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Fig. 1 The classification of one-dimensional nanostructures
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Tab. 1 The new advance on nanowires for sodium storage

Electrochemical performance
Size (current density/mA-g?,

Material Synthesis method Morphology (nm) Application cycle numbers , specific Ref
capacity/mAh-g™)
. In Situ
H,V;04 hydrothermal method nanowire . L. 11
investigation
Na,Ti,05 coated . Anode for
with VS, hydrothermal method ~ nanowire arrays  ~100 SIBs 1C, 100, 203 13
microemulsion-
EZ%’;O?}E?) o mediated nanowire ~50 Sﬁ:’de for 20C, 1000, 95 14
STEAT R hydrothermal method
WS, solvothermal method nanowire ~25 Anode for SIBs 1000, 1400, 330 15
ic acid-assi 1 hode
K,V(PO,),/C organic acid-assisted bund e.d 150~500 Cathode for 100, 100, 118.2 16
method nanowire SIBs
topotactic intercalation . . Cathode for
Na,,5V;04 method Zigzag nanowire 200 SIBs 1000, 1000, 92 17
Na;V5(PO,)s selfsacrificed method S0 "anofiber oy 5 Cathode for 10C, 1000, 64.8 18
network SIBs
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Fig. 2 Schematic illustration for the fabrication process and
proposed formation mechanism of the K;V,(PO,)y/C

bundled nanowires!'®
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Fig. 3 A.The Cycling performance of the K;V,(PO,);/C bun-

bundled nanowires and blocks at current density of
100 mA - g'; B. Rate performance of the K;V,(PO,),/
C bundled nanowires and blocks; C. Long-life cy-
cling performanceof the K;V,(PO,)s/C bundled nano-
wires at 1000 and 2000 mA - g [
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Fig. 4 The structure-performance relationship of the
K;V,(PO,)y/C bundled nanowires with stable frame-
work, fast Na* diffusion, and high electronic conduc-

tivity!®
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Fig. 5 Fig. 5 Morphologies of the Na, »5V;0; (NVO) synthesized with different amounts of CTAB, namely, 0 g (NVO), 0.05 g
(NVO-C1), 0.1 g (NVO-C2) and 0.2 g (NVO-C3). TEM images of simple NVO (A), NVO-C1 (B), NVO-C2 (C) and
NVO-C3 (D). The insets in (A-D) show the morphologies in different scales (scale bars for the inset in (A): 200 nm; the
insets in (B-D): 1 mm). HRTEM images of simple NVO (E), NVO-C1 (F), NVO-C2 (G) and NVO-C3 (H), and the corre-

sponding SAED patterns are shown in the insets of (E-H) with the zone axis indicated!"”
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Fig. 6 Electrochemical performances of NVO-C1, NVO-C2,
NVO-C3 and simple NVO as the cathode in sodium
ion batteries. A. Galvanostatic charge-discharge curves
of different samples at a current density of 100 mA - g™
B. Rate performance at various current rates from
100 mA - g' to 2000 mA - g"; C. Charge-discharge cy-
cling test of the NVO-C2 nanowire cathode at high
current densities of 1000 mA - g for 1000 cycles!"”
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Fig. 9 A. Cycling performance of the NVP-F and NVP-M at

10 C; B. Rate capability of the NVP-F and NVP-M
electrodes from 1 C to 100 C; C. The Cycling perfor-
mance and its corresponding Coulombic efficiency
of NVP-F as full cell cathode "%
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Tab. 2 The new advance on nanobelts for sodium storage
Electrochemical performance
Material Synthesis method Morpholo Size Application (current density/mA.- g, Ref
yn TPIOToEY (nm) PP cycle numbers, specific
capacity/mAh-g")

#-MoO, In situ hydrothermal nanobelt 55 I.n sztu. . i )1
method investigation

Na,,V;0,, Hydrothermal method nanobelt 50-150 Cathode for SIBs 50, 190, 82 22
Mi S

m-ZnV,0, icrowave irradiation nanobelt 60 Anode for SIBs 10, 100, 246.9 23
method

Fe-VO, Hydrothermal method nanobelt ~10 Cathode for SIBs 100, 50, 147 24

HORFFRN 95.9%. 1M [R]AE I AE 44 B 72 v it TR A%
IR AE (T RIFR NVP-M), HZ&EREHR N
64.8% (& 9A). FEA R AEREML 1 7E 1.5.10 A1 50
CHUIREET /5 BA mik 113,110,108 102 Al
98 mAh-g! AT AL I 75 1 (8] 9B). 7E 100 C A9 K HL
WHET A EA 94mAh-g', 2108 | C I HE T

FARAY 83%. ML E RN 1 CIF, HAE

{50 113 mAh-g!, 2 RBHE A EE ) 95.7%. AN
I B =4 Na,V,(PO,), 94K 45 4 Fil NaTiy(PO,); 4
BN B A, A R R N T A

