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Amorphous SnO,-C Composite Fibers and Their Electrochemical Performance
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Abstract: SnO,-C composite fibers with excellent electrochemical performance were successfully synthesized by
using tin(I1)2-ethylhexanoate as starting material through electrospinning technique and subsequent calcination in
inert atmosphere. The experimental results of X-ray diffraction (XRD), Raman spectroscope, X-ray photoelectron
spectroscopy (XPS), thermogravimetric analysis (TGA), scanning electron microscope (SEM) and transmission
electron microscope (TEM) show that SnO,-C composite fibers with diameters of 100-300 nm have amorphous struc-
ture and carbon content of ~38%. The electrochemical test results show that SnO,-C composite fibers exhibit initial
discharge specific capacity, charge specific capacity and coulombic efficiency of 1370.1 mAh/g, 757.5 mAh/g and
55.28%, respectively, at current density of 50 mA/g. After 80 cycles at current density of 50 mA/g, the specific ca-
pacity of SnO,-C composite fibers remains at 611.6 mAh/g without apparent capacity reduction. Their high specific
capacity and excellent cyclic performance are attributed to their one dimensional (1D) structure with homogeneous
distribution of SnO,.

Key words: amorphous structure; tin dioxide; composite fibers; electrochemical performance

BT A R B, AR RIS LA R RE(3T2 mANYg), LA AR
WA, | NI T AT R AR S RS TR R . e R A e
S FEIRE. HATENE L A LA, IR R IORAOSE, e sno,

Wis HHA: 2014-12-23; WEIE AR B HA: 2015-4-15
ELWR bR 4 B0 [E 4hi7 2 3845 1181 Shanghai Young University Teachers Abroad for Further Studying
EZEN: M BL(1969-), 5, L, EI#UZ. E-mail: giilyang@163.com



862 TS| R =

%30 %

P SR A REEAT i A9 2 1 LE 4781 mAh/g),
R AR AT H AL T SO R (A
SnO, 1) MRS ZE, JF HAE TS i R b el A
AR IOR T AL F R AR AR Aot b, S EUL AR R
RN Ay TR SnO, AR PERE, 20 R ILA o)
R HELE . IEPERMRII R A, DA I AR
FHIME, FRER AR R R P AR AR O,

(f 7 i bERs, JF erE R Bea i R AR AN,

S FhARR AR SO, H A R SR AT,
— e R B AT 5 R A AU, AT
DARE JHORE 2 T B8 g, 9 L4 o B s 10 9 e
B A, BRI AR R SR T
i, WG L2 BRI A AR R L
REK ) 2 2R IR S5 M I R &S BRI i 4 e A4k
W) —H5 524 41 4 v DL i e 4 22 5 A X e O 4
J& SE A DT IR AR I R A WS, SRR AE R AR
BEAT BB ke i 41 271 Yang 25UV o) 58 T 475 1% (PAN)
1) H 55 FH BE i (DMF) RN 2- 2 CLRR 85 1) &
WLV, T T i v 2 22 3K T Bl v R (TR S A, AR
JE ¥ AT BN I AR e PE AU T RS 2] SnO-C &
He4E. BT PAN ANET 4B, 4 PAN (1) DMF %
TR 2- 23k CORR B 1) L B v 00 A i, afl AT i
RIS, SEGRISE Sn0,-C B A4 %
SRR R OB R . A A EE A PAN ]
DMF ¥, I 2- 5L R IE# . PAN Fll DMF
(P Lb, 3E ik i e gy 22 DL R B S 7 1 U B e
13BN G5 RN T SCER[T] 0 JC 8 B SnO,-C B4 47 4k

1 LWHZE

1.1 iRHER&

PRI AL R R #5059 2-4FE R4
0.6 g EHNMIEPAN 414 150000) A% 8 g
TOHSE L (DMF) R, ek K TR B RE, B R
A3 VG K N BN 10 mL. K H
24 0.8 mm IR, g iR, SRl
WA S Z IS R 12 cm, RN 12.5 KV,
T 2SI Rl 0.3 mL/h. ¥ 97 2243 3 (R 2T
e e AR THE AR 280°C AR 3 h BT R AL, ARG
TR/ A THE A 600°C R 2 h BEATRRAL, THE
RN 2 °C/min,
1.2 #RIRIE

i X ST 5% (XRD, D8 Advance)4y #7ist
FEI AR g b, 3 9 43 4 i S5 Sl BE (FESEM,
JEOL 7500FA) 3% & 1+ %W 7% Bi (TEM, JEOL

