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Experimental Section

Synthesis of polymer nanotubes (PNTs)

To a solution of divinyl benzene (3 g) and 4-vinylbenzylchlorid (1 g) in n-heptane
(100 g) was added boron trifluoride diethyl etherate complex (100 mg) at room
temperature. After reacting for 10 min by ultrasonic waves, a large quantity of
precipitation were produced. Then the reaction was terminated by dropping ethanol.
The white fibers were filtered and washed with ethanol, leading to the polymer
nanotubes (PNTs).

Synthesis of sulfonated polymer nanotubes (SPNTs)

0.2 g of PNTs were immersed in 30 mL of concentrated sulfuric acid and stirred at
50 °C for 12 h. The mixture was diluted by a large amount of deionized water, and the
sample was collected by suction filtration and washed with water and ethanol,
resulting in the sulfonated polymer nanotubes (SPNTs).

Characterization

Morphologies and structure features of the samples were studied by using field
emission scanning electron microscope (FESEM Hitachi S-4800), transmission
electron microscope (TEM Hitachi H-600) and high resolution transmission electron
microscope (HRTEM JEOL JEM-2010F). Phase composition of the samples was
characterized with X-ray diffraction (XRD, Bruker D8 advance with Cu Ka radiation).

Thermogravimetric analysis (TGA) was carried out with a Netzsch STA 449C at a
heating rate of 10°C min'! from 30 to 800°C in air. Nitrogen adsorption-desorption

isotherms were recorded by using an Autosorb-iQ Pressure Sorption Analyzer
(Quantachrome Instruments U. S.) at 77 K. The Brunauer-Emmett-Teller (BET)
method was utilized to calculate the specific surface areas. Pore size distributions

were calculated by the Density Functional Theory (DFT) method. The surface



characteristics of samples were detected by an X-ray photoelectron spectroscopy
(XPS, Thermo Scientific Escalab 250XI) with Al Ka radiation.
Electrochemical Characterization

2032 coin cells were used to measure electrochemical performances of the sample,
with Li/Na metal as the counter and reference electrodes. A slurry consisting of 70 wt%
active materials, 20 wt% carbon black and 10 wt% poly (vinylidene fluoride) binder
in N-methyl-2-pyrrolidone (NMP) was casted on a Cu foil, followed by drying at 110
°C over night in a vacuum oven. In an argon-filled glove box, celgard 2400 membrane
was used as the separator and LiPFs (1 M) in ethylene carbonate/diethyl
carbonate/dimethyl carbonate (1:1:1 vol) was employed as the electrolyte [sodium ion
batteries: with glass fiber as the separator and NaClO; (1 M) in ethylene
carbonate/dimethyl carbonate (1:1 vol) as the electrolyte]. Cyclic voltammograms
(CVs) were collected on an electrochemical workstation (CHI660D, Chenhua, China)
at a scan rate of 0.1 mV s’'. Galvanostatic charge-discharge tests were performed on a
Land (CT2001A China) between 0.01 and 3.00 V (versus Li*/Li, Na*/Na). Specific
capacities were calculated based on the total mass of the composite material. Full cell
for LFS, a slurry consisting of 80 wt% commercial LiFePO,, 10 wt% carbon black
and 10 wt% poly (vinylidene fluoride) binder in N-methyl-2-pyrrolidone (NMP) was
casted on a Al foil as the cathode. And the loading on the cathode was excess about
three times for anode loading. Before full cell test, the anode electrode was pre-
lithiation for three cycles in the half cell and disassembled in Ar glovebox. The LFS
was reassembled with the commercial LiFePO, to form a full cell. The full cell was
evaluated at the potential window of 0.5-3.6 V, and the specific capacity was

calculated on the anode material.



Fig. S1 SEM (a) and TEM (b) images of the carbon material obtained from SPNTs.
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Fig. S2 XPS spectra of LFS (a) and NFS (b).



Fig. S3 EDS mappings of the LFS.

Fig. S4 EDS mappings of the NFS.



Table S1 Cycling performances and capacities of the carbon materials and Li4Ti50,-
based electrodes reported in the open literature.

Typical materials Current Cycle Remaining Tested Ref.
densit}II numbers capalllcit}ll condition
: b o

N-doped porous 200
carbon

396.7 0.005-3

[\

Hierarchically 100 700 260.1 0.01-3 4
Porous Carbon

Hierarchical porous 200 --- 400 0.01-3 6
carbon microspheres

Porous carbon 200 - 400 0.01-3 8
spheres

Pollen derived 186 -— 350 0.01-3 10
carbon

CNT@Li4TisO; 200 200 322.5 0.01-3 12
nanocable
N-doped-C/ 100 - 400 0.01-3.0 14
LisTi50,,/Sn/TiO,

Li4Ti50;,/carbon 17.5 -—- 244 0.01-3 16
nanohybrid

LisTi50,,/Ti3C,Ty 100 --- 240 0.01-3 18
nanocomposite

LisTis FecOqs. 87.5 200 228.7 0-3 20

Li4Ti5012-Sl’l02 175 200 252.3 0-3 22
composites

o 0 30 awr oo



o

=

=
1

a

=

=

T
-

-

=

=
L}

Specific capacity / mAh g'l
=]

1 1 1 1 1 1
0 10 20 30 40 50
Cycle numbers

Fig. S5 Cycling stability of the full-cell with the cathodic LiFePO,4 and anodic LFS at
0.1 A g
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Fig. S6 Ex-situ XRD patterns of the NFS electrode at 0.01 V and 3 V during the

electrochemical processes.



Table S2 Cycling performances and capacities of the sodium titanate electrodes
reported in the open literature.

Typical Current Cycle Remaining Tested Ref.
materials density numbers capacity condition
(mA g) (mAh g V)
Na0.46Ti02 200 o 125 0.05-2.5 23
Na,Ti;0,@C 177 -—- 135 0.01-2.5 24
nanofibers
Ti3* doped 177 100 100 0.1-2.5 25
NazTi307
Na().23Ti02 100 --- 138 0.01-2.5 26
nanobelt/Ti;C,
MXene
composites
Sodium 200 200 110 0.01-2.5 27
titanate
nanotube
Na,Ti;0,@C 178 100 111.8 0.01-2.5 28
composite
Twine-like 177 100 129.6 0.01-2.5 29
Na,Ti305
NEFS 200 200 140.4 0.01-3
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