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Abstract: As an important part of rechargeable sodium-ion batteries , electrode materials have a direct impact on the ener-
gy density of batteries. Binders tend to be added to stabilize the structure of the electrode during the fabrication of the elec-
trode materials, but the addition of binders will reduce the specific capacity and affect the rate of ion migration of electrode
materials. Here, binder-free titanium dioxide/titanium( TiO,/Ti) nanowire array electrodes are prepared by in-situ growth on
titanium foil/mesh by hydrothermal process. The effects of different titanium substrates and hydrothermal reaction tempera-
tures on the physical and electrochemical properties of TiO,/Ti nanowire array electrodes are investigated systematically. The
results show that different titanium substrates and hydrothermal reaction temperatures heavily affect the micromorphology and
electrochemical properties of the grown TiO, nanowires. Among them, the TiO, nanowires grown on titanium mesh (0. 15 mm)

by hydrothermal reaction at 220 C ( TiW-100-220 ) are

cobweb-like with a large specific surface area. Moreover, the

KR EHE . 2019-01-06 fEEBHI: 2019-06-09 TiO, nanowires grown on Ti mesh (0. 15 mm) at 220 C are
E&TE. HFEHEGERIIZE AR H (2016YFB0901501) ;  anatase, which have a lower activation energy than TiO,

E—1EE. W 18, L, 1965 4L, BIHER, Wit R,
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EEK B AR 224 VBT (51772030) ; [H% A AF nanowires with other crystal structures. The main sodium
S AT A AT H (U1564206) 5 b5t T RHE I storage process of Ti\}?lV-:lO}(l)QZlO is (t(l)ntrollf}eld by i)seujoca-

pacitance reaction, which has better electrochemical perform-
B (D151100003015001) ance. The discharge capacity and coulombic efficiency of TiW-
100-220 anode is 986 mAh g™' and 21.7% in the first cycle.
The discharge capacity of TiW-100-220 anode gradually stabi-
10.7502/]. issn. 1674-3962. 201901006 lizes at 240 mAh g~' from the second cycle. The discharge ca-
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pacity of TiW-100-220 anode is 228 mAh g after 200 cycles, and the coulombic efficiency is stable at about 99. 3%. Even
at a high current density of 3200 mA g™, the discharge capacity of TiW-100-220 anode can still reach 152 mAh g™'. The
binder-free electrode materials greatly increase the specific capacity of the electrode materials, which might be possible to of-

fer theoretical significance and reference value to design a high energy density battery in the future.
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B BRI SEIRTEAR R K SR T AE K TiOo, 49KE SEM JR - (a) TiB-220, (b)Tiw-220, (c¢)TiW-100-220, (d)TiW-100-200,
(e) Bk (0.435 mm) , (f)EKM(0.15 mm); 2K LA TiO, 4K R B (g)
Fig. 1 The SEM images of TiO, nanowires grown on titanium foil or titanium mesh substrate at different hydrothermal temperatures; (a) TiB-220,

(b) TiW-220, (c¢) TiW-100-220, (d) TiW-100-200, (e) titanium mesh (0.435 mm), (f) titanium mesh (0. 15 mm) ; Schematic illus-

tration of the growth process of titanium dioxide nanowires on titanium mesh ( g)
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XRD patterns of TiB-220, TiW-220, TiW-100-220 and TiW-

100-200 nanowire arrays
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Fig. 3 Raman spectra of TiW-100-220 and TiW-100-200 nanowire arrays (a); XPS spectra of TiW-100-200 (b) and TiW-100-220 (c)

nanowire arrays
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P4 TiW-100-220 #OREFES . (a~c) RIRBRAE ST B TEM 1
Jr, (d~f)EDS [
Fig. 4 TiW-100-220 nanowire array: (a~c) TEM images in different
magnifications, (d~f) EDS mapping
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BOE TR A OKR L S5 1A 15 T 020 T 1 ) 5 1 Y H
BHL, o bR 3 o 4 o 0k 22 18] ) L T 5 B 200 ] S
TiW-220 JAC L [ & B 0 206.8 mAh o', FEE LK N
98. 4%, TiW-100-220 1 ¥ J& il f L 758 4 2k 986 mAh ¢,
R 21. 7% N5 2 JEJT 4R, Tiw-100-220 Ji
M Lb 45 38 BT F2 F 7E 240 mAh g7 225 A5 200 JH S
TiW-100-220 FHL 248 500 228 mAh g ', JERSE N
99.3%., TiW-100-220 {575 FIE e PEAS 25 T HARRIR 1Y
TSGR, A AR LR A LU — T i = 2 Wk IR 25
P EARE R LR IR, BEA R Nafie A/t 1 i

