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Table S1. The gradually increased Li capacity for nanomaterials.
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Table S2. The fluctuations in the cycling performance for porous carbon materials.
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Figure S1. TG curve of the magnesium oxysulfate whiskers in an oxygen flow. The weight loss at ~ 314
°C corresponds to the release of crystal water in SMg(OH),-MgS0O,4-:3H,0, and the weight loss at ~ 409
°C corresponds to the decomposition of Mg(OH),.
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Figure S2. XPS survey (a) and S 2p peak (b) of PG-1.
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Figure S3. Galvanostatic charge/discharge curves of the PG-1 electrode without pre-lithiation at the
current density of 50 mA g
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Figure S4. Cycling performance of a parallel sample of PG-1.
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Figure S5. Illustration showing the variation of physical parameters during lithiation for a closed single
nanopore (a), a semi-colosed single nanopore (b) and interconnected nanopores (c, d). In a, d and d  are
the interlayer spacings before and after lithiation. In b, @ and @ are the opening degrees of the entrance
before and after lithiation, ¢; and p; are the Li* concentration and the pressure in the nanopore, and ¢, and
po are the Li* concentration and the pressure in the bulk electrolyte (out of the nanopore). In ¢ and d, V'
and L represent volume and length, respectively.
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Discussion: The closed ball shown in Figure S5a is the simplest situation for a nanopore. In that case, the
interlayer placing between graphene layers will increased from d to d due to the intercalation of Li*.
Because the covalent bonds between C atoms are not destroyed during the lithiation, the diameter increase
of the outer walls will lead to an increase of the contractility and inner pressure. The variations of Li*
concentration and inner pressure are shown in Figure S5b. The openning degree of the entrance (®)
probably decreases after the lithiation because of the formation of SEI films and the expansion of the
nanopore. The pressure in the lithiated nanopore (p;) should be higher than that before lithiation (p;),
because of the increased tensile force of the pore wall and the decreased openning degree. Because of the



good adsorpbality of the nanopore, the Li* concentration in the nanopre (c;) should be larger than that in
the bulk eletrolyte (cy). After lithiation, ¢ ; is larger than ¢;, because of the Li" insertion. In the PG, almost
all nanopores are interconnected with each other. Therefore, the cases shown in Figure S5c and d are
closer to the actual situation. Obviosly, the pore volumes of the interconnected pores will increase after
lithiation, aroused by the streching of outer walls. Therefore, it is concluded that the volume and surface
area of the nanopore, the Li* concentration in the pore, and the the internal pressure will increase after the
lithiation.
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Figure S6. Rate capabilty of the PG-1 electrode at the current from 1 to 10 A g!.



Figure S7. Low (a), middle (b & c) and high magnification (d) TEM images of PG-2 after cycling tests.

Discussion: As shown in Figure S7a, the 3D fibrous structure of PG-2 has been well kept after cycling.
Blocking and reducing of the openings of nanopores due to the deposition of SEI films and the attachment
of binder, thus forming semi-closed nanopores, are observed in the material, as indicated by the arrows in
Figure S7b & c. Thick SEI films are observed on the surface of the porous graphene (Figure S7d).
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Figure S8. Cycling performances of PG-1 at different pressure: 2 (a), 4 (b), 6 (c), 8 (d) and 10 (e) MPa at
the current density of 1 A/g. (f) The standard deviation of the coulombic efficiency (CE) at different
pressures.
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Figure S9. (a) AC impedance curves and (b) charge-transfer resistances (R.;) of the PG-1 electrode
pressed at different pressures. The inset of b is the equivalent circuit for fitting of the impedance curves.
In the equivalent circuit, R, represents the total resistance of electrolyte, electrode, and separator. Ry and
CPE;, are the resistance and capacitance (expressed by a constant phase element) of the SEI films formed
on the electrode. R.; and CPE, represent the charge-transfer resistance and the double layer capacitance,
respectively, and Z,, is the Warburg impedance related to the diffusion of lithium ions into the bulk
electrode.

Discussion: The charge-transfer resistance (Rct) significantly increases at the pressure of 10 MPa,
indicating that the porous structure of PG-1 might be damaged.
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Figure S10. Cycling performance of the PG-1 electrode with different PVDF contents: lithiation-
delithitation capacities (a), CEs (b) and the standard deviations of CEs (c).

Reference

[1] Su Y, Liu Y, Liu P, Wu D, Zhuang X, Zhang F, et al. Compact Coupled Graphene and Porous Polyaryltriazine-
Derived Frameworks as High Performance Cathodes for Lithium-lon Batteries. Angewandte Chemie
International Edition 2015;54(6):1812-1816.

10



[2] Shin WH, Jeong HM, Kim BG, Kang JK, Choi JW. Nitrogen-Doped Multiwall Carbon Nanotubes for Lithium
Storage with Extremely High Capacity. Nano Lett 2012;12(5):2283-8.

[3] Fan Z, Yan J, Ning G, Wei T, Zhi L, Wei F. Porous graphene networks as high performance anode materials for
lithium ion batteries. Carbon 2013;60(0):558-561.

[4] Xin S, Gu L, Zhao N-H, Yin Y-X, Zhou L-J, Guo Y-G, et al. Smaller Sulfur Molecules Promise Better Lithium—Sulfur
Batteries. ] Am Chem Soc 2012;134(45):18510-18513.

[5] Liu N, Wu H, McDowell MT, Yao Y, Wang C, Cui Y. A yolk-shell design for stabilized and scalable li-ion battery
alloy anodes. Nano Lett 2012;12(6):3315-21.

[6] Tang K, White RJ, Mu X, Titirici M-M, van Aken PA, Maier J. Hollow Carbon Nanospheres with a High Rate
Capability for Lithium-Based Batteries. ChemSusChem 2012;5(2):400-403.

[7] Hassoun J, Bonaccorso F, Agostini M, Angelucci M, Betti MG, Cingolani R, et al. An advanced lithium-ion battery
based on a graphene anode and a lithium iron phosphate cathode. Nano Lett 2014;14(8):4901-6.

11