A 5
::-:1 ‘ ;:::; ‘ el ‘;“ o =
v ** dissolution ot <
"‘fﬁf}? & —> *% . ? ‘:"/‘\
\ i

o Fe¥* ‘ VO, octahedron

/.\/k acetylacetone (acac)

JEBLHAL SR R E M. 7 5 C MRS R TN b
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YK ET YA T RORIE R A Z R IR SIAR B 13
BUE T8, 2 0 L L S 0 5 A S
PRI 17T 28 30 10 S5 1) L A2 1 i
2 K
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SRR (%) 85 K R SO T 4 )0z A 9T RN N . Nie 55
NS S A 2 A B TiO, 4 KA | %o HL i 44

iron pre-in d ultrathin belt:

ter

E 10 A. Fe-VO, # 3% 4% K5 1Y 45 i 278 2 & (B, C) VO, 45 K4 1Y 1% X i 7 fiT 5 Al TEM B8 B (D, E) Fe-VO, # 7 44 >k

Y I X H 77 5 R TEML BE 524

Fig. 10 A. Schematic formation process of the iron preintercalated vanadium oxide xerogel ultrathin nanobelts; B. SAED pattern
of the VO, nanobelt, selected region in C; C. Side-view HRTEM of a curled VO, nanobelt edge; D. SAED pattern of
Fe-VO, nanobelt, selected region in E; E. Side-view HRTEM of a curled Fe-VO, nanobelt edge
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Fig. 11 A. Rate performance of Fe-VO, and VO,; B. Cycling
performance of the Fe-VO, and VO, at a current
density of 0.1 A -g";C-D. Schematic illustration of

the layered vanadium oxide xerogel structure!
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Tab. 3 The new advance on nanotubes for sodium storage

Electrochemical performance

Size (current density/(mA-g™),

Material Synthesis method Morphology (nm) Application eycle numbers  specific Ref
capacity/(mAh-g"))
MoS,@C hydrothermal method  nanotube 500  Anode for SIBs 0.5 C, 200, 480 28
NaHT1;0, hydrothermal method  nanotube 10 Anode for SIBs 100, 100, 76.3 29
_Sruigl:r-d()ped anodization method nanotube arrays 80 Anode for SIBs 5C, 2500, 167 30
NagFeoMng:0,  electrospinning mesoporous 200  Cathode for SIBs 100, 1000, 97 31

nanotubes
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Fig. 12 Schematics of the preparation process of mesoporo-

us nanotubes by gradient electrospinning and con-

trolled pyrolysis method®"
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Fig. 13 A. TEM image of Na,,Fe,;Mn,;0, mesoporous nanotubes; B. Charge-discharge curves of Na,;Fe,;Mn,;0, measured at

100, 200, 300 and 500 mA - g, respectively. The inset is the CV collected at a scan rate of 5 mV -s” in the potential range

3.0 ~ 4.5 V; C. Cycling performance of Na,;Fe,;Mn,;0, mesoporous nanotubes tested at 100 mA -g'; D. Long-life cy-

cling performance of Na,,Fe,,Mn,;0, mesoporous nanotubes at 500 mA - g'; E. Schematic representation of the sodiation

and desodiation processes of mesoporous nanotubes®!
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Fig. 14 Schematics of the preparation process of pea-like

nanotubes by gradient electrospinning and con-

trolled pyrolysis method®"
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Construction and Sodium Storage Performance of
Complex One-Dimensional Nanomaterials

ZHANG Yuan-jie, LI Wei, WANG Xuan-peng, NIU Chao-jiang, MAI Li-giang’
(State Key Laboratory of Advanced Technology for Materials Synthesis and Processing,
Wuhan University of Technology, Hubei Wuhan 430070, China)

Abstract: One-dimensional nanomaterials have been widely studied in energy storage and conversion fields because of their u-
nique structure and physicochemical properties. Sodium-ion batteries are highly promising and attractive for large-scale energy stor-
age due to the truly abundant sodium resources and low cost. With the growing demand of energy and deepening of research, the
evolution of structures and properties of one-dimensional nanomaterials are also experiencing from simplicity to complexity and
from ordinary to excellence. Therefore, constructing complex superior one-dimensional nanomaterials has become one of the
hotspot in energy storage. Based on the new advance in this field and Mai group's work, this review focuses on the construction
mechanism and sodium storage performance of complex one-dimensional nanomaterials. These nanomaterials include bundled
nanowires, hierarchical zigzag nanowires, mesoporous nanotubes, pea-like nanotubes and ion pre-intercalated nanobelts, which are
constructed by organic acid-assisted method, hydrothermal method and electrospinning method, etc. Meanwhile, the relationships
between structure and sodium storage performance of complex one-dimensional nanomaterials are also discussed. The above men-

tioned progresses provide important guidance and assistance for the further development of one-dimensional nanomaterials.

Key words: one-dimensional nanomaterial; complex structure; construction mechanism; sodium storage performance
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