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Supplementary method S1: calculation details for the separation of the
diffusion-controlled and capacitive-controlled charge contributions

The total current (or charge) of the electrode at a certain potential can be divided
into two parts, described as: i(V) = kiv'? + kov and i(V)VY2= k; + kv (Eq. 1), on
the base of the power law relationship of i = av? for solid-state diffusion-controlled
processes and i = av for non-diffusion limited (capacitive-controlled) processes. The
current values at a certain potential can be determined by the cyclic voltammograms
at various scan rates of 0.1-100 mV s*. By plotting curves of i(V)N'? vs. v'? (v
varies from 0.1 to 100 mV s™%), the values of k; (intercept) and k; (slop) at a certain
potential can be determined according to Eqg. 1. When the series k; and k, values at
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different potentials are quantified, the values of kyv™'“ and kyv at a fixed scan rate (v)

1/2

can be determined, thus the diffusion-controlled (k;v“) and capacitive-controlled (k,v)

currents are separated.
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Figure S1. TEM images for the PLTO nanofibers.
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Figure S2. XRD patterns for the PLTO and G-PLTO products.
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Figure S3. Raman spectrum for the G-PLTO composite aerogel.
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Figure S4. TG curve for the G-PLTO composite aerogel. The carbon content is

quantified to ~20% based on the TG measurements.
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Table S1.Comparisons of Ti-based, carbon-based and P-based anodes in sodium-ion batteries

Material name Safety Capacity Cycling Theoretical ~ Sources
(mAh g% durability investigation
LisTi4O1; good 175at 0.1C* 50 Yes Ref. 1
C-coated LiyTisO15 good 160 at 0.5C 50 No Ref. 2
Nano-LisTi,O1, good 150 at 0.1C none Yes Ref. 3
Porous LisTizO12 good 150 at0.1C 100 No Ref. 4
Na-Doped LisTisO1, good 160 at 0.1C 800 No Ref 5
LsT504,-TiO, good 148 at 1C 400 No Ref. 6
C-coated TiO, good 168 at 0.5C 100 No Ref. 7
Ti-based anodes NaTiO, good 150 at0.1C 50 Yes Ref. 8
Carbon/TiO, good 160at0.1C 100 No Ref. 9
Safety: good TiO,@C nanospheres good 139at0.3C 500 Yes Ref. 10
Capacity: Low TiO,/graphene good 170 at 1C 4300 Yes Ref. 11
Cyclability: good Sodium titanate-CNT good 100 at 1C 3500 No Ref. 12
NaTi,(PO,)s-graphene good 120 at 0.5C 1000 No Ref. 13
TiO,-B good 145 at 0.1C 75 No Ref. 14
C-coated TiO, nanotube good 170 at0.1C 70 No Ref.15
TiO,-coated NaTi(POy)s good 96 at 0.2C 10,000 No Ref. 16
G-PLTO composite good ~200 at 0.2C 12,000 Yes This
work
N-doped carbon fiber inferior 134 at 200 mA g™ 200 No Ref. 17
N-doped carbon sheets inferior 190 at 200 mA g™ 260 No Ref. 18
N-doped activated porous inferior 200 at 200 mAg* 100 No Ref. 19
carbon fiber
N/O-co-doped carbon inferior 100 at 100 mAg* 80 No Ref. 20
nanobubbles
Carbon nanosheet inferior 300 at 50 mA g™ 200 No Ref. 21
frameworks
Carbon-based Nanocellular carbon foam inferior 150 at 50 mA ¢! 200 No Ref. 22
anodes Sulfur-doped graphene inferior 280 at 50 mA g™ 100 No Ref. 23
Nitrogen-doped hollow inferior 220 at 100 mAg* 500 No Ref. 24
Safety: inferior carbon spheres
Capacity: medium Nitrogen-doped carbon inferior 280 at 50 mA g 200 No Ref. 25
Cyclability: medium nanofibers
Nitrogen-containing inferior 220at 70 mAg* 100 No Ref. 26
mesoporous carbons
Nitrogen-doped carbon inferior 210 at 100 mAg* 600 No Ref. 27
sheets
Expanded graphite inferior 91 at 200 mA g* 2000 No Ref. 28
N/S-codoped carbon inferior 280 at 30 mAg? 3400 Yes Ref. 29
microsphere
Red P-carbon medium 1890 at 143 mAg* 30 No Ref. 30
Amorphous P medium 1800 at 250 mA g™ 140 No Ref. 31
P-based anodes P-graphene medium 1700 at 520 mA g™ 60 No Ref. 32
Black P-graphite medium 1750 at 2.6 Ag™ 100 No Ref. 33
Safety: medium P nanoparticle-graphene  medium 2000 at 0.5 Ag* 150 No Ref. 34
Capacity: high Sn4P3s-C medium 850 at 50 mA g™ 150 No Ref. 35
Cyclability: inferior FeP medium 420 at 50 mAg* 40 No Ref. 36
SiP medium 1000 at 120 mAg* 35 No Ref. 37
Yolk—shell Sn,P;@C medium 650 at 200 mA g™ 400 No Ref. 38

