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Figure S1. XRD pattern of Se/C cathode part.
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Figure S2. TGA analysis of Se/C cathode part.

2NN —ZNNS — g N

2 layers 5 layers 10 layers

Figure S3. 3DPSe cathodes with 2 layers, 5 layers and 10 layers, corresponding with Se loading of 4 mg cm, 10 mg 2 and 20 mg

cm2,



Figure S4. Morphology characterization of 3DPSe cathodes after immersing in GP. Photograph of gel-polymer (a) and 3DPSe
cathodes with Se loading of 4 mg cm™2, 10 mg cm2 and 20 mg cm~2 immersed into gel-polymer (b). (c) SEM image of gel-polymer.
(d, e) and (f, g): cross-sectional and top view SEM images of 3DPSe-4 cathodes after being immersed in gel-polymer at different

magnification, respectively.

Figure S5. Photographs of gel-polymer electrolyte with a thickness of 164 um.
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Figure S6. Nyquist plot of GPE for calculating the ionic conductivity. The insert is a magnified Nyquist plot.

Figure S7. (a) 3D printing process of CNT and (b) digital image of printed CNT with one dense layer after printing. (c, d) SEM images
of CNT under different magnifications and the inserted image shows the PCNT freestanding structure, the inset demonstrates the

remarkable flexibility of the CNT interlayer. (e) Cross-sectional view.
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Figure S8. SEM images of Li metal anodes after 2 cycles at current density of 1 mA cm-2. (a, b) Bare Li anode. (c, d) Li/PCNT anode.

The amount of Li cycled was 1.0 mA h cm2.

Figure S9. SEM images of Li metal anodes after 117 cycles at a current density of 1 mA cm. (a-c) Bare Li anode. (d-f) Li/PCNT



anode. The amount of Li cycled was 1.0 mA h cm2. The inserted cross section image in (f) is Li foil before cycling.
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Figure S10. Charge and discharge curve of Li|GPE|3DPSe-4 at a current density of 1 mA cm2.

Figure S11. SEM images of BCSe-10 from top view (a) and cross-sectional view (b).
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Figure S12. The electrochemical impedance spectroscopy (EIS) of BCSe-x (a) and 3DPSe-x cathodes (b) with different Se loading

before cycling. (c, d) Relationship between Z’ and square root of frequency (w/2) in the low-frequency region.

Table S1. Kinetic parameters of BCSe-x cathodes and 3DPSe-x cathodes with different Se loadings.

Kinetic
R« (Q cm?) c Dy: (cm? s?)
parameters

3DPSe-4 29.7 291 4.24x1010
3DPSe-10 316 2.52 5.66x1010
3DPSe-20 313 235 6.51x1010
BCSe-4 199.2 19.18 9.77x1022
BCSe-10 259.2 51.06 1.38x10°2
BCSe-20 4003 58.7 1.04x102
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Figure S13. Charge and discharge curve of Li/CNT|GPE|3DPSe-10 at current density of 3 mA cm™.
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Figure S14. Electrochemical performance of Li/CNT|GPE|BCSe-10. (a) Cycling performance and (b) Charge and discharge curve

at current density of 3 mA cm2. Rate performance (c) and corresponding charge and discharge curve (d) at current density from

0.5 mA cm2to 20 mA cm2.
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Figure S15. Optical images of BCSe-10 cathodes before (a) and after 100t cycling (b) at current densities of 1 mA cm2, 3DPSe-10

cathodes after 100t cycle (c) with the inserted image of cross-sectional optical image, still maintain a stable structure.
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Figure S16. XRD data of 3DPSe-10 cathodes before (a) and after 100t cycling.
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Figure S17. Cycling performance of Li/CNT|GPE|3DSe-20 at current density of 1 mA cm2.
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Figure S18. XRD pattern of Se/C cathode part.
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Figure S19. Cycling performance of full cell of Li/CNT|GPE|3DPSe-x (x is 4). (a, c) Cycling performance of Li/CNT|GPE|3DPSe-4
at current densities of 1 mA cm2 and 3 mA cm2. (b) Galvanostatic discharge and charge curves of Li/CNT|GPE|3DPSe-4 at

current density of 1 mA cm™2.
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Figure S20. Cycling performance of full cell of Li/CNT|GPE|3DPSe-x (x is 10) at current densities of 3 mA cm™2



Table S2.

Performance comparisons with recent works at different Se loading cathodes in Li-Se batteries

Se
loadin Se Current Specific Areal
Host g content density Capacity capacity Year Journal
Ref.
(mg (%) (mA cm??) (mAh g1) (mA h cm?)
cm??)
640.8/539.8/ 12.82/10.8/
3DPSe- 0.5/1/2/3 | 508.6/477.8/ 10.2/9056/
20 48.2 2019 - -
20 /5/8/10 | 414.4/321.1/ | 8.3/6.42/5.
266.8 34
Se/ 0.41/0.81 525/ Adv.
0.63/0.55/0.
MCN- 1.2 62 /1.62/2.4 462/377/ 2015 Funct. 8]
45/0.33
RGO 3 /274 Mater.
0.675/1.3 Journal of
341/287/2652 | 0.682/0.574
Se@RGO 2 80 5/2.7/6.7 2015 Power 2]
50 /0.53/0.5
5 Sources
0.675/1.3 Angew.
Se/CMK- 335/238/198/ | 0.67/0.48/0.
2 49 5/2.7/6.7 2013 Chem. Int. i3]
3 152 396/0.3
5 Ed.
Se@flexi
ble
Adv.
porous
0.8 52.3 0.27 316 2013 Energy. 4]
carbonn 0.25
Mater.
anofiber
s
0.135/0.3 Adv.
Se-CDC ~450/420/380 | 0.45/0.42/0.
1 60 4/0.67/1. 2015 Energy. 5]
composit /350 38/0.35
35 Mater.
1.21/2.43 Journal of
MWCNT- ~680/580/500 | 2.45/2.09/1.
3.6 60.83 /4.86/9.7 2015 Power 6]
Se-S /358.2 8/1.29
2 Sources




0.67/1.26

Se/N- 560/520 /485 | 1.12/1.04/0. J. Mater.
2 50 /2 2015 71
MPCS /440 97/0.88 Chem. A
.52/6.35
Se/MMP 2.910. 507.2/460.9/4 | 1.52/0.92/0.
56 1/2/3 2015 Carbon 18]
Bc 2 21 84
G@Se/P Nano
3 66.18 0.41 567.1 1.7 2015 0]
ANI energy
2.64 Nano
Se-KB 5.9 62.4 0.6 447 2017 [10]
energy
ChemCom
Se 4 70 2.7 549 2.2 2015 [11]
m
C-Se
composit 0.72 59.5 0.36 525 0.38 2017 Carbon [12]
e
G- Scientific
2-3 80 0.17/8.43 514/241 1.285/0.6 2016 [13]
SeHMs report
Graphen ACS
0.95/3.78 | 558/436/192. | 0.89/0.7/0.3
eCNT@S 1.6 51 2016 energy [14]
/9.45 9 1
e letters
1.69/3.38
Se/LPC- 24+ ~490/430/375 | 1.23/1.08/0.
55.7 /5.06/6.7 2017 Carbon [15]
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6
Se/CMCs Journal of
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2 60 /6.75/13. 2017 (171
850 390 78 Material
5
Interface
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e
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ACS Appl.
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Se/Ti0O2
(with
0.216/0.5
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