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Figure S1. XRD pattern of Se/C cathode part.

Figure S2. TGA analysis of Se/C cathode part.

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

cm-2.



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 cm-2 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 μm.



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.



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 cm-2.

Figure S9. SEM images of Li metal anodes after 117 cycles at a current density of 1 mA cm-2. (a-c) Bare Li anode. (d-f) Li/PCNT 



anode. The amount of Li cycled was 1.0 mA h cm-2. The inserted cross section image in (f) is Li foil before cycling.

Figure S10. Charge and discharge curve of Li|GPE|3DPSe-4 at a current density of 1 mA cm-2.

Figure S11. SEM images of BCSe-10 from top view (a) and cross-sectional view (b).



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 (ω-1/2) in the low-frequency region.

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

Kinetic

parameters
Rct (Ω cm-2) σ DLi+ (cm2 s-1)

3DPSe-4 29.7 2.91 4.24×10-10

3DPSe-10 31.6 2.52 5.66×10-10

3DPSe-20 31.3 2.35 6.51×10-10

BCSe-4 199.2 19.18 9.77×10-12

BCSe-10 259.2 51.06 1.38×10-12

BCSe-20 400.3 58.7 1.04×10-12



Figure S13. Charge and discharge curve of Li/CNT|GPE|3DPSe-10 at current density of 3 mA cm-2.

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 cm-2. Rate performance (c) and corresponding charge and discharge curve (d) at current density from 

0.5 mA cm-2 to 20 mA cm-2. 



Figure S15. Optical images of BCSe-10 cathodes before (a) and after 100th cycling (b) at current densities of 1 mA cm-2, 3DPSe-10 

cathodes after 100th cycle (c) with the inserted image of cross-sectional optical image, still maintain a stable structure.

Figure S16. XRD data of 3DPSe-10 cathodes before (a) and after 100th cycling.



Figure S17. Cycling performance of Li/CNT|GPE|3DSe-20 at current density of 1 mA cm-2.

Figure S18. XRD pattern of Se/C cathode part.



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 cm-2 and 3 mA cm-2. (b) Galvanostatic discharge and charge curves of Li/CNT|GPE|3DPSe-4 at 

current density of 1 mA cm-2. 

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
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Se
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g
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Se 

content 

(%)
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(mA cm-2)

Specific 
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Areal 

capacity 

(mA h cm-2)

Year Journal
Ref.
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20
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0.5/1/2/3
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640.8/539.8/
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266.8
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341/287/2652

50

0.682/0.574

/0.53/0.5
2015

Journal of 
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s
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2013

Adv. 

Energy. 

Mater.
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Adv. 

Energy. 
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Journal of 
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Se/N-

MPCS
2 50

0.67/1.26

/2

.52/6.35

560/520 / 485 

/440

1.12/1.04/0.

97/0.88
2015

J. Mater. 

Chem. A
[7]

Se/MMP
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2.9±0.

2
56 1/2/3

507.2/460.9/4

21

1.52/0.92/0.

84
2015 Carbon [8]

G@Se/P
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3 66.18 0.41 567.1 1.7 2015

Nano 

energy
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Se-KB 5.9 62.4 0.6 447
2.64

2017
Nano 

energy
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Se 4 70 2.7 549 2.2 2015
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m
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C-Se 
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e

0.72 59.5 0.36 525 0.38 2017 Carbon [12]

G–
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2–3 80 0.17/8.43 514/241 1.285/0.6 2016

Scientific 

report
[13]

Graphen

eCNT@S

e

1.6 51
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/9.45

558/436/192.

9
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1
2016

ACS 

energy 

letters
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Se/LPC-

1.0
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0.3
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Journal of 
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850
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5
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2017
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Applied 

Material 

Interface
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composit

e

1.5 - 2 75
0.12/0.59

/1.2
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1
2017

ACS 

Energy 

Lett.

[18]
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0.675/2.7

/10.8/13.

5
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73.5/196.9
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e 
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8
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e
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2.5 70 0.84/1.69 423/394 1.06/0.99 2017 RSC Adv. [21]

Se-NCSs 0.8-1     56
0.3/0.61/

1.22
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0.41/0.29/0.
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ACS Appl. 

Mater. 

Interfaces

[22]
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0.27/0.54
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ACS Appl. 

Mater. 

Interfaces
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0.27/1.35

/2.7
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0.27/0.24/0.
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2018
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[24]
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C
1.5 48 0.51/20 575/358 0.86/0.54 2018

Nano 

Energy
[25]
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e/C-G
2-3    51.9

3.4/5.06/

8.4

529.2/514.2/4

75.6

1.3/1.29/1.1

9
2018 Nano Res. [26]

Se@CoS

e2-PC
1-1.2 43

0.37/0.74

/3.7/7.4

509/428/275/

210

0.56/0.47/0.

3/0.23
2018

Electrochi

mica Acta
[27]

Se–

NCHPC
0.7-1.0 56.2 0.57/2.87 348/261 0.3/0.2 2014

J. Mater. 

Chem. A
[28]

HPCA/Se 1.5-2 56 1.18/5.9 400/301 0.7/0.53 2014

Journal of 

Power 

Sources

[29]

Se/TiO2 

(with 
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r)
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4
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