-8088.

WANG C, ZHOU Y, GE M Y, et al. Large-scale synthesis of SnO,
nanosheets with high lithium-ion storage capacity. Journal of the
American Chemical Society, 2009, 132(1): 46-47.

ZHANG X, JIANG B, GUO J X, et al. Large and stable reversible
lithium-ion storages from mesoporous SnO, nanosheets with ul-
tralong lifespan over 1000 cycle. Journal of Power Sources, 2014,
268: 365-371.

SHIVA K, KIRAN M S R N, RAMAMURTY U, et al. A broad
pore size distribution mesoporous SnO, as anode for lithium-ion
batteries. J. Solid State Electrochem., 2012, 16(11): 3643-3649.
LIU X W, ZHONG X W, YANG Z Z, et al. Gram-scale synthesis
of graphene-mesoporous SnO, composite as anode for lithium-ion
batteries. Electrochimica Acta, 2015, 152(10): 178-182.

YANG Z L, ZHAO S J, JIANG W, et al. Carbon-supported SnO,
nanowire arrays with enhanced lithium storage properties. Elec-
trochimica Acta, 2015, 158: 321-326.

WU P, DU N, ZHANG H, et al. Carbon-coated SnO, nanotubes

template-engaged synthesis and their application in lithium-ion



596

E LM OB )

#3145

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

batteries. Nanoscale, 2011, 3(2): 746-750.

YANG Q, HU W B. Amorphous SnO,-C composite fibers and their
electrochemical performance. Journal of Inorganic Materials,
2015, 30(8): 861-888.

ZHANG C F, PENG X, GUO Z P, et al. Carbon-coated
SnO,/graphene nanosheets as highly reversible anode materials for
lithium ion batteries. Carbon, 2012, 50(5): 1897-1903.

YU Z J, WANG Y L, DENG H G, ef al. Synthesis and electro-
chemical performance of SnO,/graphene anode material for lithium
ion batteries. Journal of Inorganic Materials, 2013, 28(5):
515-520.

LIY D, LU X, WANG H K, et al. Growth of ultrafine SnO, nanoparti-
cles within multiwall carbon nanotube networks: non-solution synthesis
and excellent electrochemical properties as anodes for lithium ion bat-
teries. Electrochimica Acta, 2015, 178: 778-785.

LIU Y F, HU Z H, XU K, et al. Surface modification and per-
formance of activated carbon electrode material. Acta Phys. -Chim.
Sin., 2008, 24(7): 1143-1148.

KIM H, CHO J. Hard templating synthesis of mesoporous and
nanowire SnO; lithium battery anode materials. Journal of Materi-
als Chemistry, 2008, 18(7): 771-775.

SONG H H, YANG S B, CHEN X H. The effect on high
charge/discharge rate performance of the lithium ion battery. Chi-
nese Journal of Power Sources, 2009, 33(6): 443—443.

WANG Y, SAKAMOTO J, KOSTOV S, et al. Structural aspects of

electrochemically lithiated SnO: nuclear magnetic resonance and

(21]

[22]

(23]

[24]

[25]

[26]

[27]

X-ray absorption studies. Journal of Power Sources, 2000, 89(2):
232-236.

LOU X W, LI C M, ARCHER L A. Designed synthesis of coaxial
SnO,@carbon hollow spheres for highly reversible lithium storage.
Advanced Materials, 2009, 21(24): 2536-2539.

ZHANG Y L, LIU Y, LIU M L. Nano-structured columnar tin ox-
ide thin film electrode for lithium ion batteries. Chemistry of Mate-
rials, 2006, 18(19): 4643-4646.

WANG J H, LI B, WU H Y, et al. Synthesis of mesoporous SnO,
and its application in lithium ion battery. Acta Phys. -Chim. Sin.,
2008, 24(4): 681-685.

LIU B, CAO M H, ZHAO XY, et al. Facile synthesis of ultrafine car-
bon-coated SnO, nanoparticles for high-performance reversible lithium
storage. Journal of Power Sources, 2013, 243: 54-59.

ZHANG Y X, ZHANG X J. The influence of the template agent on
the order mesoporous carbon channel structure. Journal of Beijing
University of Chemical Technology(Natural Science), 2010, 37(5):
83-87.

LIZ P, ZHAO R H, GUO F, et al. Preparation and characterization
of ordered mesoporous alumina with high specific surface area
with F127 as template. Chemical Journal of Chinese Universities,
2008, 29(1): 13-17.

COURTNEY I A, MCKINNON W R, Dahn J R. On the aggrega-
tion of tin in SnO composite glasses caused by the reversible reac-
tion with lithium. Journal of the Electrochemical Society, 1999,

146(1): 59-68.



