Tin-graphene tubes as anodes for lithium-ion batteries with high volumetric and
gravimetric energy densities
Mo et al.
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Supplementary Figure 1 a SEM image and f XRD pattern of Mg(OH), rods. Scale bars: a
20 um. b SEM image and g XRD pattern of MgO rods. Scale bars: b 20 um. ¢ SEM
image and h XRD pattern of MgO/N-doped graphene. Scale bars: ¢ 20 um. d SEM image
and i XRD pattern of MgO/N-doped graphene/MgO. Scale bars: d 20 um. e SEM image
and j XRD pattern of MgO/N-doped graphene/MgO/graphene. Scale bars: e 20 pum.



Supplementary Figure 2 EDS elemental maps of C and N. Scale bars: 5 um.
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Supplementary Figure 3 Raman spectrum of DGT, SnO,/DGT, and Sn/DGT.



Supplementary Figure 4 High-resolution TEM image of a Sn nanoparticle in Sn/DGT.

Scale bars: 2 nm.
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Supplementary Figure 5 XRD pattern of SnO,/DGT



Supplementary Figure 6 a SEM image of SnO,/DGT. Scale bars: a 5 um. b EDS elemental
maps of Sn, C, O and N. Scale bars: b 5 um. ¢,d TEM images of SnO,/DGT. Scale bars: ¢
500 nm, inset of ¢, 200 nm; d 50 nm.
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Supplementary Figure 7 a XRD pattern of Sn/DGT*.
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b Raman spectrum of Sn/DGT*.



Weight (%)

1 Sn Wt.%=64.1%

1 —Sn/DGT*

60

200 400 600 800
Temperature (°C)

Supplementary Figure 8 TGA of Sn/DGT*.



Supplementary Figure 9 TEM images of Sn/hydrophobic graphene tubes. Scale bars: a 500

nm; b 100 nm.



Supplementary Figure 10 a,b TEM images of the commercial Sn particles used. Scale bars:
a 0.5 um; b 200 nm.



Supplementary Figure 11 TEM images of Sn/C composite. Scale bars: a 0.5 pm; b 200 nm;
¢ 100 nm; d 2 nm.
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Supplementary Figure 12 XRD patterns of the commercial Sn particles and Sn/C

composite.
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Supplementary Figure 13 Impedance spectra of Sn/DGT, Sn/C and Sn electrodes.
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Supplementary Figure 14 An equivalent circuit proposed for the impedance behavior of the

electrode.
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Supplementary Figure 15 The capacity of the Sn/DGT electrode fabricated without carbon
black at different current densities.
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Supplementary Figure 16 The capacity of the DGT electrode at different current densities.
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Supplementary Figure 17 The cycling stability and morphological change of Sn/DGT after
500 cycles. a Cycling stability of the Sn/DGT electrode at current density of 5 A g™ for 500
cycles. b,c TEM images of the Sn/DGT electrode after 500 cycles at 5 A g™*. Scale bars: b 1
um; ¢ 200 nm.
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Supplementary Figure 18 A schematic of the in situ TEM device for observing the
lithiation-delithiation process of Sn/DGT.
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Supplementary Figure 19 a Areal capacity and cycling performance of the Sn/DGT
electrode at a current density of 2 A g™* for 200 cycles under different mass loadings (2, 4, and
6 mg cm?). b Nyquist plots of the Sn/DGT electrodes under different mass loadings (2, 4,

and 6 mg cm™).
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Supplementary Figure 20 The volumetric capacity of Sn/DGT electrode (active material

only) at different current densities.
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Supplementary Figure 21 Cycling performance of the Sn/DGT electrode.



Supplementary Figure 22 Electrode thickness change before and after lithiation. a, c, e
Cross-sectional view of the Sn/DGT electrodes with mass loading of 2, 4 and 6 mg cm™
before and b, d, f after lithiation, respectively. Scale bars: a 10 um; b 10 pm; ¢ 15 um; d 15
um; e 20 pm; f 20 um.
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Supplementary Figure 23 a The electrode thickness of a NCM622//Sn/DGT and
NCM622//Graphite full cell. b The volumetric energy density of a NCM622//Sn/DGT and a
NCM622//Graphite full cell. The thickness of one-side coating on the current collector is 20
um and 47.5 um for the cathodes and anodes, respectively. We also assume that the
electrolytes were absorbed within the electrodes and the separator without occupying an extra
space. The volumetric energy density is estimated using a 3.7 V and 3.6 V for the
NCM622//Graphite and NCM622//Sn/DGT cell, respectively.