2011F) M EAFE O TE 30, SR 3% 5 i SR s
(TEM, JEOL 2011F)MC # (1) e 1A% (EDS) 73 Bl A (1)
221y 48 F AXIS UltraDLD X 52806 i T BE i
XA Senterra R200-L 72 Y il SR IAFE 1) X Sk
JGHL P RETE (XPS) Ailhy =2k (Raman) . 7E TGA-51 #4
FA T EEAT AR G 21T (TGA), I 4
FEl A %= i %2 600°C, FHfRHE =y 10 *Clmin, K5
1.3 HZFFRAE

¥ 85wWt%I[1] SnO,-C H A £F 4 F 15wit% (1) 5K
LI (PVDF)R A, W N-FF LI s 4 i (NMP),
T80 Bt B T BT B S R A o B B e 1 JRAR
P S R AE Cu SR, {2 N TR % 120C+
B 12 h LRI NMP. fER IR AN T4
4 CR2032 A Huit, 8 H M HLA# B 1 mol/L
LiPFe+EC+DMC(EC il DMC HAFIEL Ky 1:1). #E
CHIB60E H b2 TAE s FIaRE i (R B AR 22k
A 0.1 mV/s, F4EMH 0.01~3.00 V. H
Neware-BTS  F b I3 503 78 i e g, D0k
JE¥E 24 0.01~3.00 V.

2 HR5WR

Bl 1(a)~(c)/&if Hi Y 2243 22T 4E L HAT 600°C 4R
RGN IBEE 2 h PRI SEM R . B gy 2245 31
(R £T 4 H 454 100~300 nm, K JE ik )L E ek UL E,
76 600°C 4R/ FBEE 2 h)m, HAT4BIR B SHAAR,
HAWAEE W BN, K 1d)FE 1(e) 2Bk )m £F
ey TEM B, nTDLE HILLT4RRIESIR 2 S
SEM M gah —3, W L(e)fdlarfn, MBbe)a &r
YEMATITACRE R IR ECR, R B e 5 21 4 TG 52 B
giky. B 1T LAE H, RS A Re i B R
C. Sn. O #l Cu IYFfycz Mg, Hrh5 Cy Sn
O MK BT T Sn0,-C A er4el M 15
Cu A G 1T 5T W8 4 DR

Kl 2(a)#t SnO,-C A& £F4E() XRD i, nrLL
AW ST, R Sn0,-C BH 4R
HIERLH, 5 SAED 4588 8l
M IC e B IR 20 T 2 o N 2(0) T LA H, SnO,-C
A T I 806 Y T~1379 em™ (R Anfr
~1600 cm™ [FIJE EBALRK, A7 F~1379 em™ i
Xt N A7 SRR I (G V&), A7 F-~1600 em™ (1)) B Xt R
FIE TR (D 1) 280 Ak SnO,-C B & 474
H R T E B . TGA AT LUH T-40 7 SnO,-C &
B RS N 2(c) ) TGA & nl LLE H,
MZEHZE 350°C, Sn0,-C EA44iH AR LA HEE



55 8 34 W B, AF JOETE Sn0,-C B4 4 4 K AL A PR RET T

(e)

1 ﬂﬂ_nm

Intensity / (a.u.)

Energy / keV

1 Y5 R SEM FR A (a), 1BBE /R LT 4E MR A% SEM JEF (D)FI 15 SEM B A (C), 1BBe /R £F4EIA%A% TEM A (d)
FEfi TEM B (2 3L SAED K Z)(e) 3L EDS i)

Fig. 1 SEM image of electrospun fibers (a), low magnification (b) and high magnification (c) SEM images of calcined fibers, low

magnification (d) and high magnification () TEM images of calcined fibers (SAED patterns in inset) and correponding EDS pattern
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Fig. 2 (a) XRD patterns, (b) Raman spectrum and (c) TDA curve of SnO,-C composite fibers
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Fig. 3 (a) Cls, (b) Ols and (c) Sn3d3/2 XPS patterns of SnO,-C composite fibers
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Fig. 4 (a) CV curves, (b) charge-discharge voltage profiles, (c) cycle performance and (d) rate performance of SnO,-C composite
fibers electrode
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