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XRD Analyses and Mass Loading of the Electrodes

Figure S1 XRD diffraction patterns and TG-DTA curves of carbon nanotube fabrics 
(CNFs) ((a) and (b)), NaTi2(PO4)3/CNFs ((c) and (d)) and Na3V2(PO4)3/CNFs ((e) and 

(f)). The CNFs were washed by concentrated hydrochloric acid and mixture of 
ethanol/water 1:1 (vol./vol.). The temperature range of TGA measurements is 30 to 

700 °C with a heating rate of 2 °C min-1 in O2 atmosphere. The color of the TGA residue 
of CNFs is red, suggesting that it is Fe2O3.
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The X-ray diffraction (XRD) pattern of pretreated carbon nanotube fabrics (CNFs) 

(Figure S1a) shows four characteristic peaks of carbon nanotubes (CNTs), as consistent 

with literatures.[S1,S2] The XRD patterns of NaTi2(PO4)3/CNFs (NTP/CNFs) and 

Na3V2(PO4)3/CNFs (NVP/CNFs) are displayed in Figure S1c and e. Both electrodes 

adopted a rhombohedral structure with a space group of . The diffraction peaks at 26° 𝑅3̅𝑐

and 44° that arises from CNFs. No impurity was detected by XRD. This result confirms 

that phase pure electrodes are obtained and the presence of carbon nanotubes did not affect 

the chemical composition of NTP and NVP during the preparation process. 

The mass loading of the electrodes can be quantified by comparing the mass differences 

between CNFs and electrodes before and after syntheses, or by thermogravimetric analysis 

(TGA) to eliminate the presence of amorphous and graphitized carbon under oxygen flow 

at about 625 °C. Both methods were applied to calculate the mass loading of the electrodes. 

According to the weight differences, the calculated CNFs contents are 20.3 and 22.5 wt% 

in NTP/CNFs and NVP/CNFs, respectively. In such way, the amorphous carbon introduced 

by the carbonization of oxalic acid are counted as active materials. The mass percentages 

of active materials (79.7 wt% for NTP and 77.5 wt% for NVP) on CNFs are thus higher 

than their actual values. 

According to the TGA results, 23.5 and 27.4 wt% carbon are removed respectively 

from NTP/CNFs and NVP/CNFs electrodes, as shown in Figure S1d and f. Since the NTP 

and NVP materials have negligible mass changes during TGA measurement in the 

temperature range of 30 to 700 °C,[S3,S4] the remaining specimens are mixture of NTP or 

NVP with tiny amount of Fe2O3 that introduced by the Fe catalyst impurity in CNFs. The 

amount of Fe impurity in electrodes, according to the TGA results of CNFs in Figure S1b, 
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is roughly 0.8 wt%. Hence, the active material mass loading values of 75.7 wt% for 

NTP/CNFs and 71.8 wt% for NVP/CNFs are their actual values. On the basis of the TGA 

result and the total mass of both electrodes, high active loadings of 8.02 and 7.63 mg cm-2 

for NTP/CNFs and NVP/CNFs, respectively, have been achieved. Furthermore, the mass 

loading of electrodes can be easily controlled by adjusting the ratio of liquid precursor to 

CNFs surface ratio in the coating process.
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Raman Characterization

Figure S2 Raman spectra of carbon nanotube fabrics (CNFs), NaTi2(PO4)3/CNFs and 
Na3V2(PO4)3/CNFs. Raman spectra were recorded with an excitation wavelength of 532 

nm and long working distance 50  objective lens.×

The structural features of the CNFs, NTP/CNFs and NVP/CNFs were further studied 

by Raman spectroscopy as the results are shown in Figure S2. Three distinguishable 

Raman bands at 1580 (G band) with a shoulder around 1605 cm-1, 1349 (D band) and 2690 

cm-1 (2D band) are observed for pristine CNFs, which originate from the Raman-active, 

in-plane atomic displacement E2g mode, disorder-induced features of the CNTs and the 

overtone of D band.[S5] When comparing the Raman spectra of all three samples, the 

similar high intensity G band suggesting the presence of highly graphitized carbon which 

kept stable after active material decorations. The appearance of the D band at the same 

wavenumber for all samples indicates the existence of defects sp³ carbon. Both of the 

carbon phases could help overcome the intrinsic poor electronic conductivity of phosphate 

electrode materials and improve the binding properties between the particles of active 
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material and CNFs.[S3,S4,S6,S7] Recognizable differences between pristine CNFs and the 

self-standing electrodes are the presence of P-O Raman vibrations about 1010 and 

1070 cm-1 in both electrodes. It is also worth noting that the position of the G band is shifted 

to lower wavenumbers in both electrodes owing to the increased bond length of the graphite 

carbon, which arising from the embedded active materials since the G-band is quite 

sensitive to doping and minor strains.[S8,S9] Moreover, the D band’s relative intensity 

(referred to the intensity of G band) of CNFs, NTP/CNFs and NVP/CNFs is 31.2%, 44.5% 

and 49.8%, respectively. The differences are a consequence of the carbonization of oxalic 

acid during annealing step in the synthesis process, which are consistent with the TGA data 

shown in Figure S1.