Supplementary Table 1 Parameters used for the calculation based on the equivalent circuit.

Rs (Q) Rf (Q) Rct(Q)
Sn 9 171 72
Sn/C 6 112 46

Sn/DGT 2 56 22




Supplementary Table 2 A comparison of the electrochemical performance representative

Sn/carbon composites.

Materials Sn content Capacity Current density Cycles Voltage range Ref
(wt. %) (MAhg?) (Ag? V)
Graphene/Sn-nanopi 70 608 0.1 30 0.002-3.0 [1]
llar 408 5.0
GNS-Sn@CNT 34 982 0.1 100 0.005-3.0 [2]
composite 594 5.0 100
Sn/C composite 58 722 0.2 200 0.001-2.0 [3]
480 5.0
Sn@G-PGNWs 47 1089 0.2 100 0.005-3.0 [4]
composite 270 10
TiO,-Sn/C 25 450 0.335 160 0.01-3.0 [5]
core-shell nanowires 150 3.35 100
Hierarchical Sn/C 53 626 0.6 200 0.05-3.0 [6]
composite 342 6.0
Sn/NC composite 42 630 0.2 400 0.01-3.0 [7]
241 5.0
F-G/Sn@C 57 645 0.1 100 0.01-2.0 [8]
composite 506 0.4 500
Sn@ aCNT 67 749 0.2 100 0.01-2.0 [9]
composite 377 5.0
Yolk-Shell Sn@C 70 810 0.2 500 0.005-3.0 [10]
nanobox 350 4.0
Pipe-Wire 41 882 0.1 200 0.01-3.0 [11]
TiO,-SN@CNFs 280 1.0
918 0.2 500 0.01-2.5
Sn/DGT 1 546 5.0 500 00125 | Our
402 20.0 0.01-2.5 work




Supplementary Table 3 Comparison of volumetric capacity of Sn/DGT with the commercial

graphite, reported representative LisTisO1,, Sn-based, Si-based anodes in LIBs.

Materials Density of Volumetric Density of | Volumetric Density of Volumetric Current Mass Voltage Ref
active capacity based electrode capacity electrode capacity based density loading range (V)
materials on active (gem™®) | basedonthe | (lithiated)( | ontheelectrode | (Agl) | (mgcm?)
(gem™) material electrode gcm®) (lithiated)
(mAhg? (mAhg? (mAhg?
Commercial 13 526 N/A N/A N/A N/A 0.186 NA 0.01-1.5 [12]
graphite
C-Li4TisO12 11 195 N/A N/A N/A N/A 0.175 NA 1.0-3.0 [13]
composite
N-doped 11 1052 N/A N/A N/A N/A 0.036 2.75 0.01-3.0 [14]
graphene
Sn/C 1.92 1700 N/A N/A N/A N/A 0.45 NA 0.01-3.0 [15]
PVP-Sn@ 2.16 1375 N/A N/A N/A N/A 0.10 NA 0.01-3.0 [16]
TisC,
SnO,@C 0.24 231 N/A N/A N/A N/A 0.84 NA 0.005-3.0 [17]
composite
SnS,@reduc 1.926 1087 N/A N/A N/A N/A 0.239 2.29 0.01-3.0 [18]
ed graphene
Si-C granule 0.49 779 N/A N/A N/A N/A 2.0 NA 0.05-3.0 [19]
Si NP-PANi 0.899 1078 0.899 1078 N/A N/A 1.0 0.3 0.01-1 [20]
3DSi 0.167 429 0.167 429 N/A N/A 0.30 NA 0.01-1.5 [21]
membrane
nC-SiMP N/A N/A 0.55 665 N/A N/A 0.5 0.5 0.01-1.0 [22]
Si NW 0.233 116.5 0.233 116.5 N/A N/A 0.179 NA 0.01-1.0 [23]
2532 1.25 1146 1.05 963 2
(lithiated) (lithiated) This
Sn/DGT 2.76 2512 1.33 1210 1.14 1037 0.20 4 0.01-2.5 work




(lithiated) (lithiated)
2484 133 1197 113 1017
(lithiated) (lithiated)
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