Folte, e Na BB AR, FEARRONIIE fLRE,
BEEh I 2a s Heoh, SRR R =245 25, fiE
AR FL A2 0 3R O B vh AR AR B R BRI K, PR T
FORHIREYE , SRR R R A AR PR E T

1000
600 4 TiW-100-220
o TiW-220
600 = TiB-220

N
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S

Specific Capacity/mAh g
Coulombic Efficiency/%

N
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L L 1 0
0 50 100 150 200
Cycle Number

#5 TiB-220, TiW-220 1 TiW-100-220 £k £ (451 7E 100 mA g™
P 2 B A F Ak 2 IR PP R
Fig.5  Electrochemical cycling performance of TiB-220, TiW-220 and

TiW-100-220 nanowire arrays at the current density of 100 mA g

£ 1 TiB-220,TiW-220 0 TiW-100-220 #KZkBEFIFE 100 mA g 'FE
MEE THREAUEEREL

Table 1 Electrochemical cycling performance of TiB-220, TiW-220
and TiW-100-220 nanowire arrays at the current density
of 100 mA g!
The first Coulombic ~ Discharging ~ Coulombic
. discharging efficiency  capacity after  efficiency
Materials . .
capacity of the first 200 cycles after 200
/(mAh g™')  cycle /%  /(mAh g™')  cycles /%
TiB-220 449.5 19.9 148 98.9
TiW-220 686 18.7 206.8 98.4
TiW-100-220 986 21.7 228 99.3

3.2.2  FRE4AKHJR 220 CARMIBE TiO, 4 K & 6943 F ik
fanl i

& 6 & TiB-220, TiW-220 F1 TiW-100-220 [4 51 B
1£ 100, 200, 400, 800, 1600 #3200 mA g 'HLHEE T
ST AEER 20 JE A sE R th £k 1], TiB-220 £ bR AR L
TR A AER 20 FJE, LA RS2 150, 137,
117, 99, 84 M 70 mAh g, HHEFREEMKEF] 100 mA g
mf, FEARHKE M 146 mAh g, TiW-220 76 b 3R AR HE 7R
FRET A BIIEIR 20 JBS, WA RS20 209, 204, 200,
183, 167 #1145 mAh ¢', AL ALK E 2] 100 mA ¢ ' B,
e R AE 3 201 mAh g ', TiW-100-220 7E_ bR ] 37 %5
BT AER 20 S, LA 024900 234, 233, 219,
203, 178 F1 152 mAh g™, MHLRB MK F] 100 mA ¢ ',
WA RRE F] 243 mAh ¢! WTLIEH, TiW-220 A K 40
K G5 AN TiW-100-220 1)k ARG KL 451 B A T4
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fiRbERE, BIME7E3200 mA ¢ B KHLFEE T, Tiw-220
I TIW-100-220 F LLZS AT RE R IR0 BR 100 mA o' L %
FEF LR 69%F1 65% . MHLTLAEMKE 2] 100 mA ¢
B, EEARATRH LA R B3R R AE, TiwW-100-220 L4
B T, 0T ARt ik IR 400K 45 44 BB
PO N SE B FAE IS, BT A5 45 iE, Tiw-
220 1 TiW-100-220 HAT LS r9 AR bERE, [R5 2F K
HIRB RGOSR, TN Na' 3E 85 $ 005 2 2 10 14
A, JFRRIE R TR R SR, LR Tiw-
100-220 fY =4k ARG HY , BA T4 BRI v, fE
B RN HIE R L AR b e AR AR B Bk, I PR FE 41
BHastgaE, B kMBI o2,

Y
_ 800l s+ TiW-100-220
' e TiW-220
7
g 00 = TiB-220
5 600
S 500 b
% 100 mA g
O 400 200mAg”
© 400mA g \
5 300 800mA g 100 mA g’
g 1600 mA g™ iy
S e L
100 -
0

0 20 40 60 80 100 120 140
Cycle Number
6 TiB-220, TiW-220 Fil TiW-100-220 25K 2k B3 145 R fE

Fig. 6 Rate capabilities of TiB-220, TiW-220 and TiW-100-220
nanowire arrays
3.2.3  RE4RAK 220 CRBGRE TiO, 28 R 469 3R TR
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SR SR AN 7 Py R ARk i, L R AR
FAnA B AL T R R B B, R R AT R
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