S6

Figure S3 SEM image of field view and EDX element maps of Na3V2(PO4)3/CNFs. The 
element characteristics for the Na3V2(PO4)3 (Na, V, P, O) are distributed over the 

complete focused area, indicating the presence of small Na3V2(PO4)3 particles in the bulk 
CNFs.
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Figure S4 Cyclic voltammetry profiles of pretreated carbon nanotube fabrics (CNFs) (a), 
NaTi2(PO4)3/CNFs and Na3V2(PO4)3/CNFs versus metallic sodium respectively at 25 °C 

(b).
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Figure S5 (a) Cyclic voltammetry curves of the NaTi2(PO4)3/CNFs||Na3V2(PO4)3/CNFs 
full cell measured with different scan rates from 0.5 to 10 mV s–1 at 25 °C. (b) Peak 

current as a function of scan rate, ν, and (c) peak current as a function of root square of 
scan rate, v1/2, of NaTi2(PO4)3/CNFs||Na3V2(PO4)3/CNFs full cell.
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Table S1. Comparison of mass loading and electrochemical performance of different kinds 
of flexible electrode materials for sodium-ion batteries.

CC = carbon cloth; C = carbon; rGO = reduced graphene oxide; G = graphene film; CNFs 
= carbon nanotube fabrics

Samples
Mass 

loading 
(mg cm-2)

Current 
density

Cycle 
number

Initial 
capacity 

(mAh g-1)

Capacity 
retention

Counter 
electrode Ref.

Bi-CC 1.2
0.05A g-1

0.2A g-1

300
300

375.5
239.26

93.2%
74.0%

metallic 
sodium [S10]

Sb2O3/CC 1.5
1A g-1

5A g-1

350
350

476.9
350.0

99.6%
>95.0%

metallic 
sodium

Sb2S3/CC 1.0
2A g-1

10A g-1

400
400

697.8
530.0

93.0%
88.3%

metallic 
sodium

[S11]

NiCo2O4/CC 1.3-1.5 0.05A g-1 50 669 81.0% metallic 
sodium [S12]

MoS2/N-Doped 
CC 0.5 1A g-1 1000 352.0 75.3% metallic 

sodium [S13]

MoS2-TiO2-CC 3.0 0.5A g-1 200 227.5 69.0% metallic 
sodium [S14]

FeFe(CN)6/CC - 1C 1200 ≈49.3 81.2% metallic 
sodium [S15]

Na2Ti3O7 
nanoarrays on 
Ti substrates

- 35C 10000 65 ≈86.7% metallic 
sodium [S16]

Na2/3Fe1/2Mn1/2
O2/G

- 0.1C 140 95 63.2% metallic 
sodium [S17]

SnO2/CC 0.9 0.1C 100 468.8 80.0% metallic 
sodium [S18]

5C
10C

400
400

97.6
89.7

96.1%
89.6%

metallic 
sodiumNa3V2(PO4)3/C/r

GO ≈0.64
3C 200 55.2 86.6% Na3V2(PO4)3/

C/rGO

[S19]

20C
50C

2000
2000

101.9
95.0

82.0%
78.4%

metallic 
sodiumNa3V2(PO4)3/C/

CC 3.5
1C
5C

100
500

≈110
≈100

89.2%
67.3%

NaTi2(PO4)3@
C

[S20]

Na2/3[Ni1/3Mn2/3]
O2/rGO 5-6 1C 200 ≈85 >95.0% metallic 

sodium [S21]

Na2FeP2O7/CC 1-1.5 10C 2000 67.5 83.0% metallic 
sodium [S22]

NaTi2(PO4)3/CN
Fs 8.02 1C 700 131.3 96.3%

1C 700 115.2 89.7%

metallic 
sodium

Na3V2(PO4)3/C
NFs 7.63 1C

20C
1000
4000

125.1
119.5

91.0%
74.5%

NaTi2(PO4)3/C
NFs

This 
work
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Figure S6 XRD patterns of the NaTi2(PO4)3/CNFs (a) and Na3V2(PO4)3/CNFs (b) 
electrodes after 4000 cycles. The electrodes were cleaned with a mixture of EC/PC (1:1 
vol./vol.) and their surface layers which were facing the electrolyte are peeled off before 

XRD measurement.
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Figure S7 TEM images of the NaTi2(PO4)3/CNFs ((a)~(c)) and Na3V2(PO4)3/CNFs 
((d)~(f)) electrodes after 4000 cycles. 
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Figure S8 23Na static NMR spectra of 1M NaPF6 in EC/PC, Na3V2(PO4)3/CNFs and 
NaTi2(PO4)3/CNFs electrodes.
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Figure S9 Ragone plots showing the performance of the batteries prepared in this work 
and conventional lithium-ion batteries and capacitors on device-level. The shaded curves 
in (a) and the performance targets for hybrid-electric (HEVs) and plug-in hybrid-electric 

vehicles (PHEVs) were estimated from Ref. [S23]. The shaded curves in (b) and the 
performance of high-power commercial A123 battery were estimated from Ref. [S24].

For the sodium-ion cells presented in this work, the weight (or volume) for the 
calculation of energy and power densities including the mass (or volume) of two 

electrodes, electrolyte and separator.
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