81C=175mAg?
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Figure S5. Sodium storage performance of the PLTO electrode: (a) rate performance
at various C-rates, (b) cycling performance at 0.2 C after the rate performance test in a,

and (c) long-term cycling performance at 3 C for 500 cycles.
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Figure S6. Sodium storage performance of the GA (graphene aerogel) electrode: (a)
rate performance at various C-rates, (b) cycling performance at 3 C for 200 cycles (1

C=175mAg™).

The capacity of the G-PLTO composite aerogel is contributed by two
components: the graphene framework and the PLTO nanofibers, as described as:
C(G-PLTO composite aerogel) = 0.2*Cgraphene in the composite)y + 0.8*C(pLT0 in the composite) (ET. 2).
Assuming that the capacity values of the graphene framework in the G-PLTO
composite are the same as the graphene aerogel in Figure S6a, the capacity
contributions of the graphene framework in the composite at various C-rates can be
calculated by 0.2*Cgraphene in the composite), demonstrated by 30, 24, 22, 18, 15, 11.6, 7
and5mAhgtat0.2, 06,1.2 3, 6,12, 30, and 60 C, respectively (see Table S2). As
the capacity values of the G-PLTO composite have also been determined (Figure 4a),
the capacity contributions of the PLTO nanofibers can be quantified by 0.8*CpL1oin
the composite) = C(G-PLTO composite aerogel) — 0.2*C(graphene in the composite) according to Eq. 2, as
listed in Table S2. Based on the above analysis, the capacities delivered by the PLTO

nanofibers in the composite (that is, capacities calculated basing on the PLTO
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nanofibers) can be determined as CepL1o in the composit)y = [C(G-PLTO composite aerogel) —
0.2*Cgraphene in the composite)]/0.8, demonstrated by 212.5, 195, 153.75, 121.35, 81.25, 58,
41.25 and 37.5 mA h g* at 0.2, 0.6, 1.2, 3, 6, 12, 30, and 60 C, respectively.
Therefore, we can conclude that the capacity of the G-PLTO composite is mainly
contributed by the PLTO nanofibers with minor from the graphene frameworks.

Table S2. Capacity contributions from the graphene and PLTO components in the G-PLTO
composite aerogel (unit: MAhg™, 1C=175mA g™

Contribution\C-rate 0.2C 0.6C 1.2C 3C 6C 12C 30C 60C
C(G-PLTO composite acrogel) 200 180 145 115 80 58 40 35
Cgraphene in the composite) 150 120 110 90 75 58 35 25
0.2*Cgraphene in the composite) 30 24 22 18 15 11.6 7 5

C(PLTO in the composite) 212.5 195 153.75 121.25 81.25 58 41.25 37.5
0.8*CpL10 in the composite) 170 156 123 97 65 46.4 33 30
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Figure S7. EIS spectra for the G-PLTO and PLTO electrodes.
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Figure S8. In-situ EIS spectra for the G-PLTO electrodes during the initial

discharge-charge cycle at a current rate of 0.2 C.
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Figure S9. Structure stability of the G-PLTO electrode after 10,000
discharging-charging cycles: (a) TEM image, (b) HR-TEM image, (c) SAED pattern,

(d) STEM image and (e) the corresponding EDX spectra.
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